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Preface

Old-growth Douglas-fir forests in the Pacific Northwest-and
their most celebrated inhabitant, the northern spotted owl-
have engendered an acrimonious controversy that has been
raging for over a decade. Should ancient forests be protected
for their aesthetic appeal and because they provide a broad
range of ecological values, including the most amenable envi-
ronment for some plants and animals? Or, should they be
harvested because the revenue they provide affects the eco-
nomic stability of the entire region? These questions encap-
sulate one of the most heated and socially significant con-
servation and natural resource management debates of this
century. This book is an outcome of that debate, and repre-
sents the major findings of the USDA Forest Service’s Old-
Growth Forest Wildlife Habitat Research and Development
Program.

This research program began long before the term “ancient
forest” added an emotional dimension to the controversy.
When this research began in 1983, these forests were simply
“old growth,” and the debate was about whether old growth
was a unique stage of Douglas-fir/western hemlock forest
development that provided critical habitat for a broad array
of associated species. Some people believed that upwards of
125 species were “dependent” on old growth for their surviv-
al; others maintained that although some animals might prefer
old growth, none really needed it. The first of these argu-
ments is probably an overstatement and the second is ecolog-
ically naive.

Program research has provided new insights about how nature
regenerates forested ecosystems in a way that maintains as-
pects of the structural complexity of old-growth forests in the

new stand. These insights have changed the way old growth
is perceived, and they have forever changed resource manage-
ment in the Pacific Northwest through such concepts as “new
forestry” and “new perspectives (in forestry),” and a clearer
understanding of the ecological value of unmanaged forests
in all stages of development. Land management policies,
politics, and prescriptions have all been influenced in ways
that were not predictable at the outset.

Much has been learned from this research about the effects
of spatial variation (for example, different physiographic
provinces and different elevation zones) and temporal varia-
tion (for example, differences among winters) on patterns of
species abundance. Perhaps most of all, we understand clear-
ly now that very complex issues are involved in determining
the kinds, amounts, and arrangements of environments neces-
sary to ensure the viability of plant and animal populations.

The fundamentals of population persistence and of maintain-
ing biological diversity in managed landscapes are just begin-
ning to be understood. Although the findings presented here
are most pertinent to Douglas-fir forests in the Pacific North-
west, many of the ecological insights contained in these pa-
pers have more general applicability. We hope that this book
will be an important resource for managers and researchers
working in any forested ecosystem. We also hope the book
will stimulate new studies to build on the information pre-
sented here.



To improve the readability of these papers, only common
names for vertebrates, trees, and shrubs are used in the book.
A list of the scientific names of all species mentioned is in-
cluded in Appendix A at the end of the book. The papers
contained in this volume were originally presented at a sym-
posium entitled, “Old-Growth Douglas-Fir Forests: Wildlife
Communities and Habitat Relationships,” held in Portland,
Oregon, on March 29-31, 1989. Manuscripts prepared from
these presentations, however, have been reviewed by at least
two technical experts. Consequently, many of the papers
have undergone extensive revision, and certain aspects may
differ substantially from presentations given at the symposi-
um. Abstracts of poster presentations from the symposium
are included in Appendix B.

We thank Julianne Bulgrin for her help in preparing maps
and figures and Janet Jones for compiling and editing the
References and assisting with desktop publishing. We would
especially like to acknowledge Sharon Kuhnau for the inesti-
mable administrative and moral support she provided during
the entire tenure of the Old-Growth Forest Wildlife Habitat
Program

Leonard F. Ruggiero
Keith B. Aubry
Andrew B. Carey
Mark H. Huff
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Research on Wildlife in Old-Growth Forests:
Setting the Stage

Jack Ward Thomas

Author
JACK WARD THOMAS is chief research wildlife biologist,
U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station, 1401 Gekeler Lane, La Grande,
Oregon 97850.

Scientifically based forest management proceeds, at best, on
the basis of available information. Such information is gen-
erally archived in scientific journals, however, and is often
neither readily available nor useful to forest managers.
Thousands of such pieces of information germane to forest
management reside in untold numbers of largely unread
journals and transactions of symposia, in researchers’ files,
and in the minds of knowledgeable individuals. This is
especially true for information on the relationships between
wildlife and their habitats. In the forms I have listed, that
knowledge is not useful in guiding managers of National
Forests in meeting the legal mandate to “maintain viable
populations of all native and desirable non-native plant and
animal species well-distributed throughout” the managed
forest.

Some 15 years ago, ad hoc groups of natural resource man-
agement professionals began to gather and synthesize exist-
ing information on wildlife habitat relationships for use in
forest management. Those early work groups published a
series of compendia-first for the Blue Mountains in Oregon
and Washington (Thomas 1979) and the Southwest (Patton

1978), and then for the Sierra Nevada of California (Vemer
and Boss 1980), New England (DeGraaf and Rudis 1986),
Colorado (Hoover and Wills 1984), and Oregon and Wash-
ington west of the Cascade crest (Brown 1985). The ideas
and approaches presented in these documents evolved into
the Forest Service’s Fish and Wildlife Habitat Relationships
Program, whose mission is to encourage the development
and updating of synthesis documents describing wildlife
habitat relationships in forested ecosystems across the United
States. Similar efforts are underway in Canada.

Examination of these documents quickly reveals gray areas
where information is contradictory or absent or where authors
relied on their judgment to formulate working hypotheses to
fill gaps in published data. Research can then be directed to
the information needs that are most germane to the resolution
of conflicts inherent in multiple-use forest management. The
allocation of resources for large-scale research programs,
however, will occur only where such conflicts result in sig-
nificant social, economic, and political impacts.

Nearly all the documents listed previously put forth the hy-
pothesis that the forest state that exists at, or approaching,
the culmination of forest succession-old growth-is a
significantly different habitat for wildlife than earlier, more
structurally simple states. Some wildlife species were hy-
pothesized to find their preferred or only habitats in old
growth, and species diversity was expected to be higher
there. These hypotheses were formed from observation and



experience, some research results, and the assumption that,
because most forest stands were in the old-growth state in
historic times, some species of wildlife have evolved largely
in old growth.

These hypotheses were used in the Forest Service’s ongoing
land-use planning. Immediate and intense controversy over
the amount of old-growth forests to be preserved ensued and
is currently increasing. When Forest Plans called for retaining
old growth to meet the needs of wildlife, sometimes the
amount of timber that could be offered for safe declined.
Conversely, those interested in preserving old growth, for
whatever reason, pushed vigorously to achieve their goal;
concern for wildlife was foremost among the arguments
presented.

The controversy became most pronounced in western Oregon
and Washington, where significant amounts of old growth
containing very old and very large trees, particularly Douglas-
fir, still exist. Such stands have high economic value per tree
and per acre. Coupled with the potential economic values of
those stands were the social and political consequences of
jobs retained or lost and issues of community stability asso-
ciated with the annual timber harvest anticipated under
various management alternatives.

The inevitability of these conflicts was obvious to some,
even a decade ago. Examination of how the law evolved
through the Multiple Use-Sustained Yield Act of 1960, the
Endangered Species Act of 1973, the Forest and Rangeland
Renewable Resources Planning Act of 1974, and the National
Forest Management Act of 1976 reveals an increasing em-
phasis on the multiple-use philosophy in National Forest
management (Thomas 1979; U.S. Department of Agriculture,
Forest Service 1983). These changes strongly emphasized the
need to recognize the importance of water, wildlife, recre-
ation, and forage, in addition to wood production. This em-
phasis inevitably led to increasing debate over how, and in
what quality and quantity, old growth would be retained as
part of the managed forest.

Maintaining biological diversity, as an overriding goal for
Federal land management, has played an important role in
the evolution of Iaw and thought about how land is to be
managed. This evolving concern encompasses retaining the
diversity of plant and animal life, forest structure, human
experience related to the forest in its many forms, and an
expansion of management concerns from the immediate and
the site-specific to long-term considerations of changing land-
scapes over time. These concerns seem likely to become
embodied in law and regulation.

These changes in laws and regulations strongly influence
management philosophy for the National Forest. New words
and concerns reach the ear of natural resource management
professionals and the scientific community with increasing
frequency--biodiversity, landscape ecology, conservation
biology, environmental ethics, and new perspectives in
forestry. Public forest managers are becoming convinced that
maintaining biological diversity should be the overriding
land-use management objective. Whether or not this momen-
tum will force adjustments in how natural resource manage-
ment is conducted after it becomes clear that meeting such a
mandate is very difficult, lies in the future-perhaps the near
future. The increasing political uproar in the Pacific North-
west over old-growth management will not be easily resolved.
And the resolution of this conflict, whatever it is, will likely
not be popular-not with the timber industry and not with
environmentalists.

Those who foresaw threats to preserving biodiversity in
managed landscapes conducted small, but now significant,
research efforts on the interactions between wildlife and
old-growth habitat. Among these efforts were studies on the
habitat associations of northern spotted owls in Oregon
conducted by an Oregon State University graduate student
with modest Forest Service funding; these studies marked the
beginning of the spotted owl issue. The total expenditure for
those early studies was certainly much less than the cost of
publishing this volume.

The northern spotted owl was found to be associated pri-
marily with the forest structure that is most common in old
growth in the Douglas-fir region. This observed association
with a habitat that was being systematically diminished and
fragmented would eventually lead to listing of the owl as
threatened by the U.S. Fish and Wildlife Service. As a result,
much subsequent research and management attention has
focused on the northern spotted owl. The consequences of
such initial small-scale studies reverberate today in many
scientific and political debates. This research, together with
the evolution in law concerning forest management over the
past two decades, set the stage for the research reported in
this book.

By 1978, a well-funded, broad-scale research effort was
clearly needed to evaluate the hypothesis that old growth is
a significantly different wildlife habitat than younger forests.
A Forest Service Research and Development Program was
instituted in 1982 at the Pacific Northwest Research Station
in Olympia, Washington, to address these issues. Technical
experts were brought together to formulate the research
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approach. Until then, public attention and the emphasis of
research was focused on the northern spotted owl. The teams
that had gathered information on wildlife habitat relation-
ships in Douglas-fir forests (Brown 1985), however, had
identified other wildlife species that were likely to have
primary habitats in old-growth forests.

Advice came from consultants to put the emphasis on studies
of wildlife species identified as likely to be closely associated
with old growth. Such studies would be relatively straight-
forward (as compared to studies of plant and animal com-
munities) and easier for promoters of the research to under-
stand and support. Furthermore, this approach was best suited
to satisfying forest managers’ demands for information to use
in response to requirements arising from the Endangered
Species Act of 1973. This research approach would un-
doubtedly meet with strong support from those actively
involved in the developing old-growth management issue.

The research alternative was to emphasize community
studies. Compared to studies on selected species thought to
be closely associated with old growth, community studies
would be more technically complex, difficult to understand
by the concerned public, expensive to conduct, and hard to
explain. And, in the end, they would require innovative
syntheses of the results from separate studies conducted
across a spectrum of environmental gradients. Though not as
politically expedient, the community approach seemed best
from a scientific standpoint. The community approach would
not, however, satisfy the demands for immediate answers to
questions about the habitat relationships of key species, such
as management indicator species. These species would loom
larger still in the press as resource conflicts intensified and
management plans were appealed. Furthermore, the temp-
tation to simplify this extremely complex biopolitical issue
as one of spotted owls (or some other species) versus jobs,
profits, or some other criteria, would be great.

To their credit, Leonard Ruggiero, the research program
manager, and Andrew Carey, the research coordinator, put
primary emphasis on questions of old-growth community
ecology. Attention was focused on fundamental questions
concerning the form and function of the old-growth eco-
system to produce answers that would satisfy demands of the
moment, but would also be germane to the larger questions
that would arise as the debate continued.

This volume reports the results of those community studies.
These studies were designed to provide answers to a number
of questions. Foremost among these was, is Douglas-fir old
growth significantly different as wildlife habitat from other
stages of forest development? Corollary questions are, If
significant differences exist, what are they? How pronounced
are the differences? How might these differences be preserved
or modified most effectively and efficiently through forest
management? To provide these answers is no small shore.
Questions about the uniqueness of old growth as wildlife
habitat will change over time, beyond current emphases on
individual species to the larger and more significant issues
of community stability, aesthetic values, and maintaining
biodiversity.

The legal and conceptual tools provided by the Endangered
Species Act of 1973 and the National Forest Management
Act of 1976, coupled with an emphasis on managing in-
dicator species in Forest Service planning, have led to a
situation where the welfare of a single species drives the
debate on the premier natural resource allocation issue of
this quarter-century in the United States. This, perhaps in-
evitable, course has led to an unfortunate trivialization of a
much larger and more significant issue-preserving and
perpetuating significant amounts of unique ecosystems in
such a fashion that they function as they evolved. In this
approach lies the only real chance for maintaining
biodiversity.

The political strategies of various factions in the old-growth
allocation controversy have produced a situation where
economics, social concerns, and biology have become so
inextricably tangled that knowing where science and
economic analyses end and politics begins is increasingly
difficult. The initial emphasis on understanding the habitat
relationships of spotted owls, and of ensuring their survival,
was a logical, probably inevitable, outcome given the state of
knowledge on the ecology of old growth and the desire and
necessity to meet requirements of law and regulation within
reasonable time frames for the drafting of National Forest
Plans.

I am not saying that research and management activities
directed at individual species will cease-nor should they.
In fact, the old-growth issue has become a crucial regional
and national issue with the recent listing of the spotted owl



by the Fish and Wildlife Service. The chaos, conflict, and
intense political activity that have emerged, however, will
eventually lead to societal consideration of much larger and
more complex questions about the form and function of
entire ecosystems in a rapidly changing world. The political
implications of this debate will extend far beyond the borders
of the Pacific Northwest or of the United States. How our
country resolves this conflict will strongly influence less-
affluent nations as they struggle with resource allocations.
This debate will not take place in isolation. Rather, it will
occur in the context of emerging concerns about global
climate change and the loss and fragmentation of forest
ecosystems throughout the world.

The information presented in this volume will be quickly
applied in the management arena and will come to bear-
technically and politically-on forest management. Such
research represents incremental steps toward truth, appre-
ciation, and understanding. All concerned with the old-
growth management issue should welcome closer and closer
approximations of truth. 
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Wildlife Habitat Relationships in Unmanaged
Douglas-Fir Forests: A Program of Research

Leonard F. Ruggiero

Author
LEONARD F. RUGGIERO was a supervisory research
wildlife biologist, U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station, Olympia,
Washington 98502. He is now at Rocky Mountain Forest and
Range Experiment Station, Lammie, Wyoming 82070.

The research reported in this book is the result of a single
Forest Service research initiative called the Old-Growth
Forest Wildlife Habitat Research and Development Program
(Ruggiero and Carey 1984). The Program focused on the
Douglas-fir forests of western Oregon, western Washington,
and northern California. The Old-Growth Program initially
included Region 5 and Region 6 of the National Forest
System and the Pacific Southwest and Pacific Northwest
Research Stations; the Bureau of Land Management was an
early cooperator and supporter. The Program-headquartered
in Olympia, Washington--proceeded under the aegis of the
Pacific Northwest Research Station.

Many activities led to the Old-Growth Program. Biologists
like Eric Forsman, Jeny Franklin, Thomas Hanley, Glenn
Juday, William Mannan, Chris Maser, Charles Meslow,
John Shoen, James Trappe, and others had been studying
the ecology of old-growth Douglas-fir forests at least since
the early 1970s. Early old-growth studies conducted in
California by Martin Raphael and Bruce Marcot were the

first to have a major focus on wildlife communities, and
these efforts provided valuable information for the design
of future studies. Insights offered by all of these people led
to growing concerns that old growth was a dwindling and
poorly understood resource that could be crucial to long-term
forest productivity and to the survival of numerous plant and
animal species.

A great deal of public interest was generated by these and
related issues during the mid-1970s through the early 1980s.
And all this led to major changes in the way land managers
and the public thought about old-growth forests. For example,
the notion that late-successional forests were “biological
deserts” was being effectively challenged; the spotted owl
had emerged as an example of close interrelationships
between wildlife and late-successional forests; and Jack
Thomas’ book (1979) about wildlife habitat in Oregon’s
Blue Mountains had challenged the conventional wisdom
that good timber management is good wildlife management.

By 1981, concerns about managing old-growth forests in
the Pacific Northwest were running high. A series of public
meetings confirmed a great deal of interest in old-growth
issues. In response, the Forest Service chartered the Old-
Growth Program-the first step towards initiating the
research reported in this book.



The Old-Growth Program objectives were to (1) define
old-growth Douglas-fir forests, (2) identify wildlife species
closely associated with these forests, and (3) determine the
biological requirements and ecological relationships of
closely associated species. The intent was to do research
that would provide forest managers and decisionmakers
with some of the tools they need to maintain viable wildlife
populations on lands of the National Forest system. This
problem was, and still is, important for land managers
because the National Forest Management Act of 1976 and
related regulations contained clear mandates to maintain or
enhance biological diversity and to maintain viable popu-
lations of all native vertebrates. Learning more about wildlife
habitat relationships  in old-growth forests was thus extremely
important, especially in the Pacific Northwest where the
remaining Douglas-fir old growth had very high economic
and social value.

My first objective as program manager was to complete a
plan called the Program Direction Document. This plan
benefited from the contributions of an early ad hoc advisory
group comprised of John Faaborg, Jerry Franklin, Martin
Raphael, Hal Salwasser Fred Samson, Mark Shaffer, and
Jared Vemer. The plan indicated forest fragmentation as a
key consideration in Program research. The plan also rec-
ognized the necessity for studying vertebrate communities
(patterns of vertebrate abundance) in all stages of forest
development. A detailed account of the experimental design
is presented by Carey and Spies elsewhere in this volume.
For my purposes here, simply note that the research plan we
went on to develop called for a very ambitious, highly
integrated, cooperative research effort.

The Program’s charter limited our planning horizon to 5 years
and, for that period, the funding needed to implement the
plan was estimated to be $10 million. We actually ended up
with around $2 million as the basis for all the studies being
reported here. This funding shortfall resulted in some signif-
icant problems. For example, we were not able to conduct
the forest fragmentation studies we had planned, and both the
geographic scope and duration of our community studies
were greatly reduced.

The Old-Growth Program staff managed and coordinated the
research effort; others did most of the actual data collection
and analysis. We soon learned about the difficulties of coor-
dinating and integrating the efforts of a team of scientists
from three major universities, three Forest Service labora-
tories, and two units of the Fish and Wildlife Service.

Several important practical constraints influenced the scope
and conduct of Program studies. For example, in spite of
requests to be included from Alaska, eastern Oregon, and
eastern Washington, we were forced to limit the geographic
scope of our studies. In addition, the relatively small sizes
and young ages of existing managed stands led us to conduct
most of our sampling in naturally regenerated, unmanaged
stands. Thus, comparisons of young, mature, and old-growth
forests would be complicated by the residual components of
old growth (such as large trees, snags, and logs) that carry
over to the new, younger stands after a catastrophic disturb-
ance like fire. Many authors will discuss in detail how this
situation affected study results and also how it generated
important insights about the influences of this natural struc-
tural complexity on patterns of vertebrate abundance.

In addition to the practical constraints on geographic scope
and kinds of stands sampled, we were also constrained by
available funding to study either vertebrate communities or a
limited number of high-visibility species that were thought at
that time to be closely associated with old growth. We could
not do both. Because relatively little wildlife research had
actually been done in the geographic area of concern, we
decided to emphasize the community approach.

The decision to emphasize communities involved a major
tradeoff because several large, highly mobile species would
not be well represented in our community sampling. In addi-
tion, we were trading the opportunity to learn a great deal
about the ecology of a few species for the opportunity to
learn about the patterns of abundance of many species. Our-
original intent did not include these compromises; we had
planned to begin the more intensive species-specific studies
after the first 2 years of the community studies. These inten-
sive studies would have further defined the mechanisms and
the nature of observed habitat associations while producing
the information needed for more precise management recom-
mendations. The need for intensive studies of certain species
or species groups is now more acute than ever.

I would like to acknowledge that our Program efforts ben-
efited from the scientific advice of a Technical Committee
and the guidance of an Executive Committee. The Technical
Committee was comprised of John Faaborg, Jerry Franklin,
Chris Maser, Richard Pederson, James Rochelle, Fred
Samson, Mark Shaffer, Jack Thomas, Robert Vincent, and
Bruce Wilcox. The Executive Committee included repre-
sentatives from State and Federal land management agencies,
environmental groups, and the timber industry.
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I would also like to acknowledge the Bureau of Land Man- beyond normal limits to get the job done. If you have ever
agement for their unfailing commitment to our research spent 10 hours a day 7 days a week fighting through dense
efforts. The Oregon State BLM office has provided yearly vegetation on steep, west-side slopes, and then worked into
funding since 1981. We are grateful to Jerry Asher, Stan the night processing data, cleaning traps, and preserving
Butzer, William Leave,  Joseph Lint, William Luscher, specimens, you have some idea of the effort they made. We
Robert Metzget, and William Neitro for their support. owe each of these biologists a tremendous debt of gratitude

for their perseverance and dedication to the resource. 
The real credit, though, must go to the 200 or so field bio-
logists who put forth the herculean efforts required to collect
the data reported here. Most of these people worked way





Sampling Design of the Old-Growth Forest
Wildlife Habitat Program

Andrew B. Carey and Thomas A. Spies

Authors
ANDREW B. CAREY is a research wildlife biologist,
U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station, Olympia, Washington 98502,
and THOMAS A. SPIES is a research forester, U.S. De-
partment of Agriculture, Forest Service, Pacific Northwest
Research Station, Corvallis, Oregon 97331.

Introduction
The Old-Growth Forest Wildlife Habitat Program (the
Program) was chartered in 1981, with four objectives:

. To identify animal and plant species that are dependent
upon or find optimum habitat in old-growth forest stands;

. To define, classify, and inventory old-growth forest
ecosystems;

. To determine the biological requirements and ecological
relationships of species that are found only in old growth
or find optimum habitat there; and,

. To evaluate old-growth management alternatives and
determine economic aspects of old-growth forest
ecosystems.

The first step taken to achieve these goals was to implement
studies of wildlife and plant communities in different-aged
Douglas-fir forests. A research plan was developed in 1982.

The purpose of this paper is to describe in detail the research
that was planned and discuss some of the major problems
encountered in its implementation. Although several aspects,
of the research were not conducted because of budget con-
straints, we include a detailed description of the original plan
for use by others in future studies. Details of the sampling
designs and analytical approaches used for the various com-
munities studied in each province are described in the in-
dividual papers that follow.

Providing the basis for the Program approach were the sam-
pling and statistical considerations discussed in Capen (1981)
Cochran and others (1954), Eberhardt (1976), Gauch (1982),
Green (1979), Pielou (1977), Ralph and Scott (1981), Scott
(1982), and Snyder (1978); ecological descriptions provided
by Franklin and Dyrness (1973), Franklin and others (1981)
and Lang (1980); the expertise of the Program staff and
technical committee; and review comments on draft
proposals.

The Program charter called for accelerated research and
development that would be applicable to a large geographic
area. All research endeavors are constrained by time, money,
and personnel, however, and we recognized that the plan
would have to change as new information developed, con-
straints changed, or research objectives altered.
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Scope of the Research
The biogeographic scope of the Program was the Western
Hemlock Zone, lower elevations of the Pacific Silver Fir
Zone, the Mixed-Conifer Zone, and the Mixed-Evergreen
Zone (Franklin and Dymess 1973) in Washington, Oregon,
and northern California where Douglas-fir is the dominant
tree species in seral stages of forest development through
subclimax. These regions span 8 degrees of latitude and
encompass at least eight physiographic provinces (see
frontispiece). Because the structure and composition of
Douglas-fir plant communities vary among these phys-
iographic provinces, the sampling plan included geographic
stratification. These communities may also vary markedly
along moisture and temperature gradients within provinces.
Consequently, these gradients were also included in the
sampling plan.

The sampling plan for each geographic replicate was to
include both managed and unmanaged stands, but we found
that managed stands were few, and often either too small or
too young to be included. Although the program focused on
the uniqueness of old-growth Douglas-fir communities, we
also had to study biotic communities found in earlier stages
of forest development for comparison. If our research was to
provide new information relevant to forest management, we
needed to assess the potential effects of management on the
structure and composition of seral communities. Including
the entire sere of forest development in sampling plans was
impractical, but we could include at least those stages that
would be expected to constitute the oldest managed stages-
stands that are regarded by foresters as the last stage before
harvest. We planned to describe all earlier stages through a
review of the literature to ensure that community patterns in
old-growth Douglas-fir were viewed in the full context of
forest development.

We also planned to conduct an old-growth inventory in-
dependently of (hut concurrent with) the plant community
studies. Funding constraints, however, prevented us from
conducting the inventory.

Pilot Studies
We planned experimental sampling with various method-
ologies both to ensure that target populations would be
adequately sampled with our methods, and to assess the
natural variability within our study areas in order to deter-
mine the sampling intensity required to ensure statistically
reliable sample sizes. These pilot studies would also enable
us to evaluate the experimental design to ensure that the
stratification and the gradients (and treatments) identified
in the sampling plan were sufficient to meet the study’s
objectives. Pilot studies were to be performed before a final
sampling plan was developed and implemented.

Vegetation pilot studies were not needed. A number of
vegetation studies, including preliminary classifications of
Douglas-fir communities, had been conducted throughout
the region (see Franklin and Dymess 1973). Previous ver-
tebrate community studies sponsored by the Pacific South-
west Region of the Forest Service and conducted by M.G.
Raphael and R.H. Barrett at the University of California at
Berkeley and B.G. Marcot at Oregon State University pro-
vided the Program with a substantial amount of information
on sampling birds and forest-floor vertebrates (see Raphael
and Barrett 1981, Raphael and Rosenberg 1983, Raphael and
Marcot 1986). Little information, however, was available
on sampling bats, arboreal mammals, fossorial mammals,
raptorial birds, or aquatic amphibians. Although we fully
recognized the ecological and economic importance of
invertebrate communities, we had insufficient resources to
describe these communities adequately.

Sampling Considerations
General questions can be answered with descriptive statistics.
When the objective is to test specific hypotheses, however,
statistical considerations become more important, and greater
constraints are put on the sampling plan.

We planned studies at the community scale to answer the
following general questions: Do old-growth stands represent
a unique forest ecosystem? Do old-growth stands contain
distinct fauna1 associations? Do certain species find optimal
environments in old-growth stands? Are any species found
only in old-growth stands? How do we classify old growth
for inventory purposes? Answers to more specific questions
were also sought: What changes take place in a developing
Douglas-fir forest community after trees become dominant?
How do management activities affect these changes? Do
these changes differ significantly among physiographic
provinces? Do these changes differ significantly within
provinces because of topographic position, site quality, or
position on a temperature or moisture gradient? Do the
effects of management activities change with province, or
within province with site?

Previous work on the plant communities in this region
(Franklin and Dymess 1973) suggested that we stratify our
sampling by physiographic provinces. Five provinces were
originally planned to be sampled: the Northern Cascade
Range, Southern Washington Cascade Range, Oregon
Cascade Range, Oregon Coast Range, and Klamath
Mountains in southern Oregon and northern California
(see frontispiece).

The best possible approach would have been to complete
an inventory of all late-seral Douglas-fir stands in each
physiographic province before choosing stands for study.
We could then have randomly selected stands in each
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stratum, accurately estimated the variability within and
among stands, and used rigorous statistical tests of hy-
potheses about the similarity of gradients, community
structure, and community composition in different forest
types. In addition, sampling using quantitative methods
would have resulted in reliable and generalizable models
of forest development and environmental gradients. Un-
fortunately, this approach would have poorly met the needs
of a research program that was constrained in both time and
resources. Although a departure from this approach entailed
risks of incomplete information and consequent failure of
classifications or predictions, the need to produce timely
and reliable information eventually took precedence.

We chose to describe and classify late-seral stages of
Douglas-fir communities in these five provinces by
preferentially (see Gauch 1982) sampling sites that
represented the full range of variation occurring along age,
moisture, and temperature gradients. Although the sites
would not be random samples, the chance of not encom-
passing the ranges of natural variation would be less than
for random sampling with the same number of samples.
Good descriptions of community patterns would be obtained
if no unknown biases influenced the selection of study sites.
Because practically all statistical tests are based on random
samples, however, tests for differences among strata or
among sites (stands) could only be used heuristically. Like-
wise, classifications derived from preferentially sampled
stands would represent potential communities-they could
not be presumed to be applicable to all stands.

Plant Community Studies
Sampling
We planned to select a series of homogeneous sites that
represented the full range of variation occurring along seral
and moisture-temperature gradients. Replicate sites would be
chosen. We planned to calculate the number of replicates
(and sample sizes within replicates) required using measures
of dispersion estimated in previous studies (see Franklin and
Dymess 1973). We also planned to include riparian areas, as
well as managed stands.

We planned to study both the structure and composition of
the plant communities. Different sizes, shapes, and numbers
of sampling units were to be used in sampling plant taxa.
For example, Gauch (1982) recommended quadrats of 0.1 to
0.4 m2 for epiphytes, 1 to 4 m2 for mosses, and 200 to
800 m2 for trees. In addition to commonly measured com-
positional elements, special attention would be paid to cryp-
togams, particularly lichens and fungi. Sampling hypogeous
fungi would be attempted. The use of modified life-form
categories would be considered for describing some aspects
of stand structure and as part of the classification system.
Structural elements of wildlife habitat that would be

quantified included crown structure, snag and log abund-
ance (by both size- and decay-classes), litter depth and
humus development, vertical layering of the vegetation, and
diameter-class distributions. A substantial effort would be
made to ensure that data was collected in such a way that
the results of the study would be compatible with infor-
mation systems used by the National Forest system.

Analysis
Gradient analyses would be used for both stand-by-structure
data and stand-by-species data. Direct gradient analysis
would help to identify nonlinear responses to gradients and
aid in interpreting more sophisticated analyses. In addition,
direct gradient analysis would provide heuristic illustrations
of community patterns and help to identify “potential” com-
munities associated with major segments of gradients.

Ordination (for example, detrended correspondence analysis
and nonmetric multidimensional scaling) of site-by-species
and site-by-structure matrices of appropriately transformed
and standarized data was planned to determine the major
components of variation in the data resulting from complex
gradients. Classification algorithms were then to be used to
identify more objectively defined “potential” communities
than is possible with direct gradient analyses. After the data
were analyzed within strata, we planned similar analyses
among strata to determine if regional gradients exist.

Products-The plant community study was to produce:

. A definition of old growth;

. A classification of late-seral Douglas-fir communities;

. A classification algorithm that could be tested on a new
set of randomly selected late-seral Douglas-fir stands;

. Heuristic descriptions of forest development;

. Heuristic descriptions of the effects of major
environmental gradients;

l Quantification of community patterns along complex
gradients;

. Identification of “potential” communities associated with
parts of complex gradients;

. Qualification (possibly quantification) of plant species’
responses to gradients, including
-Taxa closely associated with old growth,
-Correlations (negative and positive) between certain

species and certain environmental variables, and
-Correlations (negative and positive) between species;
and

Research hypotheses on:

. The effects of management on community structure and
composition, and

. The effects of management on certain plant groups.
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Vertebrate Community Studies
Sampling
Sampling vertebrate populations is much more complex than
sampling terrestrial plant populations, in part because of the
mobility of vertebrates and the tendency of their populations
to vary in size both among seasons and among years. One
visit per sampling unit is often adequate for many purposes
in vegetation sampling, such as estimating the density, size,
and species composition of trees. In contrast, 8 to 10 visits
per site in each of four seasons for at least 3 years would be
necessary to adequately estimate the species composition and
population density of a bird guild characteristic of that par-
ticular site. In addition, a variety of sampling techniques are
required to sample different vertebrate populations, and
quantitative techniques are lacking for many key species,
such as marbled murrelets, Vaux’s swifts, and red tree voles.

We decided the best approach to selecting stands for verte-
brate community studies would be to subsample the stands
preferentially chosen for plant studies. This was to be ac-
complished by randomly choosing three replicates of at least
15 stands, with each replicate representing the full range of
variation in late-seral stages. The total number of stands (45)
was consistent with the work done by Raphael and Barrett
(1981), which suggested that 45 stands was a suitable num-
ber for a team consisting of a field crew of four and total
technical support of less than 10 people. We recognized that
statistical tests could be applied with this sampling plan, but
that samples would be drawn from preferentially chosen
stands, not from all existing stands. The skill with which the
preferential sampling was conducted was an essential element
of many aspects of the Program. Our approach assumed that
sample sizes for plant studies would greatly exceed 45 per
stratum. Gauch (1982) suggested that a minimum of 50 to
60 stands per plant community type are necessary in areas
with high environmental variation, whereas 50 to 100 homo-
geneous stands are necessary in substantially disturbed
landscapes.

The ordination of stands along environmental gradients
resulting from the plant study would provide a template for
measuring the habitats of the vertebrates. Vertebrate ecolo-
gists were to examine gradients within the communities
sampled to quantify vertebrate niches. These studies would
provide descriptions of the structure and composition of the
vertebrate communities and of the habitat relationships of
vertebrate species: Environmental variables that are pre-
dictors (discriminating variables) of potential vertebrate
communities associated with late-seral Douglas-fir stands
could then be determined.

Study Establishment
The boundaries of stands chosen for study were to be drawn
on topographic maps. A 50-m “no sampling” zone would be
located within the periphery of the stand. Slope, aspect, and
the location of riparian zones was to be noted. An initial
transect line oriented to the elevational gradient was to be
randomly located within the stand. Subsequent transect lines
would then be located at 200-m intervals parallel to the
initial line. The starting point of each line was to be located
at a random distance of less than 50 m from the  no sampling
zone. These transects would serve as reference lines for
locating sampling points, plots, lines, and grids. Lines along
the elevational gradient would provide the basis for describ-
ing the stand, whereas lines perpendicular to riparian zones
would be used to study riparian effects. Sample shapes, sizes,
and numbers were to vary with the sampling technique used,
the homogeneity of the area (as defined by the mobility of
the species sampled), and the life history traits of the target
species. All samples were to be replicated over time (some
by weeks, seasons, and years; some just by years).

Analysis
Procedures similar to those outlined in the plant community
data analysis section were to be followed. In addition, be-
cause we recognized that the reliability of density estimates
will differ greatly among species, abundance values were to
be standardized over all stands. The year-to-year dynamics of
each species’ status (its abundance and role in the various
stands) were to be examined and interpreted before further
analyses were completed. If analyses warranted, null model
simulations were to be used to examine associations among
species and to address questions of species’ dependencies on
old growth.

Even though only stands > 40 ha were to be sampled, they
would be “large” to some species, such as amphibians and
small mammals, but “small” to other species, such as
carnivores and raptors. Consequently, the effects of stand
size would also be considered. For example, cluster analysis
was to be used to classify groups of stands on the basis of
species assemblages (vertebrate community composition).
Multivariate analyses would then be used to separate the
stands in a multidimensional “environmental” space. The
magnitude of the contribution of each species to the com-
munity classification was to be determined by examining
the ratio of the among-community variance to the within-
community variance of the species’ log-transformed or
standardized abundance (similar to an F-test). Multivariate
analysis of variance and multivariate analysis of covariance
would then have to be used to determine if stand size
provided a significant degree of separation and, if it did,
whether other environmental variables also contributed
significantly to the separation of clusters.
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Within-stand analyses were to be used to compare patterns
of species abundance within stands to patterns among stands.
Each stand was expected to contain some portion of the gra-
dients operating across all stands. Comparison of species’
abundances across each gradient with the portion of the
gradient occurring within each stand was to be used to
explain community patterns and provide descriptions of each
species’ adaptability to gradients of limited scope. If certain
species were absent from small stands but present in large
stands, this approach was to be used to formulate hypotheses
about mechanisms underlying the effect of stand size on
community composition. Furthermore, potential competitive
interactions could be explored by contrasting the portions of
gradients occupied by a species in the presence of another
species to the portions of gradients occupied in the absence
of that species.

We planned to contrast classifications of stands based on
vertebrate community composition to classifications based
on plant community structure, composition, or both. If
community classification based on plant data is to be used
for management purposes, it is crucial to understand how
these plant communities are related to the vertebrate
communities.

Products-The vertebrate community study was to produce:

.

.

.

.

.

.

.

.

.

.

.

.

.

A list of species closely associated with old growth;
A classification of vertebrate communities found in
late-seral Douglas-fir communities;
A classification algorithm for “potential” communities
that could be tested on a set of randomly selected
late-seral Douglas-fir stands;
Heuristic descriptions of species’ responses to forest
development;
Heuristic descriptions of species’ responses to major
environmental gradients;
Quantification of vertebrate community patterns along
complex gradients;
Descriptions of species’ responses to extensive complex
gradients (species’ habitats);
Descriptions of species’ responses to intracommunity
factors (species’ niches);
Predictions of the effects of large-scale management
activities on vertebrate community structure and
composition;
Descriptions of species’ responses to management
activities;
A comparison of plant community classifications to
vertebrate community classifications;
A description of the role of riparian zones in late-seral
vertebrate communities;
A measure of the effect of stand size on community
composition;

. A list of key species, environmental variables, and
gradients for late-seral Douglas-fir stands; and

Research hypotheses on:

The effects of stand size,
The effects of competition, and
The effects of predator-prey relationships.

Insular Ecology Study
The fragmentation of old-growth Douglas-fir forests may
result in substantial changes in the wildlife and plant com-
munities occurring in those forests. Both community and
species-specific studies are necessary to assess the effects of
forest fragmentation and to provide guidelines for mitigating
them. The impact of fragmentation largely depends on the
sizes and patterns of abundance of the resulting old-growth
stands. The smaller the stand and the more disparate the
environment surrounding the stand (the stand context), the
greater the pressure would be from early-seral species on
old-growth species. If an old-growth stand was only mar-
ginally capable of supporting populations of species that
require old growth for population persistence, and if it was
not near (relative to the dispersal abilities of those species)
other old-growth stands, these populations would eventually
become extinct. Additional causes of the species/area effect
are unknown, but presumably could operate in these situ-
ations. Finally, at some lower size limit, the stand would
begin to lose its old-growth characteristics because of en-
vironmental influences alone, such as successive loss of
trees at the periphery from blowdown and drier micro-
climates within the stand from edge effects.

The species/area relationship in sampling makes the problem
of studying the effect of stand size and stand context difficult.
For example, if IO-ha plots were randomly sampled in an
extensive old-growth forest, we would not expect to find
many plots containing all the key species representing that
forest’s community. Indeed, the average composition of
species on the 10-ha plots would probably differ from that
of a random sample of 20-ha plots, even if the total areas
sampled were equal. Thus equal-sized plots were to be
compared among stands of different sizes.

To study fragmentation, we planned to use a sample plot
size between 1 and 10 ha. Such a small plot provides a high
probability that any particular species would not be detected,
so many plots were to be randomly sampled to estimate the
probability of a particular species being present. Plots were
to be located within randomly selected stands that were 0 to
10,20 to 40, and 80 to 160 ha. The effects of stand size at
the large end of the scale would also be evaluated in the
vertebrate community studies.
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The stands thus chosen were to be cross-classified according 
to stand context, “potential” old-gmwth community classi- 
fication (from the vegetation study), and the presence or 
absence of species associated with old growth. TIE resulting 
data would be placed into a contingency table conditioned on 
stand size. Discrete multivariate analysis (log-linear analysis) 
was to be used to test for independence between and among 
the categories. A table of expected cell frequencies was to be 
used to estimate the probability that a stand of a particular 
size, context, and vegetation class would have none, some, or 
most old-growth species. The magnitude and direction of 
interactions were to be reported in the tables of the ratios of 
the log-linear panmeter estimates to their standard errors. An 
important feature of this approach is that the effects of frag- 
mentation (size, context, and class) are as likely to be mul- 
tiplicative as linear, and whereas this presents problems in 
analysis of variance designs, it does not in log-linear model 
analyses. 

Species-Specific Studies 
The insular ecology study was to examine the general effects 
of old-growth forest Fragmentation on wildlife and plant com- 
munities. Certain species deemed to be sensitive to the loss 
or alteration of old-growth habitats were also ‘O be studied in 
detail to identify management prescriptions that might be 
applied to ensure viable populations. Several species had 
been identified as sensitive to the loss of extensive areas of 
old growth, the foremost being the spotted owl. The Program 
initiated two studies on the spotted owl and cooperated wilh 
the State of Washington on a third; the results of these. studies 
will be published elsewhere. Similar projects on other species 
were to be initiated as needs became apparent. 

We planned species-specific studies to identify key elements 
of the species’ habitat, quantify its responses to both inter- 
and in&+community dynamics, including competitive and 
predator-prey relationships, and examine aspects of its popu- 
lation biology, with emphases on population dynamics, dis- 
persal behavior, and minimum area requirements. These 
studies were to be designed to result in specific management 
guidelines that would ensure species viability. 

Other Research 
The Program charter also called for determining economic 
aspects of old-growth forest ecosystems, evaluating manage- 
ment alternatives, evaluating silvicultwal options (including 
cost/benefit analyses), and determining the role of old growth 
in biological diversity. Because of funding constraints, how- 
ever, research planning focused primarily on wildlife and 

Because of the interweaving of our research approach, the 
results of these studies were tci be integrated. The results 
would be synthesized to produce management recommend- 
ations and data bases that would be available to the National 
Forest system, cooperating groups such as the Bureau of 
Land Management, and other potential users of the infor- 
mation. The goal of synthesizing Program results was to be 
met by several methods, including convening a symposium 
for the presentation of Program results. 

Implementation 
Study Site Selection and Sampling Design for 
Community Studies 
The design chosen for studies of terrestrial ecosystems was 
labeled a “T-matrix.” The result was a five-cell matrix (three 
cells in old growth, one in mature, and one in young) with 
nine stands per cell per province (fig. 1). 

The complex moisture-temperature gradient prevalent in the 
Pacific Northwest was studied only in old growth--equal 
numbers of stands were chosen for provisional categories of 
“wet old growth, ” “mesic old growth,” and “dry old growth.” 
The age gradient was studied only in mesic stands, with 
equal numbers of stands chosen in the provisional categories 
of “mesic young” and “mesic mature.” 

+-Moisture gradient --+ 
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The general concept of using this T-matrix design to
structure sampling and data analyses was fundarnentally
sound; however, implementing it in a strict balanced
ANOVA-type design was unrealistic. Although the study
was stratified into physiographic provinces, the provinces
(especially the Oregon Cascade Range) were so large that
within-province variation made it difficult to develop a
single province-wide classification. For example, a dry
old-growth site in the northern Oregon Cascades was
typically quite different from a dry old-growth site in the
southern portion of the province. Objectively classifying
the moisture-status of a 40-ha stand relative to other stands
in the province based on an hour or two of field inspection
was impossible. A major variable that could not be con-
trolled well in stand selection was elevation. Although the
age- and moisture-classes typically had similar mean ele-
vations, considerable elevational variation occurred within
each class. Because elevation represents a complex
temperature-moisture gradient and could compensate for
other factors (such as slope, aspect, and soil depth) that
determine moisture condition, the simple one-way clas-
sification of stands into moisture-classes should be used
cautiously.

Another difficulty in meeting study requirements during
stand selection was caused by the restrictive nature of the
stand selection criteria. In general, only a subset of the
selection criteria could be satisfactorly met in any given
stand. Finding stands that were over 40 ha; could be walked
to from a vehicle in less than 30 minutes; were free from
previous management activity; had no management activities
planned during the 3-yr sampling period; were not close to
large, noisy streams where bird calls could not be heard;
were accessible from roads that were free of snow in the
spring; and met age- and moisture-class requirements was
generally not possible. As a result, logistic criteria often
outweighed criteria formed by the research questions. Some
stands had to be selected that were not optimal in terms of
stand structure, homogeneity, freedom from past human
activity, or site moisture conditions. The major effect of this
problem was an unbalanced design in terms of the five
age-moisture classes. These problems did not appear to
seriously bias the range of age and moisture conditions
sampled, however.

Locating large stands that fit only within one plant asso-
ciation or moisture-class was often not possible. Most plant
community classifications in the region have been based on
500-m2 plots rather than entire stands. At the time of stand
selection, little information was available about the spatial
properties of regional plant associations at larger scales. For
example, during stand selection, very dry and very wet sites
were often found to be small in extent and typically embed-
ded within a matrix of wetter or drier conditions. The large

size of the sampling area (relative to the scale of the plant
associations) required the somewhat subjective approach of
considering topographic position and coarse-scale physiog-
raphic features in conjunction with vegetation to select large
areas that fell into one of three moisture-classes-wet, mesic
(or moderate), and dry.

The sample size problem was generally not as severe for
the three age-classes-old growth, mature, and young. Dis-
turbed forests in the southern areas, parts of the Oregon
Coast Range, and dry sites in general often contained a
greater mix of age-classes than desired, however. In areas
where the landscape was more of a natural mosaic of
age-classes, stands were located in areas where aerial
photographs and ground truthing indicated that one age-class
was predominant and contrasts between age-classes were
minimal. Although the “search image” for study stands was
for uniform age-classes and structural patches, some mixed
age-classes were included in the sample if they were typical
of the landscape or site moisture conditions.

Despite some difficulties in implementing the sampling
design, the stand selection process was considered to be
generally successful in meeting Program goals. A wide
range of old-growth stands, on different sites, with different
structures and stand histories was sampled. Although more
variability was encountered in site conditions of mesic young
and mesic mature stands than originally intended, measures
of site and environment (understory vegetation) indicated
that no major differences exist along the age gradient of
stands that would invalidate comparisons based on
age-related characteristics.

The T-matrix concept provided a framework for stand
selection and data analysis but was not considered a pre-
scription for strict application of ANOVA models in sta-
tistical hypothesis testing. The stand selection and ecological
survey was well suited to gradient analyses and regression
approaches in an exploratory sense. The use of age- and
moisture-classes to investigate ecological relationships
should be viewed as a coarse-scale gradient analysis rather
than an analysis of replicates of discrete forest types.
Although classifications into broad types were useful for
simplifying the results and transferring them to managers
who often have to deal with simplified forest response units,
gradient and regression analyses were most useful for
understanding the details of successional relationships.

Pilot Studies of Vertebrates
Pilot studies of vertebrate sampling methods were conducted
in 1983 on the Wind River Experimental Forest in the
Southern Washington Cascade Range and on the H. J.
Andrews Experimental Forest in the Oregon Cascade Range.
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Various techniques were evaluated for sampling different
segments of the vertebrate communities. Sampling protocols
(on file at the Forestry Sciences Laboratory in Olympia,
Washington) were developed for aquatic amphibians (stream
surveys), terrestrial amphibians (time-constrained searches of
the forest floor and pitfall traps), forest-floor small mammals
(snap-trapping and pitfalls), squirrels (tracking stations), bats
(ultrasonic recording of echolocation calls), and small, diurnal
forest birds (point counts and foraging observations). We
were unable to develop practical methods for conducting
extensive surveys of raptors or medium- to large-sized
mammals. Reptiles proved to be rare in the forests, and we
did not study them. Evaluations of these and other techniques
are being published elsewhere (Carey and Ruggiero, in press).

Plant Community Studies
The scale of community and age-class patterns posed sam-
pling problems for vegetation studies that could not be
adequately addressed within the research schedule because
we did not conduct vegetation pilot studies. For example,
although sampling design of the vegetation studies appeared
to be adequate for the overstory tree component (five O.l-ha
plots 100 to 150 m apart per stand), how well this design
would sample low-density structures such as large snags was
not known. During the first field season, some sampling tests
were undertaken, and minor modifications were made to
vegetation sampling during the next and final field season,
such as doubling the plot size for large snags.

Conducting a detailed community survey of mosses and
lichens was not possible. Common species were identified
but many less-common species required more time and
taxonomic skill than was available in this rather extensive
survey. In addition, many mosses and lichens inhabit tree
canopies and could not be adequately sampled. Foliose
canopy lichens, such as Lobaria spp., that had fallen to the
forest floor were tallied in ground cover vegetation surveys,
however. Hypogeous fungi were not sampled during the
plant community study because of the seasonality of the
fungi and the effort required to identify genera and species
in a large survey.

Vertebrate Community Studies
Because of funding constraints, the Northern Cascade Range
province was not sampled. The community studies were im-
plemented as planned in the remaining four provinces with
only a few exceptions. Because of both funding and logis-
tical constraints only one replicate of the study design (15
stands) was sampled in the second year in the Oregon
Cascade Range, and bat communities were studied only in
the southern Washington Cascade Range and Oregon Coast
Range.

In addition, gathering observations of foraging birds required
much more time than expected. As a result, these data were
only recorded incidentally, which resulted in insufficient data
for analysis. Similarly, because relatively little data was col-
lected on squirrels from tracking stations, these results are
also not reported here.

Vertebrate community studies were implemented in the
Southern Washington Cascade Range, Oregon Cascade
Range, and Klamath Mountains and, in part, the Oregon
Coast Range in 1984. Studies were continued in the Southern
Washington Cascade Range, Oregon Cascade Range, and the
Klamath Mountains, and fully implemented in the Oregon
Coast Range in 1985. Community studies ended in 1985 in
the Southern Washington Cascade Range, Oregon Cascade
Range, and Klamath Mountains, and in 1986 in the Oregon
Coast Range.

Insular Ecology Study
This study was not conducted because of funding constraints.

Species-Specific Studies
Major research efforts were initiated on the marten and on
arboreal rodents that are important prey species of spotted
owls. Brief descriptions of these studies are provided by
Biswell and Carey, Biswell and others, Center and others,
Corn and Witt, Gillesberg and Carey, and Jones and others in
the Poster Abstracts section of this volume. Ma’or findings
of these studies will be reported elsewhere.
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Abstract
The vegetation and climate history of the Pacific Northwest
is best understood from fossil pollen records and climatic
simulations by general circulation models of the Earth’s
atmosphere. Paleoclimatic simulations by these models pro-
vide a physical explanation of the climate associated with
past vegetation changes. During the maximum of the North
American continental glaciation (30,000 to 18,000 years
Before Present (years BP)), the Pacific Northwest experienced
dry-cold easterly airflows from a strong high-pressure system
centered above the massive continental ice sheet. Vegetation
west of the Cascade Range consisted of open forest-tundra
parklands with lodgepole pine, Engelmann spruce, and moun-
tain hemlock interspersed with tundra communities. By about
10,000 years BP, the continental ice sheet had collapsed, and
summer insolation increased because of changes in the
Earth’s orbital features. These changes brought warm-dry
summers to the Pacific Northwest, and pollen records in the
southern Puget Lowland indicate a predominance of Douglas-
fir, oak, alder, and prairie herbs. Fires became more frequent,
as lake sediments show a marked increase in charcoal con-
centrations. The closest modern analog to this vegetation
may be the oak savannas and Douglas-fir forests of the

Willamette Valley. By 6,000 years BP, modern climatic
conditions were established, and pollen records in this region
show decreases in Douglas-fir, alder, oak, and grass pollen
and increases in western redcedar and western hemlock
pollen. Charcoal concentrations in sediments decrease
rapidly at this time.

Pollen evidence indicates, therefore, that the modern forest
composition of the Puget Lowland was established about
6,000 years BP. Although structural properties of these forests
cannot be inferred from the pollen record, both the structure
and composition of old-growth Douglas-fir forests can rea-
sonably be assumed to have first established at this time. No
compelling evidence in pollen data and paleoclimatic simula-
tions suggests that this forest type existed elsewhere before
6,000 years BP. Old-growth Douglas-fir forests thus devel-
oped relatively recently on an evolutionary time scale and
probably do not represent a coevolved complex of species
bound together by tightly linked and balanced interactions.

Introduction
Pacific Northwestern forests have changed profoundly over
the past 30,000 years in response to climate variations driven
by changes in large-scale controls of the Earth’s climate
system (such as solar radiation, sea surface temperature,
extent of land and sea ice, and atmospheric trace gases and
particulates) (Barnosky and others 1987). Both fossil pollen
records of past vegetation and physical models of global
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atmospheric circulation clearly show that climate variations
follow unique paths as new combinations of boundary con-
ditions establish and disappear with varying periodicities
(COHMAP members 1988, Huntley and Webb 1989). As
a result, the climate history of the Pacific Northwest, as in
other regions of the world, should not be viewed as a simple
sequence of latitudinal or elevational displacements of
modem climatic zones.

Plants have, therefore, not been able to escape climatic
change by migrating within zones of climate that are simply
displaced in space. Species continually face new conditions
and must adjust to them by evolutionary, ecological, or phe-
notypic  mechanisms (Brubaker 1986). Genetic change in
long-lived species such as Northwestern conifers is probably
too slow to keep pace with rates of climatic change (Bartlein
and Prentice 1989). Thus, these species are probably not
perfectly adapted to current climates and should retain some
“memory” of past conditions in their current genetic make-up.
The short-term responses of Pacific Northwest conifers to
climatic change primarily involve ecological mechanisms
(for example, altered reproduction and establishment rates)
and physiological adjustments (for example, drought avoid-
ance or tolerance mechanisms) that affect tree establishment
and survival.

Pollen preserved in lake and bog sediments have provided
most of the empirical evidence of past vegetation and climate
in the Pacific Northwest (see Baker 1983, Bamosky and
others 1987, Heusser 1986). Pollen data accurately reveal the
general composition of regional forests but are less precise
for reconstructing fine-scale forest features such as the com-
position and structure of individual stands. Stand conditions
are generally inferred from knowledge of stand characteris-
tics in modem forest zones thought to be similar to ancient
forests. Plant macrofossils (such as leaves, seeds, and cones),
which are often present in such sediments, have been in-
valuable for confirming and refining interpretations of pollen
records (for example, Cwynar 1987, Dunwiddie 1986).

Fossil pollen records in the Puget Sound region indicate that
Western Hemlock Zone forests (Franklin and Dyrness 1973)
first established about 6,000 years ago. By inference, old-
growth Douglas-fir forests date from this time. Because no
evidence has been found that Douglas-fir forests existed as a
zonal forest type elsewhere in the Pacific Northwest before
this time, this forest association is young on an evolutionary
time-scale and may not represent highly coevolved species-
interactions.

In this paper, I will discuss forest and climate change in the
lowlands west of the Cascade Range over about the past
30,000 years, with emphasis on the Holocene (the present
interglacial, from 10,000 years ago to the present) because

pollen and plant macrofossil records are most abundant and
old-growth Douglas-fir forests first became dominant during
this period.

Sources of Paleoenvironmental Information
Pollen and Plant Macrofossils
Pollen and macroscopic plant parts are well preserved in
anaerobic lake and bog sediments. Pollen is much more
abundant than plant macrofossils because pollen (particularly
of trees) is often produced in large amounts and widely
dispersed by the wind. Owing to its ubiquitous occurrence,
pollen has been the most important source of information
about past vegetation in the Pacific Northwest (Baker 1983,
Bamosky and others 1987, Heusser 1986). Pollen data have
been supplemented in several studies by plant macrofossils,
however, to increase the taxonomic and spatial resolution of
vegetation reconstructions (Bamosky 1981, 1985, Cwynar
1987). Plant macrofossils provide finer taxonomic informa-
tion than pollen because seeds and leaves typically can be
identified to species, but pollen is generally identified to the
genus for trees and shrubs and only to family for some im-
portant herbs (such as grasses and sedges) (Birks and Birks
1980). Macrofossils also reveal the local occurrence of plants
near the collecting site because leaves and seeds fall close to
the parent plant. Pollen, on the other hand, is often carried
several kilometers before falling to the ground and, therefore,
reveals the general composition of regional vegetation.

Fossil pollen data are interpreted primarily by making com-
parisons between modem and fossil pollen assemblages
(Birks and Birks 1980). Researchers look for pollen assem-
blages in modem sediments that match those found in fossil
sediments. If a close match is found, the modern vegetation
is considered to be a good analog for past vegetation. Fine
features of the vegetation, such as stand structures or local
variation in stand composition, are inferred to have been the
same as in the modem vegetation.

Radiocarbon dates or well-dated volcanic ash layers establish
the timing of past vegetation change. Ash from the eruption
of Mt. Mazama (about 6800 years BP, S. Porter, pers. comm.)
forms a well-defined layer in lakes and bogs throughout the
Pacific Northwest and provides an important time marker in
Holocene sediments of the region.

Because lakes are formed primarily by the action of glaciers
(such as glacial scouring and kettle formation), the spatial
coverage of lake pollen records in the Pacific Northwest is
related to the limits of continental and alpine glaciation (for
example, see Barnosky and others 1987). Although alpine
glaciers covered most of the Olympic Mountains and the
Cascade Range, only one study (Dunwiddie 1986) has been
done at high elevation, and the vegetation history in most of
these mountains remains unknown. Continental glaciers
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Figure l-Major changes in external and internal boundary conditions of the
Earth’s climate system since 18.000 years BP (after Kutzbach and Guetter
1986). SJJA, SDJF: Northern Hemispheric solar radiation in June-August and
December-February, respectively, as Percentage difference from present.
Land ice as percentage of present. SST: global mean sea surface temperature
as departure from the present. CO2 as concentration in parts per million.

extended as far south as the central Puget Lowlands in Wash-
ington (Waitt and Thorson 1986). Consequently, lowland
pollen records are relatively abundant from central Washing-
ton to southern British Columbia but are scarce in southern
Washington and Oregon. Several excellent reviews of the
vegetation history of the Pacific Northwest have recently
been published (Baker 1983, Bamosky and others 1987,
Heusser 1986).

Paleoclimatic Simulations by General Circulation Models
Over the past two decades, physical models of atmospheric
circulation have been developed to examine the interactions
of the major external and internal controls of global climate
(for example, Hansen and others 1984, Kutzbach and Guetter
1986, Schlesinger and Zhao 1988, Whetherald and Manabe
1988). These models represent the current understanding of
Earth’s climate system and are being used to assess the char-
acteristics of past and potential changes. The Community
Climate Model (CCM) of the National Center for Atmos-
pheric essearch (NCAR) (Kutzbach and Guetter 1986) has
been used to examine the ability of one model to reconstruct
past climate change as recorded by fossil data (COHMAP
members 1988). The major boundary conditions of this
model are seasonal solar radiation, sea surface temper-
ature, atmospheric aerosol and carbon dioxide concentrations,
and the volumes of land and sea ice (fig. 1). The degree of
agreement between paleoclimatic simulations and empirical
evidence of past climate measures the success of the model.
The model has been tested with paleovegetation and lake-
level records from North America, Europe, and tropics of
Africa and Asia. In general, the agreement has been good,
and the model is presently considered to be a reasonable

mechanistic explanation of the climatic variations that drove
past vegetation change. The comparison of these simulations
with vegetation history in the Pacific Northwest is described
in greater detail in Bamosky and others (1987) and
COHMAP members (1988).

Definition of Old-Growth Douglas-Fir Forests
and Their Identification in the Fossil Pollen
Record
Old-growth Douglas-fir forests of the Western Hemlock
Zone (Franklin and Dymess 1973) are defined by a com-
bination of compositional and structural characteristics
(Old-Growth Definition Task Group 1986). Old-growth
forests generally may be identified by the presence of two or
more tree species with large diameters (typically Douglas-fir
plus one or more shade-tolerant associates, such as western
hemlock or western redcedar); a wide range of sizes and ages
and a deep, multilayered canopy; and substantial woody
debris in the form of logs and standing snags.

Because pollen records reveal the compositional aspects of
the vegetation, they indicate whether tree species that cur-
rently characterize old-growth stands were common in the
past. They cannot, however, provide definitive evidence that
those trees grew together in the same stands, or that past
stands had the structural characteristics of modem old-
growth forests. In this paper, I assume that structural char-
acteristics follow compositional characteristics, and thus that
old-growth Douglas-fir stands were first established in the
Pacific Northwest when fossil pollen assemblages first
matched pre-settlement pollen percentages of the modern
Western Hemlock Zone. Because of the poor resolution of
pollen data, the terms “old-growth Douglas-fir forests” and
“Western Hemlock Zone forests” are used interchangeably in
this paper.

Full- and Late-Glacial Vegetation and Climate
(30,000 to 10,000 years BP)
The last ice age in the Pacific Northwest culminated in the
Fraser Glaciation about 25,000 to 10,000 years BP (Waitt
and Thorson 1983). Mountain glaciers covered the Cascade
Range and Olympic Mountains from 29,000 to 22,000 years
BP (Porter and others 1983), but lowland areas remained ice
free until about 18,000 years BP, when ice advanced from
southern British Columbia into the coastal Olympic Penin-
sula and the Puget Lowland (Waitt and Thorson 1983).
These ice lobes coalesced and reached their maximum extent
in the southern Puget Lowland south of Olympia, Washing-
ton. Lowland ice began to retreat about 15,000 years BP.
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Figure 3-Paleocliiatic conditions for the Pacific Northwest as simulated by the NCAR CCM model for 18,000 and 9,000 years BP (after Bamosky and
others 1987).

causing a strong high-pressure system, “the glacial anticy-
clone,” centered over the ice cap. Anticyclonic circulation
brought prevailing easterly airflows across the Pacific North-
west, particularly in winter. Because of cold-dry airflow from
the mid-continent ice cap, simulated temperatures, precipita-
tion, and precipitation-minus-evaporation for 18,000 years
BP were substantially lower than at present. These simula-
tions agree with fossil pollen and macrofossil records that
show tundra and xeric treeline species such as Engelmann
spruce in the Puget Lowland during the full-glacial period.

Interglacial Vegetation and Climate (10,000
Years BP to Present)
The present interglacial is called the Holocene. By conven-
tion, it is defined as the period from 10,000 years BP to the
present. By 10,000 years BP, lowland glaciers had receded
from the Puget Lowland into southern British Columbia,
and alpine glaciers were restricted to very high elevations
in the Cascade Range and Olympic Mountains (Burke and
Birkeland 1982, Thorson 1980).

Early Holocene (10,000 to 6,000 years BP)
Tree species indicative of cold climates had disappeared
from the Puget Lowland by the beginning of the Holocene.
Rapid changes in pollen and macrofossils suggest the onset
of substantially warmer and drier climate than at present.
Between about 10,000 and 6,000 years BP, pollen diagrams

from southern British Columbia to the central Puget Lowland
showed maximum percentages of Douglas-fir, red alder,
grass, and prairie herbs (Barnosky 1981, Leopold and others
1982, Mathewes and Rouse 1975, Tsukada 1982, Tsukada
and others 1981). Pollen diagrams from the southern Puget
Lowland show less Douglas-fir and alder but more grass and
oak pollen (Bamosky 1985), suggesting a north-south
vegetation gradient with a higher frequency of open, xeric
communities in southern areas. Pollen of mesic tree species,
such as western redcedar and western hemlock, was rare
throughout the region. In addition, charcoal concentrations
increased dramatically and spores of bracken fern became
abundant in sediments.

Old-growth Douglas-fir forests were not important at the
regional scale during the early Holocene because pollen
assemblages of this period differed substantially from pre-
settlement pollen spectra in modem forests in the Western
Hemlock Zone (Barnosky 1981, Heusser 1977, 1986). The
general importance of oak and grass pollen and the scarcity
of mesic taxa in early Holocene pollen assemblagessuggest
that ancient vegetation may have been similar to modem
oak savanna and Douglas-fir woodlands in the southern
Willamette Valley of Oregon (Bamosky and others 1987).
This hypothesis must be tested with modem pollen data from
Oregon, however.
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The most compelling climatic interpretation of the fossil
pollen data is that warm-dry climates dominated the Puget
Lowland during the early Holocene. Summer droughts were
probably more severe and fires more frequent than today.
Grassy areas, oak savannas, Douglas-fir woodlands, and ripar-
ian alder stands probably characterized the regional vegeta-
tion, with strong north-south gradients in the predominant
community types. Southern areas may have been character-
ized by extensive grasslands and oak savannas, and northern
areas by a shifting mosaic of dry Douglas-fir forests in early
successional stages. This vegetation gradient was probably
maintained by interactions of climate and fire.

Summer droughts were probably most severe in the southern
Puget Lowland, resulting in discontinuous tree cover and
sparse, dry fuels. These conditions would have favored
frequent low-intensity fires, which can maintain savannas
and grasslands effectively. Oregon white oak was probably
common because it readily resprouts after fire. The thick
bark of mature Douglas-fir probably allowed old trees to
survive fire at scattered locations. The establishment of
Douglas-fir would have been difficult, however, because of
the sensitivity of young trees to even low-intensity fires
(Agee, this volume). The distribution of parent materials
(coarse outwash, till, pro-glacial lake sediments) may have
controlled major spatial patterns of plant communities in the
southern Lowland. In particular, extensive areas of coarse
outwash were deposited south of the lowland ice sheet during
late-glacial times (Thorson 1980). The soils of these areas
were undoubtedly exceedingly droughty during the early
Holocene and probably supported only grassland vegetation.
Woodlands and savannas probably occupied finer textured
soils in the region. Small modem prairies south of Olympia,
Washington, may be remnants of extensive early Holocene
grasslands. Prairies also may have been maintained in part by
fires set by Native Americans who were present in the North-
west during the early Holocene.

The greater abundance of tree pollen in sediment records
from the central and northern Puget Lowland (fig. 2) sug-
gests that these areas were more heavily forested. The
northern forests may have experienced fires of variable
intensity (Agee, this volume) that were less frequent than in
the savannas and grasslands to the south. Fire effects would
have varied depending on tire intensity. Low-intensity fires
would have removed understory plants but caused little tree
mortality. Moderate fires would have killed some trees and
opened growing space within stands, but intense fires would
have killed most of the trees in a stand, thereby reinitiating
succession. This type of variable fire regime characterizes
dry Douglas-fir forests of southwestern Oregon and results in
patchy mosaics of young and old stands of various tree densi-
ties. These forests may be reasonable modem analogs to those
growing in the northern Puget Lowland during the early
Holocene.

Pollen diagrams from coastal areas of the Olympic Peninsula
also show maximum values of Douglas-fir and alder pollen
in the early Holocene, but western hemlock pollen was more
common than in the Puget Lowland (Bamosky and others
1987, Heusser 1986). Oak and grass pollens were rare in
these diagrams. Apparently, maritime influences caused more
mesic densely forested vegetation along the Pacific coast
than farther inland. Coastal diagrams are nevertheless consist-
ent with records from the Puget Lowlands, in that they show
forest types with drier affinities in the early than in the mid-
to late-Holocene.

The only pollen records from Oregon were published nearly
50 years ago by Hansen (1947), who pioneered palynological
research in the Pacific Northwest. Hansen worked before
techniques such as radiocarbon dating and fine taxonomic
discrimination of pollen were developed. His diagrams, there-
fore, provide only very general descriptions of past vegeta-
tion. Nevertheless, they remain invaluable to current under-
standing of the forest history of the Pacific Northwest.

Hansen (1947), fortunately, identified the Mazama ash layer
at several sites. It is now dated and can be used as a basis for
comparing early- and late-Holocene pollen assemblages.
High pine-pollen percentages are a striking feature of early-
Holocene pollen diagrams from the central Willamette
Valley. Although the pine species comprising this peak are
not known, the conclusion seems reasonable that they were
species currently more abundant to the south (such as
ponderosa pine, Jeffrey pine, sugar pine, knobcone pine)
rather than lodgepole pine, which typically characterizes full-
and late-glacial pollen assemblages in the Northwest. This
interpretation implies warmer-drier climates during the
early-Holocene than at present and is thus consistent with
interpretations of pollen records farther north. Regardless of
their climatic significance, early-Holocene assemblages in
western Oregon do not match mid- to late-Holocene spectra
from the same area or from sites in Washington and southern
British Columbia. One must conclude, therefore, that old-
growth Douglas-fir forests were not common in Oregon
during the first half of the present interglacial period.

Climate simulations for the early-Holocene are represented
by the model for 9,000 years BP, when summer insolation
at 400 N. latitude was 8 percent greater than present, the
Laurentide ice sheet was greatly reduced, and the influence
of the glacial anticyclone had essentially disappeared
(COHMAP members 1988, Kutzbach and Guetter 1986).
The simulated July temperature was higher, and precipitation-
minus-evaporation was Iower than at present,,because of in-
creased insolation. At 9,000 years BP the Earth was closest
to the sun during the summer and the tilt of the Earth’s axis
was more extreme than at present, both of which increased
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the intensity of solar radiation, Paleoclimatic simulations,
therefore, agree with pollen data for warmer and more xeric
forest associations during the early-Holocene.

Mid- to Late-Holocene (6,000 years BP to Present)
Holocene pollen records from the Pacific Northwest gener-
ally show the establishment of modem forest composition
about 6,000 years BP (Baker 1983, Bamosky and others
1987, Heusser 1986. See fig. 2). Pollen of western hemlock
and western redcedar increased, and pollen of Douglas-fir,
grass, and alder decreased about that time at sites from the
central Puget Lowland to southern British Columbia. Pollen
changes were similar in the southern Lowland, except that
Douglas-fir pollen increased during the mid-Holocene. The
changes in both areas suggest a shift to more mesic forest
communities and thus a trend toward a cooler and moister
climate. This interpretation is supported by decreases in
charcoal and bracken fern spores at about 6,000 years BP.
Fire frequencies certainly decreased, favoring the expansion
of fire-sensitive species such as western hemlock and west-
ern redcedar, and most parts of the region became densely
forested by communities that were similar to those of the
present.

Pollen changes in other parts of western Washington and
Oregon also suggest a more mesic condition in the mid- and
late-Holocene. For example, on the Olympic Peninsula,
Douglas-fir and alder pollen decreased, while western hem-
lock and western redcedar pollen (not identified in some
diagrams) increased (Bamosky and others 1987, Heusser
1977, 1986). In the Willamette valley, pine pollen decreased
and Douglas-fir pollen increased in the mid-Holocene
(Hansen 1947).

Although pollen data do not provide evidence of the struc-
tural features of the forests of about 6,000 years BP, the
simplest interpretation of these data is that old-growth stand
characteristics developed with the shift to modem forest
composition. Structural changes may have lagged somewhat
behind compositional changes, however, because features
such as large woody debris and standing snags require time
to develop. The length of time would have varied depending
on forest type. For example, only a few hundred years would
have been required for old-growth Douglas-fir stands to
develop, but possibly more than a thousand years were
needed for old-growth structures to develop in western red-
cedar stands. Northwest Indian cultures that depended on
wood from massive western redcedars developed 2.000 to
3,000 years after the expansion of western redcedar on the
Olympic Peninsula and Vancouver Island (Hebda and
Mathewes 1984), suggesting that the establishment of old-

I
growth conditions lagged considerably behind the first
increase in western redcedar in these areas.

Pollen records from the Pacific Northwest provide convinc-
ing evidence for a climatic cooling and an increase in mois-
ture during the second half of the Holocene. This interpreta-
tion is supported by geologic evidence showing the expansion
of mountain glaciers (Burke and Birkeland 1983) and by
paleoclimatic simulations. Models for 6,000 years BP are
based on climatic boundary conditions similar to the present
(COHMAP members 1988, Kutzbach and Guetter 1986).
Summer insolation was slightly greater than today, but other
boundary conditions were at modem values. By 6,000 years
BP, simulations for the Northwest show the summer precipi-
tation increased and summer temperature decreased by com-
parison with 9,000 years BP and thus they corroborate the
climatic interpretation of the pollen dam.

Discussion
No pollen evidence indicates that old-growth Douglas-fir
stands were an important component of Pacific Northwestern
forests before 6,000 years BP. Additional data are needed to
confirm this statement, however, because the vegetation
history of western Oregon is very poorly documented. The
lack of data from Oregon is a particular problem for inter-
preting forest composition during full-glacial times. Douglas
fir forests did not exist south of the ice sheet in western
Washington, but no data exist to assess whether such forests
occurred farther south. Circumstantial evidence from climatic
simulations suggests that western Oregon was too cold and
dry for the large-scale survival of Douglas-fir forests, and
pollen records from northern California indicate xeric pine
and possibly juniper woodlands during this period (Adams
1986). Thus, for old-growth Douglas-fin forests to have
survived full-glacial conditions as an important forest type in
the Pacific Northwest is unlikely.

A sufficient number of well-dated pollen diagrams are avail-
able from western Washington and southern British Colum-
bia to conclude that old-growth Douglas-fir forests were rare
or absent during the early-Holocene. Even the less-detailed
and undated diagrams from western Oregon provide convinc-
ing evidence that old-growth forests did not exist south of
the Puget Lowland in the early-Holocene. Even if Douglas-fir
forests occupied western Oregon during full-glacial times,
they must have disappeared as a zonal forest type during the
warm, dry climates of the early-Holocene and then reas-
sembled about 6,000 years BP.

During the early-Holocene, mesic late-successional conifers
such as western hemlock and western redcedar may have
formed small populations in moist topographic depressions
or in stable riparian sites. These fire-sensitive species would
have been relatively protected from fire in such environments.
Both species presently occur in similar settings in warm,
dry summer climates east of the Cascade Range (Franklin
and Dymess 1973). At the onset of the cooler, wetter climate
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of the mid-Holocene, such populations would have provided
seeds for the rapid colonization of upland areas. With this
expansion, modern zonal forests were established.

As in other parts of the world, the interpretation of forest
history in the Pacific Northwest is limited by the coarse
spatial resolution of pollen data. Extensive old-growth forests
typical of the modem Western Hemlock Zone were clearly
absent from western Washington before the mid-Holocene,
but pollen data cannot evaluate the possibility that local
old-growth stands occurred at restricted, scattered locations.
Future research should address this question by examining
pollen and macrofossil records from small collecting basins
because such sites could provide records of local stand
composition (Dunwiddie 1986).

Conclusion
Modem forests in the Western Hemlock Zone were estab-
lished in western Washington about 6,000 years ago. These
forests did not migrate into the region as intact communities
from the south. Instead, dominant tree species of this forest
zone had differing late-glacial and early-Holocene histories
and responded individually to climate change.

Because climate is driven by a complex set of boundary
conditions that do not change in unison, new conditions
constantly arise and disappear on time scales of several
thousand years. Over these broad time scales, tree species
continuously reassemble in different combinations that
follow the rhythm of changing climate. 
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Abstract
The fire history of Pacific Northwest Douglas-fir forests is
varied and complex because Douglas-fir exists in a variety of
forest types over a wide range of environments. Douglas-fir
has been dominant over this region because of disturbance
by fire and the species’ adaptations to fire. Human-caused
fires have been locally important, but lightning appears to be
most significant in explaining fire history. A lightning fire
model based on climate suggests a strong north-south gradi-
ent in lightning ignitions. The western Olympic Mountains
have a very low probability of ignition by lightning; the
southern Washington Cascades have twice as much; the
western Oregon Cascades have another 60 percent more; and
the Siskiyou Mountains have twice, again as much. Our know-
ledge of fire return intervals based on forest age-class data
shows a parallel history, ranging from fire return intervals
over several centuries in the Olympics to several decades in
the Siskiyous. Most Olympic forests have developed as first-
generation stands after historic fires; Siskiyou forests are
usually multi-aged stands that have experienced several fires.
Almost all of the old-growth Douglas-fir resource is a pro-
duct of fire: it not only has created and maintained such

stands but has destroyed them as well. In the short term,
management strategies to perpetuate old growth can focus on
protection against fire. In the long term, we will be forced to
recognize a more dynamic management strategy, sensitive
not only to historic fire regimes, but also to those expected
with future climatic change.

Introduction
The fire history of Douglas-fir forests is varied and complex
because Douglas-fir exists in a variety of forest types with a
wide range of environmental conditions and associated spe-
cies. Classical Pacific Northwest Douglas-fir forest is charac-
terized by those low- to mid-elevation forestswest of the
crest of the Cascade Range extending into the coastal and
Klamath Mountain regions of California. This area is com-
monly known as the Douglas-fir region, and is the area to
which this paper is applicable.

Although the region has been named after Douglas-fir be-
cause of the dominance of this one tree species over a wide
area, Douglas-fir is a late-successional or climax species over
only a small portion of the area for which it is named. Its
dominance at the time of European settlement was largely
due to disturbance, primarily by fire, for many centuries
before such settlement. Pollen records establish that Douglas-
fir dominance in past millenia often coincided with charcoal
peaks in the pollen profile (Brubaker, this volume).
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Such disturbance by fire was neither a unique event nor one
easily characterized. Fiie can occur at various frequencies,
intensities, and extents. Severity, defined as the effect on the
tree or the stand, varied because of these factors as well as
because of the age and composition of the stands. These vari-
ables, although initially introducing a great deal of confusion,
can be used to order our knowledge of the ecological effects
of fire in Douglas-fir forests. In particular, they can be used
to understand how old-growth Douglas-fir forests across this
wide region have been created, maintained, and destroyed by
this powerful agent of disturbance.

Disturbance as an Ecological Factor
The role of disturbance in ecosystems can be characterized
by describing the type of disturbance and its frequency, mag-
nitude, extent, and variability (Pickett  and White 1985, White
1979). Moving from this simplistic characterization to the
field application, however, is often quite difficult because of
the problems associated with separating these various factors
and the lack of independence between them. For Douglas-fir,
which can live 750 to 1000 years or more, a millenium of
history may have to be unravelled to understand the evolu-
tion of present species composition, structure, and.pattem.

Many disturbances in addition to fire may also be important
in stand history. Wind can cause catastrophic damage to
stands (Franklin and Forman  1987, Ruth and Yoder 1953).
Disease and insects can create locally patchy stands (DeBell
and Franklin 1987, Russell and others 1986). Landscape-
wide, however, fire appears to be the primary large-scale dis-
turbance factor. Across the region, one estimate of average
fire return interval is 230 years (Fahnestock and Agee 1983),
about one-fifth the potential longevity of an individual tree
(Franklin and Dymess 1973). Fire, therefore, is likely to dis-
turb this “average” stand long before Douglas-fir disappears
from the stand, even where Douglas-fir is an early seral
species.

Relative Adaptations to Fire
Douglas-fir has long been characterized as a species adapted
to fire (Flint 1925, Starker 1934). Its ability relative to other
species to adapt to the presence of fue is critical to under-
standing the ecological impacts of fire. The fire strategy (for
example, Rowe 1981, Wright and Bailey 1982) of major tree
species of the Douglas-fir region is summarized in table 1.
The relative success of Douglas-fir compared to its competi-
tors depends on which other “players” are part of the stand.
Where western hemlock and western redcedar are the only
other species in a mature stand and a fire kills all the trees
but does not consume all the organic mat (which would en-
courage the invader red alder along with Douglas-fir),
Douglas-fir is likely to be a dominant in the new stand.
Douglas-fir is also likely to be a dominant after fire in a ma-
ture stand where Pacific madrone and tanoak  are understory

Table l-Relative adaptations to fire of major species in the
Douglas-fir region

’ Invaders = highly dispersive pioneets. rapid early growth;
evaders = species with long-lived progagules stored in soil
or canopy; avoiders = fire-sensitive individuals, even to low-
intensity surface fires; resisters = able to resist fires of low to
moderate severity; and endurers = resprouting  species.

species. In a mature state in the presence of a moderate fire,
Douglas-fir generally exhibits a “resister” strategy; and
madrone  and tanoak are “endurers” that are top-killed and
will have to resprout from the ground. If a young stand with
the same species mix is burned again in 20 years, however,
Douglas-fir as a small tree will not be fire tolerant, and as an
“avoider” will be killed, leaving the madrone  and tanoak to
resprout again and dominate the post-fire stand.

This system (table 1) treats the species as a variable, but it
assumes that fire is something of a constant. As the examples
above illustrate, the frequency of fire can create different
ecological effects, as can different fire intensities. Over the
region, fire frequency, intensity, and extent vary consider-
ably, which helps to explain the myriad ecological effects of
fire.

Regional Fire Patterns
Ignition Patterns
Ignitions by humans-Ignitions by humans are known to
have been important in certain forest and grassland types of
the Pacific Northwest. The dry Douglas-fir and ponderosa
pine forests of the eastern Cascades may have been burned
frequently by Native Americans (Barrett and Amo 1982).
West of the Cascades, however, the role of aboriginal burning
is much less clear for Douglas-fir forests. Burning,by  Native
Americans was a common practice in the Willamette Valley
grasslands and oak woodlands (Boyd 1986),  and they appar-
ently burned the valley bottoms of at least some of the major
tributaries of the Willamette River (Teensma  1987). Norton
(1979) and White (1980) make a strong case for aboriginal
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ignitions in prairies adjacent to the relatively dry Poget Low- 
land Douglas-fK forests. Botanical (Habeck 1961, Kertis 
1986, Thilenius 1968) and pedological (Ugolini and Schlicte 
1973) evidence suggest that prairie-forest ecotones frequently 
burned and that forest area has expanded over the last century 
at the expense of prairie. Outside of these dry lowland prairie 
and woodland areas, little convincing evidence exists that 
aboriginal ignitions were a significant ignition source, al- 
though future investigations may shed more light on the 
debate. 

Some of the earliest evidence for Native American fue- 
setting in the Douglas-fir region was collated by Morris 
(1934). who fast documented the acconntS of large historical 
fires in the Pacific Northwest Although Native Americans 
are implicated in anecdotal accounts as the source of several 
large fires, the evidence is not overwhelming that they ignited 
many fires in upland forests. The coastal Oregon Native 
Americans were the victims of some of these fires, having 
been driven to the waters of the Pacific Ocean to survive 
(Morris 1934). The source. of these fires is never clearly 
identified or placed in a cultural context. Legends tell of two 
other fxes, both in Washington, that occurred in prehistoric 
times. The Quinault tribe has a legend of a great fii that 
swept down from the Olympic Mountains perhaps 500 years 
ago, pushing the people into the sea, but the ignition source 
is not identified (Anon. 1983). In an area roughly bounded 
by Mount St. Helens, Mount Rainier, and Centralia, a 
500 000-ha fire is rumored to have occm~ed about 1800. 
This so-called “Big Fire” was supposedly set by the Cowlitz 
tribe against tie Nisqually uibe, OI was set by the Nisqually 
tribe as a means of generating rain during a drought 
(Clevinger 1951). The existence of two stories about the 
same fire make both suspect; alternatively, either or both 
could be true. At present, the case for widespread aboriginal 
fues throughout the Douglas-fir region is not convincing. 

Lightning ignition-The variability in regional lightning 
ignition patterns is illustrated by the application of a fm- 
cycle model based on climate. The Olympic fire-cycle model 
(Agee and Flewelling 1983) generates both significant fii 
ignitions and sizes based on climatic parameters of the site. 
For this application, only the ignition portion of the model is 
presented because the size (and fue-cycle) portion of the 
model is based on historic relations between fue size and 
climate not available regionally. The ignition portion of the 
model presents the expected ignitions exceeding 1 ha within 
a 175 OOO-ha area over a given period. 

The model requires four inputs, each used by the model in 
one of twelve IO-day periods during the fire season: proba- 
bilities of long-term drought, a rain exceeding 0.25 cm, 
occurrence of a thunderstorm, and an eaSt wind. The model 
was applied to four regional locations: the western Olympic 
Mountains, the Wind River area in southern Washington, the 

WASHINGTON 

OREGON 

McKenzie River area in the central Oregon Cascade Range, 
and the eastern area of the Siskiyou Mountains (Jacksonville- 
Kerby) (fig. 1). The probability of long-term drought, defined 
as below-average annual precipitation, was set at 0.5, with 
additional cumulative years of drought at lower probabilities 
defined similarly to the Olympic model. Short-term drought 
was defined as 1 minus the probability of significant precipi- 
tation during IO-day summer periods and was gathered for 
each area based on records from nearby stations (Manger 
1925). Thunderstorm probability was determined from 
Pickford and others (1980) for the Olympics and from 
Morris (1932) for the other sites. 

As for any stochastic model, long-term expected averages are 
best calculated using many model repetitions; here, each sim- 
ulation is based on averages from a lO,OOO-year run of the 
model. This represents not the LateQuatemary period, but 
only a long-term average (or expected value) of the effects of 
20th~century weather on ignition patterns. The results should 
be inteqreted as relative rarher than absolute. values, although 
the model predicted well the proportional seasonal distribu- 
tion of Olympic fires (fig. 2). 

The probability of ignitions exceeding 1 ha increases as 
location shifts east and south from the western Olympics 
(fig. 3). The Wind River area has twice as many ignitions as 
the western Olympics, McKenzie River has about 60 percent 
more than Wind River. and the Siskiyou Mountain area has 
more than twice the number of ignitions as McKenzie River. 
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The notion of a “fire cycle,” or a rettan interval of regular 
frequency, is not as meaningful as in drier forest types, where 
with some measure of variability a roughly cyclic occurrence 
of fire can be assumed (compare mixed-conifer forest, as in 
McNeil and Zobel 1980). Rarely in a Douglas-fir stand is the 
fire record long enough or regular enough to infer a cyclic 
patter” of fire, particularly in the presence of climatic shifts 
that would alter any cycle in operation. Different patterns of 
historic fire have clearly affected the Douglas-fir forests of 
the region, however. 

Moist Douglas-fir forests--In the moist Douglas-fir forests 
of the Coast Range of Oregon, the Washington Cascade 
Range, and the Olympics, most forests are first-generation 
post-fire forests less than 750 years old. This patter” would 
suggest a fire return interval somewhat less than 750 years. 
The tie-cycle model of Agee andFlewelling (1983) could 
not reproduce a natural fiie rotation (essentially a tire. cycle) 
of less than 3500 years using 20th.century climate patterns, 
and eve” with significant alteration in climate input to the 
model, fire return intervals could only be brought down to 
about 900 years. They suggested that perhaps much larger 
than average events may have occurred in the past (also 
suggested by Henderson and Peter (1981) for the southeast- 
ern Olympics) as a result of short-term but very extreme 
changes in two OI more of the climate parameters that drive 
the model. 

Our knowledge of the dates of old-growth forest establish- 
ment is so weak as to preclude firm hypotheses about dis- 
turbance pulses of the past. The forests around Mount 
Rainier appear tc have had a major fre about 750 years 
ago (Hemstrom and Franklin 1982). and similar-aged stands 
have been identified in the southern and western Olympics 
(Agee, pers. obs.). A series of about 650-year-old or 450- to 
500year-old fires-or both-are apparent from the data of 
Henderson and Peter (1981) in the southern Olympics, 
Franklin and Hemstrom (1981) and Yamaguchi (1986) in the 
southern Washington Cascade Range, and Huff (1984) in the 
western Olympics. Although the forest age-class 
data are sparse. these are also times of sunspot minima identi- 
fied by Stuiver and Quay (1980). using tree-ring analysis of 
carbon-14 activity. If large fires are associated with these 
periods of general global cooling, they may represent periods 
where altered synoptic weather patterns, particularly during 
the growing season, contained higher frequency of lightning 
and foehn (e+st) wind patterns. 

In moist Douglas-fir forests, long early se& tree recruitment 
(for example, 75-100 years for Douglas-fir) has been docu- 
mented after disturbance by fiie (Franklin and Hemstrom 
1981). This pattern is not characteristic of all prehistoric 
fires. For example, Huff (1984) shows a @l-year recruitment 
interval for a fire in about 1465 in the western Olympics, and 
Yamaguchi (1986) shows that about 95 percent of Douglas-fir 

was recruited within 40 years after a fire in about 1300 “ear 
Mount St. Helens. Even on these sites, however, the regener- 
ation period is decades long and probably represents some 
regeneration from rrees that initially colonized the burn and 
grew large enough to produce viable seed to help completely 
restock the stand. Lack of seed source, brush competition, 
and reburns-r a combination of these factors-have been 
identified as delaying regeneration on such sites (Franklin 
and Hemstmm 1981). Patterns of rebums on the Tillamook 
fxe of 1933 at 6-year intervals (1939, 1945, 1951: Pyne 
1982). at Mount Rainier in the late 19th century, and at the 
southern Washington Yacolt burn of 1902 (A. Gray, unpubl. 
data) are evidence these sites will rebum. High surface fire 
potential during early succession in Douglas-fir forest was 
identified by Isaac (1940) as a “vicious cycle” of positive 
feedback, encouraging rhizomatous bracken fern: this patter” 
was quantified by Agee and Huff (1987, fig. 4). Given 
sufficient sources for reignition (the original Yacolt and 
Tillamook burns and all rebwns are thought to have been 
human-ignited), the rebum hypothesis is likely to be true in 
certain areas. Whether reburns were a common event before 
European settlement in the moist portion of the Douglas-fir 
region is not clear, however. 
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After disturbance and over time, potential surface-fire behav- 
ior declines, particularly after crown closure, and then grad- 
ually increases in the old-growth seral stage (Agee and Huff 
1987). Rebums in roughly NO-year-old stands during the 
late 1400’s suggested by Henderson and Peter (1981) suggest 
that independent crown-fire behavior in these thick-canopied 
stands may be a” additional significant type of fire. Our 
present state of knowledge is insufficient to tell. 

Mesic-to-dry Douglas-fir forest-For many years, the pat- 
ter” of stand-replacement fire summarized above was a para- 
digm for the Douglas-fir region. Recent work, particularly in 
the Oregon Cascades, suggests a higher fire frequency, and 
different ecological role, for fire in mesic-to-dry Douglas-fir 
forest, reinforcing the output of the fire-cycle model (fig. 3). 
A site in the western Oregon Cascades (Stewart 1986) near 
the H.J. Andrew Experimental Forest regenerated after a 
stand-replacement fire in about 1530, but it has had three 
partial-mortality fires since then, in about 1660, about 1860, 
and about 1890. Some of these fires were in the settlement 
period and probably reflect human-caused fxes, but the 
partial mortality associated with them is significant. Over a 
broader area several kilometers to the southeast, encompass- 
ing similar forest types, Morrison and Swanson (1990) 
suggest a natural fire rotation of 95 to 145 years over the last 
five centuries, well below that of the moist Douglas-fir 
forests of Washington. The patchiness of at least some of the 
fires is illustrated by a fireseverity map from Morrison and 
Swanson (1990; fig. 5A). A similar fire regime was noted by 
Means (1982) on dry sites in the western Oregon Cascades 
and by Agee and Dunwiddie (1984) for dry Douglas-fir 
forests in Washington’s San Juan Islands (fig. 5B). Another 
fne-frequency analysis was completed by Teensma (1986), 
“ear the area studied by Morrison and Swanson. Using 
conservative methods that did not recognize underburns with 
no resulting regeneration or substantial fire scarring of trees, 
Teensma estimated a natural fire rotation of 100 years over 
the last five centuries. If fires of moderate severity ax 
removed from the analysis, a stand-replacement mea” fire 
return interval is 130 to 150 years, suggesting that intense 
fnes are a significant part of the natural fire regime in this 
area, but that fires of lower severity also occur. Other stands 
500 years old or older exist without much evidence of 
recurrent fire. 

These studies strongly indicate that a variable fire regime 
with much higher frequency than found in the typical, moist, 
Washington Douglas-fir forest occtxs in the central Oregon 
Cascades, and in otber music-to-dry Douglas-fir forests. 
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Huff (1984) has summarized the species response to dis- 
turbance regimes for a range of wet-to-dry Douglas-fir for- 
ests (fig. 7). If fne is absent for 700 to loo0 years on wet 
sites, Douglas-fir will drop out of the stand, and western 
hemlock or Pacific silver fu will be the primary seed source 
for postfiie regeneration (fig. 7C). On sites with fire return 
intervals in the 300- to 6CGyear rang-well within the lon- 
gevity of individual Douglas-fir--mixed dominance of 
Douglas-fn and western hemlock or Pacific silver fir will 
result from a typically severe stand-replacement fire (fig. 7B). 
A stand-development sequence will ccctu as illustmted in 
figure 8 (modified from Huff 1984). At age ZOO+, the charac- 
teristics of old gmwth are usually present The Douglas-fir 
componew having developed after the previous centuries- 
old fire, provides the live-tree criterion, and those large 
Douglas-fz and western hemlock begin to supply the large- 
log component. 

When fire return intervals are reduced to 30 to 70 years in 
drier and warmer environments, western hemlock may not 
even be present on the site (fig. 7A), and a stand-development 
sequence similar to that shown in figure 9 may occur. Begin- 
ning after a stand-replacement fire, the Douglas-fu regener- 
ating on the site may survive several moderate-severity fnes 
that thin the Douglas-fr (“resisters”), remove the understory 

white or grand fir (“avoiders”), and topkill the associated 
hardwoods, such as madmne and tanoak (“endure&‘). Sev- 
eral reoccurrences of such fires will create a stand with 
several age-classes of Douglas-fir (some of which are large), 
and an age-class of Douglas-fir and hardwoods representing 
regeneration after the last disturbance. Understory-tolerant 
conifers of other species will also be represented in this most- 
recent regenemtion. Large logs are provided by residual 
Douglas-fir or sugar pine that have died from insect, disease, 
or the last fire, or have blown over. At age 250+, the stmc- 
ture of this stand may meet the old-growth criteria, having 
developed in a very different way than tlx. wet-site Douglas- 
fr stand. Such stands will usually be intermixed with others 
that have experienced a stand-replacement event during one 
of the intermediate fires, so that the landscape is more patchy 
than in the wetter Douglas-fir forests. 
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Discussion 
The historic role of fire in Pacitic Northwest forests is 
critical in understanding how these Douglas-fir forests devel- 
oped, and to what extent they provide habitat for wildlife. 
The extent to which such panems and processes provide a 
blueprint for future management is less clear. No areas are 
large enough to allow totally free-ranging fire; few areas 
have management objectives that will allow prescribed nat- 
ural fire (lightning ignitions allowed to bun under certain 
conditions in certain zones). Logging followed by slash bum- 
ing has sometimes been called a mimic of natural process 

(Agee 1989). Although some aspects (for example, smoke 
production; Fahnestcck and Agee 1983) may be similar, the 
functional result in the past has been quite different: no snags 
are left (shade, woodpeckers) and much more soil distwb- 
awe is present after logging, which may redirect postdistub- 
ante plant succession (Scott 1980). 

Historic fire patterns have several implications for remaining 
old-growth forests. Today’s old growth tends to be frag- 
mented-that is, broken into small units-as a result of bar- 
vest. Based on historic patterns of fire, increased fragmenta- 
tion compared to natural conditions should be more signifi- 
cant to the north, which apparently had larger blocks of 
single-aged stands. The increasingly smaller size of old- 
growth stands will create a drier, windier microclimate along 
stand edges, accelerating both windthrow and potential fire 
behavior. Slash bums may increase the risk of fire escape to 
neighboring stands (Agee 1989). Such units will also be 
easier to reach and protect from fire, however, il that is the 
appropriate management sbategy. 

To suggest that fire is an appropriate process in the preserva- 
tion of old-growth forest seems paradoxical. Yet it is appar- 
ent that almost all of our Douglas-fir old-growth forest re- 
source consists of first- or multi-generation forests born of 
fire. Fire is responsible for their destruction; yet it is also 
responsible for their creation and maintenance. Without fire, 
the old-growth forests of the Pacific Northwest would have 
significantly different species composition and structure, and 
would likely function quite differently as wildlife habitat. 

In the short term, management plans to perpetuate old- 
growth forest can ignore fire. So many other disturbances 
are reducing the area of old growth that short-term man- 
agement should be oriented to a preservation- rather than a 
process-oriented approach: preserve what we have without 
regard to its long-term maintenance. Eventually, we must 
come to grips with the realization that these living systems 
will change, even with complete protection from disturbance. 
The proportion of Douglas-fir will decline, particularly on 
more mesic sites, with attendant changes in wildlife habitat. 
In the long run, we will be forced to recognize a more 
dynamic management strategy, sensitive not only to historic 
fire regimes, but also to the new fire regimes expected with 
global climate change. 111 
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Abstract
Fragmentation is the creation of a complex mosaic of spatial
and successional habitats from formerly contiguous habitat.
Loss of habitat and the less obvious phenomenon of habitat-
patch isolation are aspects ‘of fragmentation that threaten the
viability of wildlife populations, the components of biotic
diversity. Fragmentation of forests on Federal lands in the
Pacific Northwest is the product of staggered-set clearcutting
of late-successional forest. Large-scale block clearcutting on
private lands has minimized fragmentation simply by leaving
few or no fragments. Less than 20 percent of the original
old-growth forest remains, and the fragmentation of remain-
ing old-growth stands may degrade the quality of these areas
for plants and wildlife. Analysis of population vulnerability
suggests that life-history characteristics, along with biotic
and physical environmental factors, influence population
structure and individual fitness. These factors determine the
risk of local population extinction. We compiled a list of 93
species associated with late-successional Douglas-fir forests
in the Northwest and rated the risk for each species of local
extinction from fragmentation on a scale of 1 to 10 based on
the frequency of occurrence, abundance, and variation in

abundance data from the old-growth community studies (this
volume), and on body size, vagility, and migratory status
information from the literature. Over 80 percent of the listed
species had high to moderately high risk scores (7 to 10);
risk for these species was a function of the low frequency
and abundance associated with three combinations of body
size and vagility. Clearcutting in patterns that minimize frag-
mentation would reduce the impact of isolation and small
patch size for 27 species, likely benefit another 20 species,
but probably have little impact on 46 species.

Introduction
Forest fragmentation and its effects on biotic diversity have
been recognized during the last decade as one of the most
pressing problems faced by conservation biologists. Particu-
lar attention has been given to the relatively undeveloped and
unstudied tropical region (Soul) and Wilcox 1980). Recent
planning activities of Federal land-management agencies and
issues related to the conservation of old-growth forest eco-
systems, however, have brought forest fragmentation to the
forefront of domestic conservation biology (Harris 1984,
Harris and others 1982, Lehmkuhl 1984, Lumen and Nietro
1980, Meslow and others 1981, Salwasser and Samson 1985).

1 Now supervisory wildlife biologist, Rocky Mountain Forest and Range
Experiment Station, Laramie WY 82070.
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Forest fragmentation typically is the creation of a complex
spatial and temporal mosaic of forest patches by staggered-
set clearcutting, in which small (<20 ha) clearcuts are scat-
tered over the landscape. Aside from the loss of old-growth
forest habitats that results from this practice, the remaining
forest patches become smaller and more isolated as logging
continues. Nowhere is this problem more evident or contro-
versial than in the old-growth forests administered for mul-
tiple use by public land-management agencies in the Pacific
Northwest (Franklin and Forman 1987, Meslow and others
1981). The problem is made urgent by the planned harvest of
50 percent of the old-growth remaining on National Forest
lands in western Oregon and Washington over the next 5
years, at a rate of more than 75,000 ha per year (Marcot and
others, this volume; Ohman and others 1988), and by the
planned liquidation of old growth remaining on Bureau of
Land Management (BLM) lands in southern Oregon over the
next 10 to 20 years (Lumen and Nietro 1980).

A substantial literature documents the effects of forest frag-
mentation on birds in agricultural landscapes of Eastern
North America and Europe (for example, Forman and others
1976, Freemark and Merriam 1986, Galli and others 1976,
Van Dorp and Opdam 1987, Whitcomb and others 1981).
These studies have generally found that the presence or
abundance of forest-interior birds declines with decreasing
size and increasing isolation of forest patches. A few studies
have analyzed changes in the general abundance of forest
birds (Raphael and others 1988), and small mammals and
amphibians (Raphael 1988c) as the result of logging in
Western forests. Little is known, however, about the specific
effects of fragmentation caused by clearcutting formerly
extensive old-growth forests in Western North America. In
contrast to Eastern forests, studies in Western forests
(Lehmkuhl and others, this volume; Raphael 1984; Rosenberg
and Raphael 1986) have found vertebrate richness or abun-
dance only weakly related to stand size and isolation, al-
though some negative effects were suggested for particular
species. Isolation and small-area effects were suggested by
Newmark (1987) as the cause of local extinction for 43 per-
cent of the medium and large mammal species in National
Parks of the Western United States. A comparison of the
western forest situation with that in eastern forests, however,
is weak.

Eastern forests have experienced extensive fragmentation
(Whitcomb and others 1981), providing relatively static and
simple systems with woodlot patches in an agricultural-land
matrix. The relatively static dynamics and high contrast be-
tween patch and matrix are ideal for studying the effects of
habitat patch size and isolation. Western forests managed for
timber production, however, are at an early stage of fragmen-
tation with a dynamic and complex pattern that is more diffi-
cult to study. Old growth in a managed landscape forms the
matrix, rather than the patch as with woodlots (Harris and

others 1982, Vemer 1986), until a threshold is reached where
cutover forest area exceeds pristine forest area (Franklin and
Forman 1987). Boundaries between old growth and cleat-cuts,
although initially distinct, are dynamic and become increas-
ingly ambiguous with secondary succession of clearcuts
(Rosenberg and Raphael 1986), whereas woodlot boundaries
remain distinct and both boundary and habitat matrix are
relatively static.

The incipient nature of Western forest fragmentation never-
theless allows us the opportunity to study and manage forest
landscapes to prevent or ameliorate the impacts of timber
harvesting on wildlife populations. Our goal in this paper is
to assess the state of old-growth forest fragmentation in the
Pacific Northwest, and the potential effects of that process on
wildlife. Our objectives are to briefly describe the loss and
fragmentation of old-growth forests in the Pacific Northwest,
to review concepts for assessing the effects of forest fragmen-
tation on wildlife population persistence and diversity and
describe the characteristics of species vulnerable to extinc-
tion, to compile a list of Pacific Northwest species associated
with old-growth forests and rate their vulnerability to frag-
mentation, and to examine timber harvest alternatives that
may minimize the effects of fragmentation on wildlife popu-
lations. We will primarily discuss the fragmentation of old-
growth, or late-successional forests (synonymous in view of
problems in defining the old-growth condition; see Marcot
and others, this volume), because they are least likely to be
present in managed forest landscapes. The discussion will be
oriented to public land management, as opposed to private
industrial forest land where old growth has been largely
eliminated (Harris 1984, Ohman and others 1988, Spies and
Franklin 1988) and where wildlife values are incidental
(Hicks 1985) to timber production.

Forest Fragmentation in the Pacific Northwest
Two issues are associated with current harvest patterns of old
growth: quantitative loss of habitat for associated species,
and qualitative loss of habitat resulting from the reduced
capacity of remaining patches to support old-growth condi-
tions and wildlife communities. Assessing the quantitative
loss of old growth is problematic because estimates of the
area of old-growth forest remaining on public lands vary
with the definition of the old-growth condition (Marcot and
others, this volume). We are not prepared to defend any par-
ticular definition, but we present estimates from the literature
to provide order-of-magnitude information.

Estimates of old-growth forest remaining in Oregon and
Washington range from 1 to 2.5 million ha, representing 10
to 25 percent of a base 10 million ha of commercial forest
land. Spies and Franklin (1988) estimated that 1 million ha
of old-growth forest (17 percent) remains from the 6 million
ha of commercial forest land that occurred before settlement.
The Pacific Northwest Region of the USDA Forest Service

36



estimates that remaining old-growth on National Forests in
Oregon and Washington are 2.5 million ha (USFS 1988).
More in line with Spies and Franklin, Morrison (1988) rein-
terpreted Regional data with a stricter definition of old-
growth and estimated that little more than 1 million ha re-
mains. Northern California appears to have retained a much
larger percentage (50 percent or 400 000 ha) of its original
810 000 ha of old-growth forest (Raphael and others 1988)
from a base of 1.1 million ha of commercial forest land.

The qualitative loss of old-growth habitat by the creation of
many small fragments in formerly contiguous forest is the
second issue associated with forest management. The viabil-
ity of remnant patches as wildlife habitat is a function of
myriad edge effects that depend on patch size and isolation.
Some research suggests that a fundamental change in micro-
climate occurs within 160 m of the forest edge, which creates
conditions different from the patch interior (Franklin and
Forman 1987, Harris 1984). Patches 10 ha are effectively all
edge and have lost the essential attributes of the old-
growth condition. This, and other edge effects, which we
will discuss later in detail, act to reduce the effective size
and functional viability of patches for plant and animal
communities.

Forty years of staggered-set clearcutting on National Forest
(Harris 1984, Spies and Franklin 1988) and BLM lands
(Lumen and Nietro 1980, Monthey 1984) has resulted in
various stages of fragmentation of the remaining forest. Data
on the patch-size distribution of forest fragments are avail-
able for only a few areas. Harris (1984) presented data from
the Siuslaw National Forest in the Oregon Coast Range indi-
cating that 3 to 6 percent of the forest area remained in old
growth, depending on the definition used; 34 percent of the
old-growth stands were smaller than 8 ha and 61 percent of
the patches were smaller than 16 ha, accounting for 8 and 21
percent of the total old-growth area. If stands less than 8 ha
are not functional as old growth and are subtracted from the
old-growth area of the Siuslaw National Forest, only 2 per-
cent of the Forest area remains as functional old-growth, even
assuming a total area of 6 percent old growth. The isolation
of forest fragments with distances up to 7 km (Harris and
others 1982) between patches further limits the functioning
of old-growth patches as wildlife habitat.

Monthey (1984) reported a similar patch-size distribution for
BLM lands in Oregon: about 50 percent of the patches were
less than 12 ha, and most were less than 4 
(Lehmkuhl and others, this volume) on 48 2025-ha land-
scapes on National Forest and National Park lands in the
southern Washington Cascade Range indicated that about.
31 percent of the area was old growth; 39 percent of the
patches were 110 ha, but they represented only 4 percent of
the total old-growth area. Excluding study landscapes in
Mount Rainier National Park yielded only a slightly larger

percentage (5 percent), of old-growth stands 10 ha, which
suggests that much of the remaining old-growth in the
southern Washington Cascades may still be in large enough
patches to be considered functional. Those study landscapes,
however, may be biased for relatively high old-growth area
because selection of study landscapes was based on the
requirement that stands be >40 ha for the original stand-scale
studies. The study landscapes may nevertheless represent
the general area as indicated by the similar percentages of
clearcut area (16 percent) for study landscapes and the
Gifford Pinchot National Forest in general (G. Gruelich,
unpubl. data).

Assessing Fragmentation Effects on Wildlife
Species Diversity and Population Persistence
Maintaining species diversity is the ultimate goal of current
conservation efforts. Species diversity as an operational goal
for management, however, is not always desirable (Anderson
1979; Askins and others 1987; Murphy 1989; Raphael, this
volume; Van Home 1983; Vemer 1986). Conventional
methods for measuring species diversity do not distinguish
between species and do not account for their special ecologi-
cal and management importance. Clearly, we need to be
concerned with individual species, while diversity should be
a conceptual goal for conserving regional biota (Anderson
1979, Askins and others 1987, Murphy 1989, Noss and
Harris 1986, Van Home 1983, Wilcox and Murphy 1985).
To manage for species, we must understand the processes
affecting the persistence and stability of populations of
individual species as components of species richness.

The persistence of a population is primarily a function of its
size, with extinction (local or global) invariably preceded by
reduced population size (Gilpin and Soul) 1986, Goodman
1987a,b, Newmark 1987, Pimm and others 1988, Soul) and
others 1988, Wilcox 1980). The reduction may result from
natural or human-caused disturbance; in our case, smaller
populations are a consequence of a quantitative or qualitative
loss of habitat. In circumstances where population size is
reduced below a threshold number for recovery, the subse-
quent extinction of the reduced population may be determini-
stic and unavoidable. More often, extinction depends on the
interplay of stochastic (random) factors with population and
environmental factors (Gilpin and Soul) 1986, Shaffer 1981).
Shaffer (198 1) described four primary stochastic forces of
extinction:

l Stochastic demographic changes in small populations,
such as variation in birth and death rates and sex or age
anomalies randomly affect individuals in a manner that
increases the variance in reproductive rate and increases
the probability of extinction from a chance reproductive
failure (Goodman 1987a, Lande 1988);
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l Environmental stochasticity, random temporal changes
in environmental quality or interspecific interactions,
affect individuals equally in a manner that increases
variation in abundance and has proportionately large
effects on small populations (Goodman 1987a, Lande
1988);

l Catastrophes may occur at random intervals through
time and can arguably be called intense, punctuated cases
of environmental stochasticity; and

l Genetic stochasticity arises from a reduction in the
effective population size with consequential deleterious
short-term effects of inbreeding on reproductive success,
and long-term losses of genetic variation (heterozygosity)
and adaptability to environmental change from genetic
drift (Frankel and Soule 1981, Schonewald-Cox and
others 1983).

In general, the probability of extinction for small populations
is highest from environmental effects, followed by demogra-
phic stochasticity, long-term genetic effects, and lastly catas-
trophes (Gilpin and Soule 1986, Lande 1988). The impor-
tance of stochastic extinction forces is largely determined by
the interaction between the particular characteristics of a
species, the population, and the environment. An appropriate
framework for assessing the strength of this interaction is
population vulnerability analysis.

Population Vulnerability Analysis
Population vulnerability analysis as proposed by Gilpin and
Soule) (1986) has three aspects: the physical and biotic envi-
ronment of the individual and population; the population
phenotype, or the species life history and habitat require-
ments; and the expression of the first two aspects in popula-
tion structure and individual fitness.

The environment-Fragmentation affects the environment
by reducing the availability and heterogeneity of original
habitats. Forest remaining after logging is a subset of the
original area, and it usually represents a less heterogeneous
array of habitats. The loss of habitat heterogeneity takes two
forms (Goodman 1987a): loss of regional heterogeneity re-
duces the ability of populations to average effects over their
geographic range; and loss of resource hot spots, or loca-
tions of stable resource availability, eliminates refugia in
which populations can persist under periodic severe environ-
mental conditions and from which they can later recolonize
formerly occupied areas.

Fragmentation also alters the context and configuration
of a stand by exposing remnant forest patches to edge
effects. The present connotation of edge effect differs from

conventional usage (Leopold 1933), which suggests that
more species diversity occurs on the ecotone of two habitat
types. Edge effect here means deleterious effects of ecotones
on plant and animal populations (Harris 1989, Laudenslayer
1986, Reese and Ratti 1988, Soule) 1986, Yahner 1989).
Many forest-edge effects have been detailed in the literature,
particularly for eastern U.S. Forests, but each situation has
unique problems (Janzen 1986). Some environmental and
edge effects are described below.

l Competition between interior and edge species
may occur when edge species that colonize the early-
successional habitats and forest edges created by logging
(Anderson 1979; Askins and others 1987; Lehmkuhl and
others, this volume; Rosenberg and Raphael 1986) also
use the interior of remaining forest (Kendeigh 1944,
Reese and Ratti 1988, Wilcove and others 1986, Yahner
1989). Competition may ultimately reduce the viability
of interior species’ populations.

l Generalist species occurring in the forest at the time of
fragmentation may benefit from environmental changes
outside the forest, receiving a cross-boundary subsidy
(Janzne 1986). Consequent increases in generalist species’
vigor or populations may alter community interactions,
and result, for example, in greater competition with
other animal species or altered plant-animal interactions
(Janzen 1986). Alverson and others (1988) described
how a cross-boundary subsidy from abundant early-
successional habitat in logged areas of Wisconsin main-
tains a high white-tailed deer population, which has a
major impact on the composition and regeneration of
remnant old forest. Elk likewise receive a subsidy from
early-successional habitat on recently logged sites (Hett
and others 1978, Raedeke and Lehmkuhl 1986) and can
markedly depress understory regeneration of hemlock in
Pacific Northwest forests (Harmon and Franklin 1983).

l Nest predation and parasitism have been shown to in-
crease in eastern forests along edges up to 600 m inside
the patch, which is nearly four times the distance of
microclimatic effects in Pacific Northwest forests (Reese
and Ratti 1988, Wilcove and others 1986, Yahner 1989).
Corvids and small mammalian omnivores are usually
implicated as the most serious nest predators (Reese and
Ratti 1988).

l The patch boundary may be a unidirectional filter
through which animals pass out of the patch and cannot
return (Janzen 1986). Game animals, for example, are
most vulnerable to hunting mortality when they venture
from the cover of forest patches into large open clearcuts.

38



l Secondary extinctions may result from the elimination
of keystone species (Paine 1969, Soule 1986, Wilcove
and others 1986) or altered community processes
(Terborgh 1988). Gilbert (1980b) and Terborgh (1988)
described situations in the tropics where the elimination
of top predators could have cascading effects through the
community by changing the size or structure of prey
populations, which in turn influence plant-community
dynamics through seed dispersal and predation. Soul)
and others (1988) described a meso-predator release
effect on chaparral birds in which the local extinction of
a large predator (coyote) allowed small predators (fox
and domestic cats) to increase, decimating prey species
that formerly persisted with low populations of the small
predators. Maser and Maser (1988) suggested that timber
harvest practices that preclude viable populations of
mycophagous forest-dwelling squirrels may alter fungal
spore dispersal and eliminate a critical link in the sym-
biosis between hypogeous mycorrhizal fungi and conifer-
ous trees which improves tree productivity.

l Edge creep occurs when extrinsic processes act on patch
edges to progressively decrease patch area or quality
(Soul) 1986). Ground fires along patch edges, for ex-
ample, may penetrate only a short distance inside the
patch, but they initiate a positive feedback loop of in-
creasing fire effects. The growth of herbaceous vege-
tation responding to increased light and release from
shrub competition after a fire may provide abundant fuel
for subsequent fires that creep further into the patch and
renew the cycle (Janzen 1986). Other examples are fire-
wood cutters who penetrate progressively deeper into a
patch to cut snags for wood, and chronic windthrow and
subsequent salvage that progressively decreases patch
area.

0 Microclimatic changes along patch edges alter the con-
ditions for interior plant and animal species and usually
result in drier conditions with more available light (Bond
1957, Harris 1984, Ranney and others 1981). The current
estimate suggested for the Pacific Northwest is that
microclimatic effects extend up to two tree lengths (about
160 m) inside a patch (Franklin and Forman 1987, Harris
1984),  which is tentatively supported by ongoing research
(T. Spies, pers. comm.). Seral plants become more vigor-
ous or abundant at edges in response to microclimatic
changes, leading to greater abundance of seral plants in
the seed pool and a higher probability of their establish-
ment in patch interiors or colonization of gap disturb-
ances (Janzen 1986, Ranney and others 1981).

The dynamics of forest habitat and environmental change
with fragmentation are poorly understood. Are there thresh-
olds of change in habitat attributes, or are the changes contin-
uous? Franklin and For-man’s (1987) simple checkerboard
model with 10-ha patches suggests several patterns and
thresholds of change: as the forest matrix becomes smaller
with an increasing number of Clearcut patches, the edge
length peaks at 50 percent cutover, but then the relation
reverses and clearcuts become the matrix with forest patches;
total area of forest interior habitat declines linearly to zero at
50 percent cutover, assuming that edge microclimatic effects
occur within 160 m from the edge; and patch size does not
decline until a threshold of 30 percent cutover when forest
patch size drops precipitously until the 50 percent cut level,
after which patch size remains steady.

Research data from Lehmkuhl and others (this volume) con-
tradict the Franklin and Forman patch-size model, however,
indicating that forest patch size declines linearly between 0
and 50 percent cutover. They support Franklin and Forman's
(1987) 50 percent edge threshold when late-successional
forests become the patches in a clearcut matrix. The thresh-
old for more strictly defined old-growth forest, however, was
lower, near 30 percent cutover. Wilcove and others (1986)
suggest that patch numbers increase exponentially with time
under a steady rate of fragmentation. Burgess and Sharpe
(1981) presented data from southern Wisconsin landscapes
that indicated mean distance between patches increased expo-
nentially until about 10 percent of the forest remained.

Population phenotype-The life history characteristics of
species are probably the most important aspect of the popu-
lation phenotype for population vulnerability analysis
(Margules and others 1982, McCoy 1982, Shaffer and
Samson 1985, Simberloff and Abele 1982). The probability
that a population will persist with habitat loss, which is one
aspect of fragmentation, is largely a function of population
density or abundance: the greater the abundance or density,
the lower the risk of local extinction (Diamond 1984,
Diamond and others 1987, Newmark 1987, Pimm and others
1988, Soul) and others 1988, Terborgh and Winter 1980,
Wilcox 1980). Vulnerability to extinction in isolated habitat
patches may also increase with large body size (Diamond
1984, Diamond and others 1987, Pimm and others 1988);
low fecundity (Pimm and others 1988); specialization on
patchy resources (Karr 1982a,  Terborgh and Winter 1980);
behavioral patterns requiring the formation of large groups
and thus concentrated resources, dependence on keystone or
link species, or occurrence at the edge of a species’ range
(Terborgh and Winter 1980); temporal variation in popula-
tion size (Diamond 1984, Goodman 1987a,b, Karr 1982b);
and metabolic rate (Wilcox 1980).
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Persistence despite isolation of habitat patches, the second
aspect of fragmentation, is a function of the dispersal abilities
of the species (for example, Harris 1984, Soule and others
1988, Wilcox 1980). Dispersing individuals may rescue popu-
lations dwindling to extinction (Brown and Kodric-Brown
1977), or found new populations where they have become
locally extinct. Species with poor dispersal capabilities, espe-
cially those with low powers of persistence, have a high risk
of extinction in fragmented landscapes.

Population structure-We have discussed the increased
probability of stochastic extinction from a reduction in popu-
lation size brought on by the loss of forest habitat. Fragmen-
tation also breaks the population into small subunits, each
with dynamics different from the original contiguous popula-
tion and each with a greater chance than the whole of local
extinction from stochastic factors. Such fragmented popula-
tions are metapopulations, in which the subunits are intercon-
nected through patterns of gene flow, extinction, and recolo-
nization (Gill 1978, Lande and Barrowclough 1987, Levins
1970).

Determining the viability of the subpopulations of a metapop-
ulation in fragmented landscapes is difficult. Long-term study
is necessary because extinctions may be highly stochastic or
observable effects after fragmentation may be delayed until
populations reach an equilibrium with the changed availabil-
ity of resources (Shaffer 1981). A “source-sink’ effect may
occur, whereby animals dispersing from undisturbed source
areas colonize sink habitat patches that would otherwise not
support populations (Pulliam 1988, Wiens 1976). Animals
may breed in low-quality sink patches but have a negative
reproductive rate, while the appearance of a viable popula-
tion is maintained by immigration (Pulliam 1988). Then,
interpatch distances are important determinants of population
persistence, and they interact with species mobility and life-
history characteristics to determine the rate at which immigra-
tion is effective in maintaining population size and genetic
diversity.

The dynamics of population response to various amounts of
fragmentation are essentially unknown: is population re-
sponse gradual or continuous, or is the response nonlinear
with thresholds? Several models predict response thresholds.
Franklin and Forman's (1987) model predicts that forest-
interior species richness declines slowly until 30 percent
cutover, then rapidly declines to 50 percent cutover in
response to rapidly decreasing patch sizes. Total species
diversity increases rapidly up to 30 percent forest removal as
edge species colonize in response to increasing edge length,
but then declines slowly with the loss of interior species and
declining edge. Game species, which are mainly edge spe-
cies, follow a similar trend. A model by McLellan and others
(1986) indicates a threshold of population decline at 50 per-
cent habitat loss for species susceptible to fragmentation (low

vagility, small populations). A population persists longer
when patches of the same habitat are larger and closer. Less
susceptible species begin to decline when 75 percent of the
habitat is removed.

The Pacific Northwest Vertebrate Community
The forests of the Pacific Northwest support a large and
diverse fauna of over 400 species (Brown 1985), of which
58 percent are bird species, 30 percent mammals, 7 percent
amphibians, and 5 percent reptiles (Harris 1984). In a review
of the literature, Harris (1984) concluded that species diver-
sity declines with elevation, increases with moisture, and
increases with the structural diversity associated with increas-
ing stand age, which mainly consists of the vertical structure
afforded by large, living trees; dead, standing trees (snags);
and logs on land and in streams. Recent, extensive, field
studies have shown forest-bird community richness to be
positively associated with increasing temperature, which is a
negative function of elevation and distance from the ocean
(Huff and Raley, this volume). Concurrent studies of small
mammal and amphibian communities indicated richness to
be primarily a function of zoogeographic barriers to dispersal
(mainly the Columbia River and the Willamette Valley) and
localized geographic distributions, especially for amphibians
(Aubry and others, this volume; Bury and others, this volume
a).

Vulnerability Analysis
Assessing the effects of forest fragmentation from timber
harvest on wildlife diversity and population viability raises
several basic questions: “What species are associated with
late-successional forest landscapes?” “What species are at
greatest risk as assessed from an examination of the structural
and life-history characteristics of species’ populations that
influence their persistence in forest landscapes altered by
timber harvest?” and “What are the options for timber man-
agement to manipulate forest stand- and landscape-scale
characteristics to minimize the risks of local extinction?”

To answer the first question, we used the list of species asso-
ciated with late-successional forest from the summary paper
of this symposium (Ruggiero and others, this volume). Other
species were added from the wildlife-habitat relationships
tables in Brown (1985) to include species that use late-
successional stages (large sawtimber and old growth) of the
temperate coniferous forest and were not sampled by the
old-growth community studies (this volume). The list was
edited to exclude species taken from Brown that are not
found primarily in temperate coniferous forests. We concen-
trated on species associated with late-successional forest
because this is the stage of forest development least likely to
be represented in managed forest landscapes of the future.
The list of 93 species is not complete (appendix table 2), but
reflects current knowledge of habitat relationships. Earlier
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lists based on literature reviews are similar in the total num-
ber of species listed. Harris (1984) proposed late-successional
forest as primary habitat for 118 species, with 40 species
dependent on old growth. Brown (1985) described 76 species
that use old-growth forest as primary breeding habitat and 65
species that use it as primary feeding habitat.

The vulnerability of listed species was assessed by compiling
research data and general information about the abundance,
life history, and habitat relationships of species, and then
determining the risk of local extinction associated with each
variable. Field data on the frequency of occurrence, abun-
dance, and coefficient of variation in abundance among
stands from the old-growth community studies (Lehmkuhl
and others, this volume) were assembled for 64 of 93 listed
species. The values of those variables for each species were
converted to percentages of the maximum value for species
in the same taxon, and then grouped into three classes: 0 to
33 percent, 34 to 66 percent, and >66 percent of maximum.
Risks associated with the percentile classes were scored from
low (1) to high (3) depending on the variable. Risk scores
declined with increasing frequency of occurrence and abun-
dance, but scores increased with increasing variation in
abundance. Scores were estimated for 29 species (for which
abundance data were not available from the community stud-
ies) by examining scores for similar species and consulting
the general literature.

Risks associated with the life-history parameters of body
size, vagility, and migratory status were similarly rated as
low, moderate, or high. Risk scores increased with increasing
body size under the premise that small-bodied species have
smaller home ranges and higher densities than larger species,
and may persist longer in small patches than large species.
Risk decreased with increasing vagility because high vagility
enables dispersing individuals to rescue failing subpopula-
tions in isolated habitat patches, or to recolonize patches with
locally extinct subpopulations. Risk associated with migra-
tory status was scored low (1) for resident species, moderate
(2) for short-distance migrants, and high (3) for long-distance
migrants. Robbins and others (1989) showed that long-
distance migrants were more susceptible to stand-area effects
than short-distance migrants or residents. Pimm and others
(1988) found migrants to have a higher risk of extinction
than residents, probably because of greater migration risk
and variability in population size. The intermediate risk we
assigned to short-distance migrants is not clearly supported
by the literature, but was inferred from the arguments of
Pimm and others (1988) concerning migration risk. Ancillary
data on the strength of association with late-successional
forest, and use of structural and special habitats, were com-
piled to further assess risk and aid in habitat management.

A cumulative risk rating was calculated for each species as
the weighted sum of risk scores for individual variables, by
means of the following formula:

Cumulative risk = 3 * (frequency score + abundance
score) + 2 * (body size score + vagility score)
+ migratory status + variance in abundance.

Weights were assigned to reflect the relative importance of
variables that affect persistence in fragmented landscapes.
Frequency and abundance were weighted by 3 to account for
the primary importance of population size and density. Body
size and vagility were weighted by 2 to reflect the lesser, but
still vital, importance of body size for persistence in isolated
patches, and vagility in the rescue and recolonization of
isolated populations. Variation in abundance and migratory
status scores were unweighted to indicate their relatively
lesser importance for persistence. Cumulative scores were
recalculated according to a scale of 1 to 10 to simplify
ranking of risk.

Eighty percent of the species fell into moderately high (score
7.8) and high-risk categories (scores 9, 10) (fig. 1). The
20 high-risk species have low frequency and abundance,
and one of three body size-vagility combinations (appendix
table 2). Small size and low vagility characterized 12 species
of amphibians and small mammals. Their persistence in
isolated patches of a highly fragmented landscape is problem-
atic because of low frequency and abundance, and poor
probability that subpopulations could be rescued or patches
recolonized because of limited vagility. The limitation of
poor vagility depends on the varying porosity of adjacent
altered habitats to movement of dispersing animals. An addi-
tional consideration is the very limited geographic distribu-
tions of three amphibians.

These species may persist in relatively smaller patches than
large species, however, because of their small size and rela-
tively higher potential density. Amphibians may have an
additional advantage relative to small mammals because
their lower metabolism and energy requirements presume
smaller ranges and higher densities. Small patches of late-
successional forest are often regarded as poor habitat because
of microclimatic and other edge effects, but the impact of
edge effects on amphibians and small mammals remains to
be shown. Small patches may be adequate to support viable
populations of amphibians and perhaps small mammals, and
may be important sources for recolonization of adjacent
altered stands made suitable with time by succession. The
elimination of small old-growth patches as poor habitat,
therefore, may be imprudent unless they are imminently
threatened by blowdown.
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Nearly 60 percent of the rated species have moderately high 
risk scores (7-8) with only slightly less than high risk of 
local extinction. The large number of species in the group 
mitigates the lower score, making it perhaps the most im- 
nortant uouo for manaeement. In common with high-risk 
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but with various combinations of body size and vagility. 
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a 20 Pi” size with low vagility for amphibians and small mammals to 
0 1111 small- and medium-size birds and mammals with high vagil- 
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vulnerability of the birds primarily is a function of habitat 
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Another high-risk group includes three squirrel species of 
small to medium size and moderate vagility. Because of their 
higher mobility, animals with medium size and moderate 
vagility are less at risk than smaller species from the isolation 
of habitat patches and subpopulations. The risk is greater, 
however, from diminishing patch sizes because of the greater 
energy demands of larger body size. Persistence for these 
species is a balance between decreasing patch sizes and 
increasing isolation. 

The third high-risk group is composed of five species of 
birds and mammals with large size and high vagility. High 
vagility usually enables these species to overcome patch 
isolation. Large body size, however, implies greater energy 
weds and larger home ranges than smaller species have, and 
consequently, total available habitat and patch size are most 
important. These species are generalists (elk, mule deer) OI 
tied to special features (for example, bald eagles need tall 
trees or snags near water), and arguably do not specifically 
require extensive late-successional forests. Elk and mule 
deer, however, require some old forest for thermal and hiding 
cover, and they require winter feeding areas during years of 
heavy snow. This need is particularly important for deer in 
areas with snowfall down to sea level, such as southern 
Alaska and British Columbia (see papers in Meehan and 
others 1984). Regardless of specific cases, the risk analysis 
is significant because it indicates the vulnerability of large 
animals. 

Timber Harvest Alternatives 

A foremost consideration in formulating an adequate answer 
to the question of alternative timber-harvest strategies is the 
fact that populations of species closely associated with late- 
successional forest will always experience some detrimental 
impacts from loss of habitat. Minimum-fragmentation alter- 
natives do not reduce the impact of lost habitat, but primarily 
attempt to minimize the additional negative impacts that 
small habitat patch-sties, edge effects, and isolation of re- 
maining forest patches have on the forest environment and 
metapopulation structure. The value of a given timber- 
management alternative therefore depends on how species 
respond to changes in patch size and isolation. Animals 
respond to increasing patch size as a function of their body 
size: large species with large ranges and low density benefit 
from larger patches that allow for larger, more persistent 
populations. Response to declining isolation is a function 
of vagility: animals with low vagility have greater access 
to other habitat patches as isolation decreases. We cross- 
tabulated vagility and body size for the species in our data 
set to examine how the impact of timber harvest may be 
reduced by a minimum fragmentation scheme (table 1). 

Increasing the patch size and decreasing the isolation of habi- 
tat patches reduces impacts on at least 27 species (score 4), 
probably helps another 20 species (score 3), and likely has 
little impact on 46 species (table 1). This analysis does not 
consider qualitative habitat loss through edge effects. Those 
species that can be idcntitied as inrerior species may bene- 
fit from the reduction of edge through minimum fregmenta- 
tion practices. Some preliminary evidence from ongoing 
research indicates that the abundance of a few birds (winter 
wren, Swainson’s thrush, and varied thrush) is higher in 
patch interiors (A. Hansen and J. Peterson, pen. comm.). 
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Table 1Species groups and number of species associated 
with late-successional forest that are likely to sustain fewer 
impacts from a minimum-fragmentation clearcutting alter- 
native relative to current maximum-fragmentation practices 

Minimum Maximum 
fragmentation fragmentation 

selection 

low ISOLATION high 
large PATCH SIZE small 

LANDSCAPE SCALE 

Other management options may reduce the impacts of timber 
harvest. Alternatives such as minimum fragmentation alter 
the juxtaposition of clearcut “nits at a landscape scale to alter 
the size and isolation of remaining forest patches (fig. 2). 
Management, however, can also act at a stand scale along 
which selection harvest and clearcutting lie at the extremes. 
Current staggered-set clearcutting is in the area of greatest 
impact at the extremes of both stand- and landscape-scale 
modification (top right of fig. 2). Minimum fragmentation 
alternatives move management to the left along the land- 
scape axis, and stand-scale impacts and patch contrast remain 
constant. As harvest changes from clearcut to selection meti- 
ads, or as other means of maintaining the stnxtaral and 
functional characteristics of harvested stands are used (Harris 
and others 1982, Nyberg and others 1987), the contrast and 
edge effects between altered and remnant patches and land- 
scape fragmentation decrease concurrently as shown by the 
mows in figure 2. 

Conclusions 
Reducing timber harvest will always increase the probabili- 
ties of persistence for vulnerable wildlife species. Viable 
populations may exist with some timber harvest, however, 
especially if harvest practices are modified to minimize the 
effects of logging at landscape and stand scales. Alternative 
plans for arranging clearcut units to minimize landscape- 
scale impacts have been suggested by Franklin and Forma” 
(1987) and are being planned for some National Forests in 
the Pacific Northwest. Alternative stand-scale practices, such 
as retaining green trees and coarse woody debris, are only 
recently being explored. Other beneficial practices include 
the “se of corridors that maintain habitat connectivity across 
the landscape and facilitate wildlife movement from wilder- 
ness or between forest patches across managed landscapes 
(Han-is 1984, Ness 1987, Noss and Harris 1986. Simberloff 
and Cox 1987). Population viability will also be enhanced if 
the location of cutting “nits does not remove habitat refugia 
or decrease the habitat heterogeneity across the landscape 
that animal populations depend on during periods of envimn- 
mental stress. Planning for the replacement over time of late- 
successional forest patches or structural attributes like snags 
will ensme the viability of species requiring these key 
habitats. 

We need more research to give managers better information 
and tools. Vemer (1986) gave a good prescription for re- 
search into fragmentation effects: emphasis has bee” on birds 
for several reasons, but we need more. research on mammals, 
reptiles, and amphibians; more research is needed on the 
processes affecting wildlife. persistence in fragmented land- 
scapes, rather than patterns related to area alone; we need 
to determine population parameters and model population 
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responses to examine the consequences of fragmentation
over space and time, which is not feasible without long-term
research; and more emphasis should be placed on the spatial
dynamics of fragmentation from a landscape perspective.

We suggest several additional research issues: more empha-
sis is needed on habitat relationships in managed forests, and
the interaction of remnant forest patches and the man-
aged habitat matrix; continued research is needed into the
value of late-successional forests for wildlife to assess long-
term trends; examination of habitat relationships from a
landscape-scale perspective is needed to account for proc-
esses working above the stand or patch scale: and study is
needed of the ecology of species and species groups that
current research has shown to be clearly associated with
late-successional forests.

We have used facts and speculation to assess the impacts of
timber harvest on the vertebrate community. We can say
definitely that the old axiom good timber management is
good wildlife management does not apply to species asso-
ciated with late-successional forest. These species will
always sustain some negative impact from logging. Given
that logging will continue and wildlife populations will

continue to be affected, a larger question is “At what point
will forest fragmentation from logging endanger the viability
of wildlife populations on public lands?” Models (Franklin
and Forman 1987; McLellan and others 1986; B. Noon, pers.
comm.) and some field data (Lehmkuhl and others, this
volume; Rosenberg and Raphael 1986) suggest that, for most
species, we have not yet reached a threshold of fragmentation
on most public lands beyond which local population viability
is doubtful and management options are few. This is very
good news. Nevertheless, some species, such as the spotted
owl, will always be exceptionally vulnerable no matter how
viable the majority of species remain. The viability of popu-
lations of those vulnerable species will be the touchstone of
our commitment to maintaining biotic diversity on public
forest lands.
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Appendix 
Table Z-Risk of local extinction for species associated with late-successional temperate coniferous forest [the species list was 
modified from Rugglero and others (this volume) and Brown (198511 

Species DE ST 
- 

Clouded salamander 2 
Oregon slender salamander 1 
Pacific giant salamander 1 
Larch Mountain salamander 1 
Siskiyou Mountains salamander 1 
Van Dyke’s salamander 1 
Olympic salamander 1 
Bald eagle 1 
Band-tailed Pigeon 2 
Common raven 1 
Red tree vole 1 
Whimfaxed vole 1 
Elk 2 
Northern flying squirrel 1 
Mule deer 2 
Coast mole 2 
western gray squirrel 2 
Mash shrew 2 
Pacific shrew 2 
Douglas’ squirrel 2 
Western redback salama,,der 1 
cascades frog 1 
Red-legged frog 1 
Amexican robin 2 
Bufflehead 1 
Blue grouse 2 
Barrow’s goldeneye 2 
Black-&mated gray warbler 2 
Black-headed grosbeak 2 
common merganser 1 
Cooper’s hawk 1 
Evening grosbeak 1 
Hutton’s virw 2 
Hooded merganser 2 
Northern goshawk 1 
Nashville warbler 2 
Olive-sided flycatcher 1 
Pine siskin 1 
Pileated woodpecker 1 
Red-breasted sapsucker 2 
Swainson’s thrush 1 
Sharp-shinned hawk 1 
Northern spotted owl 1 
Townsend’s warbler 2 
Vaux’s swift 1 
Western tanager 1 
Western screech-owl 2 
Wood duck 2 
White-wingedcrossbill 2 
Yellow-rumped warbler 1 
Fisher 1 

Variables” 

Management score 

SP FR AB BO VA Ml VR RISKb RANK 

1 
1 
1 
1 
1 
1 
1 
2 

z 
2 
1 
3 
3 
3 
1 
2 
1 
1 
2 
1 
1 
1 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3” 
2 
3 
2 
3 
2 
2 
2 
2 
2 

; 
3 

0 
0 
0 
2 
2 
2 
0 
1 
0 

i 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

i 
3 
3 
3 
3 
3 
3 
3 
3 

i 
2 

z 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

i 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3’ 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

i 
3 

1 
1 
1 
1 
1 
1 
1 
3 
2 
3 
1 
1 
3 
1 
3 
1 
2 
1 
1 
2 
1 
1 
1 
1 
2 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 
1 
1 

: 
1 
1 
2 
2 
1 
1 
1 
2 
2 
1 
1 
2 

3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
3 
3 
1 
2 
1 
3 
2 
3 

; 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
2 
3 
3 
2 
2 
2 
2 
2 
1 
3 
3 
2 
1 
2 
3 
2 
1 
3 
3 
3 
1 
2 
2 
2 
1 

3 
1 
2 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
3 
1 
2 
1 
1 
1 
1 
2 
1 
3 
2 
1 
1 
1 
2 
2 
1 
1 
2 
2 
1 
1 
1 
1 

; 
2 
2 
1 
1 
2 
2 
2 
1 

: 
2 
1 

30 
28 
29 
28 
28 
28 
28 
29 

ii 
28 
28 
28 
28 
28 
29 
28 
28 
28 
28 
26 
27 
26 
26 
27 
26 
21 
21 
27 
21 
21 
26 
26 
21 
26 
26 
26 
26 
27 
26 
21 
27 
26 
21 
27 
21 
26 
27 

ii 
26 

10 
9 
9 

; 

; 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

; 
9 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
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Table 2--continued 

Variables= 

Species DE ST SP FR AB BO VA MI VR RISK” RANK 

Marten 1 3 0 3 3 2 1 1 1 26 8 
ShI.%W-Ill& 1 1 0 2 3 1 3 1 2 26 8 
Forest deer mcu~e 1 1 0 2 3 1 3 1 3 27 8 
water shrew 2 1 0 2 3 1 3 1 3 27 8 
Tailed frog 1 1 0 2 2 1 3 1 3 24 7 
Dunn’s salamander 1 1 0 2 2 1 3 1 3 24 ~7 
Hammond’s flycatcher 1 2 0 2 3 1 1 3 3 25 7 
Marbled mm&t 1 2 0 3 3 1 1 1 1 24 7 
Northern pygmy-owl 1 2 3 1 1 1 1 24 7 
Northern flicker 1 
Noshem saw-whet owl 1 

; 
: z 

3 1 1 1 1 24 7 
1 3 3 1 1 1 1 24 7 

Purple finch 1 2 0 3 3 1 1 1 1 24 7 
Rufous hummingbird 1 2 0 2 3 1 1 3 2 24 7 
Townsend’s solitaire 1 2 0 3 3 1 1 2 1 25 1 
Wilson’s warbler 2 2 0 2 3 1 1 3 2 24 7 
Big brown bat 1 2 1 3 3 1 1 1 2 25 7 
Silver-haired bat 1 2 1 3 3 1 1 1 2 2s 7 
Keen’s myotis 1 2 1 3 3 1 1 1 2 25 7 
Yuma myotis 1 2 1 3 3 1 1 1 2 25 1 
Califomia myotis 1 2 1 3 3 1 1 1 2 25 7 
Long-eared myotis 1 2 1 3 : 1 1 1 2 2s 7 
Lang-legged myotis 1 2 1 3 1 1 1 2 25 7 
Little brown myotis 1 2 1 i i 1 1 1 2 25 7 
Fringed myotis 1 2 1 1 1 1 2 25 7 
Northwestem salamander 1 1 0 2 2 1 2 2 3 23 6 
Rough&in newt 1 1 0 2 2 1 2 2 3 23 6 
@v jay 1 2 0 2 3 1 1 1 2 22 6 
Hairy woodpecker 1 2 1 2 3 1 1 1 2 22 6 
Hermit thrush 1 2 0 2 3 1 1 2 2 23 6 
Red crossbill 1 2 0 3 2 1 1 2 2 23 6 
Steller’s jay 2 3 0 2 3 1 1 1 3 23 6 
Western red-backed vole 1 1 0 1 2 1 3 1 3 21 5 
Brown creeper 1 2 1 1 3 1 1 1 2 19 4 
Red-breasted nuthatch 1 2 1 1 3 1 1 1 2 19 4 
Varied thrush 1 3 0 1 3 1 1 2 2 20 4 
EnSatiM 2 1 0 1 1 1 3 1 2 17 3 
Southern red-backed vole 1 1 0 1 1 1 3 1 3 18 3 
Hermit & Townsend’s warblers 

: ; 
0 1 2 1 1 3 2 18 3 

Western flycatcher 0 1 2 1 1 3 2 18 3 
Golden-crowned kinglet 1 2 0 1 2 1 1 1 2 16 2 
Chestnut-backed chickadee 1 2 1 1 1 1 1 1 2 13 1 
Winter wren 1 3 0 1 1 1 1 2 2 14 1 

o DEpendmcy on late-successional forest: 1 = primary 2 = secmdary. STmctural layer used: 1 = hodzamS 2 = venical (foliage); 3 = blh. special 
managemenL: 0 = none: 1 = snags; 3 = limited distributim. Mlgmmy status scored 8s 1 = resident: 2 = shon-distance migranr; 3 = long-distance migrant. 
Giber life histon/ variables Were scored as 1 = low. 2 = moderae. 3 = high risk. 
b Risk = 3’ FRquency + ABundmce) + 2. (Body size + VAgility) + ?vtllgratory status + VaRiance in abundance. Scores for frequency, abundance, and 
variation WCC assessed frm data presented by Lehmkuhl and others @his volume). Total risk wm calculaled 8s the weighed hum. 
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Abstract
Inventories of old-growth forests require a classification sys-
tem for identifying and arraying forest conditions for a vari-
ety of interests. Old growth has value as fish and wildlife
habitat, as a timber stratum, as an economic resource, and as
a component of biological diversity. It is needed for scientific
study, for long-term forest productivity, for recreation, for
aesthetics, for spiritual interests, and for watershed protection.
Several authors have defined old growth. Their definitions
have similar but not identical components, and none suffices
for all forest types, nor do they meet the intent of all interests.
Recent estimates of known and candidate old growth in
Washington, Oregon, and California total to 3.6 million ha.
This sum, however, is based on a variety of definitions, for-
est types, and recency of data. Estimates based on consistent

definitions and data sources are not available. Differences
between estimates made by the Forest Service and The
Wilderness Society of the amount of old growth on National
Forests in Washington and Oregon can be partially explained
by the stringency of their definitions of old growth and the
methods they used to identify old-growth stands. The amount
and distribution of old growth on National Forests in the
Pacific Northwest in the future will depend on management
allocations in reserved (for example, wilderness) and non-
reserved (for example, timber production) status.

Current information needs relative to inventories of old-
growth forest include descriptions of successional and devel-
opmental stages of old-growth forests and criteria for defining
old growth for each forest type in the Pacific Northwest. At
present, the Forest Service is conducting a regional inventory
in the Pacific Northwest, using an attribute-driven approach.
This work will provide the most complete inventory to date
on National Forest lands. Other recommendations for old-
growth inventories include: taking an attribute-based rather
than a definition-based approach; developing a map-based
rather than just numerical-based product to address the scale,
context, and size of old-growth stands; and integrating any
adopted definition of old-growth as part of a system for
describing the amounts and distributional patterns of older
forest.
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Introduction-What Constitutes an Old-Growth
Inventory?
Without adequate inventories and without a clear understand-
ing of the amount and distribution of old growth it is difficult
for the decision maker to determine what is practical or
feasible (Ham 1984:69).

Conducting inventories of a natural system across a broad
geographic area is a difficult task. Attempting to inventory
old-growth forests throughout the Western United States and
beyond is challenging because of the large size and great
diversity of the area. An old-growth inventory requires an
explicit and quantitative classification system to identify and
array candidate areas. Potential old-growth stands are first
identified by a set of general criteria, and finally classified
according to a precise set of stand structural attributes.

This paper was prompted by the need to review existing defi-
nitions and inventory estimates of old-growth forests in the
Western United States, and to help resolve controversies over
old-growth inventories on National Forests by describing the
bases of the estimates. Specifically, the objectives of this
paper are to describe the proposed definitions that have
guided estimates of the amount and distribution of old-growth
forests, to review estimates of the amount and distribution of
old-growth forests in the Pacific Northwest, to describe the
bases for estimates of the amount of old-growth forests on
selected National Forests in Washington and Oregon, and to
propose methods for improving the reliability of those inven-
tories. This paper is not intended to represent official Forest
Service policy on old growth, nor to present a new inventory
of old growth. The geographic scope of this paper includes
Washington, Oregon, and California for tallying existing
inventories; and Washington and Oregon only (the Pacific
Northwest Region of USDA Forest Service) for describing
definitions of old growth on National Forest land.

Important Considerations for Old-Growth Definitions
and Inventories
In current planning and management activities on National
Forests, old growth has several values (Sirmon 1985). and
one of them is its importance as wildlife habitat (Meehan and
others 1984, Meslow and others 1981, Raphael and Barrett
1984, Thomas and others 1988). Old growth provides optimal
habitat for some management indicator species, including
spotted owl, pileated woodpecker, and marten, and for many
other species of plants, fish, amphibians, reptiles, birds,
and small mammals (Harris and others 1982, Meslow and
others 1981, Raphael 1988c, Raphael and Barrett 1984). It
also provides thermal and hiding cover for ungulates, especi-
ally in winter (Schoen and others 1984, Wallmo and Schoen

1980). Old growth, therefore, plays an important role in pro-
viding for productive populations of some species of special
ecological and administrative interest. For some of these
species, old growth may be a key factor in providing for
continued population viability.

Old growth also has value as a source of timber. It has been
defined as forested areas that are past mean annual increment
of wood-volume production (DeBell and Franklin 1987).
Silviculturally, the structure and age-classes of old-growth
forests, with large diameter boles, presence of snags, and less
than ideal stocking, represent less than optimal use of grow-
ing space for trees. Economically, old-growth stands are
valuable as timber because of the large volume and high
quality of wood they contain (Society of American Foresters
1984).

Additional values of old growth are as natural research areas
for scientific study (Greene 1988, Sheppard and Cook 1988)
and its ecological role in providing long-term forest pro-
ductivity (Franklin and others 1981, Perry and others 1988).
Other interests in old growth include its recreational,
aesthetic, and spiritual significance (Anderson 1988), its
contribution to watershed protection (Sedell and Swanson
1984), and its importance as a contributor to biological diver-
sity (Harris 1984, Luman and Neitro 1980, Norse and others
1986).

Addressing each of these values requires different concepts
and definitions of old growth. The wide variety of interests
in old growth also requires consideration of several spatial
scales for inventories: stand, watershed, province, and State
or regional scales. Inventories are the basis for describing the
present and future distribution and amount of old growth,
and for evaluating management alternatives and options
available over time.

Review of Old-Growth Definitions
Several definitions of old growth have been proposed or
used for Pacific Northwest forests. Few definitions have
been developed independently. In particular, definitions by
the Old-Growth Definition Task Group (1986) refined earlier
definitions by Franklin and Spies (1984) and Society of
American Foresters (1984), which in turn were based on
Franklin and others (1981). Most of the Forest Service
definitions and those of The Wilderness Society were based
on these definitions in detail or in concept. Definitions are
of two kinds: those based on timber production criteria, and
“ecological definitions” (those based on field observations
of vegetational structure and composition rather than on
economic value, timber age, or stocking-classes).
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Existing Definitions of Old-Growth Forests in the Pacific
Northwest
Society of American Foresters-The Society of American
Foresters (1984) defined old-growth Douglas-fir forests of
western Oregon and Washington as stands that have two or
(commonly) more tree species with a range in tree sizes and
ages and often including a long-lived dominant (such as
Douglas-fir) and a shade-tolerant associate (such as western
hemlock); a deep, multilayered canopy; some individual live
trees (greater than 25 per ha) either more than 200 years old
or greater than about 100 cm in d.b.h.; significant coarse
woody debris, including more than 25 snags per ha greater
than 6 m tall and more than about 45 metric tons/ha of down
wood, and at least 10 snags and logs per ha over 64 cm in
diameter and 15 m long. SAP did not provide a definition for
other forest types.

Old-Growth Definition Task Group-This task group
provided interim, working definitions of old growth in four
Douglas-fir and mixed-conifer forest types in the Cascade
Range of Washington and Oregon, in northwestern California,
and in the Sierra Nevada of California (Old-Growth Defini-
tion Task Group 1986). Their definitions (table 1) included
criteria for live-tree size, age, density, and associates; canopy
structure; snag size and density; and log size and density.
Different criteria were developed for the four forest types to
reflect differences in moisture regimes and expected site
potential Collectively, these definitions are commonly
referred to as ecological definitions.

USDA Forest Service-The Forest Service has published
old-growth definitions for Washington, Oregon, and Califor-
nia in two regional guides to support the planning process for
the management of forest land (table 2). For Washington and
Oregon, the Pacific Northwest Regional Guide defined old
growth with qualitative criteria (table 2) as well as with quan-
titative, Forest-specific criteria (as in table 3). In addition
to the regional definitions, the draft Forest plans for most
National Forests quantified structural parameters for stands
of specific forest types. Many of these definitions varied by
National Forest.

In the Pacific Northwest Region, a minimum tract size of
4 ha was established as a regional standard, and qualitative
guidelines were presented for optimal tract size to support
functional patches of old growth:

Optimum tract size will be related to the needs of
dependent wildlife species, such as northern spotted
owls or pileated woodpeckers, and the ability to
insulate part of the stand from the edge effects in
created openings.

In California, the Pacific Southwest Forest Service Regional
Guide used qualitative criteria to define old growth (table 2).

The Wilderness Society-The inventory assessment con-
ducted by Morrison (1988) for The Wilderness Society used
the ecological old-growth definition of the Old-Growth
Definition Task Group (1986). Where inventory data were
unavailable, log and snag criteria were not used. Morrison
also defined several additional classes and subclasses of old
growth (Morrison 1988:10). “Classic” old-growth stands
meet all minimum criteria of the Old-Growth Definition
Task Group (1986) and contain at least 20 trees per ha that
exceed 300 years in age or 100 cm in d.b.h. A subclass of
classic old growth is “super” old growth, with trees
exceeding 700 years old or 180 cm in d.b.h. Stands meeting
the definition of the Old-Growth Definition Task Group
(1986), including where inventory data on logs and snags
were not available, were termed “early” old growth, and
contain at least 20 trees per ha over 200 years old or 80 cm
in d.b.h. Such stands may include some older trees but they
are in low numbers. “Mature” stands contain more than 50
trees per ha exceeding 80 years old or 53 cm in d.b.h. Such
stands fail to meet one or more of the minimum old-growth
criteria. Morrison also summarized old-growth tracts more
than 122 m from roads or clearcuts.

Old-Growth Research Studies-Stands classified as mature
and old growth in the studies by the Old-Growth Forest Wild-
life Habitat Program were selected to represent the full range
of conditions in Douglas-fir forests more than 200 years old
(T. Spies, pers. comm.). They were selected before the
criteria used by the Old-Growth Definition Task Group were
developed. As a result, not all old-growth stands studied in
this research fully meet the criteria established by the Task
Group.

Comparison of Four Existing Definitions-The three key
definitions outlined above (Old-Growth Definition Task
Group, Pacific Northwest Regional Guide, and Society of
American Foresters (1984)) describe old growth in Douglas-
fir/western hemlock forests in Washington and Oregon (table
4). Only the Pacific Northwest Regional Guide describes old
growth for true fir/mountain hemlock forests. In the Douglas-
fir/western hemlock type, all three definitions call for live
trees of two or more species with a variety of sizes and ages.
The Society of American Foresters’ (1984) definition is most
stringent on tree density and size. The Pacific Northwest
Regional Guide does not specify age. All other definitions
allow >200 years old as an alternative to tree diameter.
Criteria for shade-tolerant associates also vary among defi-
nitions. All three definitions agree on qualitative canopy
characteristics. Quantitative criteria for snags and logs vary
widely, however, with the Society of American Foresters’
definition calling for the greatest densities and largest
diameters.
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Table l-Interim minimum standards for old-growth Douglas-fir and mixed-conifer forests in western Washington and
Oregon and in California (from Old-Growth Definition Task Group 1986:4)

Stand
characteristic

Douglas-fir
on western

hemlock sites
(western hemlock,
Pacific silver fii)

Douglas-fir on
mixed conifer sites

(white  fir,  Douglas-fir)

Douglas-fir
on mixed

evergreen  sites
(tanoak,  Douglas-fir)

Sierra
mixed-conifer

forests (white fir)

Live trees Two or more species
with wide range of
ages and tree sizes

Douglas-fir 120  per ha
of trees >81 cm in
diameter or > 200
years old

Canopy

Snags

50

Tolerant associates
(western hemlock.
western redcedar,
Pacific silver fir,
grand fii, or bigleaf
maple) 130 per ha
or trees >41 cm in
diameter

Deep, multilayered
==OPY

Conifer snags 110
per ha that are >51
cm in diameter and
>4.6 m tall

Logs 234  metric tons
per ha including 10
pieces per ha 261 cm
in diameter and >15 m
long

Two or more species
with wide age range and
full range of tree sizes

Douglas-fir, ponderosa
pine.  or sugar pine
220  per ha of trees
>76 cm in diameter
or 7200  years old

Intermediate and
small size-classes
are typically white
fu, Douglas-fir,
and incense-cedar.
singly or in mixture

Multilayered canopy

Conifer snags 23.7
per ha that are >51 cm
in diameter and >4.6 m
tall

Logs 222  metric tons
per bit including 5 pieces
per ha >61 cm in
diameter and 715 m
long

Douglas-fir and
evergreen hardwood
species (tanoak,  Pacific
madrone, and canyon
live oak) associates
(40 to 60% of canopy)

Douglas-fir or sugar pine
215 per ha of trees
78 1 cm in diameter
or >200  years old

Intermediate and
small size-classes
may be evergreen
hardwoods or
include a component
of conifers (e.g.,
Douglas-fir or
white fir)

Douglas-fii emergent
above evergreen
hardwood canopy

Conifer snags Z3.7 per
ha that are >51 cm in
diameter and >4.6 m tall

Logs 222  metric tons
per ha including 5 pieces
per ha >61 cm in
diameter and >15  m
long

Two or more with wide
age range and full
range of tree sizes

Douglas-fir, sugar pine,
or ponderosa pine 220
per ha of trees 781 cm
in diameter or 7200
years old

Intermediate and small
size-classes are typically
white fir with incense-
cedar or both in some
stands

Multilayered canopy

Conifer snags 27.4 per
ha that are >51 cm in
diameter and 74.6 m
tall

Logs 222  tons per ha
including 5 pieces per
ha 261  cm in diameter
and >15 m long



Table 2-Old-growth definitions from USDA Forest Service
Pacific Northwest and Pacific Southwest Regional Guides
(units converted to metric)

Pacific Northwest Region (Region 6)-Washington and Oregon
For all National Forests in the Pacific Northwest Region, an old-
growth stand is defined as any stand of trees 4 ha or greater gener-
ally with the following characteristics:

(a) Stands contain mature and overmature trees in the overstory
and are well into the mature growth stage

(b) Stands usually contain a multilayered canopy and trees of
several age-classes

(c) Standing dead trees and down material are present; and,
(d) Evidence of human activities may be present but may not

significantly alter the other characteristics and would be a
subordinate factor in a description of such a stand

Pacific Southwest Region (Region 5) -California
Old growth is a stand that is past full maturity and showing signs of
decadence, the last stage in forest succession. The definition of old
growth by tree age, size, height or density varies by timber type.
Among the components of old growth that may be of importance to
wildlife species and that may be affected by land-management prac-
tices are large trees, old trees, decadence of standing vegetation,
much dead and down woody material, uneven-aged vegetation, multi-
layered vegetation, moderate foliar-height diversity, and mesic micro-
habitats afforded by high canopy closure. High canopy closure does
not always correspond to decadence.

Efficacy of Existing Definitions
Society of American Foresters (1984), the Old-Growth
Definition Task Group (1986)) Morrison (1988), and Forest
Service definitions all describe old-forest conditions as an
“old-growth ecological type” with varying degrees of strin-
gency. Thomas and others (1988:253) recommended that old
growth be ecologically defined on the basis of the compo-
sition of plant and animal species, and the vegetative struc-
ture (including sizes and densities of live trees, snags, and
down wood, and the number and nature of canopy layers) of
stands. Minimum stand size and its effect on specific ecolog-
ical functions is another critical characteristic, especially as
related to providing fish and wildlife habitat. The Forest
Service, Pacific Northwest Region, established 4 ha as a
criterion for minimum stand size, and alluded to optimal
sizes for conserving wildlife species and habitats. Morrison
(1988) summarized inventories by two stand size-classes and
by degree of isolation from other old-growth stands. The
Old-Growth Definition Task Group (1986) cautioned that
stands of less than about 32 ha are fully influenced by edge
conditions, and should not be expected to provide interior
forest conditions.

As Should be expected, none of the definitions suffices for
defining, locating, and analyzing old-growth forests for the
full variety of resource interests. Nor do any of the defini-
tions cover all forest types in the Pacific Northwest. None of

Table 3-SpecifIc definitions of old growth as used in the USDA
Forest Service Pacific Northwest Regional Guide for Cedar-
Hemlock-Douglas-fir Forest Type (units converted to metric)

At least 60 percent of the overstory canopy is dominated by
large individual trees in some combination of shade-tolerant and
shade-intolerant species.

The stand contains some trees with stem diameters 81 cm or
greater, an average of five snags per ha, and 67 metric tons of
logs per ha.

Trees have mature bark characteristics; for example,
Douglas-fir has to have deeply furrowed bark.

Crown-height growth has slowed, giving the tops a more
rounded shape; tops may be broken.

Limbs are usually heavy and gnarled, often with mosses and
lichens present.

Stands in these forest types will be considered old growth until
fewer than 12 overmature trees remain per ha.

the definitions is part of a classification scheme for describ-
ing the full sere of development of old-forest conditions.
Information based on successional development and structur-
al changes will be most useful in developing an understand-
ing of the status of old forests and in making future projec-
tions of old forests. Any single definition should only be part
of a whole system for classifying old forests in a scheme that
recognizes the range of young through old-growth and climax
forest conditions.

A Review of Old-Growth Inventories in the
Western United States
Amounts of Old Growth
The following discussion reviews old-growth and old-forest
inventories in Washington, Oregon, and California. Substan-
tial amounts also occur in Alaska and British Columbia
throughout coastal and interior environments, including stands
dominated by Douglas-fir, western hemlock, and western
redcedar. Much of this additional old-forest area, however,
occurs in Sitka spruce and high boreal forest types, including
black spruce and white spruce. These forests are ecologically
much different than the lower elevation and more coastal
forest types dominated by Douglas-fir, Sitka spruce, and
western hemlock in Washington, Oregon, and California.
Inventory amounts from Alaska and British Columbia are
therefore excluded from the summary that follows.

Washington and Oregon-Franklin and Spies (1984) and
the Society of American Foresters (1984) estimated nearly
6 million ha of old growth on commercial forest land in the
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Table 4-Three old-growth deflnitio&

Stand
characteristic

Old-Growth
Definition

Task Group
Pacific Northwest
Regional Guide

Society of
American Foresters

Douglas-fir on Western Hemlock Sites
Live trees Two or more species;

wide range of age
&Size

Douglas-fir ~20 per ha
of trees d.b.h. >81 cm
or >200  yrs

Tolerant associates
230 Per ha

Canopy

Snags

Deep, multilayered

Conifer snags IlO/ha
>51 cm in diameter and
>4.6-m  tall

Logs Logs 234 metric tons/ha
including 10 pieces/ha
26 1 cm in diameter
and >15 m long

Fir-Mountain Hemlock
Live trees Not addressed

Car@PY

snags

Logs

Two or more species of
several age-classes

Gvermature  trees 212
per ha with at least
some Douglas-fir with
d.b.h. 281 cm

2 25 trees Per ha with
d.b.h. >I02  cm or
or >200 yrs old

No specific standard No specific standard

Multilayered

s/ha

Logs 267 metric
tons per ha

Two or more species of
several age-classes

Dominant trees
>12/ha

No specific
standard

Multilayered

212fha

245 metric tons/ha

Two or more species;
wide range of age & size

Multilayered

>25/ha  >6 m tall and
some >64 cm in diameter

>45 metric tons/ha  and
some >64 cm in diameter
and >15 m long ’

Not addressed

’ To develop their estimates, The Wilderness Society (Morrison 1988) defined “early old growth” with the old-growth
criteria of the Old-Growth Definition Task Group (1986). One deviation was that age data in timber-inventory plots were
not quantified precisely enough to use stand age (>200  years) as a criterion, as with the Old-Growth Definition Task
Group (1986) definition. The Society also established definitions for “classic old growth” and “super old growth.”

Douglas-fir region in the mid-1800s, and at present nearly that this estimate may be high. Because of the absence of
4 million ha have been harvested. More recently, Spies and historic field inventories, these figures are approximate, and
Franklin (1988) estimated that about 17 percent of old growth definitions applied to forest conditions are imprecise.
existing in the early 1800s remains in the Douglas-fir region
of the Pacific Northwest. In an independent estimate, Norse According to draft Forest plans, some 2.5 million ha of for-
(1990) suggested that as much as 7.7 million ha of old growth ests classified as old growth remain on National Forests in
may have been present in western Washington and Oregon Washington and Oregon both east and west of the Cascade
before Euro-American settlement, although he acknowledged Crest. This estimate was based on the definition of old growth

52



from the Pacific Northwest Regional Guide (table 2), and
interpreted in the draft Forest plan by each National Forest.
The draft plans were published between 1986 and 1988. The
old-growth figures were generally updated to 1985, but some
were based on earlier inventories that had not been updated.
No information is available on historic amounts of old growth
on these National Forests.

The reported 2.5 million ha represent about 25 percent of the
total area of National Forest land in these two States. An esti-
mated 1.2 million ha of that area occurs on the 10 National
Forests that are located either wholly or predominantly east
of the Cascade Crest, and 1.3 million ha occur on the 9
National Forests’ located either wholly or predominantly
west of the Cascade Crest.

About 0.30 million ha of the 2.5million ha total occur in
areas reserved from timber harvest by decrees of Congress,
such as in wilderness, Research Natural Areas, and other spe-
cial reserves, and of that 0.30 million ha, about 0.11 million
ha occur in the 10 National Forests east of the crest and 0.19
million ha occur in the 9 forests west of the crest. This leaves
a reported 2.2 million ha of old growth on National Forests
throughout Washington and Oregon that are not in such
reserved lands.

The Wilderness Society (Morrison 1988) also estimated old
growth in Oregon and Washington. This estimate, however,
covered only six of the nine west-side National Forests in
Oregon and Washington, and it used the definition produced
by the Old-Growth Definition Task Group (1986). According
to Morrison (1988), only 45 percent of the area inventoried
as old growth by the Forest Service actually met all criteria
set forth by the Old-Growth Definition Task Group.

Haynes (1986) estimated, based on data from the 1970s, that
about 1.3 million ha of forest stands more than 250 years
old remained on all land (regardless of ownership) in the
Douglas-fir region of western Washington and western
Oregon. Of this remaining old growth, about 0.4 million ha
are protected, mostly in National Parks in Washington.
Haynes’ estimates were substantially lower than Forest Serv-
ice estimates. Haynes’ definition of old growth included for-
ests older, and thus more scarce, than did the Forest Service
definition, and he estimated old growth from stand-age data
(Morrison 1988). The precision of estimates made by Haynes
and by the Forest Service was not reported.

More recently, Greene (1988) reported that 0.3 1 million ha
of old-growth forest stands more than 200 years old occur in
North Cascades, Mount Rainier, Olympic, and Crater Lake
National Parks. Franklin and others (1988) estimated that
60 percent of the 97 000 ha within Mount Rainier National
Park in the central Washington Cascades are forested, and
most forests are at least 200 years old.

The Bureau of Land Management (BLM) has defined old
growth as stands 4 ha or larger with trees more than 200
years old (R. Metzgar, pers. comm.;2 1987 BLM Spotted
Owl Environmental Assessment, cited in Greene 1988). In
April 1987, the BLM in western Oregon had 0.19 million ha
of unsold old growth remaining, with a projected 0.17 million
ha remaining by 1990 (Greene 1988). In April 1988, they
had 0.19 million ha of old growth on commercial forest land,
0.06 million ha protected by current plans, and 0.13 million
ha subject to harvest (R. Metzgar, pers. comm.2). The 0.13
million ha were estimated by expanding permanent plot
information, not by mapping stands in place, although BLM
plans to incorporate all old-growth stands in their geographic
information systems during their 1990s inventory. Based on
BLM Timber Management Plans implemented from 1980
through 1984, Ohmann and others (1988) reported 0.17 mil-
lion ha of old growth 200 years old on BLM land in western
Oregon. BLM land in western Washington adds a negligible
amount, if any, to these old-growth amounts,

Ohmann and others (1988) also reported 2800 ha of old
growth on other public lands and 17 000 ha of old growth on
forest-industry lands in western Oregon. In these estimates,
old growth was defined according to the Old-Growth Defini-
tion Task Group (1986).

California--Currently, California has 8.0 million ha of forest
land (U.S. Department of Agriculture, Forest Service 1986);
39 percent is in National Forests, 53 percent in private owner-
ship, and 8 percent in other ownerships. In the mid-1800s,
5.1 million ha of the 8.0 million ha were thought to be old
growth. About half of these occurred in the Sierra Nevada, a
fourth in the North Coast, and the remainder in northeastern
California with less than 3 percent in the mountains of south-
em California (Laudenslayer 1985).

Based on inventories from an earlier date (dates vary, depend-
ing on National Forest), Laudenslayer (1985) estimated that
about 0.9 million ha of forest stands qualified as candidate
old growth on National Forests in California around 1980.
This amount was about 17 percent of estimated historic old
growth. Candidate old growth was defined as all stands that
might meet or do meet structural criteria for old growth as
presented in the Pacific Southwest Regional Guide (table 2).
On National Forests in California, old growth had not been
defined for most forest types and the only data available
were by timber-type strata. Even if old growth was defined
by forest type, existing inventories would not likely be able

1 The nine west-side National Forests are the Olympic, Mount Baker-
Snoqualmie, Gifford Pinchot, Mount Hood, Willamette, Deschutes,
Umpqua, Siskiyou, and Siuslaw.

2
On file with Bruce Marcot
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and overmature timber-type-strata and stocking-classes.
Laudenslayer also estimated that, in the future under Forest
Service plans, the 0.9 million ha will decrease to about 0.7
million ha, or about 14 percent of historic amounts. Virtually
all old growth on private lands in California may be har-
vested in the next 30 to 50 years (F. Samson and others,
unpubl. manuscript).

In California, Resources Planning Act (RPA) Timber and
Wildlife Narratives provide a more recent estimate of candi-
date old growth. In the Timber Narratives, old growth was
defined under the general regional definition (table 2), and
in the Wildlife Narratives, overmature forest was based
on the definition of old-growth habitat for management
indicator species. In 1987, 0.6 million ha of candidate stands
qualified as old growth on National Forests in California,
with 0.4 million ha on land suitable for timber production
(RPA Timber Narrative, Pacific Southwest Region). These
candidate stands included forests typed by the Forest Serv-
ice as containing overstory trees with crown diameters of
>7 m and with canopy closure >40 percent (Forest Service
stand classes 4N and 4G). Another Forest Service summary
reported about 0.8 million ha of overmature forest on
National Forests in California in 1985, 0.2 million ha of
which occur in wilderness (RPA Wildlife Narrative, Pacific
Southwest Region).

Summary-The most extensive estimates of old growth
suggest that amounts of old growth and other old forests on
National Forests in Pacific States total about 3.6 million ha
(table 5). This tally uses the Forest Service’s estimate of old-
growth amounts in Washington and Oregon. If the more
stringent definition and estimate by Morrison (1988) is used,
total amounts would be lower.

This tally of current inventories is very approximate. It com-
bines many forest types, including upper elevation, true fii
forests in the Washington and Oregon Cascade Range;
namely, Pacific silver fir, grand fir, and ponderosa pine
forests in eastern Washington and Oregon; mixed-conifer and
Jeffrey pine forests in northern California and the Sierra
Nevada, and other forest types. The estimate combines data
from different years and is based on a variety of definitions
of old growth. It includes candidate old-growth forests, an
unknown but significant proportion of which would not
qualify as ecological old growth (Old-Growth Definition
Task Group 1986). The estimate, however, does not include
amounts of old growth that may exist on lands of other
Federal, Provincial, State, local, commercial, and private
administration and ownership throughout the geographic area
considered.

Size of Old-Growth Stands
Past clearcutting of old growth has fragmented remaining
stands into smaller patches with greater interpatch distance.
Fragmentation also alters stand shapes. An unknown propor-
tion of existing old-growth forests occur in relatively inacces-
sible or unproductive areas, such as in canyon bottoms or
along ridges. Such old-growth stands are often linear and
narrow. Most or all of such stands may be influenced by
edge conditions. Effects of small patch-size, increasing isola-
tion, and edge conditions may adversely affect the persist-
ence of some wildlife populations in old-growth areas.

Harris (1984) summarized the sizes of 319 old-growth stands
from 1981 Total Resource Inventory System (TRI) data from
the Siuslaw National Forest in the Oregon Coast Range. He
noted that 61 percent of the stands were less than 16 ha, the
average stand was 28 ha, and the median was 13 ha.

Laudenslayer (1985) noted that on National Forests in
California, candidate old-growth stands of all forest types
averaged about 16 ha, ranging from an average of 7 ha in the
red fir forest type in the north coast to an average of 235 ha
in the Jeffrey pine forest type in the Sierra Nevada. Few data
are available on the distances between old-growth patches,
but old-growth patches are probably becoming increasingly
smaller and isolated over time (Harris 1984).

Old-Growth Inventory and Management
Direction on National Forest Land in Western
Washington and Oregon
Forest Service and The Wilderness Society Estimates
The Wilderness Society estimates of the amount of old
growth remaining in Washington and Oregon (tables 6,7;
Morrison 1988) and estimates by the Forest Service (table 7;
draft Forest plans) differed substantially. Both estimates were
derived from Forest Service timber inventories, but these
inventories were not designed to measure all characteristics
of importance in distinguishing old-growth stands. Both esti-
mates, therefore, required extrapolation from the inventory
values.

The two estimates were produced for different purposes with
different techniques. The Forest Service estimate was derived
from a mapped inventory of old growth for Forest planning,
and therefore relied heavily on photo-interpretation, The
Wilderness Society estimate was intended to be only a nu-
merical estimate. Although Morrison (1988) did use photo-
interpretation, he depended more heavily on plot data from
the Forest Service timber-inventory process.
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Table S-Estimated current amounts (in millions of hectares) of old growth and candidate old growth on
selected lands in the Pacific States of the United States

Area Estimate Definition Reference

Washington and Oregon:
Forest Service

National Park Service

Bureau of Land
Management-Oregon

Other public lands and
forest industry, western
Oregon only

California:
Forest Service

Total 3.6

2.5 Old growth variously
(1.3 west- defined in plans and
side only) Regional Guide

0.31

0.19

Forests >2OO yrs old Green 1988

Stands of 4+ ha,
trees >200 yrs old

0.019

0.60

Draft National Forest Plans

R. Metxgar, pers. comm.

Old-Growth Definition Ohmann and others
Task Group 1988

Stands with trees >7.3 m RPA Timber Narrative,
crown diam. and canopy Pacific Southwest
closure >40 Percent Region

Includes all candidate old-
growth and excludes old
growth on some lands other
than National Forests)

The two estimates were based on different years and on dif-
ferent definitions of old growth. The Forest Service estimates
were generally current for 1985, although several estimates
were based on older data. Morrison’s estimate was based on
data updated to 1988. Morrison adhered to the definition pro-
posed by the Old-Growth Definition Task Group (1986),
except for down wood and snag density criteria. Morrison
also applied the Task Group definition to forest types for
which it was not developed. The National Forests used the
less restrictive definition published in the Regional Guide,
which was modified to reflect conditions specific to each
forest type and each National Forest.

The draft Environmental Impact Statements for the Forest
Plans show that the operational definitions used by National
Forests actually varied from the definition presented in the
Regional Guide. These operational definitions generally
focused on characteristics for which data were more readily
available. Definitions used by the nine west-side National
Forests in Washington and Oregon require fewer large trees,
large snags, or trees of shade-tolerant species than do either
the Old-Growth Task Group or the Regional Guide defini-
tions (see table 4; The Wilderness Society 1988).

Data published by Morrison (1988) allowed us to estimate
inventory results by using the less restrictive definitions that
the Forest Service used on six National Forests in western

Oregon and Washington (table 6). In addition to areas that
met all the old-growth criteria of the Old-Growth Definition
Task Group (1986), Morrison listed areas that had some
old-growth characteristics but failed to meet individual
criteria (table 6) Most of these areas would likely meet the
less restrictive definition generally used by the Forest
Service. All of these areas have developed beyond a mature
stage marked only by the presence of trees >53 cm d.b.h.,
and all contain at least some trees >80 cm d.b.h. These areas
were summed and compared to Forest Service old-growth
estimates in table 7. This table also shows the sampling error
calculated by Morrison for his old-growth estimates. Sam-
pling error (table 7) for the sum of these four, less restrictive
old-growth classes would actually be greater than the sam-
pling error calculated only for the old-growth class.

Predictably, these adjustments bring the two estimates closer
together. Figures taken from The Wilderness Society report
total to 0.8 million ha or 80 percent of the Forest Service
estimate of 1.0 million ha (table 7). This compares to The
Wilderness Society estimate of 0.4 million ha of old growth
on the six National Forests, which represented 45 percent of
the Forest Service estimate. When sampling error is taken
into account, estimates overlap on two of the six forests. If
the 3 years of harvest between 1985 and 1988 were taken
into account, the two estimates on the Willamette National
Forest would probably also overlap.
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Table L--The  Wilderness Society area-estimates in thousands of hectares of old-growth forest and forest conditions that fail to meet
one or more old-growth criteria (sensu Old-Growth Definition Task Group 1986) as listed in table 4, on 6 National Forests in
western Washington and Oregon

National
Forest

Mount Baker-
Snoqualmie

Olympic
Gifford Pinch0  t
Mount Hood
Willamette
Siskiyou

(1)
Old growth’

120
43
48
72

121
57

(2) (3)
Fails late-seral Fails snag
tree-c&&on criterion

3 40
1 0
1 23
0 27

29 36
0 18

(4)
Fails

large-tree
criterion

29
21
31
39
35
34

(l-4)
Totalb

192
64

104
138
221
109

(5) (6)
Fails Meets

multilayer- mature-
canopy forest
criterion criterion

3 41
1 8
0 80
0 35
0 93
0 7

(l-6)
Total
with

mature

236
74

183
173
314
117

Total 461 829 1097

Source: Morrison (1988).
’ Includes old growth on all land allocations, including wilderness. Other columns do not include wilderness lands established before the date of the
inventory data available from the National Forests.
* Columns 1 to 5 all contain stands with at least some trees SO-cm  in d.b.h. Column 6 does not.

Table 7-Estimates of old growth in thousands of hectares by the Forest Service and
The Wilderness Society (Morrison 1988) including areas that fail to meet one or more
old-growth criteria

National
Forest

The
Wilderness Society

old-growth plus other
old-forest stands

(from table 6)

Forest
Servicd

old-growth
estimate Difference

Sampling error
(Morrison 1988)

Mount Baker-
Snoquahnie

Olympic
Gifford Pinchot
Mount Hood
Willamette
siskiyou

192 270 76 8
64 88 23 2

104 93 10 17
138 140 2 13
221 259 37 25
109 179 70 19

Total 829 1029

’ Derived from draft Forest Plans.

This comparison is not intended to show that both inventor-
ies are really the same. Significant differences clearly exist.
The comparison indicates that old-growth estimates are sensi-
tive to the definitions on which they are based. This empha-
sizes the need for a commonly accepted definition of old
growth, a better understanding of important old-growth char-
acteristics, and better inventories intended to quantify those
characteristics. Inventories must be designed to provide infor-
mation on individual characteristics rather than to accom-
modate one fixed definition of old growth. The importance

of such an inventory design is highlighted by the fact that the
stands classified as “old growth” in the Old-Growth Program
research studies (this volume) did not actually meet, nor
were they designed to meet, all criteria from the Old-Growth
Definition Task Group. An inventory designed around this
single definition would fail to inform us about a large
amount of forest land that is important wildlife habitat.
Improved inventories must be completed soon if we are to
make use of information from research (this volume).
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Current Management of Old Growth and Old-
Growth Allocations in National Forest Plans
What will be the fate of the 1.3 million ha of old growth on
the nine National Forests in western Washington and Oregon?
Forest-planning alternatives propose the retention of about
0.6 to 1.2 million ha over time. Preferred alternatives of the
nine draft Forest plans called for a total of 0.8 million ha of
reported old growth to be retained over time, which is about
57 percent of currently inventoried amounts. The proportion
of total historic old growth represented by this amount is
substantially less and is not quantified.

In current planning and management activities on National
Forests, old growth appears as an issue derived from various
interests, including recreation, fish and wildlife habitat, tim-
ber supply, long-term forest productivity, scientific research
areas, and aesthetics. Management-area direction established
in Forest plans will determine the future amount and distribu-
tion of forest habitat, including some old growth, for wildlife
species, and particularly management indicator species on
National Forests. In addition, management requirements for
standing and fallen dead trees in all areas address a vital
component of old-growth forests that also may be found in
younger stands. Those snags will probably be smaller, how-
ever, and may not persist as long as in old-growth stands.

Actual amounts and distributions of old growth for wildlife
species is currently decided by each National Forest through
Forest plans. Amounts and distributions result from applying
regional standards (“minimum requirements”) for maintaining
old-forest habitats for spotted owls, marten, pileated wood-
peckers, a variety of other primary excavators, and some
additional key vulnerable species identified in each of
several provinces in the Pacific Northwest Region. Forest
plans establish final allocations, but they must meet or exceed
the regional standards.

Habitat-management areas for old-growth management
indicator species provide one type of allocation where
old growth may occur. Other allocations will also contain
old growth. As an example, the draft Forest plan on the
Willamette National Forest lists the following land allocation-
classes that may contain old-growth forest (other National
Forests will retain old growth under similar allocations):

Congressionally withdrawn-no harvest
Wilderness
National Recreation Areas
Experimental Forests
Research Natural Areas

Administratively withdrawn-no harvest
Proposed Research Natural Areas
Old-Growth Groves
Threatened or Endangered Species Habitats (such as for

bald eagle)
Other Special Wildlife Habitats and Habitat Protection
areas

Spotted Owl Habitat Areas
Pileated Woodpecker Habitat Areas
Marten Habitat Areas
Deer and Elk Thermal Cover
Other Special Habitat (Protection and Enhancement)

Semiprimitive (Roadless) Areas
Recreation Sites (Existing and Proposed)
Mining Claims
Lands Technically Unsuited for Timber Production

Partial Harvest Categories
Visual Retention Areas
Semiprimitive (Roadless) Areas
Riparian

Full Harvest Categories
General Forest

Old growth occurring in the full harvest allocation and
several other allocations (such as mining claims) would be
retained only until the time of harvest or management
activity.

Under the Preferred Alternative in the Willamette National
Forest draft plan, 52 percent of old growth will be retained
through time. This totals about 0.18 million ha (table 8). The
remaining 48 percent or 0.17 million ha is planned to be
harvested over the next five decades. According to the draft
Forest plan, old growth on the Willamette National Forest
was defined according to the Old-Growth Definition Task
Group (1986; see table 1) with specifications that vary by
forest type. Like most of the other draft Forest plans in the
region, the Willamette National Forest draft plan quantified
and analyzed the effects of land-allocation decisions on the
distribution of old-growth forest-stands for specific manage-
ment indicator species (spotted owls, marten, pileated wood-
peckers, and primary cavity excavators). Outside of such
management requirements, however, the effects of land-
allocation decisions on the size and context of old-growth
stands were not analyzed.

Old-Growth Habitat Characteristics of Importance to
Wildlife: A Key to Future Inventories
Some wildlife species may have co-evolved with, and depend
on, specific amounts and conditions of old-growth forests.
Specific kinds, sizes, and patterns of old-growth environments
are, therefore, keys to the long-term survival of these species.
Land allocations affect the distribution of old growth across
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Table S-Allocation of mature and old-growth forest 
under the preferred alternative in the draft Furest plan, 
Willamette Katiunal Forest 

Categ0ty 

Withdrawn 
Wilderness 
Unsuited for timber 

nroduction 

HtXtareS 

93600 - 

45000 - 

wildlife habitars 
No hanest 18cJJO - 

Subtotal 

Harvestable 
Timber harvest arear 

TOti 

184 : LOO 52 

167200 48 '1 

351400 loo 

the landscape over time and the effectiveness of old growth 
as habitat for wildlife. Resulting spatial patterns of old gmwtb 
influence the viability of many wildlife species that depend 
on the ecological conditions of old forests. Old growth may 
provide population “reservoirs” for species that find early 
successional stages of second-growth conifer stands marginal 
habitat. 

What attributes of old growth affect the perpetuation of these 
old-growth wildlife species? Attributes may be characterized 
at stand and landscape scales. Attributes at each scale may 
be useful for guiding future inventories of old growth as 
wildlife habitat. 

At the stand scale, important vegetational structures include 
the presence of key substrates, food, and resources, especially 
epiphytic mosses and lichens, which are important as winter 
food for ungulates and rodents; and the presence of specific 
thermal and moisture conditions. Other stand characteristics 
important to old-growth-dependent wildlife are related to 
long-term productivity of the forest environment. These 
characteristics include the presence of dead and decaying, 
standing and down wood as habitat for breeding, feeding, 
hiding, and other needs; and the presence and density of 
hypogeous fungi, which are important as food sources for the 
co-evolved mycophagous small mammals that disperse the 
mychonizal fungi needed for conifer growth. 

Landscape attributes affecting the perpetuation of old-growth 
dependent and associated wildlife include the spatial distribu- 
tion of old growth; the size of stands; the presence of habitat 
corridors between old-growth or old-forest stands; proximity 
to other stands of various successional stages and especially 
for well-developed mature-forest stages and species with 
different seasonal uses of habitats; and the susceptibility of 
the old-growth habitat to catastrophic loss (such as wildfire, 
insects, disease, wind and ice storms, and volcanic eruptions). 

Stand size, in combination with its landscape context (the 
condition, activities, or both on the adjacent landscape that 
affect the stand), is of major significance in perpetuating 
old-growth resources and can have a major effect cm their 
use by wildlife. Wide-ranging species may be able to use 
stands of various structural- , size- , and age-classes. If such 
stands are separated by unsuitable habitat or disruptive activi- 
ties, however, the remaining old-growth stands become 
smaller in effective (interior) size, more fragmented, and 
possibly not suitable for occupancy 01 for successful repro- 
duction. An old-growth inventory that quantifies such stand 
and landscape attributes is a prerequisite for evaluating pos- 
sible context and landscape effects on species’ presence. 

The Mature and Overmature (MOM) Forest 
Inventory on National Forest Land 
Rationale for an Old-Forest Inventory 
An old-growth inventory must respond to a set of clearly 
stated goals and objectives (Thomas and others 1988). These 
goals directly determine the classification schemes, para- 
meters to be gauged, spatial scale of resolution for the inven- 
tory, and acceptable scales for the reliability of the informa- 
tion. They also help guide how the inventory process and its 
results are integrated into other resource information needs 
(see Davis and Henderson 1977). At present, goals and objec- 
tives for conducting an inventory of old-growth forests in the 
Pacific Northwest vary among groups with different interests 
in how the old-growth rescm~ce is managed. 

An old-growth inventory can be category driven or attribute 
driven. With a category-driven inventory, old-forest stands 
are tallied into one or mcxe classes, which are defined a 
priori. By contrast, in an attribute-driven approach, the classi- 
fier describes forest stands by a set of structural chamcteris- 
tics deemed pertinent to old-forest conditions. These stands 
are then classified a posteriori based on a specified set of 
stand attributes. The utility of both approaches depends on 
the purpose of the inventory. For old-growth? inventories, the 
attribute-driven approach-when used with a classification of 
seral stages of old forests-is more flexible than a category- 
driven approach. As Smith (1982x1) observed, It is better to 
invent additional patterns than to warp those observed to fit 
preconceived ones. 
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With either approach, we must specify what is being invento-
ried. Inventories of old-growth forests include the presence
or amount of various stand characteristics, and distributions
of old growth at different scales of resolution and geographic
areas. Amounts should be displayed as totals by State, by
Federal and State agency jurisdiction, by administrative unit
within agencies, by individual and corporate ownership, by
ecophysiographic province, or by other geographic divisions.
Size and context should include contiguous sizes and the
shapes of old-growth stands and their relation to adjacent
landscape conditions and activities, including the proximity
of other old-growth stands. Distribution includes defining the
spatial scale at which an old-growth inventory should be
conducted. This scale greatly affects the kinds of stand
attributes that can be used as inventory criteria and the
resolution at which such attributes should be known.

For example, a stand-by-stand inventory could include a com-
plete census of appropriate characteristics for each vegetative
unit. By contrast, a forest-wide inventory may use a stratified
sampling approach to provide reliable information at the scale
of vegetation types. Then, some of the characteristics of any
given stand are known only as a probability-that is, an esti-
mate of the proportion of all stands in a stratum that have
particular structural characteristics.

An old-growth inventory must be designed with a specified
degree of reliability. The degree of error and confidence in
the statements of amount and distribution should be known,
at least qualitatively. The reliability of an inventory is a func-
tion of many factors. These include the correctness and use-
fulness of the classification scheme used; the quality of the
sampling design by which remote-sensing images are inter-
preted and vegetation surveys in the field are conducted; the
consistency with which inventory criteria are applied across
various land units, taking into account the need to vary cri-
teria by forest type and land form; the availability and quality
of remotely sensed images: the expense and training involved
in having people interpret the remotely sensed images; the
experience and training of field crews; and the sample sizes
used in field verification testing and from which subsequent
classification strata are derived.

Inventory of Mature and Overmature Forest
A large-scale, attribute-driven inventory of mature and over-
mature forests has been instituted on National Forests in
Washington and Oregon as part of an inventory of all vegeta-
tion stands. The main objective of the inventory of mature
and overmature forest is to provide a set of data to which a
solid, basic set of definitions of the developmental stages of
old forests can be applied. This inventory will provide an
accurate inventory of old-growth stands; allow for the use of
multiple definitions of old-growth forest conditions; and be

accessible on a geographic information system (GE) for anal-
ysis of distributional conditions. Plans also call for a periodic
update of the inventory with remote imagery, although this
technology needs further testing.

The inventory of mature and overmature forest was designed
to enhance the existing Vegetative Resource Survey, which
is the standard inventory of all vegetation stands on National
Forests in the Pacific Northwest Region. This enhancement
resulted in a redefinition of mapping criteria and a greater
emphasis on sampling stand attributes that are considered to
be of importance in old forests. These attributes include the
size, shape, and location of stands; the multicanopy structure
of the stands: mixes of tree, shrub, and herbaceous species;
the diameters and heights of live trees; canopy closure within
each canopy layer and for the stand as a whole; the size,
distribution, and decay states of standing and down dead
trees; and heterogeneous characteristics of stands with small
canopy openings.

Information about these attributes will allow interpretations
about the values of stands from several different viewpoints.
One interpretation that could be made would be whether
stands meet a specific definition of old growth. This inter-
pretation, however, would be an outcome of the basic infor-
mation that was collected, rather than being the driving force
for the design of the inventory.

The Mature and Overmature (MOM) Inventory follows the
two-stage design of the existing Vegetative Resource Survey.
The first stage is done by photo-interpretation. In this step,
each forest stand is delineated on photos and maps. For each
delineated stand, information is recorded on the number of
canopy layers (up to three); canopy closure of the entire
stand; the presence of snags; clumpiness of the canopy; the
presence of large, remnant trees from stands that previously
occupied the site; and volume. In addition, for each of the
canopy layers, information is recorded on tree species, canopy
closure, crown diameter of dominant trees, clumpiness, and
visible snags. All of this information is derived from photo-
interpretation and is ground verified on about 10 percent of
all stands.

After the photo-interpretation is completed, stands are arrayed
according to their attributes to determine an appropriate distri-
bution for additional, detailed ground plots. The ground plots
are the second stage of the inventory. In other inventories,
the standard design calls for lumping the stands into defined
strata to develop a sampling strategy. With the MOM Inven-
tory, strata are avoided so that plot data can later be com-
bined in several different ways to address various concerns.
Instead of developing strata, the sample plots are distributed
so that the full array of stand conditions are sampled. This
process involves arraying the stands according to species
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composition, number of canopy layers, tree density or stock-
ing, canopy closure, and crown diameters. The ground plots
follow a IO-point design and include detailed information on
live-tree species including height, density, diameter, and
form by canopy layer; snag density, diameter, height, and
decay state; diameter, length, and decay state of logs; and the
presence of indicator plant species in the understory. This
last category is used to classify the stand by plant association.

Because this plot information can be collected only for a
sample of stands, it will not be available for all the stands
that are photo-interpreted. Data from the MOM Inventory
can be analyzed in two different ways to draw inferences
about stands that were not sampled. First, a collection of
stands can be defined based on any combination of the photo-
interpreted characteristics. Plot data can then be summarized
for all stands in this collection that were ground sampled.
Because these collections of stands are not being defined as
a priori strata, the values of attributes for such a summary
could vary widely.

The second analysis opportunity is to develop correlations
between characteristics that were photo-interpreted and char-
acteristics that were measured in plots. For each stand, this
comparison would allow us to identify photo-interpreted
characteristics with some degree of certainty, and to identify
ground-sampled characteristics with some known degree of
reliability. Currently, the ability to correlate ground-sampled
characteristics with photo-interpreted characteristics is the
largest unknown in the inventory design, and the reliability
of inferences about these ground-sampled characteristics is
also unknown.

The combined MOM and Vegetative Resource Inventories
will result in five products:

l A stand map for each forest stored on a GIS.

l A data card for each stand containing the photo-interpreted data
for that stand. This information will be stored in the attribute file
of the GIS.

l A database containing all plot data.

l Summarized plot data for collections of stands defined according
to any combination of the photo-interpreted characteristics.

l Statistical correlations between photo-interpreted characteristics
and plot-sampled characteristics.

The MOM-Inventory process is currently being implemented
on the Siuslaw and Willamette National Forests as part of the
Vegetative Resource Inventory. It is expected to be completed
on all nine of the west-side forests in Oregon and Washington
by 1994.

Recommendations for Old-Growth Inventories
We offer the following recommendations for developing a
multipurpose, old-growth inventory. First, an old-growth
inventory should be attribute-based rather than definition-
based. An example is the inventory of mature and overma-
ture forests currently being conducted by the Pacific North-
west Region of the Forest Service.

Second, an old-growth inventory should be map-based to
address landscape issues, including that of scale. Map-unit
sizes should be small enough to identify old growth where
edge effects eliminate interior habitat. A map-based approach
would also benefit from further exploring the use of Landsat
as a tool for updating inventories over time. In addition, a
map-based inventory would benefit from the application of
a geographic information system for evaluating the data,
especially the landscape and spatial conditions of stand size,
shape, and context. The MOM Inventory is currently being
installed on GIS to facilitate the evaluation of spatial
components.

Third, any adopted definition of old growth should be part of
a system of describing the amount and distribution of various
stages of forests, especially older ones. The full classification
system would include descriptions of the total vegetation in-
ventory from seedling to old-growth successional stages, in-
cluding noncommercial forest lands and nonforest vegetation.
Specifically, the Old-Growth Task Group definitions should
be the basis for ecological definitions used in a broader
framework. In this manner, a consistent definition can be
applied to the attribute-based data and also allow analyses
of stand conditions that meet various other definitions.
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Abstract
We examined the potential for definitional and indexing
approaches to identifying old-growth Douglas-fir stands.
An interim definition created by the Old-Growth Definition
Task Group uses multiple structural characteristics of forest
stands-specific levels of large or old live trees, snags, logs,
and foliage canopy layers. This definition and numerous
variants with different parameters and parameter values were
tested for their ability to discriminate old growth from young
and mature natural forests with an independently collected
data set. The criteria used in the definitions appear appropri-
ate but variants of the definition differ significantly in their
ability to distinguish old-growth in particular geographic
areas. Definitions that used density of all large (>lOO cm in
diameter at breast height) trees, rather than just Douglas-fir,
performed best. Further refinement of definitions should prob-
ably be site specific. Developing approaches that recognize

the continuous variability in old-growth stands are recom-
mended for the whole region. These approaches could be
simple indices based on multiple structural characteristics or
using discriminant analysis; examples are provided to dem-
onstrate the merits of both concepts. Maintaining a holistic
perspective on old-growth forest ecosystems is critical in
these and other current efforts to characterize old growth by
individual attributes.

Introduction
Old-growth forest is a biological or ecological concept that
presumes ecosystems systematically change as they persist
over long periods. An ecosystem has, in effect, a series of
linked life stages, progressing from origin (birth) to old age
(senescence), which vary in composition, function, and struc-
ture. Such progressions can take a very long time in forests
because the dominant organisms, trees, typically live very
long.

Characterizing old-growth forests is possible based on these
concepts. Obviously, a series of ecological attributes must be
considered because of the many relevant compositional, func-
tional, and structural features. For practical reasons, however,
a working definition-one for everyday use in gathering
stand data-emphasizes structural and compositional rather
than the conceptually important functional features that are
difficult to measure.
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A generic definition of old-growth forests, applicable to most
temperate and subalpine forests, is possible. Old-growth for-
ests are later stages in forest development that are often com-
positionally and always structurally distinct from earlier
successional stages. For example, forests at low to moderate
elevations in western Washington and Oregon often shift
from strong dominance by Douglas-fir in early stages of suc-
cession to mixed stands with large amounts of western hem-
lock and other tolerant species at mid to late stages in succes-
sion (Franklin and Hemstrom 1981). Even where both early-
and late-successional forests are composed of the same spe-
cies, such as many sites with ponderosa or lodgepole pine,
the old stands differ from young stands in structure; for
example, old stands have a much larger range in tree sixes.
The age at which forests become old growth varies widely
with forest type or species, site conditions, and stand history.

Structurally, old-growth stands are characterized by a wide
within-stand range of tree sizes and spacing and include trees
that are large for the particular species and site combination.
Decadence is often evident in larger and older trees. Multiple
canopy layers are generally present. Total organic matter
accumulations are high relative to other developmental stages.
Functionally, old-growth forests are characterized by slow
growth of the dominant trees and stable biomass accumula-
tions that are constant over long periods. Respiration reduces
net annual additions of living organic matter to low amounts
relative to earlier successional stages, despite high gross pri-
mary productivity in old-growth stands. All climax forests”
forests that appear to have stable composition and structure
in the absence of a major disturbance”qualify as old growth,
although most old-growth forests are not climax; that is, they
still contain seral species and are undergoing slow directional
changes in composition and structure. Not all virgin or prime-
val forests are old growth and not all old-growth stands are
totally free of human disturbance. Old-growth forests could
theoretically originate after either human or natural disturb-
ance because they are defined by composition, structure, and
function and not by origin or naturalness.

General characterizations of old-growth forest are conceptu-
ally important, but specific definitions are essential to forest-
land management. Inventories to identify the quantity and
location of old-growth forests require such specificity. Forest
policy, including the allocation of forest lands to various
uses, are partially based on these inventories. Old-growth
forests need to be characterized so that important attributes
can be retained and attempts made to create similar forests.
Characterizations are also needed by scientific researchers.

In this paper, we will consider the state and future of old
growth in the Pacific Northwest. Our primary focus is on the
mesic temperate forests dominated by Douglas-fir and located
west of the crest of the Cascade Range in Washington,
Oregon, and northern California. We review the history and

adequacy of the existing old-growth definition and explore
directions for future development of such characterizations
including local refinement and extension to other forest
types, developing indices with continuous scales of variation,
and using statistical methods, such as discriminant analysis.

Old-growth forests in our study area vary widely in their age
and ecological state (for example, in composition and struc-
ture), which reflects a similar wide variability in their history
and physical environments. Old-growth Douglas-fir forests
are from about 200 to over 1000 years old, they undergo
gradual but significant autogenic change during those cen-
turies of existence and may also be subjected to varying
numbers and intensities of disturbance events, such as wind-
storms. As a consequence, old-growth Douglas-fir forests can
differ substantially in their degree of “oldgrowthness”-that
is, in the degree to which they express the various structural
and functional features associated with these forests; this
variability must be considered in efforts to define and manage
old growth.

Current Definition of Old-Growth Douglas-Fir
Forests
Historical Development of the Interim Definition
The history of the interim definition of old-growth Douglas
fir forests (Old-Growth Definition Task Group 1986) is dis-
cussed in detail by Marcot and others (this volume). It began
with National Science Foundation funding of the Coniferous
Forest Biome in 1969, as part of the International Biological
Program (Edmonds 1982), and of subsequent ecosystem stud-
ies, particularly at the H. J. Andrews Experimental Forest.
The USDA Forest Service also contributed to this research.
These studies provided a wealth of data and concepts on the
nature of old-growth forests and associated streams (see Blinn
and others 1988, McKee and others 1987).

In 1976 the research group associated with this work received
a request from a National Forest planner for assistance in
characterizing old-growth forests; as he put it, “We know
that old-growth forests are more than just some big old trees,
but we don’t know how else to describe them. Could your
group provide us with a more complete characterization?” A
workshop, convened at Wind River, Washington, in 1977,
produced the synthesis entitled, “Ecological Characteristics
of Old-Growth Douglas-Fir Forests” (Franklin and others
1981).

All current attempts at ecological definitions of old-growth
Douglas-fir are based on the 1977 synthesis and subsequent
research, much of it under the auspices of the Forest Service’s
Old-Growth Forest Wildlife Habitat Program. These studies
clarify the distinctiveness of old-growth forests in compo-
sition, structure, and function and, perhaps even more
important, the complexity of most naturally regenerated
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forests developing after wildfire, windstorm, or other
catastrophic events in the Pacific Northwest, regardless of
successional stage. For example, the structural complexity of
young natural forests is high because of the carryover of
large snags,, logs, and even large live trees from the predis-
turbance stand; conditions in these natural stands obviously
contrast with the simplified structure of most young forests
managed for timber production. Past old-growth studies also
illustrate the need to use multiple attributes to characterize
old-growth forests and the value and validity of emphasizing
structure in working definitions. Among the first iterations of
old-growth definitions based on these ecosystem concepts are
those by the Society of American Foresters (1984) and
Franklin and Spies (1984).

In 1985, an interagency group-the Old-Growth Wildlife
Habitat Research and Development Program Steering Com-
mittee-created the Old-Growth Definition Task Group to
develop an interim definition of old-growth Douglas-fir for-
ests. The group was composed of technical experts from the
USDI Bureau of Land Management, Oregon State University,
and National Forest and Research branches of the Forest
Service. The draft reports they wrote were extensively re-
viewed by management groups and scientists and revised
before the interim definitions were published (Old-Growth
Definition Task Group 1986).

The Interim Definition and Its Adequacy
The interim definition consist of separate definitions for old-
growth Douglas-fir forests under three broad environmental
conditions indexed by plant series (table 1). The three defini-
tions are based on multiple structural criteria: density of live
trees of large or old Douglas-firs and of associated medium-
to large shade-tolerant tree species; multiple canopy layers;
standing dead tree (snag) densities, including larger sizes;
and logs, including total weight and a minimum number of
large pieces. The rationale for selection of specific character-
istics is discussed in the original publication (Old-Growth
Definition Task Group 1986).

Although the definitions have been cussed and discussed
since their publication, no data have been available to test
their adequacy in discriminating old-growth from young and
mature forests. Forest-inventory procedures usually do not
collect data on all of the characteristics used in the defini-
tions; however, Morrison (1989) was able to effectively use
USDA Forest Service inventory plot data by adapting the
definitions to the more limited set of parameters that were
included in the inventories.

Spies and his associates have provided the first complete and
independent data set (Spies and others 1988; Spies and others,
in press; Spies and Franklin, this volume) appropriate for test-
ing the performance of one of the interim definitions-the
definition developed for stands on western hemlock and

mid-elevation Pacific silver fir sites (table 1). This interim
definition is the only one subsequently addressed in this
paper. The data are from 196 young, mature, and old-growth
stands in the Oregon and southern Washington Cascade
Range and Oregon Coast Ranges (Spies and others 1988;
Spies and others, in press; Spies and Franklin, this volume).
Stands were selected that contained Douglas-fir and appeared
to have originated after a high-intensity or stand-regenerating
wildfire. None of the stands were selected according to any
preconceived set of old-growth criteria. Five systematically
spaced plots were used to characterize each of the selected
stands. Stands were classified as young (~80 years old),
mature (80-199 years old), and old (>200 years old), ac-
cording to the ages of the dominant Douglas-fir trees. The
85 age-defined old-growth stands from this data set are the
standard against which the performance of the various
definitions and other discriminating procedures are tested.

Table l-Interim minimum standards for oldpowth  Douglas-
fir forests in western Washington and Oregon

Douglas-fin Douglas-fir Douglas-fir
on western on mixed- on mixed-

hemlock sites conifer sites evergreen
Stand (western hemlock, (white fir, sites (tanoak,
characteristic Pacific silver fir) Douglas-fir Douglas-fir)

Live trees Two or more Two or more Douglas-fir
species with species with and evergreen
wide range of wide age range hardwood
ages and tree and full range (tanoak,  Pacific
SiZSS of tree sizes madrone,  and

canyon live oak
associates (40
to 60 percent
of canopy)

Douglas-fir Douglas-fir, Douglas-fir or
E20perha ponderosa sugar pine
of trees > 81 cm pine, or sugar 2 15perhaof
diameter or pine >- 20 per trees > 81 cm
> 200 years old ha of trees diameter or

>76 cm dia- > 200  years old
meter or >200
years old

Tolerant Intermediate Intermediate
associates and small and small size-
(western hemlock, size-classes classes may
western redcedar, are typically be evergreen
Pacific silver white fir, hardwoods or
fir, grand fii, Douglas-fir, include a
or bigleaf  maple) and incense- component of
2 30 per ha of cedar, singly conifers (e.g.,
trees >41 cm or in mixture Douglas-fii
diameter or white fir)

See foolnote on nexl  page.
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Table l-continued”

Douglas-fir
on western

hemlock sites
Stand (western hemlock,
characteristic Pacific silver fii)

Deep,
multilayered
Canopy

Snags Conifer snags
2 10 per ha
which are
>51 cm
diameter and
>4.6 m tall

Logs >34 metric Logs 222 Logs 2 22
tons Per acre metric tons per metric tons per
including 10 acre including acre including
pieces Per 5 pieces per 5 pieces per
ha >61 cm acre >61 cm acre > 61 cm
diameter and diameter and diameter and
>15 m long >15 m long >15 m long

Douglas-fir Douglas-fir
on mixed- on mixed-

conifer sites evergreen
(white fir, sites (tanoak,

Douglas-fir Douglas-fir)

Multilayered
Canopy

Douglas-fir
emergent above
evergreen
hardwood
Canopy

Conifer snags
2 3.7 Per
ha that
are >51 cm
diameter and
>4.6 m tall

Conifer snags
2 3.7 per
acre that
are>51 cm
diameter and
>4.6 m tall

’ From Old-Growth Definition Task Group (1986). Plant series are shown
in parentheses.

The selection of attributes used in the interim definition gen-
erally appear appropriate; that is, they are important features
of old-growth forest (Spies and others 1986, Spies and others
1989) and several discriminate old-growth from younger for-
est stages (Spies and Franklin, this volume). Analyses (Spies,
this volume; Spies and Franklin, this volume) have identified
other features that distinguish old-growth forests, such as
coverage of western yew, coverage of herb and deciduous
shrub species, and measures of crown decadence in overstory
trees.

The parameter values chosen in the interim definition were
intended as “minimum standards,” and they do fall well
below average or characteristic values for measured stands.
The values were, in fact, selected as a “lowest common
denominator,” with the intent that most old-growth stands
would meet the criteria and most young or mature forests
would not. As an example, the 85 old-growth stands sampled
by Spies and his associates average 66 tons per ha of logs
(Spies and others 1988), and the minimum standards call for
only 35 tons per ha on western hemlock sites (Old-Growth
Definition Task Group 1986). Similarly, large snags aver-
aged about 12 per ha in the old-growth samples versus the
task group requirement for 10 per ha.

Table 2-Performance of the interim definition for Western
Hemloc kSeries

Province

Southern
Oregon Oregon Washington

Parameter and coast Cascade Cascade
minimum standard Ranges Range Range All

Douglas-fir > 80 cm in
d.b.h. (> 20 Per ha) 96 94 77 89

Shade associates > 40 cm
in d.b.h. (2 30 Per ha) 72 76 97 83

Snags > 50 cm in d.b.h.
>5 m tall(>10 per ha) 68 74 92 79

Log biomass (34 tons
per ha) 92 88 97 92

All criteria 52 56 70 60

’ Performance is the percentage of old-growth stands fulfilling individual
and collective minimal standards based on stand means + standard
deviation. 15 percent of mature stands also fulfilled all criteria.
’ From Old-Growth Definition Task Group (1986).

The interim definition does not perform as well as expected
in distinguishing this set of old-growth stands, however,
even though parameter values are well below mean measured
values for old-growth stands (table 2). For example, only
70 percent of the 24 old-growth (>200-year-old) stands
sampled by Spies and his associates in the Washington Cas-
cade Range met all minimum criteria, even when 1 standard
deviation around the mean stand value is allowed. Percent-
ages were even lower for the Oregon Coast (52 percent) and
Cascade (56 percent) Ranges (table 2). Furthermore, the
interim definition did not completely exclude mature and
young stands; discrimination was poorest in the Coast Range,
where 30 percent of the mature (80- to 199-year-old) stands
also met the minimum standards for old growth.

The mediocre performance of the interim definition results
from at least two factors. First, the statistical distribution of
measured stand attributes, such as number of large snags, are
skewed so that the median values lie well below the means.
Hence, many stands fail to fulfill minimum values even
though average values for old-growth stands indicate that a
higher percentage should meet them. Second, a higher per-
centage of stands fulfill individual criteria than can fulfill all
of the criteria (table 2). For example, old-growth stands meas-
ured in the southern Washington Cascade Range meet the
four criteria 77, 92, 97, and 97 percent of the time, but only
70 percent of the stands meet all four criteria simultaneously.

Revising the Interim Definition

Several approaches are possible for modifying the interim
definition: adjust the values in the interim definition so that it
does a better job of either characterizing or distinguishing
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old-growth Douglas-fir stands, developing more site-specific
versions of the definition, such as for individual habitat types
or restricted geographic regions; or a combination of the two
approaches.

Fifteen iterations of a revised interim definition for old-
growth Douglas-fir forests on western hemlock sites were
developed by using different variables and parameter values
as minimum standards. The selection of variables and range
of values were based on conditions encountered in the old
(>200-year-old) stands sampled by Spies and his associates.
Four different large-tree variables were tried: Douglas-firs
>80 cm in d.b.h. and >100 cm in d.b.h. and density of all
trees >80 cm in d.b.h. and >100 cm in d.b.h. The range of
values used in the 15 definitions are

Douglas-fir >80 cm in d.b.h. 10-20 per ha
Douglas-fir >lOO cm in d.b.h. l10-20 per ha
All trees >80 cm in d.b.h. 20 per ha
All trees >lOO cm in d.b.h. 10-15 per ha
Shade-tolerant trees >40 cm in d.b.h. 10-30 per ha
Snags >50 cm in d.b.h. and >5 m tall 4-10 per ha
Log biomass 30-34 tons per ha

The definitions were tested by determining the proportion of
stands in the old-growth data set that they correctly identified
based on having values within 1 standard deviation of the b
mean stand value. Generally, definitions were judged by their
ability to identify old-growth stands (minimize Type I error),
although their ability to exclude mature and young stands
(minimize Type II error) were also considered.

The best revised definition correctly identifies 82 percent of
the old-growth (>200-year-old) stands sampled by Spies and
his associates (table 3). This definition uses density of large
trees of all species rather than just Douglas-fir. It also uses
much lower parameter values than those used in the original
definition: all trees >100 cm in d.b.h. 10 per ha; shade-
tolerant trees >40 cm in d.b.h., 10 per ha; large snags, 4 per
ha; and log biomass, 30 tons per ha. These substantially
lower values relax the criteria to the point where 24 percent
of the mature stands also meet the old-growth criteria. A
definition that uses a value of 15 per ha for all trees >lOO cm
in d.b.h. performs almost as well in identifying old growth
but does much better at discriminating against mature stands.
Old-growth stands in the Oregon Coast Ranges were the most
difficult to distinguish correctly under any of the definitions,
including the original.

Among individual attributes, density of large trees best differ-
entiates old growth from young and mature stands of natural
origin; coarse woody debris (snags and logs) does poorest.
This is true of all versions of the definition and reflects the
substantial similarities between natural stands of all age-
classes. It is also consistent with the finding of Spies and

Table 3-Performancea of the “best-performing” revision of the
interim definition of old growth for the Western Hemlock Series

Province

S o u t h e r n  
Oregon Oregon Washington

Parameter and Coast Cascade C a s c a d e  
minimum standard Ranges Range Range All

All species > 100 cm in
d.b.h. (> 10 per ha) 96 96 92 95

Shade associates > 40 cm in
d.b.h. (> 10 per ha) 88 88 100 92

Snags > 50 cm in d.b.h. 84 94 100 94’
>5 m tall (>4 per ha)

Log biomass (30 tons per ha) 92 92 100 95
All criteria 76 80 92 82’

’ Performance is the percentage of old-growth stands fulfilling individual
and collective minimal standards based on stand means +1 standard devia-
tion. 24 percent of mature stands also fulfilled all criteria.
* From Old-Growth Definition Task Group (1986).

Franklin (this volume) that the best classification success in
discriminant analyses is achieved using an equation based on
overstory attributes.

The revised definition continues to focus on minimum stand-
ards, with the objective of improving its ability to distinguish
old from young and mature stands. An alternative approach
would be to use mean values and associated variances for
characterizing old-growth stands. By replacing the minimum
standards or values with mean or median values, the defini-
tion would provide a much better perspective on what an
average old-growth stand is like. Obviously, such a definition
would do much more poorly than one based on minimum
standards at distinguishing old-growth stands from other
stages in forest succession. It would decrease the probability
of “poor quality” stands-stands with few old-growth struc-
tural features-being included in an old-growth pool.

Substantial efforts to further refine one general definition of
old-growth forests for the Western Hemlock Series is prob-
ably not warranted at this time. First, appropriate data sets
are not available for old-growth stands over large geographic
areas-for example, old-growth Douglas-fir forests on
Western Hemlock Series sites in the central and northern
Washington Cascade Range, Olympic Mountains, British
Columbia, and the northern Oregon Coast Ranges. Data sets
are very limited for old-growth Douglas-fir on other series or
habitat types in southwestern Oregon or in eastern Wash-
ington and Oregon. Even within geographic areas that have
been sampled, sampling has avoided old-growth stands of
species other than Douglas-fir, such as western redcedar or
western hemlock. Further development of general definitions
seem pointless until such data are available.
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A second and perhaps more important reason for suspending
efforts at further refinement of a general definition is the
large variability in old-growth stands apparent from the exist-
ing data sets. We infer from this high variability that regional
variations in environment and disturbances (stand ages and
disturbance histories) are very important (Spies and Franklin,
this volume). As data are added from additional geographic
areas, the range of variability known for old-growth forests
can only be expected to increase. A definition that attempts
to encompass these increasing amounts of variability be-
comes less and less valuable as a tool for identifying and
characterizing old-growth stands in specific locales.

Further development of old-growth definitions should prob-
ably be directed toward developing more site-specific defini-
tions, such as for specific habitat types, geographic locales,
or both.

We believe that all classificatory work, whether as discrete
types or along gradients, should be locally fine-tuned for
maximum value. An example might be to define old-growth
on the Western Hemlock/Swordfern and closely related habi-
tat types in the northern Oregon Cascade Range. The Area
Ecology program of the Forest Service’s Pacific Northwest
Region (6) provides an excellent opportunity to carry out
locale-specific efforts of this type-that is, quantifying more
specifically the characteristics of old growth with much more
intensive sampling.

The interim Douglas-fir definition can be effectively ex-
tended to other forest types. Because the definition was. by
direction, for old-growth Douglas-fir and not for old-growth
conifer forests in general, Douglas-fir had to be a component
of all of the stands, but most other temperate and subalpine
old-growth stands in the Douglas-fir region follow a similar
pattern in stand structural attributes. As suggested in the inter-
im definition, The Douglas-fir old-growth criteria in table 1
can be modified for use with other species or types. The
major change is replacement of Douglas-fir as the dominant
species...Sitka spruce or western redcedar can be substituted...
[and] In old-growth western hemlock or Pacific silver fir
forests, these species would dominate all size classes includ-
ing the [larger trees]. (Old-Growth Definition Task Group
1986). The revised definition, which uses density of large
trees of all species rather than just Douglas-fir, is already
better adapted for use in these other forest types than was the
original interim definition. Obviously, data would have to
be gathered to provide parameter values for these forest types
because very little currently exists; such stands were excluded
from the Old-Growth Forest Wildlife Habitat Program.

Characterizations by Using Continuous Scales
The problem with these categorical approaches to old-growth
characterization is that they attempt to pigeon-hole old-
growth forests, which exhibit continuous temporal and

spatial variability. Systems of characterization based on con-
tinuous scales of variability avoid this problem and allow us
to recognize varying degrees of old-growthness. They also
mesh well with the approach to old-growth inventory recently
suggested by a multi-interest consensus group facilitated by
the Pacific Northwest Region of the Forest Service; this
group agreed that stands should be characterized in terms of
structural attributes rather than simply identified as falling in
or out of a specific old-growth definition (Marcot and others,
this volume). Alternative approaches to old-growth identifi-
cation include developing indices based on multiple charac-
teristics and discriminant analysis. Our explorations of in-
dices follow; results of discriminant analysis are mainly
reported elsewhere (Spies and Franklin, this volume).

Indices to successional stage are probably best comprised of
characteristics that are ecologically important, such as pro-
viding wildlife habitat, and functional features of the ecosys-
tem as well as those strongly related to forest age. Many
stand-structure attributes exhibit one of two typical patterns
of change (table 4, fig. 1): a U-shaped curve, such as is typi-
cal of the amount of coarse woody debris with highest
amounts early and late in succession; and an S-shaped curve
rising to an asymptote from low values early in succession,
which is typical of average tree size. As discussed by Spies
and Franklin (1988), these two general patterns of develop-
ment are useful in constructing an old-growth index by
simply summing absolute or transformed values of character-
istics, so that the highest index numbers occur in the later
stages of stand development (fig. 2). We illustrated this
scheme with three stands (Spies and Franklin 1988): a stand
with high densities of large trees and large amounts of coarse
woody debris has an index value of more than 0.75; a young
stand with high amounts of woody debris inherited from the
previous old stand is indexed at 0.5; and a young stand lack-
ing both woody debris and large trees has an index value
below 0.25.

We constructed and tested four versions of a more complex
structural index by using both pooled and province-specific
data sets. Attributes used in this index are amount of crown
decadence of Douglas-fir (broken tops, dead tops, broken
tops with upturned leaders, and multiple tops); density of
large trees defined in the four versions as Douglas-firs >80
cm in d.b.h., Douglas-firs >100 cm in d.b.h., all trees >80 cm
in d.b.h., and all trees > 100 cm in d.b.h. density of shade-
tolerant associates either >25 cm or >40 cm in d.b.h.; density
of large snags; and log biomass, using 60 tons per ha as the
base value. Two versions of each index were constructed and
tested for each province: one based on mean values for that
province and another using means for the pooled (multiple
province) data set.
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Table 4-ClaSification” of ecosystem characteristics according 
to their expected pattern of change during succession in 
Douglas-fir forests 

Characteristics following Characteristics following an 
a U-shaped curve (curve 1) S-shaped curve (curve 2) 

Amount of coarse woody debris 
Number of large snags 
Coarse woody debris as percentage 

of total ecosystem biomass 
Hetemgeneity of understory 
Plant species diversity 
Mammal diversity 

o From Spies and Franklin 1988 

Average tree size 
Diversity of tree sizes 
Incidence of broken top 
Forest floor depth 
Surface ana of boles and 
branches 

Wood biomass 

Stand age 

This set of five structural attributes works well at indexing 
forest stands along an age gradient in most of its forms (see, 
for example, figs. 3,4). One version performs particularly 
well with the complete set of stands, as well as the stands in 
both the Oregon and southern Washington Cascade Range 
(figs. 3, 4). This version uses density of all trees >80 cm in 
d.b.h. and of shade-tolerant trees >40 cm in d.b.h., along 
with the measures of Douglas-fir crown decadence, large- 
snag density, and log biomass. Other versions also work well, 
however-particularly in specific provinces. We infer from 
the variability in performance among versions that fine-tuning 
indices for more limited geographic areas is needed, just as 
with the definition. The high degree of overlap between 
natural young, mature, and old stands using these indices 
(fig. 3,4), is important to note, however. 



The best approach to accurately identifying old-growth 
stands and assigning them to a successional stage appears to 
be discriminant analysis (Spies and Franklin, this volume). 
Although this procedure is not actually indexing, it is based 
on multiple structural attributes (as we have applied it) and 
deals statistically with the wide variability in old-growth 
forests. Numerous equations have been developed and tested 
by using various combinations of attributes as repotted 
elsewhere (Spies and Franklin, this volume). The equation 
that has the best classification success (94 percent of the 
old-growth stands accurately identified) uses an overstory 
attribute set: standard deviation d.b.h., mean tree diameter, 
density of Douglas-firs >lOO cm in d.b.h., and total tree 
density. 

Conclusions 
The interim definition has worked well in identifying the 
essential characteristics of old-growth Douglas-fir forests. It 
has provided a basis for considering issues of inventory and 

allocation. Perhaps our current understanding of old-growth 
forests is now sufficient to allow interested parties to discuss 
the nature of this highly variable phenomenon objectively. 

The merit and utility of using multiple ecological attributes 
and of the specific variables selected in the interim definition 
has been demonstrated. A version with different parameters 
of the definition is proposed based on existing data sets, but 
generic definitions will always be less useful than those 
developed for a more limited geographic area. Hence, further 
improvements in the definition should be its refinement for 
specific habitat types and geographic locales and extension 
to other forest types. 

Indices and diwiminant analyses are superior to general 
definitions in distinguishing old-growth Douglas-fir forests 
where that is the objective. Such approaches more easily 
incorporate the wide variability in old-growth forests in time 
and space and fit well with current concepts of forest inven- 
tory based on ecological attributes. Indexing allows recogni- 
tion of various degrees of “old-growthness,” as well as con- 
sideration of variability in individual attributes, such as snags 
or large trees, that may be important in management. 

All three approachesdeflmition, indexing, and discriminant 
analysishave merit and specific applications in considering 
policy, management, and research issues associated with 
old-growth Douglas-fir forests. 

We hypothesize, based on the high structural variability in 
old-growth Douglas-fx forests, multiple developmental-or 
successional routes to old-growth-like forests. If this hypothe- 
sis proves correct, it could have important management impli- 
cations. Specifically, stands appear to differ widely in density 
and other structural features as a consequence of varied his- 
tories. Hence, developing multi-aged and multi-sized stands 
through partial cutting may be one alternative to long rota- 
tions in re-creating stands that resemble existing old-growth 
forests functionally and sbuchxally. These stands could be 
created by retaining selected green trees, as well as large 
snags and logs, at the end of each harvest cycle. 

Much additional research on old-growth forests is urgently 
needed. Although millions of research dollars have been 
directed to northern spotted owls and other vertebrates (as 
demonstrated by this volume), almost no funds are being 
expended on studies of old-growth forests as ecosystems. 
This lack is true for Douglas-fir forests and even more so for 
other coniferous forests on both sides and at the summit of 
the Cascade Range. 
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Our failure to study old-growth forests as ecosystems is in-
creasingly serious in considerations of old-growth issues.
Without adequate basic knowledge of the ecosystem, we
risk losing track of its totality in our preoccupation with
individual attributes or species. Definitional approaches to
old growth based on attributes, including those that we have
presented here, predispose us to such myopia. The values
and services represented by old-growth ecosystems will he
placed at ever greater risk if we perpetuate our current ignor-
ance about these ecosystems. It will also increase doubts

about our ability to manage for either old-growth ecosystems
or individual attributes (for example, species and structures)
associated with old growth. We must increase ecosystem
understanding and management emphasis on holistic perspec-
tives as we plan for replacement of old-growth forests. How
can we presume to maintain or re-create what we do not
understand? Some may presume that ignorance (on ecological
values of old growth) is bliss, but this attitude creates high
risk that we will continue to be blindsided by subsequent
discoveries. 
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Abstract
Ecological characteristics of old-growth Douglas-fir forests
are examined in terms of compositional, functional, and
structural features. Old-growth forests typically include dis-
tinctive animal and plant species-that is, organisms that are
most abundant in such forests. Functional behavior of old-
growth forests differs from functional behavior under other
forest conditions. Productivity is typically high, but most
energy is used to maintain the large mass of living material;
growth and mortality are in approximate balance over long
periods. Nutrient and sediment yields from old-growth
forests are typically very low. Old-growth forests also differ
from younger forests in their effects on hydrologic cycles in
areas where cloud or fog precipitation, rain-on-snow events,
or both are important. The structural characteristics of old-
growth forests are the basis for most of their unique com-
positional and functional attributes. Specifically, important
structural components are large individual old trees-

whether live, dead and standing (snags), or dead and fallen
(logs)-in both terrestrial and associated aquatic environ-
ments. Old-growth forests also have stand attributes that are
very different from younger and, especially, from managed
forests. The distinctive communities of microbes, inverte-
brates, higher plants, and animals that occur in old-growth
forests are integrally related to the collective structural
attributes.

Introduction
In the Pacific Northwest, the term “old-growth forests”
typically connotes stands 200 to over 1000 years of age that
contain large, coniferous trees, especially Douglas-fir. Such
forests once covered millions of acres, but have been drasti-
cally reduced by logging and other forest clearing (Marcott
and others, this volume; Morrison 1988). The remaining
acreage is in high demand for a variety of conflicting uses,
such as a source of merchantable logs and as habitat for
animals and plants. As a result, the disposition of unreserved
old-growth Douglas-fir has recently become very
controversial.

A clearer understanding of the major ecological character-
istics of old-growth Douglas-fir forests is relevent to the
ultimate resolution of this controversy. Until about 20 years
ago, little was known about the ecological nature of these
forests. For example, foresters and wildlife managers have
sometimes referred to old-growth stands as “cellulose
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cemeteries” and ‘biological deserts.” Research over the last
two decades has dispelled such notions, however, and pro-
vided insights into the distinctive ecological qualities of
old-growth forests. Scientific studies, sponsored largely by
the National Science Foundation (for example, Edmonds
1982, Franklin and others 1981) and, more recently, the
USDA Forest Service’s Old-Growth Forest Wildlife Habitat
Program (this volume), have documented many important
differences between younger and older forests and, especially,
between managed and unmanaged forest ecosystems.

In this paper, we provide an overview of the key ecological
features of old-growth Douglas-fir forests. Our paper is di-
vided into three sections: composition, function, and struc-
ture. Composition receives relatively little attention here,
however, because it is the primary focus of many of the
papers in this volume. We emphasize the structural char-
acteristics of old-growth Douglas-fir forests because they
determine many of the distinctive compositional and
functional features of these forests. Structure is also the
element that foresters manipulate to achieve specific
functional or compositional goals.

Composition
Old-growth Douglas-fir forests are now known to have high
biological diversity in groups as varied as plants (see Franklin
and others 198 1; Spies, this volume), vertebrates (see this
volume), invertebrates (see Moldenke and Lattin, this volume;
Schowalter 1989), and aquatic organisms (see Gregory and
others, in press).

Alpha (species) diversity of both plants and animals is often
highest early in succession before tree-canopy closure occurs,
lowest in the heavily shaded young forest, and recovers to
intermediate as the forest matures and evolves into old
growth (fig. 1). High diversity of plant species early in
succession is a combined result of the survival of forest
species and the addition of weedy generalist species (Halpern
1988, Schoonmaker and McKee 1988); this combination may
also occur with other classes of organisms. Habitats and
environmental resources appear to be relatively limited in a
fully stocked young forest (Spies and Franklin, this volume).
As a result, species diversity, as well as structural and func-
tional diversity, is probably lowest in this stage of forest
development. Old-growth forests contain many highly spe-
cialized species, and several of these organisms appear to
have clear preferences for old-growth habitats, based on their
patterns of abundance. Ruggiero and others (1988) have
argued that such preference should be interpreted to reflect a
dependence on that habitat for survival over the long term.

Mammal diversity by forest stage

Herb/brush Young Mature Old growth

Figure I-Generalized relationship of mammal species diversity to
successional stage in Douglas-fir forests.

The major point here is that old-growth forests are biolog-
ically diverse ecosystems with several constituent species
that appear to be closely associated with these forests. From
a biological standpoint, such a conclusion is not surprising.
Many species would be expected to become adapted to a
habitat (old-growth forest) that has occupied large areas for
long periods. That some of these species would become
sufficiently specialized to require old-growth conditions for
their survival also seems reasonable.

Function
Function refers to the work that an ecosystem does and the
rate at which it is carried out. Examples of forest ecosystem
functions are production, the capture of the sun’s energy
through photosynthesis and its conversion to organic sub-
stances; regulation of nutrient cycling, including accumula-
tion and conservation of nutrients: regulation of hydrologic
cycles; and provision of habitat for organisms. We will
briefly consider production and nutrient and water cycling;
the habitat function of old-growth forests is covered in the
section on old-growth structure.

Production
Old-growth forests are productive ecosystems, fixing and
processing large amounts of solar energy. The huge foliar
surfaces-the greenness-of typical old-growth Douglas-fir
stands makes this evident; trees do not retain leaves that are
respiring more energy than they are fixing through photo-
synthesis. Stand leaf areas are often very high in old-growth
stands, commonly with 9 to 15 m2 of leaf surface per square
meter of ground surface. Young stands are typically in the
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range of 6 to 8 m2 (Franklin and Waring 1980). Individual
old-growth trees may have 60 to 70 million needles with
4000 m2 of leaf surface (Pike and others 1977). Obviously,
such large photosynthetic factories could not be maintained

I if they were failing to support themselves.

Distinguishing between productivity as measured by biolo-
gists and that measured by foresters is important. Gross
production in ecological terms is equivalent to the amount of
energy fixed photosynthetically per unit area per unit time.
Ecologists define net primary production as the biomass
increment plus mortality, including litterfall and materials
removed by grazing. Foresters define productivity as wood
biomass increment, which describes only a portion of the
ecosystem’s total net productivity. Comments on the low
productivity of old-growth forests therefore refer only to the
relatively low rates of new wood production. Available data
indicate that productivity of old and young forests is typically
comparable but that the vast majority of production in
old-growth forests is used in respiration and maintenance
(Grier and Logan 1977).

Despite high respiration rates, most old-growth forests appear
to maintain or increase their amounts of wood. Only one
long-term study of timber growth and yield in an old-growth
Douglas-fir forest is available (DeBell and Franklin 1987).
Over 36 years, wood volumes remained constant even though
the stand was subjected to serious attacks by several pests.
Live-tree volume losses were high because of mortality, but
this loss was offset by substantial stand growth. A high
annual wood increment [15.8 m /ha (1582 bd ft/acre)] was
measured in a IO-year study of growth and mortality in a
250-year-old Douglas-fir stand on the Mount Hood National
Forest (Bemtsen 1960). Even an extraordinarily high annual
mortality of 14.1 m3/ha (1156 bd ft/acre) resulting from a
major windstorm and bark beetle outbreak that occurred
during this period failed to completely offset growth.

The conclusion that old-growth forests are generally stable
in biomass or board foot accumulations is logical. That
foresters have long recognized the basic stability of wood
accumulations in old-growth forests is evident in their
expression of “storing wood on the stump.” We have also
begun to realize that significant tree and forest growth occurs
well beyond culmination of mean annual increment (for
example, Williamson and Price 1971). Indeed, by cutting
forests before or at culmination, we are cutting them at the
transition from ecologically young to mature forests; growth
and biomass accumulation are very far from complete at this

Nutrient and Water Cycling
More data are available on the protective functions of old-
growth forests-their effects on nutrient and water cycling
and on soil erosion-than on any other functional aspect.
Old-growth forest systems are highly retentive of nutrients.
Large amounts are tied up in both living and dead organic
material. Although the release of energy and nutrients from
dead organic materials is often slow, it makes old-growth
forests extremely conservative-nutrients are tightly retained
within the ecosystem. Typically, only small amounts of nutri-
ents leach into the ground water and subsequently appear in
streams (for example, Fredriksen 1972, Sollins and others
1980). Soil erosion is also low in old-growth forests relative
to rates typical of early stages in forest succession (Swanson
and others 1982). The combination of low losses of dissolved
nutrients and of particulate matter results in the high water
quality of old-growth watersheds.

We are learning that old-growth forests have distinctive and
often unexpected effects on hydrologic cycles. At the time of
an earlier synthesis of old-growth characteristics (Franklin
and others 1981), old and young forests were assumed to
have similar net effects on water cycles, but this assumption
has not proved true. One example is in effects on conden-
sation of cloud or fog moisture, In a study at mid-elevations
in the northern Oregon Cascade Range, fog drip from old-
growth foliage was found to contribute up to 30 percent
(89 cm or 35 in) of measurable precipitation per year (Harr
1982). This discovery came after clearcutting of some exper-
imental watersheds reduced, rather than increased, water
yields. Because old-growth forests typically have deep,
multilayered canopies and comparatively high leaf areas, we
can expect them to be more effective than young forests at
condensing and precipitating moisture and atmospheric
particulates The differences between age-classes will
probably be most profound where low clouds or fog are an
important part of the microclimatic environment.

The snow hydrology of old-growth forests is also distinct
from that of younger stands and, especially, clearcits.
Differences result mainly from a reduction in the potential
for rain-on-snow flood events (Harr 1986). Several factors
are responsible, including reduced snow accumulation in
old-growth stands because of canopy interception, and
protection of accumulated snow from the direct impacts of
warm air masses and rain.

stage.
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Structure
Structural characteristics of old-growth forests are extremely
important whether the concern is with the ecology of these
forests or their management. Many, and probably most, of
the distinctive compositional and functional characteristics of
old-growth forests are a direct consequence of their structural
features (fig. 2). Hence, structure is the key to understanding
the ecosystem dynamics of old-growth forests. Also, struc-
ture is what the forest manager can manipulate to achieve
various objectives; this structural manipulation is what
silviculture is about.

Old-growth forests, and unmanaged forests in general, tend
to exhibit high structural diversity. In fact, structural diver-
sity offers some of the strongest contrasts between unman-
aged forests and intensively managed, commercial timber
stands. Some key structural elements of old-growth forests
are obvious: wide ranges in tree sizes, including trees of
large diameter and height; deep, dense tree canopies; and
abundant dead wood (Franklin and others 1981, Spies and
others 1988) (fig. 3). Some of these attributes consist of
individual structures (for example, large live trees, large
snags, and large logs) and others are stand attributes (for
example, multiple canopy layers and understory
heterogeneity).

Individual Structural Features
Large live trees, large snags, and large logs are individual
structural features that have been identified as key elements
of old-growth Douglas-fir forests (for example, Franklin and
Spies, this volume; Franklin and others 1981; Maser and
others 1988; Old-Growth Definition Task Group 1986; Spies
and others 1988). We will consider each briefly.

Large old-growth trees-The most conspicuous of the
individual structural components of old growth are the large,
and very old, live trees. These old trees are typically Douglas-
fir, although many other species-such as western redcedar,
Sitka spruce, and noble fir-may play similar roles depend-
ing on site conditions and stand history. Although size varies
with site conditions and age, old-growth Douglas-fir trees are
very large, with diameters of 1 to 2 meters and heights of
50 to 90 meters. Because individual trees are often 350 to
750 years old, their long and unique histories give them
highly individual forms, in contrast to the uniformity of
trees in young (40-80 yr) or mature (80-250 yr) stands.

The large, deep, irregular crown, that is characteristic of
many old-growth Douglas-fir trees, is as ecologically impor-
tant as the massive trunk. Branches are typically irregularly
distributed and include large, multiple, fan-shaped arrays.
Surfaces of these large branches or branch arrays are covered
by thick organic accumulations, which play important roles
as habitat for both plants and animals.
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Figure 2-Relationship of some structural components of old-growth forest
to distinctive habitat and ecosystem functions (from Franklin and others
1981).

The large, old, live trees are important contributors to the
distinctive functions of old-growth forests. Canopies are sites
for nitrogen-fixing foliose lichens, such as Lobaria oregana
(Franklin and others 1981). They are also locales for con-
densation of moisture, precipitation of other atmospheric
materials, and interception of snow. Large trees provide
diverse habitats for a myriad of organisms, including
epiphytic plants, birds, and mammals. Invertebrate com-
munities are especially rich-an old-growth stand may
contain more than 1500 species. A comparative study of
canopy arthropods in an old-growth forest and in an adjacent
plantation illustrates this richness (Schowalter 1989). Sixty-
one species occurred in the old-growth canopy and one
arthropod in four (individuals, not species) was a predator
or parasite on another arthropod. In contrast, the plantation
canopy supported only 16 species and only one in a thousand
individuals was a predator or parasite; most individuals were
herbivores, mainly aphids. Large trees also serve the impor-
tant function of providing a source for the large snags and
logs that are two other important forest structures.

Large snags-Most old-growth forests contain significant
numbers of tall, large-diameter snags >50 cm d.b.h. and
>20 m tall) (Franklin and Spies, this volume; Franklin and
others 1981; Spies and others 1988). Snags have a variety of
functional roles in forests but are probably best known as
essential habitat for many species of vertebrate and inver-
tebrate animals (this volume, Brown 1985, Maser and others
1988, Thomas 1979). Large snags are particularly important
for primary cavity excavators, such as the pileated wood-
pecker (see Part IV, this volume).





Large logs-Logs are nearly as conspicuous in old-growth
forest stands as are large live trees. In numbers, as well as in
volume and weight of organic matter, they are an important
structural component of natural stands (Spies and others
1988). Large logs typically persist for very long periods-up
to several centuries for some species, such as Douglas-fir and
western redcedar. Logs gradually decompose, undergoing a
variety of physical and chemical changes. For these reasons,
logs are present in a variety of decay states in most natural
stands (Harmon and others 1986).

Large logs are important contributors to the distinctive
compositional and functional features of old-growth stands
(Harmon and others 1986). Logs represent major long-term
sources of energy and nutrients as well as sites for nitrogen
fixation. Logs may also provide physical stability by pro-
tecting sites from erosion and other geomorphic processes.
Large woody debris is a dominant element in aquatic eco-
systems associated with unmanaged Douglas-fir forests,
controlling the distribution of habitats, providing substrate,
and helping to retain materials within stream reaches.

Large logs provide essential habitat for many plant and
animal species (see Parts V and VI, this volume). In addition
to microbial and fungal species, many vascular plants use
logs as habitat. A classic example is the reproduction of tree
species on rotting logs (“nurse logs”), which is particularly
well represented in the coastal rainforests (Harmon and
Franklin 1988). Invertebrate communities are currently not
well known but certainly include hundreds of species in a
typical old-growth stand. And, as this volume documents,
many vertebrate species use logs as habitat to a considerable
extent.

Stand Structural Features
Old-growth forests also have important stand-scale structural
features. Unfortunately, our emphasis on individual structures
has tended to obscure the existence and importance of such
stand features. We emphasize, however, that the character of
old-growth forests is not reducible to a few individual struc-
tures or characteristics.

Tree size-class distributions provide a simple example of
stand-scale structure. Because of the large number of small
trees found in old-growth forests, average diameters and
heights in old-growth stands may be similar to those in

young stands. The range of values, however, is much greater
in old growth, and size-class distributions tend strongly
towards much larger numbers of the smaller trees.

Multiple canopy layers or, more specifically, the continuous
distribution of foliar surfaces from the top of the crown to
the ground, is another stand-scale structural feature. Such
canopy distributions are significant in creating greater
quantities and greater diversity of animal habitat.

Understory heterogeneity is another stand-scale characteristic
that is highly variable in old-growth stands. Understories in
old-growth stands tend to be much patchier than in younger
forest stands. This variability is partially a response to varied
overstory conditions. Gaps are important structural features
of old-growth stands and typically persist for long periods
(Spies and others 1990). Well-developed understories of
herbs, shrubs, and small trees characterize such open habitats,
Heavily shaded sites (“antigaps”), also characteristic of
old-growth forests, produce areas of bare litter from which
green plants may be almost totally absent. Interestingly,
except on dry sites, the distribution of gaps and antigaps in
old-growth stands appears to be controlled primarily by the
canopy density of western hemlock and other shade-tolerant
codominants and not by the canopy distribution of dominant
Douglas-firs.

Any consideration of old-growth forest structure must include
both individual and stand structural features. Better under-
standing and quantification of the roles of known structural
elements are needed along with basic research designed to
identify additional stand-scale attributes.

Conclusions and Management Implications
Old-growth forests in the Douglas-fir region appear to pro-
vide specialized habitat for a unique array of species. These
forests are also very productive in an ecological sense. Major
contrasts in compositional, functional, and structural features
exist between old-growth and managed young-growth stands.
Differences between old-growth and unmanaged young-
growth stands are less pronounced, however, because many
structural features-such as large snags and logs-are carried
over from the old stand to the new under natural disturbance
regimes (Spies and others 1988).
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Several management strategies can be used to accommodate
plant and animal species associated with old-growth forests
and to sustain old-growth forests as ecosystems. Retaining
existing old-growth forests is, in many respects, the safest
strategy. Much is still unknown about the composition,
structure, and function of these ecosystems. How can we
propose to recreate replicas of existing old-growth forests if
we are still ignorant of many of the parts and how they are
related? Furthermore, the existing old-growth forests are, at
least to some degree, unique products of historical events;
they are thus not completely reproducible. Any approach that
emphasizes preservation of existing old growth must also
include some strategy for replacing the stands that will
inevitably be lost to natural catastrophes, such as fire,
windstorm, and volcanic eruption.

Managing forest stands on long rotations is a second strategy
for maintaining old-growth-like habitats. Natural develop-
mental sequences (Franklin and Spies, this volume) show
that old-growth conditions typically begin to emerge at 175
to 225 years (fig. 4). Silvicultural treatments could accelerate
the development of old-growth structural and compositional
features, such as the presence of large trees and intermediate
canopy layers.

Partial cutting (sometimes referred to as partial or green-tree
retention) is another approach to recreating old-growth-like
forest structures in managed stands (fig. 4c). Cuttings of this
type typically retain 10 to 40 percent of the living trees

(fig. 5), as well as snags and logs. Proposals for this type of
cutting practice have been reinforced by observations of
mixed-age-structure stands (see sere illustrated in fig. 4b),
such as Douglas-fir forests originating after the 1902 wild-
fires in southwestern Washington and a 1921 blowdown on
the Olympic Peninsula. These naturally developed forests
show that many of the structural elements of old growth can
develop in less than 100 years if large structural “legacies”
remain from the previous stand. Partial cutting can be used
as either a substitute for or supplement to long rotations; that
is, the strategies are not mutually exclusive.

Providing a low density of individual structures, such as
large live trees, large snags, and large logs on clearcut areas
is another strategy. This approach can be used to provide
habitat for animal species that depend on specific types of
structures, such as snags, but are otherwise tolerant of
cutover habitats. Such approaches, which are designed to
provide for a continuing supply of large snags and logs, are
currently being widely applied on State and Federal forest
lands (fig. 6).

Developing sound management strategies obviously requires
dramatically expanded knowledge of natural forest eco-
systems and how they work, including but not confined to
old growth. The relationships of forest structure and function
to various plant and animal species are critical and must
include considerations of “lesser” organisms, such as
invertebrates and fungi, as well as the vertebrates. 
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Abstract
Sporocarps of hypogeous ectomycorrhizal fungi were har-
vested from 10 Douglas-fir stands representing a variety of
natural habitats. Results are presented in a landscape context
by assuming that the reported sporocarp production is repre-
sentative of Western Hemlock Zone forests in the central
western Cascade Range of Oregon. Over all stands, sporo-
carps were harvested from 5400 m2 and yielded a total dry
standing biomass equivalent to 1.3 kg per ha. The maximum
single-stand sample biomass equaled 9.9 kg per ha. Forty-
seven species of hypogeous fungi were recorded. Elapho-
myces granulatus, Gautieria monticola, Hysterangium
coriaceum, Leucogaster rubescens, and Rhizopogon parksii
accounted for 73 percent of the biomass.

In contrast to epigeous species in the study area, hypogeous
sporocarp production was higher in spring than in fall, Indivi-
dual fungal species showed strong seasonal trends; most had
spring production peaks. Year-to-year variation in relative
biomass for individual species was greater in spring than in

fall. The major species in this study were also major species
in studies from young Douglasfir stands in the Oregon Coast
Range. Gautieria monticola, in particular, seems to be a
widespread dominant species in Western Hemlock Zone
forests of western Oregon.

Introduction
Cooke (1972) defines mycocoenologists as “mycologists
with ecological orientation, [or] ecologists with mycological
interests.” Arnolds (1981) considers a mycocoenological
approach to ecological research as one that usually uses
sample plots (quadrats) to inventory macrofungi in stands of
well-defined plant communities or selected habitats. The
goals of such research are to describe the fungal composition
of a particular plant community and to draw conclusions
about relationships between fungi and vegetation on a
quantitative and qualitative basis.

Vegetation has long been used to assess site quality and to
help identify the importance of various environmental factors
(Cajander 1949). In the Pacific Northwest, quantification and
classification of vegetation in combination with autecological
observations has furthered development of the plant associa-
tion and habitat type concepts (Daubenmire 1968, Hemstrom
and others 1987, Zobel and others 1976). The prevailing
regional system of plant community classification in the
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Pacific Northwest greatly facilitated the execution of myco-
coenological research by freeing the investigator of the need
to conduct elaborate vegetation studies to classify sample
stands. This study was part of a regional characterization of
Douglas-fir forests from which Spies and others (1988)
provided the habitat classification.

Studies of the community ecology of macrofungi have lagged
far behind those of vascular plants. Several daunting chal-
lenges face the would-be mycocoenologist. Arnolds (198 1)
provides a summary of some of these difficulties: fungal
species concepts are often poorly understood and defined;
collections are difficult to identify morphologically and often
require considerable research to reach independent taxonomic
decisions; research is limited to the study of sporocarps (fruit-
ing bodies), which are strongly seasonal (Hueck1953), are
subject to yearly variation caused by variable weather pat-
terns, and exhibit varying, largely unknown, rates of decay
and predation; sporocarp production is not necessarily related
to the abundance or activity of the mycelial colony; and,
autecological research is lacking both in the field, where it is
hampered by the concealed nature of the fungal colonies and
in the laboratory where it is constrained by the investigators’
inability to relate the conclusions to field situations with
confidence.

Fungi that produce hypogeous (belowground) sporocarps
(broadly referred to as truffles) pose additional challenges.
The sporocarps are not only hidden from view, but are also
often preferentially sought and consumed by small animals
(Ure and Maser 1982). Although quantitative community
studies of epigeous (fruiting above the ground) fungi have
been reported since at least 1933 (Haas), Fogel (1976) was
the first to provide a quantitative assessment of hypogeous
sporocarp production. Most of the fungal species producing
hypogeous sporocarps are thought to be ectomycorrhizal
(fungi which develop mutually beneficial associations in the
exterior layers of the roots of certain plants) (Castellano and
others 1989; Trappe 1962, 1971). Mycorrhizal fungi act as
extensions of the root system in forest trees and are thus
important to their nutrition (Tmppe and Fogel1978).

Currently, the only practical way to compare the relative
functional importance of species of ectomycorrhizal fungi in
an ecosystem is by estimating sporocarp production. Potential
functional roles of hypogeous species range from essential
symbiosis with the roots of over-story trees (Harley and
Smith 1983) to provision of sporocarps as food for animals
(Vogel and Trappe 1978).

Several recent studies focused on sporocarp production by
hypogeous fungal species in the Coast Range of western
Oregon. Fogel (1976) was the first to quantitatively analyze

the seasonal distribution of hypogeous sporocarps; he used
sporocarp dry weight and number to calculate mid-dates of
fruiting for individual species and populations.

In a 13-month study including the end of a severe winter
drought, Fogel and Hunt (1979) observed a strong fall peak
in total sporocarp dry weight. Fogel (1981) reviews tech-
niques for quantifying hypogeous sporocarps and correlates
sporocarp production with temperature and moisture. Hunt
and Trappe (1987) point out that documenting all species of
hypogeous fungi in a forest stand requires longterm collect-
ing over several years. Underestimation of species richness
due to small stand samples and infrequent fruiting of some
species was noted by Hunt and Trappe (1987). After 32
months of collection with a total sample area of 1536 m2,
their species-area curve still had not stabilized.

The cited studies were confined to single, similar, second-
growth Douglas-fir stands on Marys Peak in the Oregon
Coast Range, which had all developed over 35 to 65 years
after clearcut logging and burning. An obvious need existed
to characterize the occurrence of hypogeous sporocarps in a
landscape context from a variety of natural habitats over a
wider forest area.

This research aims at broadening the data on year-to-year
changes in the seasonal distribution of sporocarp production
and reports the sporocarp abundance of major species
(Hering 1966) of hypogeous fungi found in 10 forest stands
in the H. J. Andrews Experimental Forest (Oregon Cascade
Range physiographic province). Standing crop sporocarp
biomass was measured within five Douglas-fir forest habitats
covering a range of moisture- and age-classes. To obtain a
representative sample of the major species and to document
the differences in sporocarp production that are largely in-
duced by yeartoyear changes in weather patterns, the study
spanned a 4-year period. Seasonal variation in fruiting
pattern was anticipated through intensive spring and fall
sampling. The following specific objectives were addressed:
identification of the major fungal species that produce
hypogeous sporocarps in Douglas-fir stands typical of the
central Oregon Cascades; characterization of the seasonal
fruiting aspect as determined by the major species; and
determination of yeartoyear changes in the seasonal dis-
tribution of each major species as measured by sporocarp
biomass.

Materials and Methods
Study Area
The H. J. Andrews Experimental Forest occupies the 6400-ha
drainage of Lookout Creek, a tributary of the McKenzie
River (see frontispiece). Elevations range from 420 to
1630 m. The area is typical of the western slopes of the
central Cascade Range in Oregon. The experimental forest
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has been administered by the USDA Forest Service as part of
the Willamette National Forest for scientific, educational,
and management purposes since its establishment in 1948.

A cool-summer Mediterranean climate prevails in the study
area. Average annual precipitation ranges from about 2300 to
2800 mm, depending on topography. About 90 percent of the
precipitation occurs from October through April; summers
are dry. Above 900-m elevation, winter snowpacks accumu-
late to a depth of 1 m or more. Temperatures are moderate
and range from -2 (mean January minima) to 28 oC (mean
July maxima). Potential evapotranspiration exceeds
precipitation from mid-May to September (Bierlmaier and
McKee 1989, Franklin and Dyrness 1971).

Inceptosols dominate the three general soil types that are
characteristic of the experimental forest (Bemtsen and
Rothacher 1959, Brown and Parsons 1973, Dymess and
others 1974, Franklin and Dymess 1973). Steeper slopes and
ridgetops often support a residual Brown Podzolic gravelly
clay loam formed from andesite or basalt. Residual Reddish
Brown and Yellowish Brown Lateritic silty clay loams associ-
ated with breccia and tuff parent material are commonly
found on midslopes. Gentle slopes and benches are often
occupied by a colluvial clay loam.

The study area lies generally within the Western Hemlock
Zone of Franklin and Dymess (1973). Studies of forest com-
munities within the Western Hemlock Zone reveal a general-
ized pattern of occurrence along a moisture stress gradient
(Zobel and others 1976). Characteristic understory vascular
plant species are used to describe the community types. For
example, abundant sword fern and Oregon oxalis typify moist
sites. Mesic sites may be occupied by Oregongrape and Pa-
cific rhododendron. Towards the dry end of the scale, salal
increases in dominance. The driest sites capable of support-
ing forest vegetation are occupied by plant communities of
the Douglas-fir series. In these communities, Douglas-fir is
often considered climax and oceanspray is an important
shrub (Hemstrom and others 1987). A temperature gradient
reflecting elevation is also noted (Zobel and others 1976).
The coolest extreme is represented by the Western Hemlock-
Pacific Silver Fir/Twinflower association, transitional to asso-
ciations in the Pacific Silver Fir Zone.

Sampling
Ten Douglas-fir forest stands were selected for sampling by
age and moisture status. Age-classes were <80,80 to 199,
and 2200 years of age and are referred to in this paper,
respectively, as young, mature, and old-growth. Relative
moisture-classes prevailing at these sites were identified by
generalized vascular plant habitat or community types by
Spies and others (1988).

Five habitat combinations were selected (wet old-growth,
mesic old-growth, dry old-growth, mesic mature, and mesic
young); two stands of each were sampled. Each stand, occu-
pying about 5 ha of relatively homogeneous forest, repre-
sented a subset of typical stands originally located by other
researchers as part of a regional forest characterization (Spies
and others 1988). Stand locations (see frontispiece) and
selected descriptive characteristics of each stand (table 1) are
presented.

Stands were sampled in each season over 6 to 7 weeks. In
spring, stands on lower elevation south slopes were sampled
first, those on higher elevation north slopes last. We thereby
condensed the sample period relative to temperature and
moisture conditions that strongly influence fruiting. The fall
sampling strategy was reversed with stands on higher, north-
erly slopes sampled first. Field work was initiated in the
spring of 1983 and continued through spring of 1986.

Hunt and Trappe (1987) note the difficulty in determining
adequate sampling size and sampling procedures for hypo-
geous sporocarps because fruiting differs so much by species
and abundance in time and space. Additionally, Fogel(1976,
1981) and States (1985) report the clustered distribution of
fruit bodies. Accordingly, welldistributed small plots were
used in the conduct of this study.

For each stand sample, sporocarps were harvested from 25
circular 4-m2 plots for a total sample area of 100 m2. Plots
were placed systematically about every 25 m along three
transects running parallel to the slope contour and spaced
about 75 m apart. New transects were established for each
stand sample; no plots were resampled. In western Oregon
conifer forests, most hypogeous sporocarps are produced at
or above the mineralorganic soil interface (M. Castellano,
G. Hunt, D. Luoma, J. Trappe, pers. obs.). In each plot, the
forest floor was raked back to a 5- to IO-cm depth, thereby
exposing sporocarps in the upper soil layers. The number of
sporocarps from each collection in a plot was recorded. In
the laboratory, sporocarps were identified to species, dried in
a dehumidifier cabinet set to maintain <l5 percent relative
humidity, and weighed to the nearest 0.01 g to determine
biomass. Major species are those with 25 percent of the total
biomass in the study (Hering 1966).

The terms “dominant” and “subdominant” within categories
refers to sporocarp biomass as an indicator of a species’ im-
portance relative to other species. Cooke (1955) measured
the dominance of epigeous sporocarp by estimating fruiting
body volume, and concluded his measure had “physiognomic
rather than competitive significance.” Cain and Castro (1959)
note that the term “dominance” is applied to different phe-
nomena but argue against restrictive meanings because the
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Table 1Selected characteristics by habitat of 10 Douglas& stands, II. J. Andrews Experimental 
Forest. Oreeon 

WOG 2 450 81 280 41 
3 450 101 526 19 

MOG 15 450 146 392 8 
17 450 108 670 13 

DOG 25 200 49 443 55 
29 200 47 163 52 

MUM 36 130 71 408 33 
90 84 38 433 25 

MY 48 69 58 1410 48 
86 79 52 1535 59 

differences are clear enough in co&?xt. Dominance (also co- 
and subdominance) of a species indicates predominance as 
expressed by some measure that may or may not reflect 
ecological influence in the dynamics of the community. 

The term “stand sample” refers to the total 100-m’ collection 
area (Cram 25 plots) for a given stand at a give” seasonal har- 
vest in a given year. This report uses data collected from 54 
stand samples over 4 years, 28 stand samples in spring and 
26 in fall. Seasons were defined by equinox and solstice cal- 
endar dates. Twelve stand samples were taken in wet old 
growth, 10 in mesic old growth, 12 in dry old growth, 8 in 
mesic mature, and 12 in mesic young habitats. 

Analysis 
Because of the unequal number of stand samples in the 
various seasonal categories, sporocarp biomass values were 
standardized to equivalent biomass, expressed in grams per 
hectare, and used to report seasonal results and relative 
values. The total biomass for a species in a category was 
divided by the appmpriate fraction of a hectare sampled in 
that category to obtain equivalent biomass. Relative annual 
biomass of each species by season was calculated as a 
percentage of a species’ total seasonal biomass (equivalent 
g/ha within each year). 

Results 
Total sporocarp production 
Sporocarps were harvested from 5400 m* and yielded a dry 
weight biomass of 697 g, equivalent to a standing biomass of 
1.3 kg per ha. The maximum single-stand-sample total bio- 
mass was 99 g dry weight or 9.9 kg per ha. Forty-seven 

species of hypogeous fungi were recorded during the study. 
Fourteen species accounted for 94 percent of the total bio- 
mass. Five major speciesE@homyces granulates Fr., 
Gautieria monficola Harkn., Hysterangium co&cum Hesse, 
Leucogmer rubescens Zeller & Dodge, and Rhiropogon 
pa&ii SmitLaccounted for 73 percent of the biomass. 

Year-to-year variation 
Spring fruiting was dominated by a different fungus each 
year: Hysrerangium coriaceum in year one, Gautieria 
vwnticola in year two, and Elaphomyces granulatus in 
year three (table 2). Eighty percent of the spring biomass 
of Elaphomyces granulatus in year three was attributable to 
one extreme stand sample of 99 g. This value represents a 
particularly Qxeresting outlier because it was obtained from 
a single 4-m plot containing 54 sporocafp~ If a more 
“reasonable” (for this sample size, 1000 m ) stand-sample 
value of 35 g for E. granulatus were assumed, then 
Gautieria would have been the spring biomass dominant in 
year three also. Elaphomyces granularus was a subdominant 
in year two. Rhiropogon parksii was not found in spring. 

Fall sporocarp production was dominated by Rhizopogon 
parkrii with >50 percent of the total biomass (table 2) in all 
years. I” each year, one stand sample contributed a large 
proportion of R. parksii’s fall biomass (29, 36, and 70 
percent in years 1, 2, and 3, respectively). EIaphomyces 
granularus was a fall subdominant in years one and two. 
Leucogawr rubescens was a fall subdominant in year three. 
Hysterangium coriaceum was not found in fall. Year one, 
with the least biomass, had relatively equal distribution of 
fall and spring biomass (table 2). 
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Table Z-Annual sporocarp biomass (equivalent g per ha) of maJor species by season in a 5400-m’ 
total sample from 10 Douglas-fir stands, HJ. Andrew Experimental Forest, Oregon 

YEAR 1 YEAR 2 YEAR 3 

SpIiIlg Fall SP+? Fail spring Fall 
(n=S) (n = 8) (n = 10y (n=9) (n = 10) (II = 9) 

65 109 231 82 1234 87 
4 30 790 19 525 19 

293 142 80 
10 u 84 43 13 131 

170 672 491 
372 330 1247 917 1852 728 

351 1091 1319 

The yearly proportion of each species seasonal sporccarp bio- 
mass is shown (figs. 1, 2). Variation in relative biomass from 

studies of hypogeous sporocarp production were confined to 

ywtoyear for individual species was greater in spring than 
single stands (Fog4 1976, Fogel and Hunt 1979, Hunt and 

in fall. Three spring species had one year with >60 percent 
Trappe 1987). Their major goals were to quantitatively 

of their total seasonal biomass. In fall, only Rhiropogon 
estimate sporocarp production, to determine phenology of 

parksii had such a strong single-year dominance. 
production, and to characterize the hypogeous fungal-species 
community composition. 

Discussion 

This paper seeks to put the results in a landscape perspective 
by generalizing seasonal sporccarp production as being repre- 
sentative of Western Hemlock Zone forests in the central 
Cascade Range of Oregon. The most extensive previous 

Fogel(1976) and Hunt and Trappe (1987) show that sporo- 
carp biomass production of single species differs from year 
to year. In a 3.year study with small (50-m’) monthly sam- 
ples, Fog4 (1976) had four major species in common with 
this study. The species and biomass ranges of the annual 
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standing crop were as follows: Elaphomyces granulatus,
0 to 90 g per ha; Gautieria monticola, 13 to 432 g per ha;
Hysterangium coriaceum (as H. separabile Zeller), 294 to
572 g per ha; and Rhizopogon parksii, 89 to 252 g per ha.
Other major species of Fogel’s (1976) study include:
ffymenogasterparksii Zeller & Dodge, 76 to 435 g per ha;
Hysterangium setchellii Fischer (as H. crassum [Tul. & Tul.]
Fischer), 517 to 1206 g per ha; Truncocolumella citrina
Zeller, 30 to 2336 g per ha; and Tuber spp., 0 to 380 g per
ha. Hysterangium setchellii and Truncocolumella citrina
were moderately important, while Hymenogaster parksii and
Tuber spp. were minor species in Luoma (1988).

Fogel (1976) provides seasonal information on Hysterangium
coriaceum by reporting fruiting period (monthly range) and
mean calender day of fruiting with number of days standard
deviation. Hysterangium taxonomy was not well known at
the time of his study so that H. separabile is the species re-
ported and may not entirely equate with what is now ac-
cepted as H. coriaceum. Fogel(1976) made collections of
H. separabile throughout the year and lists it as an “oppor-
tunistic” species. The mean fruiting date, however, in each of
3 years was in April with a standard deviation of 11 days-
the smallest of the eight species reported. Fogel(1976) lists
Rhizopogon parksii as a characteristic fall species.

Data from Dinner Creek, Oregon (Fogel and Hunt 1979, Hunt
and Trappe 1987), gathered over 2 years, revealed five major
species. Three-Gautieria monticola, 8 to 85 g per ha;
Leucogaster rubescens, 316 to 338 g per ha: and Rhizopogon
parksii, 116 to 463 g per ha-were also major species in the
current study. Two-Leucophleps magnata Harkn., 21 to
189 g per ha; and Truncocolumella citrina, 0 to 749 g per
ha-had moderate importance in Luoma (1988).

Hunt and Trappe (1987) sampled sporocarp production in a
1.5-ha stand for 21 months. Monthly production was esti-
mated from twelve 4-m2 plots. Major species in common
with the present study were Gautieria monticola, 769 to
1527 g per ha and Hysterangium coriaceum, 106 to 204 g
per ha. Other major species were Hysterangium setchellii,
746 to 842 g per ha and Melanogaster sp. nov., 108 to 225 g
per ha.

Hunt and Trappe (1987) also report fruiting middate mean,
and standard deviation for selected species. Over 2 years,
Hysterangium coriaceum was collected from February to
December but its middate was in April with a standard
deviation of 8 days. Rhizopogon parksii was found only
from September to December.

In this study, total spring equivalent biomass ranged from 0.4
to 1.8 kg per ha. These values were consistently greater than
or equal to the fall range of 0.3 to 0.9 kg per ha (table 2) and
contrast with Fogel and Hunt’s (1979) marked fall biomass
peak in the 1st year of sampling at Dinner Creek. Hunt and
Trappe (1987) found comparable biomass between spring
and fall during the 2d year of sampling at Dinner Creek.
Fogel(1976) reports that spring and fall biomass were com-
parable but data in Hunt and Trappe (1987) show that Fogel
had a marked spring biomass peak in each of 3 years. The
single-sample maximum biomass of 9.9 kg per ha reported
here supplants the unpublished values (1.4, 1.7 kg per ha) of
Luoma and Hunt cited in table 6 of Hunt and Trappe (1987).

Total sporocarp biomass was substantially less in both spring
and fall of year one compared to the other years. The low
spring values may have been influenced by record high tem-
peratures in May 1983. A 14-day period with only a trace
of rain encompassed 12 days in which high temperatures
reached more than 25 oC (mean monthly high = 18.7 oC) and
included the highest May temperature (40oC) recorded at the
H. J. Andrews station. Low sporocarp production in fall was
coincidental with well below average September and October
precipitation in 1983 (Bierlmaier and McKee 1989; F.
Bierlmaier, unpubl. data).

Year one had the maximum production for one species in
spring and another species in fall (figs. 1.2). Year two
showed highest relative sporocarp biomass for two species
in spring and two species in fall. One species had maximum
spring biomass and one species had maximum fall biomass
in year three. Hysterangium coriaceum was not found in the
fall and Rhizopogonparksii was not found in spring; other-
wise, no strong trends were in these data. In this data set, a
single year with maximum relative biomass of two species
occurring in the same season is the nominal distribution.
Year two had both such species maximums for spring and
fall.

Weather patterns (particularly the timing and duration of
drought periods) likely account for much of the yeartoyear
seasonal variation observed in this and other studies (Fogel
1981). Although it is ecologically meaningful for a given
year, such variation detracts from attempts to characterize
general trends in importance or dominance (as measured by
sporocarp biomass) by season and habitat. Such a characteri-
zation will be presented elsewhere in the scientific literature
(Luoma and others, in press).
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Conclusions
Relatively few species (five) of hypogeous fungi accounted
for most of the total biomass (73 percent). Many species
showed strong seasonal variation in relative biomass produc-
tion. For the major species, spring had greater year-to-year
variation in sporocarp production and higher total biomass
production than did fall. The range of standing biomass
values for the species reported in this study is similar to
the values reported for hypogeous sporocarps by other
researchers. All of the major species in this study were
also major species in one or more of the studies from
young Douglas-fir stands in the Oregon Coast Range
(Fogel 1976, Fogel and Hunt 1979, Hunt and Trappe
1987). In Western Hemlock Zone forests of western Oregon,
Gautieria monticola seems to be a widespread sporocarp
dominant, Hysterangium coriaceum a predominantly spring
species, and Rhizopogon parksii characterizes the fall fruiting
aspect. In contrast to epigeous mycorrhizal fungi, hypogeous
sporocarp production is generally higher in spring than in fall
(Fogel 1976; Hunt, unpubl. data).
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Abstract
Structural characteristics of forest overstories, understories,
and forest floor and coarse woody litter accumulations were
related to stand age, geography, and relative site moisture in
196 Douglas-fir stands in western Oregon and Washington.
Stands ranged in age from 40 to 900 years and typically orig-
inated after wildfire. A series of multivariate analyses was
used to identify structural attributes that distinguished old-
growth (>195 years old) from mature (80-195 years old) and
young (40-80 years old) age-classes. Separate analyses of
four attribute sets-overstory, stand condition (degree of
damage and disease), understory vegetation, and forest floor
and coarse woody litter indicated that the age-classes differed
in numerous attributes. Discriminant models that used over-
story characteristics, such as tree density, density of large
Douglas-firs, and variation in tree diameter, and models com-
bining variables from the four different attribute sets were
most successful in distinguishing the age-classes. Age-classes
represent portions of a continuous gradient of structural

variation associated with age, based on ordinations with can-
onical discriminant analysis. Old-growth stands from differ-
ent geographic provinces and relative site moisture-classes
differ considerably in structure. Much of this variation in old-
growth structure was associated with variation in densities of
shade-tolerant trees and characteristics of the understory
vegetation. Variation in old-growth-forest structure strongly
suggests that low to moderate disturbance during the life of
the stands has had an important influence on stand structure.
The study provides a basis for defining and taking inventory
of old-growth conditions as well as for managing the natural
diversity of old-growth and earlier successional Douglas-fir
forests in western Oregon and Washington.

Introduction
Douglas-fir forms dense, long-lived coniferous forests that
dominate the mountainous landscapes of western Oregon and
Washington. The structure and habitat quality of these forests
varies greatly as a consequence of forest succession, disturb-
ance, and plant community and environmental factors. The
loss of the habitat structure associated with natural and old-
growth Douglas-fir forests is a matter of intense public
debate. The range of variability in the ecological structure
of these forests is becoming more and more limited as the
majority of forest lands are committed to short rotations for
wood products. Information about natural Douglas-fir forest
structure, its variability, and the processes that determine it
are needed to identify wildlife habitat relationships, to
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inventory critical habitat conditions, and to provide manage-
ment targets for silvicultural manipulations, habitat reserve
areas, and the maintenance of biological diversity.

Little quantitative information has been available on variation
in natural Douglas-fir forests over a wide range of ages.
Franklin and others (198 1) describe the general ecological
characteristics of old-growth Douglas-fir forests. They iden-
tify large live trees, large snags, and large logs as major dis-
tinctive features of these old ecosystems. Juday (1976) ex-
amines the species composition and some structural attributes
in old-growth forests in the Oregon Coast Range. Alaback
(1984) compares the structure of old-growth and second-
growth western hemlock-Sitka spruce forests in southeastern
Alaska. Most quantitative studies in Douglas-fir forests have
focused on woody-debris components (Agee and Huff 1987,
Graham and Cromack 1982, Sollins 1982, Spies and others
1988) or live tree components (Grier and Logan 1977;
Franklin and DeBell 1988; Spies and others, unpubl. man-
uscript) in detailed studies of relatively few stands.

The major objectives of this study were to identify distinc-
tive attributes and contrast the ecological structures of old-
growth, mature, and young Douglas-fir forests; and to con-
trast the old-growth forest structure of different physiographic
provinces and relative site moisture-classes in western Oregon
and Washington. Several general questions were addressed:
Are overstory, understory, and debris components equally
distinctive among age-classes? Do different structural com-
ponents change at the same rate and in the same manner
with stand development and succession? How similar is old-
growth forest structure among site moisture-classes from
different physiographic provinces?

Study Area
Douglas-fir-dominated forests were studied in Washington
and Oregon in three physiographic provinces: the southern
Washington Cascade Range, the Oregon Cascade Range, and
the southern half of the Coast Ranges of Oregon (Franklin
and Dymess 1973). These provinces are characterized by
steep, deeply dissected terrain with well-developed soil.
Parent materials are Tertiary basalts and andesites in the
Cascade Range, and early Tertiary sedimentary rocks in the
Coast Range. The climate is wet in winter and dry in sum-
mer. Annual precipitation is heavy, ranging from 800 to over
3000 mm. Highest amounts of precipitation occur near the
upper western slopes of the Coast Range and in the Cascade
Range in Washington and northern Oregon (Franklin and
Dymess 1973). Lowest precipitation occurs on the eastern
slopes of the Coast Range and in the southern Oregon
Cascades.

The study area encompasses two major vegetation zones: the
Western Hemlock Zone and the lower elevational portion
of the Pacific Silver Fir Zone (Franklin and Dyrness 1973).
Western hemlock and Pacific silver fir are the climax species
on most sites in these zones; on dry sites, Douglas-fir may be
climax. In southern Oregon, the northern margin of the Mixed
Conifer Zone was sampled. In the Coast Range, the eastern
margin of the Sitka Spruce Zone was sampled.

Most Douglas-fir stands in the region originated after cata-
strophic wildfire (Franklin and Hemstrom 1981); see Franklin
and Dymess (1973) for a generalized, natural successional
sequence. Young stands originating from wildfires are typi-
cally dominated by Douglas-fir, although western hemlock or
red alder may dominate in some areas. By 200 years, many
stands exhibit old-growth characteristics (Franklin and others
1981, Spies and Franklin 1988), such as codominance of
western hemlock in the overstory, diverse vertical distribu-
tion of foliage, and large accumulations of woody debris
(Spies and others 1988). True climax forests are rare because
pioneer Douglas-fir can persist in stands for over 1000 years
(Franklin and DeBell 1988; Franklin and others 1988; Spies
and others, unpubl. manuscript), and wildfires occur more
frequently than 1000 years on most sites.

Methods
General Design
A total of 196 Douglas-fir stands in Washington and Oregon
representing different ages (40 to 900 years) and site condi-
tions were sampled during 1983 and 1984 (see frontispiece).
All stands originated after wildfires, which killed all or nearly
all the overstory trees. We sampled along two gradients: a
chronosequence of Douglas-fir stands on sites with moderate
moisture, and a full range of site-moisture conditions for old-
growth Douglas-fir stands (>200 years old). Resources were
not available to sample extremes of site moisture for stands
<200 years old. Consequently, the results of the Chronose-
quence analyses are based only on moderate or mesic sites
(from young through old growth), and site-moisture analyses
are based only on old-growth stands. To maintain a similar
geographic distribution among ages of sampled stands, samp-
ling was concentrated in areas in each province that con-
tained all three of the following broad age-classes: young
(<80 years), mature (80-195 years), and old growth (2195
Ye=N.

Site Moisture Classification
Stands >200 years were tentatively assigned during field
reconnaissance into three broad moisture-classes-dry, mod-
erate, and moist-based on observations of vegetation compo-
sition (Franklin 1979, Zobel and others 1976), physiography,
and soils. Dry sites occur on steep upper slopes of southerly
aspects, commonly with skeletal soils. Plant communities of
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this moisture-class are characterized by Douglas-fir/ 
H&discus discolor* and western hemlocWGaultheria 
shalkm plant associations (F’ranklin 1979). Moderate sites 
are on deeper soils of mid to low topographic position. Plant 
communities of this moisture-class were characterized by 
western hemlocW&rberis nervosa, western hemlock/Berberis 
nervosa/Polystichm munitum and related associations. Moist 
sites occur on lower northerly slopes, wet benches, and river 
terraces where plant communities include western hemlock/ 
Polysdchum munitum, wcstem hcmlock/Oxalis oregana, and 
western hemlock/Oplopanax horridurn and other related 
tpes. 

After field sampling was completed, the site-moisture classifi- 
cations were refined for each province using detrended COT- 
respondence analysis (DECORANA) (Gauch 1982), a multi- 
variate data-reduction and ordination program for ecological 
data. Moisture classifications also were done separately for 

each of three subprovinces (north, central, and south) in the 
Oregon Cascade province, because it spanned a very large 
and diverse area. The moisture classifications consequently 
relate to specific provinces or subprovinces. Retinements to 
the classification were made subjectively, based on the 
environmental interpretation of the ordination axes. 

DECORANA was also used to help reduce differences in 
environment among the age-classes. Analysis of understory 
vegetation data from all stands indicated that young and 
mature stands sampled a broader range of environment than 
originally intended. Scatter plots of the DECORANA stand 
scores were used as a guide for deleting stands within an 
age-class that were outliers from the general range of stands 
of the other age-classes. This editing procedure, which was 
done subjectively, based on both the DECORANA analyses 
and knowledge of the site conditions, resulted in selection of 
177 stands from the 196 for comparing age-classes. Although 
the distributions of the strands differed somewhat with respect 
to the ordination scores, the stand scores of the age-classes 
still overlapped considerably (fig. 1). 

93 



Stand Selection and Plot Measurements
Stand size ranged from about 4 to 20 ha. Within each stand,
five circular plots were systematically located. In some of the
very small stands, only three or four plots were established.
Plots were spaced either 100 or 150 m apart, depending on
stand size, with wider spacing in large stands. The locations
of the plots were determined before the field sampling by the
size and shape of the stand as seen on aerial photographs.

Each plot was a nested set of circular plots of six sizes:
0.002 ha, 0.02 ha, 0.05 ha, 0.1 ha, and 0.2 ha. In the 0.1 -ha
plot, trees over 50 cm in d.b.h. and snags over 0.1 m tall with
upper diameters >l0 cm were measured (10 cm in d.b.h. for
snags>1.4 m tall) and recorded by species, diameter, height-
class, and decay-class using the five-class system of Cline
and others (1980). Trees were classified into one of the fol-
lowing height-classes: 1 to 2 m; 2 to 4 m; 4 to 8 m; 8 to
16 m; 16 to 32 m; 32 to 48 m; 48 to 64 m; >64 m. Addi-
tional measurements on trees included coding of condition
of crowns and boles, presence of disease and disturbance
indicators, and presence of natural and excavated cavities
on the readily visible lower third of the bole. Additional
measurements on snags included the presence of natural
cavities and excavations, and heights that were estimated
visually after heights of a few snags or trees on each plot
were measured with a clinometer and tape. The 0.2-ha plot
was used during the second field season to record inform-
ation on snags >50 cm in d.b.h. and >15 m tall, which oc-
curred with low densities in most forests. The 0.05-ha plot
was used to record the information described above for trees
50 cm in d.b.h. All logs >10 cm in diameter (large end) that
projected into the 0.05-ha plot were measured. Log measure-
ments included length (within plot), horizontal diameter at
both ends, species and decay-class using a five-class scheme
developed for Douglas-fir logs (Fogel and others 1973,
modified by Sollins 1982). The decay-classes were used for
all species because no classification was available for the
other species.

Understory vegetation information was recorded by species
in the three smallest plots. The number, species, and height
by class of all tree seedlings and saplings 1 m tall to 5 cm in
d.b.h. was recorded in the 0.05-ha plot. The percentage cover
of tall shrubs was estimated by species over the 0.05-ha plot.
The percentage cover of all vascular plants, mosses, and
lichens (including foliose lichens from the canopy that had
fallen to the forest floor) was estimated by species in the
0.02-ha plot. All vascular plants were identified to species or
genus, but only selected mosses and lichens were identified
to species. The number, species, and height-class of all tree
seedlings <1 m tall were recorded in four 0.002-ha plots
systematically located in the 0.05-ha plot. The depth of the
L, F, and H litter layers was recorded to the nearest milli-
meter at three points in each 0.002-ha plot (12 points in each
0.05-ha plot) by use of a trowel and ruler.

Data on slope, aspect, topographic position, and shape of
topographic cross section were collected from the 0.l-ha
plot. The heights of two to four trees on each plot were
measured with a clinometer and tape. Tree ages were deter-
mined for young and mature stands by increment coring at
breast height of at least one dominant Douglas-fir per plot,
adding 5 to 7 years for growth to breast height (depending
on site), and averaging the plot estimates to obtain an age
estimate for the stand. For old-growth stands, age estimates
were made from stumps in nearby clearcuts, along trails or
roads, or, sometimes, from increment cores on dominant
trees. Data collected by Hemstrom (1979) were used to
estimate ages of the stands in Mount Rainier National Park.

Calculations and Analyses
The density of trees, and volume and number of logs and
snags, were computed by species, decay-class, and various
size-classes for each plot in a stand. Diversity of tree heights
(H') (Pielou 1977) was calculated for the height-classes,
based on either density of trees or basal area of trees in each
class. Volume was computed by using the formula for a
cone. Stand values were then calculated as the means and
variances of the plot values. Logs in decay-classes 1 to 4
were considered round in cross section. For decay-class 5
logs, which are flattened in cross section, vertical diameters
were estimated by multiplying the horizontal diameter by
0.439, a ratio determined from a sample of 20 logs (J. Means,
unpubl. data). We estimated the upper diameters of snags by
using a taper value of 0.12 cm/dm determined from dia-
meters and lengths of class 1 to 3 logs. Plot areas were not
area-corrected for slope because such corrections result in an
overestimate of stand characteristics as compared with level
ground (Mueller-Dombois and Ellenberg 1974).

The potential number of variables available to characterize
the forest stands is extremely large-perhaps over 2000 if
characteristics of species are included. Therefore, the analysis
began with a multi-step process of variable selection and
data reduction, with aggregation of species information into
life-form-group variables (appendix table 10) to reduce the
number of variables. The only exception was Douglas-fir,
which retained its species identity for several tree character-
istics. Variables were then divided subjectively into four
attribute-sets: overstory, stand condition (tree and snag
characteristics related to vigor, damage, disease, or animal
use), understory, and debris. In each of these sets, 15 to 30
variables were subjectively chosen, based on documented or
hypothesized importance to wildlife habitat, ecosystem func-
tion, and successional development (appendix table 11).

Four separate but related analyses were used for each
attribute-set and the combination of all attributes. First, a
stepwise discriminant analysis (SAS 1987) was conducted on
each set with either the three age-classes for the entire study
area, or nine province/site moisture-classes. A significance
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level of P < 0.15 was used to include or exclude a variable
from the model. The distributions of all variables were ex-
amined before analyses, and square-root or logarithmic trans-
formations were used where appropriate to produce normal
or close-to-normal distributions. The stepwise analyses typi-
cally selected 8 to 12 variables for each attribute-set with
significant discriminatory power for the particular class
models. These new smaller attribute-sets were then used in
the next three analytic steps.

Canonical discriminant analysis (SAS 1987), a data-reduction
technique, was the next step, which extracted a small set of
new variates that maximized differences between the classes.
The correlations of the original variables with the new vari-
ates was used to evaluate the dependence structure of the
variables associated with differences in the classes. The stand
scores of the variates were plotted to evaluate the relative
distinctness or degree of overlap among the age- or old-
growth province/moisture-classes.

Discriminant analysis was then used to determine the clas-
sification error rate by a jackknife procedure based on the
variables selected in the stepwise analysis (Lachenbruch and
Mickey 1968). This procedure generates a relatively unbiased
estimate of the error or success rate of the discriminant
models. Within-class covariate matrices were used in the
discriminant analysis of the age-classes, and pooled covariate
matrices were used in the analysis of the Province/moisture-
classes.

The fourth and last analysis on the variables from the step-
wise analysis consisted of combining the best variables from
each of the four attribute-sets and conducting another series
of stepwise discriminant analyses, canonical discriminant
analyses, and error-rate analyses.

Results
How Do Old-Growth Forests Differ From Younger
Forests?
Overstory (trees >5 cm in d.b.h..)-Tree density, mean
stand diameter, and basal area were most important in dis-
criminating among age-classes (table 1). Tree density was
about twice as high in young stands as it was in mature and
old-growth stands (table 2). Basal area increased with age-
class, and mean tree diameter was highest in mature stands,
which lacked the smaller diameter, shade-tolerant trees com-
mon in the old growth (table 2). The high variability in old-
growth stand structure was evidenced by old growth’s having
the highest standard deviation of tree diameter at breast
height (table 2). Diversity of tree heights (H’), which had
weak discriminating power, was actually highest in mature
stands, probably because tree densities were more evenly

distributed across the height-classes in mature stands than in
young or old-growth stands, where tree densities are con-
centrated in the shortest height-classes.

Most of the variance between age-classes could be reduced
to a single canonical variate related to the standard deviation
of tree diameter and the density of large trees (>lOO cm in
d.b.h.) (table 3). A second minor variate was related to mean
tree diameter and tree density. Ordination of the stands,
based on their canonical variate scores, revealed relatively
distinct age-class means but considerable within-age-class
variation and moderate overlap between the mature stands
and the old-growth and young stands (fig. 2a).

Stand condition-Percentage of snags with natural cavities,
percentage of Douglas-fir boles with resinosis, and percent-
age of tree crowns with broken tops were important in the
discriminant model (table 1). Nearly all measures of tree
decadence were much higher in old growth than in the
younger age-classes (table 2). The percentage of Douglas-firs
with broken-topped crowns was nearly 10, and it was nearly
3 times higher in old growth than in young and mature
stands. The percentage of broken tops in old growth is
probably much higher than we measured because many
smaller breaks or older, obscured breaks were not counted.
The percentage of trees with excavated cavities was <1 in all
age-classes, although the percentage in old growth was
several times that of the other age-classes. Both old-growth
and young stands had similar percentages of fall scars. The
bark of small, shade-intolerant trees in young stands is easily
scarred; in old-growth, thin-barked, shade-tolerant species
also scar relatively easily, and falling trees and large limbs
can cause scarring even on thick-barked shade-intolerant
trees.

Most of the between-class variation could be accounted for
by the first canonical variate, which is related to tree crowns
with broken and dead tops (table 3). The second, minor vari-
ate was related to fall scars and dead tops. Age-class means
were not well separated, and considerable overlap occurred
between the mature stands and the old and young stands,
although the distributions of the old and young age-classes
overlapped only slightly (fig. 2b).

Understory vegetation-Cover of herbs, density of shade-
tolerant saplings, and cover of deciduous shrubs were impor-
tant in the discriminant model (table 1). Herb and deciduous-
shrub cover increased with stand age-class. As expected, the
density of shade-tolerant saplings was highest in old growth,
but, unexpectedly, shade-tolerant saplings were lowest in
mature stands and intermediate in young ones (table 2).
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Table l-Variables and their F values in final models selected by stepwise discriminant analyses of forest age-classes based on
different subsets of variables (all variables significant at P < 0.05)

Variable set

Overstory F Stand conditiona
F Understory F Debris F Combined set F

Tree density 22.1

Tree d.b.h. mean 20.3

Total basal area 18.4
>lOO-cm-d.b.h. Douglas-fii

density 10.3
Tree spp. richness

in stand 1.5
Shade-tolerant species

density 5.2
Tree d.b.h. standard

deviation 5.0
Broad-leaved species

basal area 4.8
Shade-intolerant

species density 4.0
Diversity of tree

heights (H’) based
on density 3.6

3.6

Snags with natural
cavities

Resinosis
Douglas-fir

Broken-topped
croyts

Sweeping boles,
all spp.

Trees with
excavated cavities

Snags >50-cm-
d.b.h. with
naNEd cavities

Broken-topped
crowns, Douglas-fir

Trees with root-
collar cavities

Douglas-firs
with fall scars

Trees with
leaning boles

Snags >50-cm-d.b.h.
with excavated
cavities

7.6

6.4

6.4

4.6

4.1

3.9

3.6

3.4

3.4

3.2

3.2

Percentage herb
cover

Density shade-
tolerant saplings

Percentage cover
deciduous shrubs

Density of sub-
canopy saplings

Percentage total
vegetation cover

Coefficient of
variation of
herb cover

8.6

7.7

6.1

4.7

4.0

3.4

5-to 15-m-tall
snag density

Decay class 2
log volume

>5-m-tall and
>50-cm-d.b.h.
snag density

50-cm-d.b.h.
snag density

Snag volume
Decay class 4

snag volume
1 S- to S-m-tall

snag density
Decay class 5

snag volume
Log volume

22.2

14.3

9.8

6.7
6.3

5.9

5.1

4.5
3.7

Shade-
intolerant
tree species
density

100~cm-d.b.h.
Douglas-fii
density

>5-m-tall  and.
>50-cmd.b.h.
snag density

1.5- to 5-m-tall
snag density

Decay-class
2 log volume

Tree d.b.h.
standard
deviation

Snag volume
Decay class 5

snag volume
Percentage herb

cover
Broken-topped

tree crowns
Decay class

4 snag
volume

Broad-leaved
tree species
basal area

>SO-cm-d.b.h.
snag density

14.8

7.4

7.1

5.7

5.5

5.1
5.0

4.9

4.3

4.2

4.0

3.6

3.6

’ All variables are percentages.

The first canonical variate, which explained most of the vari-
ation, was related to the density of shade-tolerant saplings,
density of subcanopy saplings, and density of herb cover
(table 3). The second, minor variate was related to graminoid
cover and herb cover. All of the age-class distributions over-
lapped in the ordination (fig. 2c). Only a portion of the old-
growth distribution was distinct from the young and mature
stands; these old-growth stands had high densities of shade-
tolerant saplings and high cover of herbs.

Debris-Density of snags 5 to 15 m tall, decay-class 2 log-
volume, and density of large snags were important variables
in the discriminant model (table 1). The density of snags 5 to
15 tall decreased with age-class (table 2), but decay-class 2
log-volume and density of large snags increased with age-
class. In general, small snags and logs were more numerous
in young stands and large ones were most numerous in old
growth. Although not selected by the stepwise discriminant

analysis, the combined-depth of the F and H litter layers was
deeper in old growth (x-=  21 mm) than in young (x = 15
mm) or mature stands (x = 14 mm).

The density of snags less than 15 m tall was related to the
first canonical variate, which explained most of the between
group variation (table 3). The ordination along this variate
separated the old-growth from young and mature forest,
which overlapped almost entirely (fig. 26). The second,
minor variate, which was related to log volume and the
coefficient of variation of numbers of large logs per ha
(table 3), distinguished mature stands from both old-growth
and young stands, although the overlap among classes was
high (fig. 2d). The high coefficient of variation for large logs
in mature stands may result from the scarcity amounts of
logs of this size and the patchy mortality in these stands
from root pathogens and bark beetles, or from an occasional
remnant old-growth tree or a large snag that falls to the
forest floor.
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Table 2--Means’ and confidence limitsb of characteristics selected in stepwise discriminant analyses of young, mature, and
old-growth forests

Age-class Age-class

Characteristic’ Young Mature Old-growth

Overstory:
Tree density

Tree d.b.h. mean

Total basal area

>lOO-cm-d.b.h. Douglas-fir
density

Tree spp. richness (no./stand)

Shade-intolerant spp. density

Shade-tolerant spp. density

Tree d.b.h. standard deviation

Broad-leaved spp. basal area

Diversity (H’)  of tree heights 2.6
based on density (2.4-2.9)

Stand condition:
Boles with fall scars (%)

(3.Z.Y)

0.3
(O-1.2)

Resinosis, Douglas-fir (%)

Broken-topped crowns,
all spp. (%)

Sweeping boles, all spp. (%)

Trees with excavated
cavities (%)

Snags >50-cm-d.b.h. with
natural cavities (%)

Broken-topped crowns,
Douglas-fir (%)

Root-collar cavities (%)

Boles with fall scars,
Douglas-fir (%)

935
(758-l 154)

(l&5)

(394450)

(O&573)

(4E.6)

490
(333-719)

277
(165-416)

(lE4)

0.01
(0.0-0.08)

(O.G.9)

(9!:6)

co.001
(0-O)

(92:6)

1.3
(0.1-3.8)

3.4
(1 .0-7.3)

3.7
(1.6-6.5)

452
(373-548)

(3E9)

(535p65)

(0.9E.73)

5.1
(4.3-5.9)

243
(171-346)

132
(64-223)

(2:;4)

0.01
(0.0-0.08)

2.8
(2.5-3.0)

4.3
(2.7-6.3)

1.0
(0.2-2.3)

(3.E.4)

(1EO)

0.06
(O-0.2)

7.8
(2.0-17.4)

4.2
(1.6-7.9)

(3.3Yl.3)

(0.?:.6)

448
(394-5 11)

(293-134)

(646874)

(lQp23)

(4.E.O)

(4F79)

270
(199-353)

(3E4)

0.001
(0.0-0.004)

(2.::.8)

6.6
(5.3-8.3)

2.2
(1.2-3.4)

6.3
(5.2-7.7)

(11-16)

0.1
(0.06-0.3)

(3.f?2.8)

$5)

(9’?7)

(1 E.5)

CharacteristicC Young Mature Old-growth

Boles with lean (%)

Snags >50-cm-d.b.h. with
excavated cavities (%)

Understory:
Herb cover (%)

Shade-tolerant saplings
density

Deciduous shrub cover (%)

Subcanopy tree saplings
density

Total understory cover (%)

C.V. herb cover

Debris:
5-to 15-m&l snag density

Decay-class 2 log volume

>50-cm-d.b.h. and >5-m-tall
snag density

>50-cm-d.b.h. snag density

Snag volume

Decay-class 4 snag volume

1.5-to  5-m-tall snag density

Decay-class 5 snag volume

Log volume

(8!:4)

(8?5)

(1.5-4.1)

228
(104-400)

(4.p-;81.2)

(1?6)

(33q662)

(6:-;7)

(59-1O3)

2.0
(0.9-4.5)

5.6
(3.1-8.9)

(182-52)

132
(92-189)

(36-83)

(41-72)

(14-41)

223
(163-305)

(9’?5)

(&O)

(3.35::s)

(2281486)

(5.6Y4.1)

(OY7)

(445;2)

(6&4)

(44qcjl9)

(3.98f7.8)

6.1
(3.6-9.3)

(li-to)

(628:19)

(13-42)

(31-5s2)

(6-23)

124
(93-165)

(G7)

8.9
(4.1-15.7)

6.4
(4.7-8.7)

335
(233-456)

(9’;6)

(295-384)

(435-262)

(667:4)

(8-18)

(9.61i6.9)

(1E5)

(2:;8)

159
(128-199)

(23-45)

(2::8)

(9-22)

(2 1?!24)

’ Means are back-transformed to linear values from either a logarithmic or
square root transformation.
* 95% confidence limits of the mean; Scheffe’s procedure. Limits are
asymmetrical about the mean because of transformations.
’ Units: basal area in square meters per hectare density in number/per
hectare; volume in cubic meters per hectare and diameter in centimeters.
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Table 3-Percentage explained variance and correlation
coefficients of the first two canonical variates of analyses of
age-classes based on different sets of characteristics (only the
2 highest correlations are shown for each canonical variate,
except for the combined analysis where the variables with the
4 highest correlations are shown)

Characteristic Variate 1 Variate 2

Overstory:
Percentage of variance explained
Correlation coefficients

Tree d.b.h. standard deviation
>lOO-cm-d.b.h.  Douglas-fir density
Tree diameter mean
Tree density

Stand condition:
Percentage of variance explained
Correlation coefficients

Broken-topped crowns, all spp. (%)
Broken-topped crowns, Douglas-fir (%)
Trees with conks on lower bole (%)
Dead-topped crowns, all spp. (%)

Understory:
Percentage of variance explained
Correlation coefficients

Shade-tolerant tree sapling density
Subcanopy tree sapling density
Graminoid cover (%)
Herb cover (%)

Debris:
Percentage of variance explained
Correlation coefficients

5- to 15-m-t&  snag density
d-m-tall snag density
Log volume
%O-cm-diameter  log C.V. density

Combined:
Percentage of variance explained
Correlation coefficients

Tree d.b.h. standard deviation
>100-cm-d.b.h. Douglas-fir density
Shade-intolerant tree spp. density
>5-m-tall  snag density
Tree d.b.h. mean
%O-cm-diameter  log density
>50-cm-d.b.h.  snag density
Snag volume

91 9

0.89 0.20
0.85 -0.12
0.33 0.63

-0.50 0.63

85 15

0.56 0.40
0.56 0.04
0.19 0.37
0.54 -0.34

74 26

0.54 -0.56
0.53 -0.09

-0.11 0.70
0.50 0.60

82 18

0.83 -0.10
0.61 0.04

-0.32 0.63
0.09 -0.60

89 11

0.88 0.18
0.85 -0.10

-0.79 0.08
-0.54 0.04

0.33 0.55
0.04 0.50
0.08 -0.43
0.20 -0.39

Combined variable set-When all classes of variables are
considered together, overstory and debris variables are the
most important in the discriminant model (table 1). Density
of shade-intolerant overstory trees appeared to separate the
age-classes (table 2). The density of large-diameter Douglas
firs increased dramatically with age-class; snag volume dis-
tinguished mature stands, which had the lowest volume, from
young and old-growth stands, which had relatively high snag
volumes (table 2).

A high percentage of between-class variation was accounted
for by the first canonical variate, which was positively corre-
lated with the standard deviation of tree diameter and density
of large Douglas-firs and negatively correlated with density
of shade-intolerant trees (table 3). The second variate was
related to log and snag volume. The age-classes were rela-
tively distinct when the stands were ordinated along the two
variates, although overlap still occurred (fig. 2e).

The scores of the first canonical variate were closely related
to stand age in an approximately logistic relation (fig. 3a)
illustrating the continuous nature of habitat variation. The
changes with stand age begin to level-off by 400 to 500
years, reflecting changes in variation in tree diameter and
density of large Douglas-fir. The scores of the second
canonical variate followed a different pattern with stand
age, rising to a peak between 100 and 200 years, and then
declining (fig. 3b). This pattern reflects changes in both
average tree diameter, which is high between 100 and 200
years, and amounts of coarse woody debris which are high
both early and late in succession.

Classification error among attribute types-The variable
sets differed in their capacity to distinguish among the age-
classes (table 4). The highest classification success was
achieved by overstory- and combined-attribute sets. Tree
condition- and understory-attribute sets had the lowest
success percentages. The overstory discriminant model
achieved a slightly higher classification success for old-
growth stands than did the combined-attribute model. In the
combined-attribute model, however, no young stands were
classified as old-growth; in the overstory model, 5 percent
of the young stands were classified as old growth. In all but
the understory- and debris-attribute models, mature stands
were the least successfully classified age-class, which is not
surprising because mature stands are intermediate in the
more or less continuous process of stand development and
succession.

How Does Old-Growth Structure Differ Among
Geographic Provinces and Site Moisture-Classes?
Overstory-Basal area of shade-tolerant tree species and
basal area of broad-leaved tree species were most important
in the discriminant model (table 5). Old-growth stands in the
Washington Cascades generally had the highest basal areas
of shade-tolerant trees of all provinces, although old growth
on moderate sites in the Oregon Cascades had the highest
total basal area of any single province moisture-class (table
6). In general, moist sites had higher basal areas of shade-
tolerant tree species than did moderate or dry sites. The basal
area of broad-leaved tree species, although typically less than
0.1 m2 per ha, was highest in the Coast Range. The broad-
leaved trees in old growth in the Coast Range primarily are
bigleaf maple, which is most common on the east side of the
mountain range. The density of large-diameter Douglas-firs
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was typically lowest in the Washington Cascades and did not
exhibit a strong pattern related to moisture-class, except for a
decrease in density with increasing moisture in the Coast
Range. The density of subcanopy trees generally decreased
with increasing site moisture, probably as a result of increas-
ing basal area of shade-tolerant trees in the upper canopy that
creates low-light conditions unfavorable to understory trees.

Basal area of shade-tolerant species and density of shade-
intolerant species were related to the first canonical variate,
which accounted for 49 percent of the variation (table 7).
This variate essentially distinguished dry sites of the Oregon
Cascades and Coast Range from all other old-growth sites
(fig. 4a). The second variate was related to variation in tree
diameter, density of subcanopy trees, and basal area of
broad-leaved trees (table 7). Stands positioned along this

variate ranged from moist Washington and Oregon stands
with high standard deviations of tree diameter to dry Wash-
ington stands with lower variation in tree diameter and high
densities of subcanopy trees (table 7).

Stand condition-Percentages of natural root-collar cavities,
of trees with arching boles, and of trees with fungal conks
on the lower bole were important in the discriminant model
(table 5). Natural root-collar cavities were most abundant
in stands in the Washington Cascades, where western
hemlock-which often roots on rotten wood and forms
stilted roots-was very common; root-collar cavities were
least common in the Coast Range stands (table 7). The per-
centage of arching boles, perhaps an indicator of steep slopes
and soil creep or disease-weakened stems, was highest in the
Coast Range. The percentage of trees with fungal conks in
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the stands, an indicator of disease incidence, was highest in other classes when plotted against the two variates (fig. 4b), 
the Coast Range on all sites, and generally highest on dry although considerable variation was found within groups and 
sites in aU provinces. overlap among groups. 

The percentages of trees with arching boles and fimgal conks 
were related to the fast canonical variate, which explained 
51 percent of the variance (table 7). The second variate was 
related to the percentage of large snags with excavated 
cavities and Douglas-fir boles with sweep. Coast Range 
stands and the dry Oregon stands were separate from all 

Understory vegetation-Important variables in the discrim- 
inant modal included percentage cover of graminoids, total 
vegetation, evergreen shrubs, and deciduous shrubs (table 5). 
Coast Range stands had the highest cover of graminoids on 
all sites (table 6). Total cover by understory vegetation also 
tended to be higher in the Coast Range and did not exhibit a 
strong relation to site moisture, except perhaps in the Oregon 



Table S-Variables and their F values in final models selected by stepwise discriminant analyses of province-moisture classes based
on different subsets of variables (all variables significant at P <0.05)

Variable set

Overstory F Stand condition’ F Understory F Debris F Combined set F

Shade-tolerant tree
spp. basal area 7.6

Broad-leaved tree spp.
basal area 4.3

>lOO-cm-d.b.h.  Douglas-fir
density 3.1

subcanopy tree spp.
density 3.1

Total basal area 2.9
>lOO-cm-d.b.h.  tree
Shade-intolerant tree

spp. basal area 2.1

Trees with root-
collar cavities

Arching boles
Conks on lower bole
Dead-topped crowns
Snags with natural

cavities
Broken-topped

crowns
Resinosis,

Douglas-fir
Multiple-stem

crowns
Snags with excavated

cavities
>50-cm-d.b.h.  snags

with excavated
cavities

Sweeping boles,
Douglas-fir

6.0
4.8
3.8
3.8

3.3

2.9
2.6

2.6

2.4

2.8

2.1

Graminoid cover
(%I

Total vegetation
cover(%)

Evergreen shrub
cover (%)

Decidous shrub
cover(%)

Herb cover (%)
Subcanopy tree

spp. sapling
density

Evergreen shrub
cover C.V.

11.0

9.8

8.3

7.6
5.8

F and H litter
layer depth

30- to 6@cm-
diameter
log density

Snag volume
Decay class 5

snag volume

3.1

2.8

8.7

4.9

3.9

2.7

Shade-tolerant
tree spp.
basal area

Deciduous shrub
cover (%).

100~cm-d.b.h.
tree density (%)

Total vegetation
cover (%)

Subcanopy tree
spp. density

>lOO-cm-d.b.h.
Douglas-fir
density

F and H litter
layer depth

Sweeping boles,
Douglas-fir (%)

Evergreen shrub
cover (“I)

Herb cover (%)
Broken-topped

crowns (%)
Conks on lower

bole (%)
Dead-topped

crowns(%)
Broad-leaved

tree spp. basal
area (%)

&Q-cm-diameter
logs C.V.
density

Snag volume

7.5

6.1

5.3

4.9

4.5

4.3

3.8

3.7

3.6
3.2

3.2

310

2.9

2.5

2.4
2.1

’ All variables are percentages.

Cascades, where it increased with site moisture. Evergreen
shrub cover tended to be higher on dry sites in all provinces.
Canonical variates analysis indicated that two variates were
required to account for most of the variation between the
classes (table 7). Cover of graminoids was most closely re-
lated to the first canonical variate, and cover of evergreen
shrubs was related to the second variate. Ordination of the
stands along the first two variates separated the Coast Range
stands from the Cascade stands and suggested a gradient of
increasing moisture from top to bottom (fig. 4c).

Debris-The combined depth of the F and H litter layers and
the density of medium-diameter logs were important in the
discriminant model (table 5). The litter layers were generally
thinnest in the Coast Range and thickest in the Washington
Cascades, except on moist sites, where the litter layers of the

Oregon Cascades were thickest (table 6). The forest floor
depth was typically highest on moist sites and lowest on dry
sites, except in the Coast Range. Snag volumes were highest
in the Washington Cascades on all sites and highest on moist
sites in all provinces.

Depth of the F and H litter layers and the density of medium-
diameter logs were related to the first and second canonical
variate (table 7). Ordinations of stands along the first canon-
ical variate (fig. 4d) separated Coast Range stands and dry
Oregon stands, which had relatively thin litter layers and low
amounts of coarse woody debris, from all other classes. As
with the other discriminant models, dry old growth in the
Washington Cascades was more similar to moderate sites in
Washington and Oregon than to dry sites in the other
provinces.
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Table ‘I-Percentage of explained variance and correlation
coefficients (r)of the first 3 canonical variates of analyses of
province-moisture-classes based on different sets of charac-
teristics (only the 2 highest correlations are shown for each
canonical variate except for the combined analysis sets where
variables with the 4 highest correlations are shown)

Characteristic Variate 1 Variate 2 Variate 3

Overstory:
Percentage of variance explained
Correlation coefficients

Shade-tolerant tree spp. basal
area

Shade-intolerant tree spp. density
Tree d.b.h. standard deviation
Subcanopy tree spp. density
Broad-leaved tree spp.
basal area

>lOO-cm-d.b.h.  Douglas-fir density

Stand condition:
Percentage of variance explained
Correlation coefficients

Conks on lower boles (W)
Arching boles (%)
Snags SO-cmd.b.h. with
excavated cavities (%)

Sweeping boles, Douglas-fir (%)
Snags with natural cavities (%)
Trees with swollen knots (%)

Understory:
Percentage of variance explained
Correlation coefficients

Graminoid cover (%)
Herb cover (%)
Evergreen shrub cover (%)
Total vegetation cover (%)
Evergreen shrub cover C.V. (%)

Debris:
Percentage of variance explained

Correlation coefficients
F and H litter layer depth
30- to 60-cmd.b.h. log density
Snag volume
Decay class 5 snag volume
>6O-cm-diameter log density C.V.

Combined set:
Percentage of variance explained
Correlation coefficients

Shade tolerant spp. basal area
F and H litter layer depth
Broad-leaved tree spp. basal
area

Conks on lower bole (4”)
Subcanopy tree density
Evergreen shrub cover  (%)
Snag volume
Sweeping boles (Q)
Herb cover (%)
Broken-topped crowns (%)
>lOO-cm-d.b.h.  tree density

49 2 s 11

0.97 0.09 -0.06
0.50 0.16 0.14
0.16 0.53 0.29

-0.34 -0.53 0.07

-0.44
-0.3 1

0.48
0.20

0.45
0 . 2 9

51 18 1 1

0.63 -0.26 0.23
0.56 0.33 0.003

0.27 0.47 0.02
0.11 0.45 0.15
0.11 0.23 0.52
0.27 -0.10 -0.46

44 30 13

0.82 0.08 -0.30
-0.46 -0.24 0.21
0.11 0.69 0.47

.O.lS -0.02 0.44
0.02 -0.55 -0.61

4 8 30 12

0.83 -0.54 -0.03
0.80 0.25 0.14
0.68 0.32 0.07
0.44 0.10 -0.64

-0.55 -0.03 0.46

37 2 2 16 ’

0.72 -0.58 0.14
0.70 0.04 0.42

-0.63 -0.14 -0.13
-0.53 0.34 0.13
0.06 0.50 -0.24

-0.25 0.47 0.03
0.43 -0.44 0.03
0.10 0.53 -0.48
0.36 -0.13 0.47
0.02 -0.16 0.42

-0.17 -0.22 0.41
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results also suggest that the broad moisture-classes developed
in each province are not comparable across provinces or
even within large provinces, such as the Oregon Cascades.

Of the three provinces, the Coast Range old-growth types
were most successfully identified in the discriminant model
based on combined attributes (table 9). The Washington
Cascade old-growth types were the next most-successfully
classified types-except for Washington dry old-growth
types, which were often classified as dry or moderate Oregon
Cascade types. The moderate and moist Oregon Cascade
types were not distinctive in the models; the moderate types
often were classified as other Cascade moisture types or
Coast Range types, and the moist types often were classified
as other Oregon Cascade types or Washington Cascade
types. These results suggest that the Oregon old-growth types
are somewhat intermediate in habitat structure between the
Washington types to the north and the Coast Range types to
the south and west.

Discussion
Limitations of the Chronosequence

In characterizing habitat structure in relation to stand age, the
assumption has been that space can be substituted for time-
an assumption that is violated to different degrees in most
chronosequence studies because of differences in site and
stand history. In this study, the effects of site differences
were controlled somewhat by maintaining similar levels and
ranges of site characteristics across the age-classes. Stand
history could not be controlled except by restricting the
stands primarily to those that regenerated naturally after
stand-replacing wildfire. Differences in climate, establish-
ment, and subsequent minor and moderate rates of disturb-
ance also could not be controlled and can leave a strong
imprint on stand structure (Spies and others, unpubl. manu-
script). Given these caveats, successional interpretation of
differences in age-classes must be made with caution..

Differences Amcmg Age-classes

Multivariate analyses indicated that forest habitat structure
differs among age-&asses in numerous ways. The variables
selected by stepwise discriminant analyses were not the only
variables that exhibited significant differences among age-
classes. They have high discriminating power, but are not
necessarily the most discriminating set (Legendre and
Legendre 1983). Other variable sets that were not selected
may have equal or possibly somewhat greater discriminating
power, and the subset of variables selected by the stepwise
process is not stable against small changes in the, data set
(SAS 1987). Variables with the highest F values, however,
typically stable against small changes in the sample set, and
the general kind of variables selected were very stable
against changes in sample sets. Several different stepwise
analyses run on different subsets of the data, for example,
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still indicated that overstory attributes had the highest dis-
criminating power. These characteristics of the analyses
suggest generalizing the results not on the basis of the dis-
criminating power of a single specific structural attribute or
exact size-class of attributes, but rather on the general type
or gross features of the attributes.

The high discriminating power of overstory attributes for
age-classes is not surprising because the age-classes were
based on the age of overstory trees. Within the overstory set,

two general processes contribute to the structural changes.
The first is associated with stand development: the decline in
stand density and the increase in tree size. The second is
more related to successional changes: the increase in varia-
tion in tree diameter as the density of large-diameter Douglas-
firs increases and the density of smaller-diameter, Shade-
tolerant trees increases. Variation in tree diameter increased
strongly with succession, but diversity of tree heights (H’)
did not, which probably reflects the fact that the Height-
classes were too broad to be sensitive to height diversity.
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Table S-Summary of discriminant classifications of province-moisture-classes based on different sets of attributes

Percentage classified into class by discriminant function

Variable set

From classes Overstory

Nine province- and moisture-classes 44
Three province-classes alone 66
Three moisture-classes alone 57

Stand condition Understory Debris Combined

33 42 30 56
71 61 56 81
43 58 55 65

Table 9-Summary of discriminant classifications of province- and moisture-classes based on combined sets of attributes”

Percentage classified into class by discriminant function

From class Dry Moderate Moist

Moist Province Washington Oregon Coast Washington Oregon Coast Washington Oregon Coast

DRY Washington 44 44 0 0 11 0 0 0 0
DRY Oregon 0 61 33 0 0 0 0 0 0
DRY Coast 0 11 67 0 0 22 0 0 0

M o d e r a t e  W a s h i n g t o n 20 5 0 50 10 0 10 5 0
M o d e r a t e  O r e g o n 0 15 0 0 35 10 0 30 10
Moderate Coast 0 0 0 0 0 91 0 0 9

Moist Washington 0 0 0 17 8 8 58 8 0
Moist Oregon 5 5 0 5 14 5 14 55 0
Moist Coast 0 0 0 0 20 0 0 0 80

0 Values in bold type indicate correctly classified percentages.

The developmental and successional changes of stands, site are likely to play an equally important role. The dif-
which are described above, account for most of the variation ficulty of observing tall canopies from the ground may also
in overstory structure associated with stand age. have contributed to the poor discrimination.

Debris attributes were not as powerful in discriminating the
age-classes. This difference is probably because the time
since disturbance provides a better measure of debris amounts
than does stand age (Spies and others 1988). Woody debris
attributes operate with a different cycle than overstory attrib-
utes. Woody debris amounts actually are highest early in
succession and lowest in mid-succession for many Douglas-
fir ecosystems. This difference produces a more U-shaped
pattern of development with stand age, which tends to reduce
the discriminating power of these characteristics for natural
forest age-classes. Because natural disturbances typically do
not destroy much of the debris biomass in large pieces of
wood, these features are present in natural stands of all ages
to some degree (Spies and others 1988).

Stand-condition attributes alone did not exhibit good dis-
criminatory power, probably because of high variability
associated with non-age-related factors. Characteristics such
as percentage of broken-topped crowns increased with stand
age; however, topography and the history of windstorms at a

Understory characteristics exhibited the lowest discriminatory
power for age-classes. Although forest understories are likely
to be strongly controlled by the overstory, the important
overstory characteristics are not necessarily closely linked to
stand age. Overstories casting dense shade, for example, may
occur in dense, young Douglas-fir stands and in old-growth
stands with dense hemlock canopies. Despite their low dis-
criminatory power, many of the understory characteristics
exhibited trends associated with the age-classes.

Among the strongest trends in understory characteristics was
the increase in percentage of herb cover with stand age-class.
An increase in herb cover in late-successional forests has
been observed in Sitka spruce-western hemlock forest in
southeastern Alaska (Alaback 1982). Higher herbaceous
cover in old growth might be explained by changes in under-
story light intensity and microclimate. Light intensity under
old-growth forest canopies dominated by western hemlock is
lower than under mature or young forest canopies dominated
by Douglas-fir (Spies and others 1990). Low light might

106



favor more shade-tolerant herbs over evergreen shrubs such
as salal that often form dense clonal patches in mature- and
young-forest understories. The more competitive, light-
demanding shrubs such as salal could limit the development
of herbaceous plants in the understories of younger forests
(Long and Turner 1974). In addition, a more moderated
microclimate in old-growth understories might favor more
mesic understory species.

The high discriminatory power of overstory attributes does
not mean that other attributes are unimportant in character-
izing the habitat structure of natural young, mature, and old-
growth forests. Other attributes with more subtle changes or
greater variability can play important roles in the habitat and
ecosystem function of these forests. These characteristics
must be considered along with the characteristics of the over-
story when habitat relations and land-management objectives
are identified. The discriminatory power of the overstory at-
tributes, however, can be used advantageously when simple
indicators of forest habitat condition are sought, such as when
aerial-photo inventories of habitat conditions over large areas
are needed. We can infer that overstory characteristics such
as densities and sizes of trees might be reasonably successful
in identifying old-growth habitat from aerial photographs.

Regional and Site Differences in Old-Growth Forests
The study indicates that regional gradients exist in the struc-
ture of old-growth forest habitat, and to a lesser degree, gra-
dients in structure occur within provinces in relation to site
moisture. Given the large geographic area covered in the
study, finding regional patterns stronger than within-region
site differences is not surprising.

I

One of the prime drivers of habitat differences among the
provinces was the basal area of shade-tolerant trees, primarily
western hemlock. The study area ranged from near the south-
em limit of the species toward the middle part of its range
(Harlow and Harrar 1969). This area encompasses relatively
steep gradients in species composition and stand structure
(Franklin and Dymess 1973).

Disturbance history also plays a role in the regional differ-
ences. The southern and eastern Coast Range, where most of
the Coast Range stands were located, probably has experi-
enced more fires in the last several hundred years than the
two Cascade provinces (Juday 1976). Fire disturbance is
evidenced by the fact that fire-sensitive subcanopy trees and
shade-tolerant trees such as western hemlock are less com-
mon in the Coast Range than in the Cascades; forest floor
layers are much thinner there, and the percentage of Douglas-
firs with fire scars on moderate sites in the Coast Range was
1.6 but only 0.4.and 0 on similar sites in the Oregon and

Washington Cascades. Stand ages of old growth in the Coast
Range are younger, averaging 330 years compared with over
420 years for the Cascade Range stands (Spies and others
1988).

Differences in climate and site productivity also played a
role in the regional patterns that were observed. Coast Range
stands averaged almost 400 meters lower in elevation than
Cascade stands, and winter minimum temperatures are 2 to
5 oC higher than in the Cascades (Franklin and Dymess
1973). Trees can grow faster in the Coast Range than in the
Cascades, which is evidenced by the relatively high densities
of large-diameter (>100 cm  in d.b.h.) trees in the Coast
Range, despite the younger average stand age.

Differences in the moisture-related habitat structure of sites
were not as great as regional patterns, but several general
trends were apparent. The overstories on dry sites generally
have a low abundance of shade-tolerant species, which
probably reflects drier conditions, greater fire frequencies,
and younger stand ages. The low density of shade-tolerant
species on these sites suggests that canopies are more open,
which allows greater understory development. The greater
density of subcanopy trees such as chinkapin or possibly
Pacific dogwood on these sites, and the relatively high cover
of total understory vegetation and graminoids supports this
conclusion. Moist old-growth sites, by contrast, have rela-
tively high cover of herbaceous species. The relatively high
cover of evergreen shrubs on drier sites follows a similar
finding by Zobel and others (1976) for the central Oregon
Cascades, although they primarily associated the higher
evergreen understory cover with low nitrogen availability.

Differences in debris characteristics associated with moisture
conditions of sites have been identified by Spies and others
(1988). Amounts of debris and numbers and sixes of debris
pieces generally increase with site moisture, probably as a
result of higher site productivity, lower fire frequencies
(which can consume some of the wood), and possibly be-
cause of lower rates of decay resulting from excessively high
moisture in the wood (Harmon and others 1986). Thicker
litter layers on moist sites probably reflect the infrequency of
fire and higher litter-fall rates associated with dense canopies
of western hemlock and other shade-tolerant species.

Differences in stand condition across moisture-classes were
associated with either species-composition differences,
age/disturbance factors, disease, or tree vigor. The higher
percentage of root-collar cavities on moderate and moist sites
is related to the higher abundance of western hemlock on
these sites. The higher incidence of broken tops on moderate
and moist sites, which contain the oldest trees, may be
related to the fact that with increasing age, trees are more
likely to experience wind storms that cause crown damage.
The higher incidence of fungal conks on dry sites, which are
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characterized by steep south and west-facing slopes, is
similar to the findings of Boyce and Wagg (1953) who
observed a higher incidence of conk rot in old-growth
Douglas-fir on steep slopes and southerly aspects. Our
percentages of fungal conk incidence (1 to 6 percent) are
much lower than the percentage incidence of conk rot
(Boyce and Wagg 1953), but we surveyed only the lower
one-third of the tree boles for fungal conks, which are only
one indicator of the disease.

Conclusions and Management Implications
The structure of natural Douglas-fir forests in western
Oregon and Washington is extremely diverse because of
numerous processes operating at different spatial and
temporal scales. Stand development and succession are
important processes that determine forest habitat; however,
regional flora, disturbance, local site potential, and climatic
patterns are also important. We should not assume that the
old-growth forest structure will be the same at one location
or area as at another until we have a better understanding of
how these processes interact and affect structure. Nor should
we assume that the young and mature forests of today will
produce the same old-growth forest structure in the future as
the one that we see today. Management of old growth in
western Oregon and Washington should be sensitive to the
regional diversity of old-growth conditions. It should recog-
nize the fact that natural young and mature forests have also
provided important habitat and ecosystem functions that may
be lost if only old-growth forest areas are used to provide
habitat diversity for an entire landscape.

These results indicate that differences in forest structure
associated with stand age and regional and local geography
are numerous; they are characterized by multiple continua in
forest structure rather than discrete classes. Changes in forest
habitat structure do not stop when stands become 200 years
old, the age often used for the onset of old-growth conditions.
The results of this study suggest that structural changes con-
tinue until stands are at least 400 to 500 years. Additional
changes likely happen after this time, but they may be more
gradual and may move toward less structural diversity as
stands become dominated by western hemlock and other
shade-tolerant species.

The variability in old-growth forest structure strongly sug-
gests varied developmental histories. Many, if not most,
old-growth stands have been affected by low to moderate

amounts of disturbance during their histories. Such disturb-
ances have contributed to the development of multiple size-
and age-classes. Structurally distinguishing old-growth stands
with continuous age-class distributions from those composed
primarily of a few (3 to 5) tree cohorts may be difficult, but
this difficulty suggests that one method for creating stands
that resemble old growth is to leave an overstory of domi-
nant green trees at the time of final cutting.

The young and mature stands examined in this study are not
the equivalent of intensively managed, even-aged plantations.
Many natural young and mature stands have some of the
attributes of old-growth stands that may not be present in
young, managed stands. Perhaps the greatest difference
between natural and managed stands is the lower number
and volume of large snags and logs in managed plantations
(Spies and Cline 1988). Many young natural forests less than
80 years old have high amounts of carry-over of woody
debris, although some young natural stands have little carry-
over (Spies and others 1988). Other structural differences
between young and mature natural forests and their managed
equivalents are less well known. Managed plantations, how-
ever, generally will have fewer tree species, more uniform
tree sizes and spacing, and no large remnant overstory trees.
Understories of young natural and managed stands may be
less spatially heterogeneous if overstory density is controlled.
Over several rotations, a decline in the population of some
understory species may occur if those species are sensitive to
the short interval between major canopy and forest-floor
disturbances in short-rotation plantations.

The concept of the “intensively managed stand” is, how-
ever, an ideal that has not yet been realized in many forests.
It is also subject to change if management objectives are
broadened to include a greater array of ecological values.
Lessons from the natural forests in this study will be useful
as our concept of forest management evolves with society’s
needs.
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Appendix Table 10-continued

Table 10-Tree life form groups used in analysis Subcanopy trees:
Pacific madrone
Golden chinkapin
Pacific dogwood
Western hemlock

Broad-leaved dominant trees:
Bigleaf maple
Red alder
Oregon ash
Tanoak
Bitter cherry
Oregon white oak
Willow
California-laurel

Shade-intolerant dominant trees:
Subalpine fir
California red fir
Noble fir
Incense-cedar
Engelmann spruce
Sitka spruce
Sugar pine
Western white pine
Douglas-fir

Shade-tolerant dominant trees:
Pacific silver fir
White fir
Grand fii
Port-Orford-cedar
Alaska-cedar
Western redcedar
Western hemlock
Mountain hemlock

Table ll-Variables used in stepwse discriminant analyses

Overstory (>5-cm-d.b.h.) Stand condition* Understory Debris

Total basal area
Tree density
Basal area, standard deviation
Tree density, standard deviation
Tree d.b.h. mean
Tree d.b.h. standard deviation
Number of overstory trees
Trees >lOO-cm-d.b.h. density
Tree height diversity (H’) based

on basal area
Tree height diversity (H’) based

on stem density
Douglas-fir basal area
Douglas-fir >ltQcm-d.b.h.

density
Shade-tolerant tree spp. basal area
Shade-intolerant tree spp. basal

area
Subcanopy tree spp. basal area
Broad-leaved tree spp.
basal area

Shade-intolerant tree spp. density
Shade-tolerant tree spp. density
Subcanopy tree spp. density
Trees with root-collar cavities
Trees with natural cavities
Snags with excavated cavities

Broken-topped crowns, Douglas-fir
Broken-topped crowns, all spp.
Sweeping boles, Douglas-fir
Sweeping boles, all spp.
Multiple-stemmed crowns, all spp.
Multiple-stemmed crowns, Douglas-fir
Dead-topped crowns, Douglas-fir
Dead-topped crowns, all spp.
Broken-topped crowns with upturned
leaders, Douglas-fir

Broken-topped crowns with upturneds
leaders, all spp.

Forked bole
Arching boles.
Boles with fall scars, Douglas-fir
Boles with fall scars, all spp.
Trees with swollen knots, Douglas-fir
Conks on lower boles, Douglas-fir
Conks on lower bole, all spp.
Resinosis, Douglas-fir
Resinosis, all spp.
Trees with excavated cavities
Snags with natural cavities
Snags >50-cm-d.b.h. with excavated
cavities

Snags >50-cm-d.b.h. with natural
cavities

Shade-tolerant sapling density
Subcanopy sapling density
Cover vegetation c2 m tall (%)
C.V. herb cover
Lichen cover (%)
Moss cover (%)
Fern cover (%)
Herb cover (%)
Evergreen shrub cover (%)
Deciduous shrub cover (%)
Total understory cover (%)
C.V. evergreen shrub cover
C.V. deciduous shrub cover
C.V. >2-m-tall vegetation cover

F and H litter layer depth
Snags SO-m-tall density
10- to 30-cm-diameter log C.V. density
30- to 60-cm-diameter log C.V. density
Snag >5-m-tall and 50-cm-d.b.h. density
5-to 15-m-tall snag density
SO-cm-d.b.h. snag density
Snags >50-cm-d.b.h. density
10- to 30-cm-diameter logs density
30- to 60-cm-diameter log density
60-cm-diameter log density
Decay-class 1 log volume
Decay-class 2 log volume
Decay-class 3 log volume
Decay-class 4 log volume
Decay-class 5 log volume
Decay-class 1 snag volume
Decay-class 2 snag volume
Decay-class 3 snag volume
Decay-class 4 snag volume
Decay-class 5 snag volume
Ratio log-volume decay-class 4 + 5

to total log volume
Log volume
Snag volume
Snag volume (C.V.)

LI All variables are percentages.
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Abstract
The objective of the study was to characterize differences in
vascular plant diversity and species abundance among young
(30-80 years old), mature (80-195 years old), and old-growth
(195-900 years old) Douglas-fir forests. A chronosequence of
Douglas-fir stands was sampled in each of three physiogra-
phic provinces: southern Washington Cascade Range; Oregon
Cascade Range; and southern Oregon Coast Range. The
cover of all vascular plants was recorded in 177 stands, each
consisting of 4 to 5200 m2 plots. Measures of species
diversity were calculated for the overstory and understory
strata of each stand. Species diversity in the three provinces
showed an age-class effect (P < 0.1) in 6 of the 12 tests
performed. Diversity tended to remain constant or increase
slowly with age-class. The frequency of occurrence of
species showed an age-class effect (P < 0.1) in 15 to 20
percent of understory species tested in the three provinces.
Similar results were obtained in analyses based on species
cover, although relative differences between old growth and
the other age-classes were greater. Species occurring with

greatest frequency and abundance in old growth included
Pacific yew, an understory tree; Cornus canadensis’ and
Tiarella trifoliata var unifoliata, understory herbs; and
Lobaria spp., foliose canopy lichens. Four factors contrib-
uting to late-successional change in these communities are
hypothesized: changes in resources, changes in horizontal
heterogeneity, changes in vertical heterogeneity, and long
periods without intense fire.

Introduction
The plant compositional changes during the middle to late
stages of succession in Douglas-fir forests are poorly known.
Most research has concentrated on early successional changes
after catastrophic disturbances (Dyrness 1973, Halpern 1987,
Isaac 1940, Long 1977). These studies have focused on the
first 50 years of a potentially 1000-year-long ecological
process-less than a twentieth of the sere!

Plant species diversity within stands appears to be highest in
the early stages of succession in western coniferous forests
(Habeck 1968, Schoonmaker and McKee 1988), and plant
community changes are rapid during the early stages of
succession (Long 1977). After canopy closure, less dramatic

I In this botanical chapter, herbaceous plants and lichens are referred to by
their scientific names for accuracy and the convenience of readers.
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but distinct changes may continue for many centuries. For
example, in Sitka spruce-hemlock forests, where stand devel-
opment requires hundreds of years, understory communities
continue to change for at least 300 years (Alaback 1982).
Stewart (1986a, in press) reported that canopy structure and
composition influenced understory development in several
mature and old-growth Douglas-fir stands in the Oregon
Cascades.

Few examples of plants that are restricted to old-growth
Douglas-fir forests or find optimal habitat in old growth have
been reported. Franklin and others (1981) suggest that some
mycotrophic plants, such as pinesap, and lichens, such as
Lobaria oregana find optimal habitat in old growth, but they
do not present any data. Moir and others (1979) reported that
Tiarella unifoliata had higher cover in old than in young
growth in a chronosequence of stands on similar sites from
Mount Rainier National Park. No plant community studies
have reported how diversity measures change with time in
the later stages of Douglas-fir forest succession.

The objective of this study was to contrast the composition
of natural young, mature, and old-growth Douglas-fir stands
in western Oregon and Washington, emphasizing distinctive
features of old growth. The specific objectives were to char-
acterize the species diversity in overstories (tree stratum) and
understories (herb, shrub, and seedling stratum) of the three
forest age-classes, and to identify plant species that differ in
frequency of occurrence and abundance among the forest
age-classes.

Study Area
The study was conducted in Douglas-fir-dominated stands in
Washington and Oregon in three physiogmphic provinces:
the southern Washington Cascade Range, the Oregon
Cascade Range, and the southern half of the Oregon Coast
Ranges (Franklin and Dymess 1973). These provinces are all
characterized by steep, deeply dissected terrain with well-
developed soil. Parent materials are Tertiary basalts and ande-
sites in the Cascade Range and early Tertiary sedimentary
rocks in the Coast Range. The climate is mild and wet in
winter and cool and dry in summer. Annual precipitation is
heavy, ranging from 800 to over 3000 mm. Highest amounts
of precipitation occur near the upper western slopes of the
Coast Range and in the Cascade Range in Washington and
northern Oregon (Franklin and Dymess 1973). Lowest preci-
pitation occurs on the eastern slopes of the Coast Range and
in the southern Oregon Cascades.

The study area primarily encompasses the Western Hemlock
Zone and the lower elevational portion of the Pacific Silver
Fir Zone (Franklin and Dymess 1973). Western hemlock and
Pacific silver fir are the climax species on most sites in these
zones; on dry sites, Douglas-fir may be climax. In southern

Oregon, the northern fringes of the Mixed Conifer Zone
(Franklin and Dymess 1973) were sampled. In the Coast
Range, the eastern margin of the Sitka Spruce Zone was
sampled.

Most Douglas-fir stands in the region originated after cata-
strophic wildfire (Franklin and Hemstrom 1981); see Franklin
and Dymess (1973) for a generalized, natural successional
sequence. Young stands originating from wildfires are typi-
cally dominated by Douglas-fir, although western hemlock or
red alder may dominate in some areas. By 200 years, many
stands exhibit old-growth characteristics (Franklin and others
1981; Spies and Franklin, this volume), such as codominance
of western hemlock in the overstory, diverse vertical foliage
distribution, and large accumulations of woody debris (Spies
and others 1988). True “climax” forests composed entirely of
shade-tolerant species are rare because pioneer Douglas-fir
can persist in stands for over 1000 years (Franklin and DeBell
1988), and wildfires have occurred more frequently than this
on most sites.

Methods
General Design
A total of 196 Douglas-fii stands in Washington and Oregon
representing different ages (40 to 900 years) and site condi-
tions were sampled during 1983 and 1984 (for a map of the
stand locations, see Spies and Franklin, this volume). All
stands originated after wildfires, which killed most or all of
the overstory trees. Where remnant old-growth trees occurred
in young and mature stands, their densities were typically
less than 1 per 10 ha. Similar geographic distribution among
ages of sampled stands was maintained by sampling in areas
in each province that contained all three of the following
broad age-classes: young (<80 years), mature (80-195 years),
and old-growth (>195 years). These age-classes were then
used in the analyses.

To control site variation across the age-classes, a subset of
177 stands were selected based on field observations, site
data, and DECORANA ordinations (Spies and Franklin, this
volume). In general, the age-classes in a province had similar
means and ranges of site conditions (table 1). Drier and
wetter plant associations were sampled in old-growth stands
(Spies and Franklin, this volume) but were not included in
the chronosequence analysis. Old-growth stands occurred on
slightly drier aspects than mature or young stands in the
Washington Cascades and were intermediate to young and
mature stands in the other provinces. Old growth did tend to
occur at slightly lower topographic positions, but elevations
and slope percentages were intermediate to young and ma-
ture stands. Plots from DECORANA ordinations (fig. 2, in
Spies and Franklin, this volume) indicated that the overall
vegetation composition was similar among the age-classes.
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Table I-Means and ranges of age and site characteristics for young (Y), mature (M), and old-growth (0) stands in 3 physiographic 
provinces 

Given the large geographic area of the study and the large 
size of sample stands (see below), the analysis could not be 
stratified by individual plant associations (Hall 1988). Each 
age-class in the chronosequence, however, encompassed a 
similar range of mesic to dry-mesic plant-association groups 
of the Western Hemlock Series (Hall 1988). The major asso- 
ciation groups were: Western Hemlock/Rhododendron-Salal 
(CHS?); Western Hemlock/Salal-Oregongrape (CHSI); West- 
ern Hemlock/Rhododendron, Cool (CHSC); Western Hem- 
lcckiForb, Dry (CHF2); Western Hemlock/Rhododendron, 
Mesic (CHSM); Western HemlocldSalal-Oregongrape, Dry 
(CHSD); and Western Hemlock/Shrub, Dry (CHC2). In 
addition, no significant difference among age-classes was 
found in the percentage cover (P < 0.05) of the following 
key plant association indicator species: Gaultheria shallon; 
Xerophyllum tenax; Rhododendron macrophyllum: Holodis- 
us discolor; Berberis nervosa: Athyriumfelix-femina: Rubus 
spectabilis; Opiopanax horridum; Oxalis oreganum: and 
Polystichum munitum. 

Every effort was made to control site variation. True chrono- 
sequences should have similar soils, sites, climates, climate 
histories, and disturbance and establishment histories (Oliver 
1982), but these assumptions are violated to various degrees 

in most cbronosequence studies. Given tie wide geographic 
range of this study, the inferences about successional change 
should be viewed with caution, and more as working hypo- 
theses than as established facts. 

Stand selection and plot measurements 

Stand size ranged from about 4 to 20 ha. Within each stand, 
five circular plots were establisbcd systematically. In a some 
very small stands, only three or four plots were established. 
Plots were spaced either 100 or 150 m apart, depending on 
stand size, with the wider spacing used in large stands. The 
locations of the plots were determined before the lield 
sampling by the size and shape of the stand as seen on aerial 
photographs. 

Each plot consisted of a set of nested circular plots of four 
sizes: 0.002 ha, 0.02 ha, 0.05 ha, and 0.1 ha. Each plot six 
sampled different aspects of forest structure (see Spies and 
Franklin, this volume). Within the 0.1.ha plot, trees over 
50 cm in diameter at breast height (d.b.h.) were measured 
and recorded by species, d.b.h., and height. The0.05.ha plot 
was used to record the information described above for w.xs 
5 to 50 cm d.b.h. 
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Information on understory vegetation was recorded by spe-
cies in the three smallest plots. The percentage cover of tall
shrub species and trees less than 8 m tall was estimated by
species over the 0.05ha plot. The percentage cover of all
vascular plants, mosses, and lichens (including canopy foliose
lichens, Lobaria oregana and L. pulmonaria, that had fallen
to the forest floor) was estimated by species in the 0.02-ha
plot. Species occurring in the 0.05-ha plot were also recorded
and used in presence/absence analyses. All vascular plants
were keyed to species or genus. For mosses and lichens, only
a selected subset were identified to species or genus.

Data on slope, aspect, topographic position, and shape of
topographic cross section were collected from the 0. l-ha plot.
Tree ages were determined for young and mature stands by
increment coring of 1 to 4 dominant Douglas-fir per plot (5
20 per stand) at breast height, adding 5-7 years for growth to
that height (depending on site), and averaging the plot esti-
mates to obtain an age estimate for the stand. For old-growth
stands, age estimates were made from stumps in nearby clear-
cuts, along trails or roads, or sometimes from increment cores
on dominant trees. Data collected by Hemstrom (1979) were
used to estimate ages of the stands in Mount Rainier National
Park.

Calculations and Analyses
Species richness and diversity were calculated separately for
the overstory (trees >5 cm d.b.h.) based on basal area, and
for the understory vascular plants based on percentage cover.
Because about 25 percent of the stands were sampled with
fewer than 5 plots, a smaller subset, 144 stands, was used to
calculate mean species richness and diversity for each age-
class. Stands were selected for each age-class so that the
mean number of plots per stand or area was the same for each
age-class in a province. Species diversity was calculated as
No and N2 (Hill 1973),  the reciprocal of Simpson’s index. No
is simply the total number of species in a stand. N2 is calcu-
lated as:

l/ pi2

where pi is the proportional abundance of the ith species.

Analyses of species frequency and abundance in the age-
classes were conducted for overstory and understory species
occurring at least five times within a province. Preliminary
analyses of species distributions by latitude and elevation
were conducted in each province. Many species were eleva-
tionally and latitudinally restricted in the provinces. Conse-
quently, each province was divided into ecological zones
(table 2), based on inspections of sample and species distribu-
tions. The zones were typically large enough to include sev-
eral stands of different age-classes. If a species did not occur
in any stands within a zone, then none of the sample stands
from that zone were used in the age-class analyses for that
species. Consequently, sample sizes differ among species.
The objective of the stratification was to restrict the analysis

Table 2-Latitudinal-elevation zones used in determining
species distributions for age-class analyses

Province

Oregon Cascades

Zone

1
2
3

Elevational range Latitudinal
(meters) range (degrees)

1000-1500 42.5-43.5
400-1000 42.5-43.5
950-1200 43.6-44.8

400-950 43.6-44.8
300-950 44.9-45.6

Oregon Coast Range 1 50-800 43.0-44.0
2 100-800 44.1-44.5
3 800-100 44.1-44.5

Washington Cascades 1 350-l 100 45.8-46.6
2 600-1200 46.6-41.0

of species to age-class relationships within zones where the
species could occur, based on their ranges and environmental
conditions. It had the effect of reducing the number of zero
values for some species and increasing the power of the
statistical analyses. Chi-square analyses were used to test for
an age-class effect in the frequency of occurrence of each
species. Kruskal-Wallis nonparameteric analyses were used
to test for differences in species abundance (either percentage
cover or basal area) among the age-classes. All analyses
were conducted using SAS (SAS Institute Inc. 1987).

Results
Species Diversity

Overstory-Species richness (No) was significantly different
(P < 0.05) among the age-classes only in the Coast Range,
where old-growth stands had the highest numbers of over-
story species, and mature stands the lowest numbers (fig. 1).
Overstory species diversity (N2), on the other hand, showed
an age-class effect only in the Cascade provinces, where old
growth had the highest diversity.

Understory-Species richness was marginally significant
(P < 0.09) among age-classes in the Coast Range (fig. 2); old
growth had the highest number of species and young stands
had the lowest. Understory species diversity (N2) showed a
significant age-class effect in the Washington Cascades and
the Coast Range. Old growth had the highest values in both
provinces; young stands had the lowest values in the Wash-
ington Cascades, and mature stands had the lowest values in
the Coast Range.

Species Occurrence
Overstory-Species differing significantly (P < 0.1) in basal
area among the age-classes were either shade-tolerant species
that had highest basal areas in old-growth stands or shade-
intolerant species with highest basal area in young stands
(table 3). Western hemlock, Pacific yew, and bigleaf maple
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Table 3-Rasal area (m’iha) of trees species (>5 cm d.h.h.) in Young (Y), mature (M), and old-growth (0) Dou&xs-fir stands in 
3 physiographic provinces 

**t 

*** 

<“.I 0.2 0.1 
0.5 3.2 2.” 
1.0 0.3 0.3 
0.3 0.1 0.1 
0.4 1.4 2.” 
0.1 <o. 1 cu.1 

25.6 48.8 47.8 *** 
0.2 0.1 0.67 ** 
2.1 1.3 7.4 
7.9 1.5 14.0 *** 

I 
*P values i” Kmskd-wallis test: + = 4.10; * = <0.05; +* = co.01; *** = 4w1. 

were the only species with significant differences among 
age-classes in all three provinces. The basal area of Pacific 
yew, an understory tree, typically was 5 to 74 times higher 
in old growth than in the younger age-classes in the two 
Cascade provinces. In the Coast Range, no overstory-size 
stems (that is 5 cm d.b.h.) of yew were encounlered in any 
stands younger than 200 years. The basal area of Douglas-fir 
was significantly different among age-classes only in the 
Oregon Cascades. Bigleaf maple, an early to mid-successional 
species in the Cascade provinces, had highest basal area in 
old growth in the Coast Range. 

Understory-A total of 26 of 129, 35 of 171, and 13 of 98 
species were found to differ in percentage frequency among 
the age-classes (P < 0.1) in the Washington, Oregon, and 
Coast provinces, respectively (table 4). Most species attained 
their maximal age-class frequency in old-growth or mature 

9.9 

* 
+ 
+ 

stands. Only two plants, Pacific yew and Lobaria spp., were 
significant in all provinces: they both reached their highest 
frequency of occurrence in old growth. Other species with 
maximal frequency of occurrence in old growth included: 
Corner canadensis, Linnaea borealis var longiflora, and Tia- 
rella trifoliala var unifoliora in the Cascade provinces, and 
Synlhyris reni~‘ormis in the Coast Range province. Species 
occurring more frequently in mature and young stands than 
in old-growth stands included: H&discus discolor, Anemone 
lyallii, and Pteridium apilinum. Altbough differences were 
significant for many species, most species were relatively 
common, occurring 25 percent or more of tbe time in at Ieat 
two of the age-classes. This overlap includes the old-growtb- 
associated species mentioned above, except for Pacific yew 
and S. reniformis in the Coast Range province, where these 
species either did not occur or occurred infrequently in 
mature and young stands. 
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Table ‘t-Percent frequency of occurrence of species showing an age-class effect (P < 0.1) in old-growth, mature, and 
young stands io 3 physiographic provinces (species me listed from top to bottom in order of decreasing frequency 
in old growth) 

Species 0 M Y Sig.” Species 0 M Y Sig.” 

84 64 50 
74 80 1W 
26 52 33 ^. .- 

20 

l&l 
80 
10 

23 

44 61 
68 78 
59 54 
17 20 

*I* 

+ 
I 

* 

** 

* 

I. 

+ 
* 

* 

* 

+ 

*** 

*t 

t* 

+ 

** 

* 
l * 

t 

t* 
+ 
* 
* 

* 

98 80 89 
98 80 89 
62 46 20 
58 36 33 
58 28 56 
30 23 0 
81 1w 56 
63 92 56 
24 5s 53 
58 72 39 
18 29 0 
11 32 7 
9 36 22 
6 36 0 
7 33 2s 
5 23 40 
4 27 8 
4 27 17 
2 20 6 
0 0 17 

49 
43 
17 

9, 

22 
88 
38 

64 

20 
lea 

0 

39 

* 

+ 
* 

+ 
* 

+ 

**I 

** 

* 

+ 

+ 

+ 

* 

**I 

+, 
** 

+ 

+ 

* 

* 

+ 

*** 

+ 

*** 

91 78 33 
55 0 0 

102 78 67 
91 56 50 

91 67 50 
87 56 50 
86 57 33 
74 56 17 
78 67 17 
64 14 0 
64 29 17 
68 14 83 

87 33 17 

** 

** 

* 

* 

* 

: 

t 

** 

** 

+ 
.I 

*I* 

L1 44 + 
5 5 ;i + n Significmce level (P) in *i-square test for age-class 
3 23 27 ’ effect: + =<O.l, * =co.os, ** =cQ.o*. *** = co.Wl. 
0 0 17 * 
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The cover of many understory species also differed among 
the age-classes, with at least marginal significance (I’ < 0.1) 
(table. 5). Thirty species, 45 species, and 14 species differed 
among the age-classes (P < 0.1) in the Washington, Oregon, 
and Coast provinces (table 5). Mean species cover was high- 
est in old-growth 37 times, highest in mature 30 times, and 
highest in young stands 22 times in the three provinces. Eight 
species differed significantly in all three provinces. Five of 
these, Pacific yew, Goodyera oblongz@lia, Linnaea borealis 
var longiflora, Achlys triphylla, and Lobnria spp. had highest 
cwa in old growth; the remaining three, Adenocaulon bicol- 
or, Anemone lyallii, and Pteridium aquilinum had higher 
cover primarily in mature stands. The cover by Pacific yew 
and Lobaria spp. in young and mature stands was typically 
less than one-tenth of the cover in old-growth stands (table 
4). Other species with highest cover in old growth included: 
Chimaphilla umbellata, Berberis nzrvom, Corms canaden- 
sis, and Tiarella trifoliata var unifoliata. 

Table .S-Ratios of mean species cover in mature 
(M) and young (Y) stands to mean specks cover 
In old growth for species showing an age-class 
effect (P < 0.1) (species are listed from top to 
bottom in order of decreasing mean cover in old 
growth) 

0.09 
0.10 
0.24 
0.48 

3.8 
,100 

0.09 
0.13 
0.13 
0.36 
0.50 
0.85 

1.6 
1.7 
3.5 
4.9 

6 
12 
19 

0.03 
>I00 

Sig.” 

*** 
*** 
* 
* 
** 
*** 

*** 
** 
*t 
*** 

+ 
** 

: 
* 
*** 
*** 
* 
I) 

: 
* 
* 
** 

: 
** 

Table S-continued 

Smcies M Y Sk.” 

0.02 
0.33 
0.63 

7 
12 

>I00 

0.22 
0.95 

1.7 
1.7 
2.7 

<a.01 
44 
66 

0 

o.to 
0.54 
2.3 
9.8 
22 

,100 

0.27 
0.24 
0.95 

4 
0.85 

18 
44 
16 

>100 

<O.O, 
0.01 
0.31 
0.03 
0.27 
0.4, 
0.09 
0.14 
0.04 
2.47 
4.2 

0.59 
0.24 

CO.01 
u.99 
0.37 
0.95 

14 
<O.O, 

0.93 
CO.01 

2.4 
2.3 

0 
>100 

18 

*** 

*** 

*** 

** 

* 

* 

* 

* 

: 

1 

** 

* 

* 

+ 

: 

* 

** 

* 

*I 

+ 

*** 

** 

** 

*** 

** 

** 

* 

: 

** 

* 

*** 

* 

* 

* 

*** 

: 

+ 

* 

*** 
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Table S-continued 

Species M Y SirP 

Several species differed in cover among age-classes (P < 0.1) 
only in one province (table 5). For example, in the Washig- 
ton Cascades, Vaccinium spp. and Clintonia uniflora had 
many times more cover in old growth than in mature or 
young stands. In the Oregon Cascades, Copfis laciniata and 
Pyrola asarifolia had much higher cover in old growth rela- 
tive to the younger age-classes. In the Coast Range, Acer 
circinatum and Synthyris reniformis had highest cover in old 
growth 

The analyses based on percentage cover differed in two ways 
from the analyses based on percentage occurrence. First, more 
species showed significant differences among the age-classes 
in tests based on cover (90 species) than in tests based on 
occurrence (76 species). Second, for many species, such as 
Pacific yew and Timella trifoliata var unifoliata, relative 
differences among age-classes were greater for percentage 
cover than for percentage occurrence. The results indicate 
that the significant species are not strongly restricted to one 
age-class but differ in their development in the age-classes. 

Discussion 
Species Diversity 
Various patterns of plant species diversity during succession 
have been hypothesized (Odum 1969, Pielou 1966, Whittaker 
1965) including increases and decreases, and multiple peaks 
in diversity. Because this study did not examine the earliest 
stages of forest succession, the entire pattern of changes in 
diversity in Douglas-fir forests cannot be examined with 
these data. Other studies (Halpem 1987, 1989; Schoonmaker 
and McKee 1988), however, show that after stand-replacing 
disturbance in old-growth Douglas-fir stands, plant species 
diversity (both No and N2) increases to a peak early in 
succession as shade-intolerant herbs and shrubs invade the 
surviving community of shade-tolerant forest species. These 
studies indicate that as a forest canopy develops and closes, 
between 20 and 40 years, diversity declines to a low point 
when the dense tree canopy shades-out all but the most shade 
tolerant of the understory species. 

The results of this study indicate that after canopy closure. 
the trend in understory diversity was to increase slightly from 
young to old growth. The increase may, in fact, be stronger 
than indicated by this study. The wide age range of the old- 
growth age-class may mask a steeper increase, followed by a 
decline in diversity as the stand becomes entirely composed 
of shade-tolerant tree species such as western hemlock. In 
the Coast Range, where old growth was almost 100 years 
younger than the Cascade old growth and had a lower basal 
area of hemlock, understory richness and diversity showed 
the strongest increase with ageclass. Habeck (1968) found 
that forests dominated by western hemlock in Montana had 
lower species richness than earlier stages containing a mix of 
early- and late-successional species. This finding suggests 
that within the old-growth age-class, diversity may be high 
in the early stages of old growth (from 200 to 400 years) 
and low in the later stages (after 400 years), when western 
hemlock reaches dominance in the stand (Spies and others, 
unpubl. manuscript). 

The overstory component of diversity appears to follow the 
general pattern described above, with peaks early and late in 
succession. The tendency for overstory diversity to be higher 
in young stands than in mature stands in the Oregon Cascades 
and Coast Range suggests that early successional species, 
such as red alder, biuer cherry, and madrone persist in young 
stands and drop out during the mature stage. During the 
old-growth stage, shade-tolerant species reach the canopy, 
contributing to an increase in canopy tree diversity during 
this period. A decline in overstory diversity probably occurs 
as Douglas-fir drops out of the stands. 
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Species Occurrence

The list of species associated with succession should be
viewed as a first approximation, requiring further verification
and more controlled study. Given that 398 individual non-
parametrical statistical tests were conducted, about 40, or
10 percent of the tests, might be expected to yield significant
results at P < 0.1 by chance. Consequently, the statistical
tests should be viewed with caution. The results do suggest,
however, that many species were different among the age-
classes because about 20 percent of the tests in both analyses
were significant"and many of those were significant at
P < 0.01. The results should also be viewed with caution
because some species that increase or decrease in abundance
with stand age may have occurred too infrequently to show
statistical significance. The influence of site and historical
factors in this geographically broad chronosequence study
can never be fully evaluated; however, the similarities in
average site and vegetation characteristics (see Methods) do
not indicate that these factors played a strong role in the
community and species patterns among the age-classes.

Several of the species most common in old growth have
been associated with late-successional coniferous forests in
other studies. Tiarella unifoliata was most common in late-
successional forests in Montana (Habeck 1968) and Washing-
ton (Moir and others 1979). Pacific yew reached highest
abundance in late-successional cedar forests in Montana
(Habeck 1968, McCune and Allen 1985). Alaback (1982)
found that C. canadensis and Vaccinium alaskaense had high-
est biomass in old growth in a chronosequence of Sitka
spruce/western hemlock stands in southeastern Alaska.

Some species had different successional relationships than
were reported in other studies. Habeck (1968) found that
Vaccinium membranaceum, a species associated with old
growth in this study, was most frequent in early-successional
stands in Montana, and Adenocaulon bicolor, which was most
abundant in mature stands in this study, was most frequent in
late-successional stands in Montana (Habeck 1968). Alaback
(1982) found that V. parvifolium, which had highest percent-
age cover in old growth in the Washington Cascades, had
high biomass in mature stands and low biomass in old growth
in southeastern Alaska. Many factors, such as climate, gene-
tics, competition, and disturbance regime, could lead to geo-
graphically different successional distributions for a single
species.

Even within this study, some species did not show consistent
successional patterns. For example, bigleaf maple had lowest
basal area in old growth in the Cascade provinces but highest
basal area in old growth in the Coast Range. This pattern may
be because bigleaf maple has not yet dropped out of Coast
Range old-growth stands, which are younger than the stands
in the Cascade provinces. In addition, the lower basal area of

western hemlock, a competitor for light, in old growth in the
Coast Range may allow bigleaf maple to persist longer than
it does in the Cascade stands.

Factors Contributing to Successional Change

Assuming that many of the patterns of vegetation and stand
age are a consequence of forest succession, four related
mechanisms of change in understory communities and plant
species abundance are hypothesized.

The first mechanism is change in resources, particularly
light, and competitive abilities to capture those resources.
Old-growth forests develop many areas of dense hemlock
canopies in addition to the relatively open Douglas-fir cano-
pies and canopy gaps. Small, very shade-tolerant herbs and
shrubs such as Clintonia, Syntheris, Tiarella, and Cornus
are favored in the deep-shade areas. In mature and young
forests”with more uniform, open canopies”aggressive,
less shade-tolerant shrubs such as Gautheriu shallon often
form large, dense patches that may exclude smaller, less-
competitive herb and shrub species (Long and Turner 1974).
The increase of shade-tolerant herbs and shrubs in coniferous
forest development has been observed by Alaback (1982)
and Stewart (1988). Some shade-tolerant understory herba-
ceous plants and tree species such as Pacific yew and west-
em hemlock may also be favored in old growth by cool,
moist microclimates during the dry, warm season. Although
the relative microclimates of the age-classes have not been
quantified, old-growth understories are likely to be relatively
cool and humid during the dry season because they are pro-
tected from radiation and drying winds by deep, multiple
canopy layers. In addition, soil moisture may be higher as a
consequence of the large accumulations of litter on the forest
floor (Spies and Franklin, this volume) and pieces of decom-
posed wood that store moisture in the soil.

A second mechanism of understory change may be an in-
crease in the horizontal spatial heterogeneity of resources
and environments. As Douglas-fir stands develop, they be-
come a mosaic of canopy gaps, and dense hemlock canopies
overlying a forest floor with accumulations of woody debris,
tip-up mounds, and shrub patches. This structural heterogen-
eity may create a shifting mosaic of resources and environ-
ments that favors species that can both tolerate low light and
spread laterally to take advantage of increased light. In addi-
tion, if canopy gaps also represent areas of low root occupan-
cy, then soil moisture and nutrients may be relatively more
available. Species that can take advantage of resource hetero-
geneity include Linnaea borealis, Rubus lasiococcus and
Clintonia unifrora, which spread rapidly by stolons or rhi-
zomes (Antos and Zobel 1984) to occupy gaps that form
above or near the plant. These species can apparently persist
with low abundance in shaded areas but may require canopy
gaps to survive for long periods in some stands.

119



A third mechanism in plant community change is the increase
in vertical environmental diversity, specifically the increase
in the height and number of canopy layers. The canopies of
old-growth trees provide moist, cool environments that favor
the growth of foliose lichens such as Lobaria oregana (Pike
and others 1975). Because the canopy flora was not sampled
directly, other epiphytic plant species may also be associated
with tall, structurally and environmentally diverse canopies.

A fourth mechanism may be sensitivity to fire and slow rates
of reestablishment and growth after fire. Fire-sensitive species
such as western hemlock and Pacific yew are typically killed
by moderate to high-severity fires and can take relatively long
periods to reach maturity, growing slowly in the understory
for many years. They are often present as scattered seedlings
and saplings in young and mature stands but do not reach
maximum size and density until the old-growth stage, one
hundred to several hundred years later. This distribution does
not mean that old-growth stands where these species occur
have been free of fire during their entire development. Many
old-growth stands have had a history of patchy low-intensity
fires (Morrison and Swanson 1990), which miss individ-
uals of these species or only injure them. Best development
of these species appears where a stand has not been subjected
to low-intensity fire for several centuries, however.

Conclusions and Management Implications

The majority of species did not show any differences in their
frequency or abundance within the age-classes. At least
20 percent of the species did differ among the age-classes,
and many of those were more frequent and abundant in old
growth. Most species associated with old growth, however,
were not restricted to old-growth forests and could be found
with moderate frequencies and abundances in at least one
younger age-class. Of all the species showing an age-class
effect, only Pacific yew and Lobaria spp. showed strong pref-
erence for old-growth in all three provinces, suggesting that
these species would suffer the greatest decline in regional
populations if most of the current old growth is clearcut and
converted to short-rotation plantations. Many of the ecolog-
ical conditions that favor old-growth-associated plant species
can be found in lesser amounts in younger unmanaged for-
ests. Gaps, deeply shaded and cool understories, and accumu-
lations of woody debris on the forest floor can be found in at
least small areas in many unmanaged young and mature
stands. Conditions such as long periods since catastrophic dis-
turbance, development of massive tree crowns, and buffered
canopy microclimates, which favor Pacific yew and Lobaria
are not typically found in unmanaged young or mature stands
that regenerated after stand-replacing fire, however.

The suggestion that the composition of the forest understory
community changes with overstory succession has important
implications for using vegetation to assess site conditions and
for maintaining biological diversity in managed landscapes.
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The abundance (cover) of many understory species is used to
classify forests into plant associations used for management.
If the influence of succession on understory plant communi-
ties is not taken into account, then understory plant commu-
nities may incorrectly estimate site conditions and potential
(Spies and Barnes 1985). Stewart (1988) has found that
many understory species in Douglas-fir forests are influenced
by tree canopies and warns that understory communities may
reflect canopy-disturbance history more than site quality.
Species such as Tiarella, which may be affected by changes
in light intensity and understory microclimate, will have
limited value in identifying plant associations and indicating
physical site conditions. A better understanding of the aute-
cologies of many understory shrubs and herbs, will help
resolve uncertainty of the indicator value of some understory
species.

The effect of forest management on understory and overstory
species composition is not well known. This lack is partly a
consequence of the limited research studies but is also a
result of the varied nature of “managed” stands. Managed
forests range from young stands that originated from railroad
logging in the early 1900’s to second- and third-rotation
stands on non-Federal lands that have been burned, sprayed
with herbicides, planted, fertilized, or thinned. Speculating
on how old-growth-associated plant species might be af-
fected by some specific management practices may be
useful, however. Management effects can be divided into
effects on the initial plant population in an old-growth stand
from activities such as clearcutting and site preparation, and
effects on recovering plant populations from activities such
as stand-density control and short rotations. Initial old-growth
populations of many species will suffer at least temporary
declines as a consequence of clearcutting and site prep-
aration, especially broadcast burning. The current practice
of clearcutting removes all the overstory trees, leaving no
habitat for canopy epiphytes such as Lobaria. In landscapes
where no large canopy trees occur and no plans are made to
grow them, Lobaria and other canopy plant species will
probably decline to very low populations. Where site prep-
aration includes broadcast burning, fire-sensitive species such
as Pacific yew, Chimaphila, and Linnaea will show strong
declines (Halpern 1987) without return to old-growth popu-
lations for at least 20 years. If stands are planted to high
densities and not thinned, then recovery of understories may
be delayed if very dense canopies develop and shade-out the
understory. On the other hand, if canopy density is controlled
by planting density, precommercial thinning, or both, then
forest understories may recover more quickly. If species
composition is strongly controlled during this process to
favor one species such as Douglas-fir, however, then both
canopy and understory diversity will be reduced. The
practice of short rotations may reduce populations of
understory and overstory species associated with old growth
before their populations can recover from the effects of



clearcutting and burning. In the long term, the combination
of clearcutting, site preparation, and short rotations could
greatly reduce populations of some old-growth-associated
plant species.

By creating and managing microsites, however, managers
have many opportunities to maintain populations of plant spe-
cies associated with old growth in managed stands and land-
scapes. Leaving some live canopy trees in cutting units can
maintain canopy species that might recolonize the young for-
est canopy more rapidly than if no refuge trees were present.
Leaving large Pacific yew trees in cutting units may provide
for this species, but no studies have evaluated how well such
trees survive broadcast burning, hotter drier microclimate,
and increased herbivory from ungulates. Using cooler, more
patchy site-preparation fires, or not using fire on some sites,
could help maintain fire-sensitive species. Creating more
diverse canopies by planting a mix of conifers, allowing
hardwoods to regenerate, thinning dense stands, and

cutting canopy openings could help create a more heterogen-
ous understory environment and allow plant species popula-
tions to recover more rapidly. Finally, growing some stands
on long rotations would help maintain species such as Pacific
yew that require long recovery after catastrophic disturbance.
Possibilities for maintaining populations of old-growth-associ-
ated species in managed stands and landscapes appear to be
good, but additional information is needed about the aute-
cologies of many understory species and the effects of man-
agement practices on those species to develop more specific
management recommendations.
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Abstract
Our objectives were to determine the value to birds of old-
growth forests relative to mature and young forests in the
southern Oregon Coast Range. Special emphasis was placed
on cavity-using birds. We studied birds in 45 stands in 1985
and 33 stands in 1986. Over 60,000 individuals of 91 species
were counted; 989 observations on the foraging activities of
cavity-using birds were recorded; 277 nests of cavity users
were found and described; snag densities were estimated by
four size-classes and three decay-classes. We calculated a
birds-per-area index (BAI) from the counts and diversity
indices from the BAI. Bird species diversity and total bird
abundance did not differ significantly among the young,
mature, and old-growth stands. Fourteen species were most
abundant in old growth; 10 were cavity users (including the
crevice-nesting brown creeper and the spotted owl). Two spe-
cies that do not nest in cavities, the western flycatcher and
the varied thrush were also abundant in young and mature
stands. Two, the marbled murrelet and the olive-sided fly-
catcher, were rare in young and mature stands. All the cavity
users (including the brown creeper) selected very large snags

for nesting; snags of the average sizes used by these birds
were larger than those normally produced in young stands.
Under current conditions, the cavity-using birds depend on
old growth.

Introduction
“Are there unique features, species, or important values asso-
ciated with old-growth forests?” ask Franklin and others
(1981). They review the literature and ongoing research and
conclude that old-growth forests provide specialized habitats
and differ from both natural and managed younger forests.
Research shows some differences between managed forests
and old-growth forests in avian community composition
(Hagar 1960) and total bird abundance and constancy of
abundance (Bowles 1963). And although 18 or more species
of vertebrates appear to find optimal conditions in old growth,
quantitative avifaunal studies across stages of forest develop-
ment are lacking in the Douglas-fir forests of western Oregon
and Washington (Meslow and Wight 1975, Meslow and oth-
ers 1981). The Old-Growth Forest Wildlife Habitat Program
was chartered to quantify the value of old growth to wildlife
(Carey and Spies, this volume; Ruggiero and Carey 1984).
We began our research in the Oregon Coast Range in 1985
under the aegis of the Old-Growth Program.

Our objectives were to determine the value to birds of old
growth relative to young and mature Douglas-fir forests in
the Oregon Coast Range. In particular, we wanted to
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determine if the bird communities in old growth differed
from the bird communities in mature and young forest in
total abundance, diversity (numbers of species and the degree
to which the communities were dominated by a few species),
composition of species, and structure (ranked abundance of
the species) because these are all components of biodiversity;
simple presence or absence of species does not reflect all the
important aspects of biodiversity, and few species in the
Pacific Northwest are so specialized that they would be ex-
pected to be confined to old growth (Meslow and others
1981). We also wanted to determine which species reached
maximum abundance in old growth and which, if any; were
found exclusively in old growth. We placed special emphasis
on cavity-using birds because Mannan and others (1980), in
an unreplicated study, report cavity-using birds to be strik-
ingly more abundant in old growth than in younger stands.
And Cline and others (1980), Mannan and others (1980). and
Meslow and others (1981) express concern over the loss to
timber management of large, Douglas-fir snags that are
important to cavity-using birds.

Franklin and others (1981) list some structural features unique
to old-growth (as compared to young and mature) forests that
could be important to birds; we wished to determine whether
these features were important. These features and their
putative value to birds (and the tests we made) include:

l Large, old Douglas-fir trees have deeply furrowed bark
that provides a unique environment for bark arthropods
and may be important foraging substrates for bark-foraging
birds, especially the brown creeper. We test the hypotheses:
(a) young, mature, and old-growth stands do not differ in
the density of large (>lOO cm in diameter-at-breast height,
d.b.h.) Douglas-fir; (b) abundance of bark-foraging birds
is not positively correlated with the densities of large
Douglas-fir trees; (c) bark-foraging birds do not differ in
abundance among young, mature, and old-growth stands;
(d) brown creeper abundance is not correlated with the
density of large Douglas-fir trees; (e) brown creeper abun-
dance does not differ among young, mature, and old-
growth stands. Rejection of the last two hypotheses would
imply that brown creepers forage in large trees out of pro-
portion to their availability relative to small trees. We
examined the foraging behavior of brown creepers to test
this implicit hypothesis.

l Two or more age-classes of conifers that form an over-
story, midstory, and sometimes an understory result in a
vertical diversity of coniferous foliage that may support a
diversity and abundance of birds that forage among the fo-
liage of trees (foliage foragers) that exceeds that in young
or mature forests. We test the hypotheses: (a) foliage-
height diversity does not differ among young, mature, and
old-growth stands; (b) the abundance of foliage foragers

does not differ among young, mature, and old-growth
stands; (c) the diversity of foliage foragers does not differ
among young, mature, and old-growth stands; (d) the diver-
sity of foliage foragers is not correlated with foliage-
height diversity; (e) the abundance of foliage foragers is
not correlated with foliage-height diversity.

l Large, standing, dead trees may provide important nesting
substrate for cavity-using birds. We test the hypotheses:
(a) the density of large snags does not differ among young,
mature, and old-growth stands; (b) the abundance of
cavity-using birds does not differ among young, mature,
and old-growth stands; (c) cavity-using birds do not use
large snags for nesting out of proportion to their availabil-
ity relative to small snags.

l Spatial diversity of vegetation brought about by gaps in
the canopy caused by the death of large trees may provide
for a greater diversity and abundance of birds in the under-
story and on the ground. We test the hypotheses: (a) spatial
diversity of vegetation does not differ among young, ma-
ture, and old-growth stands; (b) the diversity and abun-
dance of birds associated with the forest floor do not differ
among young, mature, and old-growth stands.

Our final objective was to determine if the complex moisture-
temperature gradient governing plant community composi-
tion in the Pacific Northwest (Franklin and Dymess 1973)
resulted in differences in bird species diversity or species
abundances among old-growth stands on different parts of
the gradient (wet, mesic, and dry sites). Franklin and others
(1981) discuss the value of streams in old growth. We do not
address streams here because the influence of small streams
and seeps on upland, spring bird communities in the Oregon
Coast Range was reported by Carey (1988).

Methods
Experimental Design

Study stands were selected under the vegetation community
ecology portion of the Old-Growth Program (Carey and
Spies, this volume), but we were unable to find enough
stands for three complete replicates of the Program’s design:
three young, three mature, three wet old-growth, three dry
old-growth, and three mesic old-growth stands. Forty-five
stands were studied in 1985: 8 young, 10 mature, 14 mesic
old-growth, 8 dry old-growth, and 5 wet old-growth stands
(see frontispiece). In 1986, because of cuts in funding, only
33 stands were studied: 6 young, 8 mature, and 10 mesic
old-growth, 5 dry old-growth, and 4 wet old-growth stands.
Young and mature stands were not classified into moisture-
classes, but spanned the same moisture gradient that the
old-growth stands spanned. We could not find stands of 100
ha or more as called for in the research plan. Stand size
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averaged 29 ha, ranging from 14 to 62 ha. Two small old-
growth stands studied in 1985 were replaced with larger
stands in 1986. Study stands were in four large clusters:
between Corvallis and Yachats, west of Drain, northwest of
Roseburg, and between Roseburg and Coos Bay, Oregon.
The clusters covered the southern Coast Range western
hemlock forest type but also included the coastal Sitka
spruce forest type near Yachats, the Umpqua Valley margin
mixed-conifer forest type northwest of Roseburg, and the
southwest Oregon mixed-evergreen forest type near Remote.
Each cluster contained young, mature, and old-growth
stands, but not enough stands of each type to be treated
separately.

Douglas-fir was a dominant species in each stand. Young
stands were 40 to 72 years old; mature stands were 80 to 120
years old, old-growth stands were 200 to 525 years old. One
old-growth stand had a mixed-aged canopy of trees 130 years
old and old-growth trees of unknown age, d.b.h. of 100 cm
or more, and density of 17.4 per hectare. The old-growth and
mature stands and three of the young stands originated after
catastrophic wildfire. Five of the eight young stands origi-
nated after human disturbance (logging or clearing) as
evidenced by stumps, old roads, or railroad grades.

Sampling Plan

We located 12 points 100 m apart along a transect through
each stand; our stands were not large enough to use the Pro-
gram’s recommended 150 m between points. Because stands
were small and we maintained a 75-m buffer along stand
edges, the points systematically covered the interior of each
stand. The smallest stands were too small for 12 points. One
stand had only 7 points (dropped in 1986), one had 10 points
(dropped in 1986). and three had 11 points (two dropped in
1986). These points served as centers for nested circular plots
for describing vegetation and for bird counts; they also delin-
eated segments of 30-m-wide strip transects used to sample
snags.

Sampling Techniques

Birds-Pilot studies (Manuwal and Carey, in press) com-
pared line transects, variable-circular plots, and territory map-
ping as methods for estimating bird abundance and describ-
ing bird communities for contrasting young, mature, and
old-growth forests. Variable-radius circular plots (Reynolds
and others 1980) with 12 sampling points and six visits gave
the best return per unit effort in determining species presence
and abundance, but densities differed from territory mapping
by 13 to 41 percent. Major differences were overestimates
from counting birds more than once, particularly birds of
species whose home ranges were large relative to spacing
between the plots or that could be detected at long distances
(for example, more than 75 m).

With the pilot study as the basis for our sampling, we re-
corded all birds seen or heard during 6 to 11, early morning,
8-minute visits during late April, May, and June at each of
the sampling points in the stands. Species not commonly
recorded at sampling points were recorded if seen while the
observer walked between points and during searches for nests
and observations of foraging behavior that immediately fol-
lowed the count surveys; 4 to 5 hours were spent in each
stand on a sampling day. Sampling was not done on windy
or rainy days. The minimum number of visits to a stand was
six in a year. We tried to visit stands with less than 12 points
more often than the stands with 12 points (appendix tables
14, 15). For example, the maximum was 11 visits to the
stand with 7 points. In 1985, all but three stands had six to
eight visits, with the range caused by rainy days, observer
illness, and other random events. In 1986, all but two stands
were visited seven times (the two had six visits). As pre-
dicted by the pilot study, species richness reached an asymp-
tote before 72 8-minute counts (six visits to a stand with
12 points) had been done.

We estimated the distance to each bird detected that was not
flying through or over the stand during the 8-minute counts.
Distance estimation was aided by two flags 25 m from each
point, flags midway between points, and by rangefinders.
Distances more than 100 m were not recorded because we
and our field biologists concluded that estimating distances
beyond 100 m with a 20-percent precision was impossible.

We made a strong effort to avoid counting the same bird
more than once from the same point. We and our field biolo-
gists believe that we were successful in minimizing double
counting. If a bird could be heard from more than one point,
it was recorded only at the point closest to it. The average
(among species) third quartile of detection distances was
51 + 0.4 (SE) m and did not differ among young, mature,
and old-growth stands. Because we used only detections with-
in the third quartile for calculating abundance indices (see
section on data analysis), any bias (dependence) from assign-
ing a bird to only one point should have been minimized.

Controlling for differences among observers-Eleven biol-
ogists counted birds in 1985 and eight counted in 1986. Five
counted birds in both years. All had experience in bird identi-
fication before employment, and all were trained for 2 to 3
weeks before sampling each year they participated in
sampling.

Training consisted of instruction and practice in the field
and written protocols that documented objectives, methods,
assumptions of techniques, and consequences of violating
assumptions. Protocols were reviewed in group discussions
and implemented in the field both by groups and by pairs of
biologists. All were provided with binoculars, field guides to
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bird identification, recordings of bird calls and songs in north-
em California and southern Oregon, as well as opportunities
to review recordings based on national and regional bird
calls and songs. A written, phonetic guide to bird calls and
songs (Carey and others 1990) was developed by the group,
based on their experiences in the southern Coast Range, and
all observers were provided with a copy. Training in bird
identification, identification of calls and songs, and aural
distance estimation in the field was provided to the group
before sampling began; individuals had opportunities to
practice alone. The biologists were trained in the use of
rangefinders and ocular estimation of distance on courses
with targets at various, measured distances. Targets were
placed at measured distances near offices so rangefinders
could be calibrated daily (flags 25 m from each station
allowed checking of rangefinders during actual surveys).

During surveys, rangefinders were used to check ocular and
aural estimates of distances to birds. Flags at 25-m intervals
along the transect allowed observers to continually check
their distance estimates for birds that were too far away to be
visually or aurally located in a specific tree. We and our field
biologists believed that we maintained a high degree of accu-
racy in bird identification and distance estimation throughout
the sampling.

Observers were in three Oregon locations in 1985, with four
in Corvallis, two in Lorane, and five in Winchester: In 1986,
three biologists were in Corvallis and five were in Sutherlin.
Within each geographic area, observers were systematically
rotated among the stands being sampled; young, mature, and
old-growth stands were sampled in each area. Biologists in
each geographic area (three areas in 1985, two areas in 1986)
regularly met to discuss the birds seen and heard and to re-
view one another’s data sheets. Regular telephone contact
was maintained between the geographically separated groups
during the sampling season to discuss methodology and the
birds being seen and heard.

Nests and foraging behavior-After each morning’s bird
counts, we searched the stands for nests and recorded forag-
ing behaviors of cavity-using birds. Nests, nest trees, and
nest environments were described (Nelson 1989). For forag-
ing behaviors, we recorded the vertical location by foliage
strata (upper, middle, or lower canopy; understory; shrub
layer; ground), the horizontal location (mainstem; inner, cen-
ter, or outer branch; log), the species of tree, the substrate
(bole; large, medium, or small branch; twig; shrub), the con-
dition of the tree (live good, live poor, snag decay-class), the
d.b.h. of the tree (0-9, l0-19, 20-49, 50-99, and > 100 cm),
the dominance status of the tree (suppressed, subordinate,
dominant/codominant), and the object (foliage, bark, live
wood, dead wood, flower, bud, insect, and other) for the first
foraging activity observed for each bird seen.

Vegetation-Vegetation was characterized on two scales:
13-m-radius plots for ground cover, shrub, and midstory vari-
ables; and 25-m-radius plots for site and overstory variables.
Cover variables included fallen trees by three decay-classes
(combined from Franklin and others 1981): 1, intact; 2, bark
sloughing to absent, sapwood well-decayed; 3, tree com-
pletely in contact with the ground, bark absent, and all wood
well-decayed). Other cover variables were herbs, ferns
(mostly sword fern), berry-producing deciduous shrubs
(mostly blueberry and blackberry), other deciduous shrubs
(mostly oceanspray, filbert, and maple), evergreen shrubs
(mostly salal, Oregongrape, Pacific rhododendron), broad-
leaved evergreen midstory trees, deciduous midstory trees,
and needle-leaved midstory trees, Overstory variables in-
cluded canopy cover of three classes of trees (deciduous,
broad-leaved evergreen, and needle-leaved evergreen), counts
of snags by three decay-classes (combined from Cline and
others 1980): 1, bark and branches mostly intact, sapwood
firm; 2, limbs stubs to limbs absent, sapwood soft; 3, well-
decayed, bark and sapwood sloughed). We also counted trees
by diameter-classes (l0-49 cm, 50-99 cm, and 1100 cm) for
Douglas-fir, western hemlock, cedars-Port-Orford-cedar,
incense-cedar, and western redcedar, Pacific madrone, giant
chinkapin, bigleaf maple, other conifers (mostly grand fir),
and other deciduous trees. Snags sampled along the transects
were measured and described in more detail than those in the
circular plots, and their use for nesting and roosting by
cavity-using birds was compared to that of snags generally
available (Nelson 1989).

Data Analysis

Observations of moving birds, birds more than 75 m from a
sampling point, or birds recorded only once in a stand were
discarded before calculating indices of birds per effort (BEI)
and birds per area (BAI). We did this to avoid counting
individual birds more than once, eliminate the observations
With the most error (the most distant observations), reduce
among-observer differences in effective detection distances,
eliminate transient species from the counts, and maintain
comparability with the results of the bird community studies
in the Oregon Cascade Range, the southern Washington
Cascade Range, and the regional analysis of the Old-Growth
Program data.

The recorded observations for each species were examined to
determine if the rate of cue (call, song) emission varied with
time. The black-headed grosbeak, Swainson’s thrush, and
western tanager were not detected during the early counts.
We subtracted the sampling done in the first 5 to 18 days
(depending on species) from the effort to adjust for the per-
iods when each species was not present (or not singing).
From these reduced data, we calculated bird species richness
(number of species by stand) and an index to abundance
based on effort-mean number per count per species per
stand (BEI).
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For analyses related to community structure and bird species
diversity, we calculated an index to abundance based on area
sampled per species (BAI). Placing the birds on an area-
sampled scale allowed calculation of diversity indices and
examination of community structure (ranked abundance)
(Hutto and others 1986). Such analyses cannot be done
reliably with simple count data.

First, we eliminated effort and observations of observers who
seemed to have especially poor sensitivity to the calls or
songs of particular species (these are known as “window spe-
cies” for that observer, Kepler and Scott 1981). Poor sensitiv-
ity was defined as having a mean number per count less than
50 percent of the median (among observers) mean number
per count. For the 2 years, 15 of 929 observer-bird species
combinations were dropped. Window species did not appear
to reflect differences in the hearing, experience, or awareness
of the observers. They seemed to be unique interactions
between particular species and individual observers.

We then examined the detections-versus-distance curves by
stand type to determine if differences existed among young,
mature, and old-growth stands (we found none). From the
distributions of birds detected over distance, we calculated
the third quartile detection distance for each species. We
used this distance as an effective radius of detection for that
species and calculated the area sampled around each point.
The third quartile proved to be a good approximation of the
shoulder in the detection curve-the distance at which a
marked decline in numbers of birds was detected. The abun-
dance index was calculated as the numbers of cues of indiv-
idual birds detected within the third quartile divided by the
area sampled (number of points times area sampled per point
times the number of visits per point). Abundances are re-
ported on a birds-per40-ha scale. We calculated coefficients
of variation for the density indices for each stand and stand-
class.

For species that were detected mostly (> 270 percent) by their
songs, we deleted observations of nonsinging birds; later we
doubled the BAI of the songs-only species, on the assump-
tions we were recording only males and that all males were
mated (Emlen 1977, Reynolds and others 1980).

Many sources of bias and error are possible in count indices
and cue-density indices (Dawson 1981, Emlen 1977, Hutto
and others 1986, Verner 1985; see Ralph and Scott 1981 for
an extensive treatment). But our BAI require fewer assump-
tions and incorporation of less error and bias than the abun-
dance index, BEI (Carey 1983, Ramsey and others 1987,
Raphael 1987a). Our BAI is a measure of bird density only
to the extent that bird call-and-song counts per unit area are
a measure of density. Some birds may not be counted, and

some may be counted twice. If such a sampling error differs
among bird species, among groups of observers, or among
stand types, then the BAI (and the BEI) would be biased.

Placing the birds on an area-sampled scale helped to account
for differences in detectability among species. Elimination of
long-distance detections and window species was designed to
reduce among-observer variability. The remaining among-
observer variability was evenly apportioned among the stands
through our systematic rotation of observers. Calculating
species-by-species third quartiles of detection distances was
an effort to reduce the errors in identification of species and
estimation of distances in the area of marked decline in
detectability. We could not use mathematical models of the
decline in detectability because the 27 species for which we
had numbers of detections sufficient to model detectability
differed markedly in the shape of the detectability curves.
And we could not relate the shape of the detectability curve
to either the cue quality (strength and pitch of calls and
songs) or to the vertical position of the species in the canopy.
Therefore, we could not choose a model to fit all species, or
several models that could be applied to species of like songs
and calls or like positions in the canopy.

In both years, five species exhibited “spikes” (high counts in
the first few meters followed by a sharp reduction in counts
and eventual additional decline in dectectability), six species
had “donuts” (low counts in the first few meters, followed by
higher counts, then by declining counts), four species had
spikes and donuts, and eight species differed in pattern be-
tween years. We could not relate patterns to cue quality or
usual location of the species in the canopy. Deletion of
nonsong cues from songs-only species did reduce the spikes.
Using the the third quartile distances typically encompassed
the bulk of the donut. Thus, we effectively reduced some of
the error from differences among species. Error in the BAI
was likely to be greater in the less abundant and less detect-
able species, simply because of sample sizes. We chose div-
ersity indices (Magurran 1988) and made comparisons of
community structure with these errors in mind.

Margalef’s index (MI) accounts for variability in species
richness by weighting the number of species by the total
number of birds present; thus, MI based on BAI should be a
better measure of richness than number of species based on
simple counts. The Berger-Parker index (BPI) expresses the
degree to which the most abundant species dominates the
community and is thus robust to errors in the estimates of
species of low abundance. We used Kendall’s coefficient of
concordance (Zar 1984) to test differences among age-classes
and moisture-classes in the ranked abundance of species, and
we used Kendall’s coefficient of rank correlation and its
graphical representation (Sokal and Rohlf 1981) to display
the results of the analyses of ranked abundance. We applied
this analysis only to species that occurred in at least 90 per-
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cent of the stands in any one stand type (young, mature, dry
old-growth, mesic old-growth, wet old-growth) to eliminate
rare species from the data set. In 1985, these tests were based
on the 16 most abundant species, and, in 1986, on the 14
most abundant species. All these species were detected 100
times or more during the counts. Error in the estimates of
species of low abundance was not important to the analyses
of community structure.

We used direct gradient analyses (box-and-whisker plots and
scatter plots) to explore our data. We were particularly inter-
ested in how much variability was in each variable-where
that variability lay in relation to stand-age and environmental
gradients, how observations on each variable were distributed
in a statistical sense, and how variability changed along the
distributions. Correlation coefficients (linear correlations,
correlations with log-transformed variables, and rank correla-
tions) were used to identify redundancies among the variables
and to quantify bird species’ responses to gradients and rela-
tions between gradients.

Parametric and nonparametric (Kruskal-Wallis tests) analyses
of variance, Mann-Whitney U-tests, and median tests were
used to examine the statistical significance of comparisons
among categories. Bartholomew’s test for gradients in propor-
tions was used to examine patterns of abundance (proportions
of stands in which the species was present) of birds of low
abundance across age-classes (Fleiss 1973); all recorded ob-
servations were used to determine presence and absence. Be-
cause our study sites and sampling points were not Selected
randomly, levels of significance are biased. But because we
intentionally sampled a wide range of variation in stands in
the southern Coast Range, we maximized variability and the
significance levels should be conservative (Gauch 1982)-
our P-values are probably larger than those a random sample
would have produced. The generalizability of statistical or
mathematical models and predictions derived from the data
is unknown, however. As with any study, extrapolation
beyond the bounds of the conditions examined would be
risky; the degree of risk is unknown. We recognize that the
power of statistical tests is low when variability is high and
sample sizes are small. We caution the reader that failure to
detect differences under these conditions does not necessarily
indicate that differences do not exist, only that the data did
not support rejection of the null hypothesis.

We examined bird community attributes and species’ abun-
dances on two levels of gradients. The first level included
stand age (in years, sometimes log-transformed), stage of for-
est development (young, mature, old-growth), and moisture
categories (dry, mesic, wet). These first-level gradients reflect
complex interactions of site and the process of forest
development.

The second level included gradients based on cover-classes
and counts made at the sampling points or along transects.
These values were averaged for each stand, classes were com-
bined, and the BPI was calculated. The second-level gradients
we developed were density of trees 100 cm or more in d.b.h.;
diversity of canopy conifer sizes (BPI based on density of
trees in the three size-classes); density of broad-leaved ever-
greens (Pacific madrone and giant chinkapin) in the canopy;
density of slightly to moderately decayed snags 50 cm or
more in d.b.h.; density of slightly to moderately decayed
snags 100 cm or more in d.b.h.; cover of deciduous trees in
the midstory and understory; cover of ferns, herbs, and berry-
producing shrubs less than 2 m tall; cover of evergreen shrubs
less than 2 m tall; and the proportion of cover less than 2 m
tall that was ferns, herbs, and berry-producing shrubs.

Results
Characteristics of Old-Growth Stands

Old-growth stands were easily distinguishable from young
and mature stands on the basis of density of Douglas-fir trees
by diameter-class (table 1). Discriminant analysis using the
three density variables correctly classified 93.6 percent of
the stands (P < 0.01); one mature stand was classified as old
growth, one as young; one young stand was classified as ma-
ture. The density of coniferous trees 100 cm or more in d.b.h.
was positively correlated with stand age (fig. 1, r = 0.78,
P < 0.01).

The vertical diversity of conifers (as measured by the BPI)
in the canopy was positively correlated with stand age (fig. 2,
r = 0.51, P < 0.01) and varied almost three-fold among
stands. The BPI was significantly different among the young,
mature, and old-growth stand types (Kruskal-Wallis test,

Table l-Density of Douglas-fir by diameter-class
and age-class of stands in the southern Oregon Coast
Range, 1985-86; 8 young, 10 mature, and 29 old-
growth stands were sampled

Density (stems per hectare)

Diameter-class

l0-49 cm

50-99 cm

> 100 cm

Age-
class

Young
Mature
Old

Young
Mature
Old

Young
Mature
Old

Mean

269.7
118.8
27.4

29.3
64.4
24.8

1.5
6.6

22.3

Standard
error Mode

29.0 213.4
19.2 74.8
6.2 .O

6.9 20.4
8.1 54.0
2.6 33.6

.6 .O
2.6 .O
1.8 16.6
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Table 3Species comprising 15 percent of aU observations 
1” 45 stands in 1985 and 33 stands in 1986 in the southern 
Oregon Coast Range 

1985 ,986 

Species Rank Number Rank Nunter 

Table 4-Mean number of species per stand by age-class and 
moisture-class, based on counts of stationary birds within 15 m 
of sampling points 1” the southern Oregon Coast Range, 1985. 
86 (species mast have occurred at least twice in a stand to be 
counted) 

correlation between total counts and BAI was much lower 
across species (r = 0.74, P < 0.01). reflecting the information 
gained by accounting for differences in detectability. 

The same eight species accounted for 75 percent of all obser- 
vations in both years (table 3). Seven species were recorded 
in 1985 that were not recorded in 1986: black-capped chicka- 
dee (39 observations, primruy habitat: deciduous and decidu- 
ous/conifer forests), mountain quail (three observations, early 
stages of forest development), ruby-crowned kinglet (two 
observations, late stages of coniferous forest development), 
ruffed grouse (two observations, deciduous forests), Town- 
send’s solitaire (seven observations, early and late stages of 
forest development), white-brewed ““thatch (two observa- 
tions, late stages of forest development), and western wood- 
pewee (two observations, late stages of forest development) 
(habitat associations from Brown 198.5). Species recorded 
only in 1986 were chipping sparrow (four observations, early 
stages of forest development) and house wren (seven observa- 
tions, shrub stages of forest development). Lists of species’ 
BAI by age-class are in appendix tables 12, 13. Sampling 
efforts are in appendix tables 14, 15. 

Table S-Mean values of MargalePs Index (MI) of richness 
and the Rerger-Parker index of dominance @PI) applied to 
avian species birds-per-area index by age- and molsture- 
class in the southern Oregon Coast Range, 1985.86 

MI, 1985 3.2 3.2 3.1 0.99 3.3 3.0 3.2 0.34 
BPI. 1985 4.6 4.0 4.1 .39 3.9 4.2 4.0 -47 

Samples” 8 10 27 8 14 15 

MI 1986 
BPi, 1986 

3.3 2.6 3.0 0.01 3.3 3.0 2.6 0.14 
4.5 4.6 4.8 .89 5.6 4.5 4.4 -1s 

samples’ 6 8 19 5 10 4 

Old 

Species Diversity 

The mean number of species per stand (based on co”nts) 
did not vary with age-class (Kruskal-Wallis, P = 0.98) or 
moisture-class (P = 0.51) in 1985. In 1986, mature stands 
had fewer species than young or old-growth stands (table 4; 
Kruskal-Wallis, P < O.Ol), but no significant difference was 
found among moisture-classes (Kruskal-Wallis, P = 0.24). 
The difference in richness was due to the absence of some 
uncommon species in the mature stands. Margalef’s index to 
richness displayed tlx same pattern a~ the counts-mature 
stands had fewer species than young and old-growth stands 
in 1986 but not in 1985 (table 5). Margalef’s index did not 
differ sig”iCicantly among moisture-classes. The Berger- 
Parker index of dominance (and evenness) showed no 
differences among stand types (table 5). 

Patterns of Abundance 

The mea” number of birds counted per stand in 1985 
(570) did not differ significantly (P = 0.85) among age- 
classes; in 1986, fewer birds were counted in mature stands 
(mean = 471) than in young (mean = 489) and old-growth 
(mean = 528) stands (analysis of variance, P < 0.05). Ranked 
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Young Mi3hlW Old Table ‘I--Mean bird-per-area indices of species associated 
with young forests in the southern Oregon Coast Range, 
1985.86 

Age-class 

Species Young Mature Old-gropTh p” 

Black-headed grosbeak 3.90 0.79 0.37 * 
Da*syed jmco 7.76 4.39 2.06 * 
E”ening grosbeak 2.96 5.66 1.63 ** 
Flammmd’r flycatcher u.97 20.26 6.94 * 
Hermit warbler 69.59 41.18 48.34 * 
Hutton’s vireo 6.66 78 1.62 ** 
Nanhville rarbkr 1.84 .69 .71 * 

Table &Mean birds-per-area indices (numbers per 40 ha) 
of birds associated with old-growth forests in the southern 
Oregon Coast Range, 1985.86 

L1 * P < 0.1” in 1 year: ** P < 0.10 in 2 years: KlnskdWallis tea 

-.. n ._ 

Agezlarr 
Table &Mean proportion of young, mature, and old-growth an proportion of young, mature, and old-growth 
stands in which selected species of low abundance occurred in ch selected species of low abundance occurred in 

Species Young Mature Old-grow* P 
the southern Oregon Coast Range, 1985.86; al, observations Oregon Coast Range, 1985.86; all observations 
recorded were used ‘e used 

Brown creeper 16.66 28.66 34.24 ** 1 1 
Chestn”t-backd chickadee 52.06 61.88 101.62 ** Age-class 

Hairy woodpecker .74 1.10 1.79 * 
Olive-sided flvcatcher .06 .03 .47 * Species Young Mature Old-grow* P’ 

Fikated waodpwker .o* .2s 41 
Red-breasted nulhatch 3.14 6.48 9.30 
Kdbreasted sapsucker .12 .90 1.02 
Varied thruEh 4.82 15.12 14.75 
Western flycatcher 49.28 34.57 60.84 
Wmdpeckerrb 38 2.25 3.22 
Ohr cavity csersC 71.88 97.08 145.27 
Bark foraaersd 20.68 37.39 46.35 

** 

** 

** 

11 

** 

** 

** 

*1 

abundance did not differ among age-classes in 1985 (for 16 
species, fig. 5) or in 1986 (for 14 species, fig. 6) (Kendall’s 
coefficient of concordance, P -C 0.01, Kendall’s coefficient of 
rank correlation, P -C 0.01 for all pairwise comparisons). 
Nine species reached maximum abundance in old growth 
(table 6), including all the common cavity-using birds. The 
varied thrush was more abundant in mature and old-growth 
stands than in young stands. The varied thrush was the only 
species associated wilh old forests that also showed a prefer- 
ence for a moisture-class (wet stands in both years, Kruskal- 
Wallis test, P < 0.05). Moisture prcfercnces of other species 
will be discussed below in relation to the eradient in mooor- 

solThem t&r .56 .88 93 
So*empygmy-owl 38 75 .59 
Olive-sided tlycatcher 31 .38 .78 
Pileared wocdpecker .69 .94 1.00 
Red-breanred raps”cker 31 .44 .87 
Sported owl .cu .oo .24 
Marbled murrele1~ .oo so .83 
“aux’s swift .w .29 39 

warbler, chestnut-backed chickadee, golden-crowned kingler, 
Hammond’s flycatcher, hermit warbler, Huaon’s vireo, purple 
finch, westcm flycatcher, western tanager, black-headed gro- 
sbeak, and yellow-rumped warbler) and forest-floor bids 
(American robin, blue grouse, dark-eyed junco, hermit thrush, 
song sparrow, Swainson’s thrush, varied thrush, Wilson’s 
warbler, winter wren, and wrentit) as groups did not differ 
significantly in abundance among age-classes (P > 0.10, 1985 
and 1986). Eleven species were most abundant in young 
stands (table 7). One, the purple finch, was listed by Brown 
(1985) as preferring old growth; our data suggest that it does 
not. 

L . 
tion of understory cover that was herbs, ferns, and berry- 
producing shrubs. Woodpeckers as a group, other cavity users Proportional occurr~~~ccs ol species of low abundance re- 

as a group, and bark gleaners reached maximum abundance inforced many of the associations with old growth shown by 

in old growth (table 6). Foliage foragers (black-throated gray densities in table 6 (table 8). All of these species showed a 
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significant increase in abundance across the three age-classes
(Bartholomew’s test, P < 0.05). In addition, the northern
flicker and northern pygmy-owl increased in abundance with
stand age. All patterns displayed in tables 4 to 6 were consist-
ent between years, except that evening grosbeaks were less
than one-tenth as abundant in old-growth and mature stands
and twice as abundant in young stands in 1986 as in 1985.
All abundances were of the same magnitude between years
except that chestnut-backed chickadees were one-third,
orange-crowned warblers one-fourth, and western tanagers
one-half as abundant in 1986 as in 1985.

Three species that were not commonly found within 75 m
of the sampling points were the marbled murrelet, the spotted
owl, and Vaux’s swift. They showed a pattern of increasing
abundance with age-class (table 8; Bartholomew’s test,
P < 0.05). The marbled murrelet was recorded only in mature
and old-growth stands near Corvallis (Carey 1989; Nelson
and others, in press).

Responses to Gradients

Bark foragers (hairy woodpeckers, pileated woodpeckers,
red-breasted sapsuckers, brown creepers, and red-breasted
nuthatches) were not significantly correlated (using Pearson
product-moment correlation) with the density of large trees
in 1985 and showed only a weak positive Pearson correlation
in 1986 (r = 0.45, P < 0.01) because of a positive response
by the red-breasted nuthatch. A simple linear regression of
bark-forager abundance on large-tree density had a positive
slope significantly different from zero (P < 0.05) in both
years. When we truncated the gradient at 20 large trees per
hectare (about the mean value for trees > 100-cm in d.b.h. in
old growth) the increase in the slope was marked. When we
examined the correlations between large trees and bark-
forager abundances for young and mature stands separately
from old growth, significant positive Pearson correlations
were found in both years (1985, r = 0.71; 1986, r = 0.75;
P < 0.01). Brown creeper abundances were positively corre-
lated with the density of large trees in both years (r = 0.75 in
1985, P < 0.01; r = 0.62 in 1986, P < 0.05). Positive Pearson
correlations were found for pileated woodpeckers in 1985
and red-breasted sapsuckers in 1986. Spearman rank correla-
tions were positive and significant in both years for brown
creepers and bark foragers, as a group, across the entire large-
tree gradient (P < 0.10).

Few positive Pearson correlations were found between cavity-
using birds and densities of small, medium, large, and very
large snags. When we examined young and mature stands
alone, the red-breasted nuthatch, chestnut-backed chickadee,
brown creeper, and northern pygmy-owl, as a group, were
positively correlated with the density of very large (> 100-cm-
d.b.h.) snags (r = 0.71 in 1985, P < 0.01; r = 0.73 in 1986,
P < 0.05). Chestnut-backed chickadees accounted for most of

this positive response (r = 0.62 in 1985, P < 0.05; r = 0.67 in
1986, P < 0.05). Positive rank correlations (P < 0.10) were
found between very large snags and all cavity-nesting species,
brown creepers, woodpeckers as a group, and other cavity
nesters as a group in both years (except hairy woodpeckers
in 1985 and northern flickers in 1985 and 1986). Rank corre-
lations with very large snags (0.28-0.55) were higher than
rank correlations with large snags (0.17-0.45), indicating that
very large snags accounted for a substantial portion of the
correlations with large snags.

Only one consistent pattern of positive response was ob-
tained when we examined forest-floor-associated birds rela-
tive to the proportion of vegetative cover less than 2 m tall
that was herbs, ferns, or berry-producing shrubs, which is
also a site-moisture indicator, and the cover of evergreen
shrubs. The varied thrush was positively correlated with the
proportion of herbs, ferns, and berry-producing shrubs in
both years (P < 0.05, Pearson’s r = 0-44-0.54) and negatively
correlated with evergreen shrubs in both years (P < 0.05,
Pearson’s r = -0.43 in both years), reflecting its preference
for wet sites. Rank correlations between ground-associated
birds as a group and the proportion of herbs, ferns, and berry-
producing shrubs were positive in both years (r = 0.35, 0.37,
P < 0.05).

We found no consistent pattern of positive responses between
the abundance and diversity (MI, BPI) of foliage foragers
and coniferous foliage-height diversity (BPI). Similarly,
we found no consistent pattern of positive responses when
we examined the diversity of hardwood-associated species
(black-throated gray warbler, black-headed grosbeak,
Hutton’s vireo, purple finch, Swainson’s thrush, warbling
vireo, black-capped chickadee, ruffed grouse, and downy
woodpecker) in relation to total deciduous hardwood cover
(shrub, understory, and midstory). Rank correlations between
the abundance of hardwood-associated birds as a group and
hardwood cover were significant in both years (r = 0.33,0.44,
P < 0.05).

Nests

We located 277 active nests of nine species of cavity-using
birds. All species preferred Douglas-fir snags more than
50 cm in d.b.h. Mean nest-tree d.b.h. ranged from 54 cm for
the northern pygmy-owl to 113 cm for the red-breasted sap-
sucker; the mean was 94 cm (Nelson 1989).

Foraging Behavior

We recorded 989 foraging bouts by six species of cavity-
using birds (table 9). Pileated woodpeckers concentrated
their activities in the upper and mid-canopy in Douglas-fir,
as did red-breasted nuthatches. Pileated woodpeckers concen-
trated on tree boles, whereas the nuthatches used small, medi-
um, and large branches in addition to the tree bole. Pileated
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Table 9-Percentage of common (> 14 percent) foraging activities by bird species, location in the forest, tree characteristics, and
object for cavity-using birds in the Oregon Coast Range, 1985-86

Chestnut-
Red-breasted Pileated backed Red-breasted Brown

sapsucker woodpecker chickadee nuthatch creeper

99 156 I 33 323 65 313Sample size

Vertical location:
Upper canopy
Midcanopy
Lower canopy
Understory

Horizontal location:
Mainstem
Inner branch
Center branch
Outer branch

54
22

17 38
36 49 30
22 30
20 32

19
47
23

35
14
26

86 72 83 37 87

40
16

16
35
52

Tree species:
Douglas-fir
Western hemlock
Bigleaf maple

Substrate:
Tree bole
Large branch
Medium branch
Small branch

Tree condition:
Live
Decay-class 1
Decay-class 2

Diameter-class:
0-9 cm
10-19 cm
20-49 cm
40-l00 cm
>lOOcm

Tree status:
Suppressed
Subordinate
Dominant

65
17

44
15
35

71 82 43
21

71

84 72 75 12
20
48

31 89
22
19
29

85 64

23

35
34
24

92 76 84

22

34
43

59
28

38
45

26 41
65 4148

40

18 19
44 22
34 52

27
20
44

24
80 6280

Object:
Foliage
Bark
Dead wood
Live wood (sap)

54
24

60

48
30

34
51

14 79
31
32

woodpeckers preferred large trees ranging from live trees in
good condition to snags that were slightly to moderately
decayed. Nuthatches concentrated on live trees.

Red-breasted sapsuckers and chestnut-backed chickadees also
used the upper canopy, but made greatest use of the middle
to lower canopy, as did hairy woodpeckers and brown
creepers. Sapsuckers, woodpeckers, and creepers concentrated

on the boles of trees, whereas chickadees foraged among
branches, especially the outer branches. Chickadees foraged
mostly on small branches. Douglas-fir was the primary spe-
cies used, but sapsuckers also used bigleaf maple and western
hemlock. All concentrated on live trees in good condition,
with hairy woodpeckers making significant use of moderately
decayed snags. Chestnut-backed chickadees foraged across
diameter-classes, whereas woodpeckers and creepers tended

134



to prefer dominant trees with diameter-classes reflecting
stand age; sapsuckers used subordinate trees the most, fol-
lowed by dominant trees, and thus foraged on smaller trees,
on average, than did woodpeckers and creepers. Chickadees
concentrated on foliage, sapsuckers on live wood (sap), hairy
woodpeckers on dead wood and bark, and creepers on bark.

Foraging behavior mostly was consistent across the stand age-
classes. Pileated woodpeckers were seen rarely in young and
mature stands (4 of 42 observations). Pileated woodpeckers
were observed foraging on fallen trees more (15 percent), a
greater variety of trees, more on snags, and mom on trees
more than 100 cm in d.b.h. in old growth than in young or
mature stands. Hairy woodpeckers used branches on trees
more in old growth than in younger stands (42 percent bole
use in old growth versus 84 percent and 73 percent in mature
and young stands, respectively). Hairy woodpeckers used
more live trees in poor condition and slightly decayed trees
in mature and old-growth stands than they did in young
stands. They also foraged more on large trees in old-growth
than in young and mature stands; trees 20 to 49 cm in d.b.h.
were used the most in young and mature stands. Only three
red-breasted sapsuckers were observed foraging in young
stands. Red-breasted nuthatches tended to use the lower can-
opy more as stand age increased (percentage of use = 0,8,
and 12 in young, mature, and old-growth stands) and in-
creased their use of very large trees. In young stands, nut-
hatches selected trees greater than 50 cm in d.b.h. over trees
20 to 49 cm in d.b.h. But in mature stands, they selected for
the 20- to 49-cm diameter-class. Use of diameter-classes by
chickadees reflected availability. Nuthatches foraged more
on dead wood in young stands (27 percent) than in mature
(0 percent) or old-growth stands (6 percent).

Discussion
Forest Development

The Douglas-fir-dominated forests of the southern Oregon
Coast Range displayed a clear pattern of development over
the range of ages we studied: 40 to 525 years. Both the distri-
bution of diameter at breast height in live trees (table 1) and
the patterns of abundance of snags (fig. 3) provide good
models of forest development: attainment of dominance by
some trees, suppression of subordinate trees, and the opening
of the canopy through death of dominant trees. Young stands
were characterized by high densities of l0- to 49-cm d.b.h.
Douglas-firs (table 1); high stocking rates had resulted in
mortality from suppression that produced high densities of
small- and medium-diameter snags (table 2, fig. 3). Relatively
large numbers of well-decayed large snags from the previous
stand were carried over into the young and mature stands.
Young stands were even-aged, had low values for coniferous
foliage-height diversity (fig. 2), and high values of canopy
cover, Midstory and understory layers were undeveloped.

Mortality from competition (suppression) continued into the
mature age-class, which also tended to be even-aged and to
have a low foliage-height diversity. Canopy cover decreased
with age, but mortality in the mature stands began to produce
snags of the size and condition favored by cavity-nesting
birds (moderately decayed snags >50-cm d.b.h.; Cline and
others 1980, Nelson 1989). Mature stands were approaching
a phase of rapid development, including increases in tree
size, abundance of large snags, and vertical stratification of
the canopy.

Tree size (fig. 1) and foliage-height diversity (fig. 2) con-
tinued to increase with age through the oldest stands studied.
Mortality rates of dominant trees slowed; however, the
slightly to moderately decayed snags most used by cavity-
using birds (mean diameter of snags used for nesting was
94 cm, Nelson 1989) occurred in much lower densities in
old growth than the smaller snags did in the younger stands
(fig. 3). Tree death in young and mature stands is usually due
to suppression, but tree death in old growth is usually due to
butt rot, windthrow, or fire (Franklin and others 1987). Can-
opy cover was at a minimum, and midstory and understory
development at a maximum, in old-growth stands. Because
of the wildfire history of the Coast Range, 500 years is about
the maximum age of old-growth stands there (Juday 1976);
500 years is also the time of peak accumulation of coarse
woody debris, including snags (Spies and others 1988). The
structure of the old-growth (200-525 years old) forests differs
significantly from young and mature forests. Attendant to
these structural differences are compositional differences in
the makeup of the overstory, the development of a shade-
tolerant midstory and understory, and, depending on moisture
conditions, a greater development of shrub and forest-floor
vegetation.

Bird Communities

Bird communities in the southern Coast Range were domin-
ated by eight common species (table 3); no marked differ-
ences were observed in community structure (figs. 5,6)
among young, mature, and old-growth forests. Total abun-
dance of birds was about equal among age-classes. Species
diversity, as measured by richness, Margalef’s index, and the
Berger-Parker index, did not differ in a biologically signifi-
cant way among age-classes, although mature stands seemed
to support a slightly less rich and less abundant bird commu-
nity. All three age-classes were closed-canopied, maturing
coniferous forest; all the study stands were in landscapes
dominated by forest communities.

Forty percent of the bird species present in spring communi-
ties were migrants and, of these, only the Vaux’s swift (a
cavity nester) and the olive-sided flycatcher showed an asso-
ciation with old growth. About one-fourth of the resident
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birds were cavity users; all showed an association with old
growth; and, in addition, the marbled mm-relet and the/winter
wren increased in abundance with stand age. I

Bird communities in old growth differed from those in young
and mature stands, primarily in the abundance and diversity
of cavity-using birds (including the crevice-nesting brown
creeper and the sometimes cavity-using spotted owl). This
compositional change in the bird communities was continu-
ous throughout the age gradient studied, with young forests
supporting the fewest cavity users and old-growth forest
supporting the most. The cavity users that were abundant in
young stands, the brown creeper and the chestnut-backed
chickadee, were the only two that made significant use of
well-decayed (class 3) snags for nesting (Nelson 1989). As
carryovers from the old-growth stands preceding the young
and mature stands, these large and very large, well-decayed
snags were equally abundant in the three age-classes studied.
Our findings suggest that given present conditions, cavity-
using birds depend on old growth to support the numbers of
birds necessary to ensure viable populations.

Hypotheses Examined

Large trees-Old growth is unique in the number of large,
live trees, and bark-foraging birds showed a strong (r = 0.73)
numerical response to large-tree density in young and mature
stands. Brown creepers, especially, showed a consistent, posi-
tive association with large trees throughout the age gradient
and increased in abundance with age, being twice as abun-
dant in old-growth as in young stands. Creepers selected the
dominant trees in each age-class for foraging and concen-
trated their foraging on the bark on the tree boles. But brown
creepers were abundant birds-even more abundant; in young
stands than many of the species associated with young stands
(tables 6,7). Large, live trees may not be a necessity for
creepers, but they certainly contribute to maintaining large
populations. We conclude that live, old-growth trees are an
important habitat element for bark-foraging birds, particu-
larly brown creepers.

Spatial diversity-We found that canopy cover decreased
and midstory development increased with age, but under-
story vegetation reflected moisture more than canopy cover.
Bird species responding to ground cover less than 2 m tall
seemed to be responding to the abundance of forbs and berry-
producing bushes relative to evergreen shrubs on a wet-to-dry
gradient, rather than to stage of forest development, although
the varied thrush responded to both. We found no clear pat-
tern of increased ground cover with age. Spatial diversity
associated with old growth apparently did not exert a strong
influence on bird communities.

The Value of Old Growth to Birds

Old growth seems especially important to cavity-using birds.
These birds select large snags out of proportion to their avail-
ability even in the midst of abundant, small snags (<50-cm
d.b.h.) (Nelson 1989). Mean diameter at breast height of
snags used for nesting was 94 cm-an old-growth diameter.
The bulk of the snags used were of diameters that do not
occur until after at least 80 years of growth.

The other bark foragers were cavity-using birds whose asso- The pileated woodpecker, hairy woodpecker, and red-
ciation with large, live trees may reflect, in part, their associa- breasted sapsucker were rare in young stands and most abun-
tions with large, dead trees. They did not concentrate their dant in old growth, though not as abundant as the secondary
foraging on the bark on the boles of large, live trees to the cavity users. The home-range size of woodpeckers exceeds
extent creepers did. Indeed, the hairy woodpecker used large
branches on old, live trees as well as the boles. The red-

our average stand size, however; the average home-range
size of the pileated woodpecker in the Oregon Coast Range

breasted nuthatch used branches more than boles. The pile- is 480 ha (Mellen 1987). Thus, the presence of old-growth
ated woodpecker used snags as well as live trees. And the stands may provide nesting habitat for woodpeckers and
red-breasted sapsucker foraged on a greater variety of species allow them to forage in nearby younger forests to a greater
than the brown creeper did. degree than would be possible without old growth.

Vertical diversity-Old growth had a much greater vertical
diversity of coniferous foliage than young or mature stands
did. But the foliage-foraging species did not respond numer-
ically to the gradients in diversity or stand age. The diversity

of foliage foragers did not increase with increasing foliage-
height diversity. Greater foliage-height diversity (and the
attendant diversity of species) of old growth apparently did
not strongly influence the bird communities.

Snags-The abundance and diversity of cavity-using birds
was positively correlated with large snags. Snags used by
cavity-nesting birds began to increase in availability in
mature stands but were abundant only in old-growth stands.
Ten of the 14 species associated with old growth (tables 6,8)
are cavity users. Two, the spotted owl and Vaux’s swift, are
dependent on old growth (Carey 1989). The only cavity-
nesting species that was abundant in young stands was the
chestnut-backed chickadee, which used well-decayed, large
snags as well as moderately decayed, large snags for nesting.
Large, and especially very large, moderately decayed snags
are of major importance to cavity-using birds. These kinds of
snags may be difficult to maintain in managed stands.

The chestnut-backed chickadee was most abundant in old
growth but also abundant in younger stands. The red-breasted
nuthatch was three times as abundant in old growth as in
young stands but still relatively abundant in young stands.
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These small species prefer large, tall snags (Nelson 1989).
But unlike most other cavity-using birds (Nelson 1989) chick-
adees nested in large, well-decayed snags. Young stands
developing after harvest of second-growth stands would be
devoid of these large, well-decayed snags. Loss of these
carryovers from old growth would reduce the quality of
young stands as chickadee habitat.

The Vaux’s swift uses large, hollow snags for nesting
(Gabrielson and Jewett 1940). These swifts will forage over
clearcuts, but 56 of the 61 swifts we recorded in the Coast
Range were in old growth. The large, hollow trees used for
roosting and nesting are not commonly found in young or
mature stands (Carey 1989).

The brown creeper, strictly speaking, is not a cavity nester;
rather it builds a nest under loose bark (Ehrlich and others
1988). The heavily furrowed bark of old-growth Douglas-firs
has been postulated as harboring an abundant arthropod
fauna that serves as food for brown creepers (Mariani 1987).
Our data show that brown creepers prefer to forage on the
largest trees available and that creeper abundance increases
with the abundance of large trees. Creepers were abundant in
all age-classes. They preferred large snags for nesting (mean
d.b.h. was 83 cm) and selected the largest snags available;
nest-snag diameter increased with age. Creepers used both
moderately and well-decayed snags more frequently than the
cavity-using birds did (with the exception of the chestnut-
backed chickadee).

The only noncavity nester closely tied to old growth was the
olive-sided flycatcher, an aerial insectivore that nests high on
the branches of coniferous trees (Ehrlich and others 1988,
Gabrielson and Jewett 1940). The tall trees and broken can-
opy of old growth provides a much better foraging environ-
ment than the dense, closed-canopy young and mature forests
in the Coast Range.

Western flycatchers, although most abundant in old growth,
were abundant in the other age-classes as well. The varied
thrush was most abundant in mature and old-growth stands,

but relatively abundant in young stands as well. The associa-
tion with older stands might reflect a subtle influence of can-
opy openings on ground cover or an influence of tall canopies
on ground moisture.

Little information exists on the inland ecology of marbled
murrelets; Nelson and others (in press) reviewed what is
known about the marbled murrelet in Oregon. Additional
information on the ecology of mm-relets is needed before the
importance of old growth to them can be determined.

We found no evidence that other bird species we studied
found old growth to be a more favorable environment than
young or mature stands. Many species, however, were not
sampled adequately. And we studied the bird communities
only during the spring. We believe our data were sufficient
to conclude that loss of old growth would negatively affect
cavity-using bird populations. We predict that effects would
be severe for woodpeckers, the Vaux’s swift, and the spotted
owl.
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Appendix 
Table lO-Mean standardized counts (number per 
stand visit) of birds within 7.5 m of sampling points 
In yooung, mature, and old-growth forests in the 
southern Oregon Coast Range, 1985 
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Table 11-Mean standardized counts (number per 
stand vlslt) of birds witbln 75 m of sampling points 
in young, mature, and old-growth forests In the 
southern Oregon Coast Range, 1986 

Species 
Y0Ung Mature Old 
(“Z5) (n = 8, (” = 19) 
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Table E-Mean birds-per-area Index (numbers per 40 ha) of birds In young, mature, and 
old-growth forests in the southern Oregon Coast Range, 1985 

Stand age&w 

American mbin 
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Red-breasted nuthatch 
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’ More than 10 percent of the detections of these species were of sieging malts. Mean densities qmrted are 
twice the densities of singing males. 
d Mere than 50 percent af aU detections of these species were of flying birds not included in the estimates. 
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Table 13-Mean birds-per-area indexes (numbers per 40 ha) of birds in young, mature, 
and old-growth stands in the southern Oregon Coast Range, 1986 

Species 
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Table I4-Total bird-observation effort (number Table E-Total bird-observation effort (number 
of stations times number of visits) in the southern of stations times number of visits) in the southern 
Oregon Coast Range, 1985 Oregon Coast Range, 1986 
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12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
11 
12 
12 
12 

7 84 
7 84 
7 84 
6 72 
7 84 
7 84 
7 84 
7 84 
7 84 
7 84 
7 84 
7 84 
7 84 
7 84 
7 84 
6 72 
7 84 
7 84 
7 84 
7 84 
7 a4 
7 84 
7 84 
7 84 
7 84 
7 84 
7 84 
7 84 
7 84 
7 77 
7 a4 
7 84 
7 84 
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Table lbStandard detiatlons (and percent coeffkients of variation) for age-class means 
of densities of birds associated with old-growth forests In the southern Oregon Coast 
Range, 1985 

Species 

Brown creeper 
Chesmut-backed chickadee 
Hairy woodpecker 
Olive-sided flycatcher 
Pileated woodpecker 
Red-breasted nuthatch 
Red-breasted sapsucker 
varied thrush 
Western flycatcher 

Age-class 

Table 17-Standard deviations (and percent coefficients of variation) for age-class means 
of densities of birds associated with old-growth forests in the southern Oregon Coast 
Range, 1986 

Species 

Age-class 

Bmwn creeper 
Chestnut-backed chickadee 
Hairy woodpecker 
Olive-sided flycatcher 
Pileated woodpecker 
Red-breasted nuthatch 
Red-breasted sapsucker 
Varied dash 
Western flycatcher 

6.3 
9.3 

.5 

.3 

.O 
2.1 

.3 

L 

5.0 
15.4 

(39) 
(36) 

(125) 
(254) 

(75) 
WJ) 
(122) 

(38) 
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Abstract
Spring bird communities in the western Oregon Cascade
Range were examined in 1984 and 1985 using point counts.
Three locations in the northern (Mt. Hood), central (H.J.
Andrews), and southern (Rogue River-Umpqua) portions of
this physiographic region were studied in 1984; in 1985, only
the central location was studied.

A total of 70 species was detected in 1984 in 56 Douglas-fir
stands ranging in age from 30 to 450 years. Species richness
values were similar for all locations in 1984 but increased
slightly between years at H.J. Andrews to 62 species (from
56) in 1985. Numbers of bird species did not differ across
the chronosequence (old, mature, young) or moisture gradi-
ent (dry, mesic, wet) in either year. The hermit warbler was
the most common species encountered in 1984, and the win-
ter wren the most common species at H.J. Andrews in both
1984 and 1985.

Locational differences were found for particular species,
and the birds segregated out on the basis of elevation, lati-
tude, and longitude and-where they shared the same

environments-on the basis of resource utilization, Species
associated with older stands, based on significant correlations
with stand age or old-growth stands in the chronosequence,
were the brown creeper, chestnut-backed chickadee, hairy
woodpecker, rufous hummingbird, varied thrush, and winter
wren. Two other species that were, with small sample sizes,
significantly associated with old growth in 1984 were Vaux’s
swift and the olive-sided flycatcher; the red-breasted sap-
sucker was found only in old growth. In 1985, the evening
grosbeak and western flycatcher were significantly associated
with stand age, and Cooper’s hawk, blue grouse, Hutton’s
vireo, red crossbill, and Vaux’s swift were found only in
old-growth stands.

In all, 17 species over the 2 years of study were significantly
associated with either the dry or wet portion of the moisture
gradient. Hutton’s vireo and Swainson’s thrush were found
only in wet stands in 1985. At Andrews, however, 14 species
changed their use of the moisture gradient from dry to mesic
or wet between 1984 and 1985.

The variability found among locations and between years in
bird detections suggested considerable flux in the way avian
species selected habitats and that environmental factors and
interspecific competition were important in modifying the
relations of avian species to habitat but not necessarily to
vegetative structure.
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A few (5-6) species dominated the avifauna (>60 percent of
all detections), and most were common in all age-classes.
The only important old-growth associates may be some of
the rarer species, such as Vaux’s swift; spotted owl manage-
ment prescriptions may accommodate the needs of these and
other species.

The vegetative structure in the young stands studied, which
were all fire-derived, had similar characteristics to that of the
old-growth stands. Thus, our findings are probably not repre-
sentative of the avifauna that might be found in managed
stands of similar ages.

Introduction
The avifauna is the most visible component of the vertebrate
community. As such, it frequently is used to define and thus
indicate the total faunal support capacity of any given envi-
ronment (see Graber and Graber 1976). Spring bird com-
munities are the most stable and thus predictive because they
normally are composed primarily of breeders. Breeding
forest birds select and use habitat based on its structure (for
example, Anderson and Shugart 1974; Crawford and others
1981; De Graaf and Chadwick 1987; Karr and Roth 1971;
MacArthur and others 1962, 1966; Smith 1977). Although
this relation to structure is generally accepted, some re-
searchers disagree (for example, Tomoff 1974, Willson 1974).
Old-growth Douglas-fir forests have structural characteristics
that distinguish them from younger and managed forests
(Franklin and others 1981; Franklin and Spies 1984; Spies
and others, unpubl. manuscript). Theoretically, determining
the structural components responsible for any given bird
species’ presence and abundance in old growth should be
possible. Management prescriptions to ensure its continued
existence could be developed or appropriate areas set aside,
as is being attempted for the spotted owl (U.S. Department
of Agriculture 1988a). Conceivably, these structural com-
ponents, if known, could be provided in younger stands.

The objectives of this study were to document the spring bird
communities in the Oregon Cascade Range and to relate
particular species and associations of species to the age and
structural characteristics of unmanaged Douglas-fir forests.

Materials and Methods
The study was conducted at three locations on the west
side of the Oregon Cascade Range during 1984 (Mt. Hood,
H.J. Andrews (Andrews), and Rogue River-Umpqua (Rogue-
Umpqua)) and Andrews in 1985. In 1984,56 stands extend-
ing along a chronosequence of 35 to 500 years (appendix
table 15) and dominated by a Douglas-fir overstory were
sampled (see frontispiece). Although mesic stands dominated

the young (30-80 years) and mature (80-200 years) cate-
gories, a moisture gradient (wet, mesic, and dry) was deter-
mined for the old-growth stands. Of the 56 stands, 46 were
used for chronosequence analysis and 28 for the old-growth
moisture-gradient analysis.

Birds were sampled using simple point counts (Vemer 1985).
Twelve stations separated by 150 m and at least 75 m from
the edge of the stand were established within each stand. Six
surveys were run for each stand in 1984 with the direction
being reversed for each survey (that is, 1 to 12, 12 to 1, 1 to
12 and so on) and observers were randomly assigned to mini-
mize observer bias. Different crews were used at the three
locations, so despite common training procedures, observer
bias among locations was possible. Detections were summed
among stations and reported as counts of species per stand.
Only birds detected within 75 m of the station and species
detected on at least two sample days in a stand and in more
than one stand per location were included in the data
analyses. This strategy reduced the number of species from
70 to 38, suggesting that 46 percent of the species detected
were migrants, transients, or rare breeders at the three
locations. For the purpose of analysis, Empidonax flycatchers
denote dusky and Hammond’s flycatchers. Seven surveys
were done in 1985 in each of 15 stands at Andrews.

Vegetational data were collected for the forest floor, shrubs,
and trees, and physical characteristics of the 56 stands were
measured (appendix table 16). Each station was individually
described using a nested plot design with 500-m2 (13-m
radius) and 2000-m2 (25-m radius) sampling areas.

We used nonparametric analysis of variance (ANOVA) to
test the hypotheses that abundance of birds and species rich-
ness did not differ among age- or moisture-classes or loca-
tions. We used detrended correspondence analysis (DCA)
(Hill 1979a) to explore the relation between bird abundances
and habitat-classes or environmental variables. Detrended
correspondence analysis is an ordination technique that
arranges a matrix of species’ abundances (communities) by
samples (stands) in low-dimensional space so that the com-
munities occurring in each stand are represented in space
along several axes. Thus, many components are reduced to a
few important ones and variability is reduced. Communities
with similar species composition and relative abundances
occupy positions near each other within the space described
by the first and second DCA axes. To determine whether
stands grouped themselves with respect to age, mois-
ture, or location categories, a plot of the DCA axis scores
was examined to detect clustering of stands that might be
caused by these factors.

To classify sites into community phases, two-way indicator
species analysis (TWINSPAN) (Hill 1979b) was used. The
analysis, based on a multilevel, two-way partitioning of the
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correspondence analysis axis scores, was used to classify
avian species into categories related to location and to the
stand age- and moisture-classes.

Bird species found to be associated with old-growth forests
from the TWINSPAN analysis were correlated with the vege-
tational and environmental variables to examine the relation
between individual bird species and individual environmental
features.

Old-growth-associated species based on significant, positive
Spearman rank correlations with stand age were examined in
relation to the vegetative structure of the old-growth stands
to identify which vegetational characteristics may have been
important elements in effecting the observed association.
Avian guilds were assembled (Manuwal and others 1987) to
examine intraguild habitat use.

In 1985, only the Andrews location was studied. The proce-
dures followed were identical to the previous year, but as
noted earlier only 15 stands were sampled (appendix table
15). Data from 1984 were compared to those from 1985 in
the same 15 stands. Because of differences in species rich-

I ness and relative abundances between the 2 years, these data

I
could not be combined for analysis. Chi-square analyses (Zar
1974) were used to examine differences between years.
Statistical significance is reported at P < 0.05; means are
presented with standard errors.

Results
1984
A total of 38 different bird species were considered in 1984,
although the total data set consisted of over 18,000 detections
of 70 different species. Using the restructured data set, an
average of 15.8 species were detected per stand (range 10-
23). ANOVA indicated that neither abundance of birds de-
tected (57.8 per stand in old-growth, 55.9 in mature, and
52.4 in young) nor the species richness values were related
to age or moisture (table 1). The mean numbers of species
in old-growth, mature, and young stands were 16.4 + 0.6,
16.5 + 0.7 and 15.2 + 0.6. Species numbers detected at the
three locations were not different (Rogue-Umpqua, 18.2 +
0.9; Andrews, 15.0 f+ 0.7; Mt. Hood, 14.3 + 0.7). The most
frequently detected species for all three sites combined was
the hermit warbler, although the winter wren was the most
frequently detected species at Andrews.

Nineteen species exhibited significant location effects by
being predominantly found at only one or two of the three
locations (table 2). More birds were detected at Rogue-
Umpqua than at Andrews (average 62.5 + 2.7 vs 52.7 + 3.9
birds per stand per visit) (P < 0.05).

Table l-Analysis of variance for bird abundance and
species richness values compared to age and moisture
conditions, Oregon Cascades, 1984

Factors DF F- value Prob>F

Species richness x age 2 0.01 0.9876
Species richness x moisture 2 0.26 0.7728
Bird abundance x age 2 0.67 0.5163
Bird abundance x moisture 2 0.33 0.7191

Seven species were positively associated (P < 0.05) with
stand age and three negatively associated (table 3), based on
Spear-man rank correlations. ANOVA showed the chestnut-
backed chickadee to be significantly associated with old-
growth compared to young stands, and Steller’s jay and
the western flycatcher detections approached significance
(P < 0.06 and < 0.07, respectively). Two species with small
sample sizes significantly associated with old growth were
Vaux’s swift and the olive-sided flycatcher.

TWINSPAN analysis distinguished two groups of birds
(table 4), as indicator species. The first group was somewhat
associated with stands that were old and mature, and the sec-
ond with stands that were young and mature. Correlations of
individual environmental components with DCA axis scores
showed 10 significant physical variables correlated with
DCAl (table 5). Foremost were elevation, latitude, and the
two fern-height categories. More (20) physical variables were
significantly correlated with DCA2, but only slope, large-
diameter, and medium-height snags of decay-class 4, berry-
producing and deciduous shrubs, and needle-leaved evergreen
trees in the lower to midstory had r values > 0.50 (table 6).
Plots of DCAl versus DCA2 showed that age and moisture
stands did not cluster, although location did (figs. l-3).

The most commonly detected species were represented simi-
larly in the different-aged stands (table 7).

Species with old-growth associations differed considerably in
relation to vegetative and physical factors of the environment.
Spearman rank correlations showed that the varied thrush
occurred significantly more than expected at locations with
little exposed soil or fine organic litter, few tree pits but
good ground cover by logs of decay-class 3 (R = 0.42;
P = 0.01). This species was found predominantly in western
hemlock (R = 0.52-0.67; P < 0.001) and, to a lesser extent, in
stands of very large western redcedars (R = 0.39; P < 0.03)
and Douglas-firs (R = 0.32; P c 0.02). The associations with
deciduous tree species were generally negative although small
alders (R = 0.28; P = 0.03) and maples (R = 0.34; P = 0.01)
were used preferentially.
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Table 2cBIrd species showing significant (P c 0.05) association with location (based
on ANOVA),  Oregon Cascades, 1984

Species F-value P Location influence0

Brown creeper 3.73 0.03 1 RRU>HJA
Black-headed grosbeak 5.42 0.007 RRU>MTH
Chestnut-backed  chickadee 13.59 O.oool RRU>MTH HJA>MTH
Red-breasted nuthatch 41.62 0.0001 RRU>MTH RRU>HJA
Hermit  thrush 11.80 0.0001 RRU>MTH RRU>HJA
Townsend’s solitaire 5.93 0.005 RRU>MTH RRU>HJA
Nashville warbler 8.53 0.0006 RRU>MTH RRU>HJA
Yellow-rumped warbler 5.41 0.007 RRU>MTH RRU>HJA
Western tanager 6.71 0.003 RRU>MTH RRU>HJA
Pine siakin 11.05 0.0001 RRU>MTH RRU>HJA
Dark-eyed junoo 9.17 0.0004 RRU>MTH RRU>HJA
Hermit warbler 3.46 0.039 HJA>MTH
Winter wren 14.26 0.0001 HJA>RRU MTH>RRU
Band-tailed pigeon 4.41 0.017 Only at MTH
Empidonaz  flycatchers 18.35 0.0001 MTH>HJA RRU>HJA
Western flycatcher 20.48 0.0001 MTH>H JA MTH>RRU
Varied thrush 19.67 0.0001 MTH>H JA MTH>RRU
Golden-crowned kinglet 21.16 0.0001 MTH>H JA RRU>HJA
Wilson’s w arbIer 13.52 O.oool MTH>HJA MTH>RRU
Swainson’s thrnsh 4.06 0.023 MTH>RRU

a RRU = Rogue River-Umpqua National Forest; HJA = H.J. Andrews Experimental Forest;
MTH = Mount Hood National Forest.

Table 3Significant  associations of bird species with stand
age, Spearman  rank correlations, Oregon Cascades, 1984

Species Correlation coefficient Probability

Hairy woodpecker 0.439 0.0009
Varied thrush 0.410 0.0021
Western flycatcher 0.384 0.0041
Rufous hummingbird 0.356 0.0082
Stiller’s jay 0.304 0.0255
Brown creeper 0.297 0.0293
Winter wren 0.276 0.0430
American robin -0.449 0.0007
Evening grosbeak -0.323 0.0170
Hermit warbler -0.266 0.0520

The western flycatcher was detected primarily in areas with
down logs of decay-classes 3 and 4 (R = 0.34-0.41; P < O.Ol),
substantial fern cover (R = 0.43; P = O.OOl), deciduous shrubs
in the understory (R = 0.32-0.57),  and with an overstory dom-
inated by western hemlocks (R = 0.30-0.40; P c 0.02) and
very large western rcdcedar (R = 0.27; P c 0.05).

The hairy woodpecker was detected at sites with very large
Douglas-firs (R = 0.43; P = O.OOl),  large and very large west-
em redcedars (R = 0.30-0.32; P c 0.02),  large and very large
western hemlocks (R = 0.30-0.32;  P = 0.02), and large Paci-
fic madrones  (R = 0.31; P = 0.02). The winter wren was

Table ABird  species sorting out by stand
age, TWINSPAN  analysis, Oregon Cascades,
l!x4

Species generally associated with older stands:
Northern flicker
Pileated woodpecker
Hairy woodpecker
Common raven
Brown creeper
Varied thrush
Pine siskin

Species generally associated with younger stands:
Blue grouse
American robin
Swainson’s thrush
Nashville warbler
Black-throated gray warbler
Townsend’s warbler
Wilson’s warbler
Western tanager
Black-headed grosbeak

associated with western hemlocks of all size-classes
(R = 0.44-0.54; P c 0.006) and very large western rcd-
cedars (R = 0.30; P = 0.02). The rufous hummingbird was
found at sites with large and very large western hemlocks
(R = 0.07-0.32; P < 0.04).
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Table 5-Physical and vegetative variables slgnlficantly 
associated with DCAl (DECORANA) bird species, Oregon 
Cascades, 1984 (Spearman rank correlations) 

F.%?OI Rvalue P 

Elevation 
Latitude 
Short snags, decay-class 3 
Medium-tall snags. decay-class 5 
Fern (0-0.5-m tall) 
Evergreen shrub (0-0.5-m tall) 
Fern (0.5-2-m tall) 
Needle-leaved evergreen trees 
(super canopy) 
Logs. decayclass 2 
Logs, decay-class 3 

0.57 <o.CQOl 
-0.73 <o.ooOl 

0.30 0.024 
-0.39 0.003 
-0.51 <0.ooo1 
0.29 0.032 

-0.54 <O.OOl 

0.44 0.0008 
-0.32 0.018 
-0.37 0.005 

Table 6-Physical and vegetative variables significantly 
associated with DCAZ (DECORANA) bird species, Oregon 
Cascades. 1984 &wannan rank correlations) 

F&.ZOI Rvalue P 

Stand age 
latitude 
Slope 
Number of very large trees (04.5 m) 
Number of verv laree trees fO.5.2 ml 
Number of ver$ la& trees (2 m-n&tory) 
Medium-diameter, medium-tall’ snags, 
decay-class 5 

Medium-diameter, tall snags, decay-class 4 
Medium-diameter. tall snags. decay-class 5 
Large-diameter, medium-tall snags, decay- 
class 3 

Largediameter. medium-tall snags, decay- 
class 4 

Large-diameter. medium-tall snags, decay- 
class 5 

Berry-producing shrubs (O-o.5 m) 
Evergreen shrubs (O-O.5 m) 
Deciduous shrubs (O-O.5 m) 
Needle-leaved evergreen trees (2 m- 
midstory) 

Deciduous shrubs (all height-classes 
combined) 

Logs. decay-class 3 
Logs. decay-class 4 
Logs. decay-class 5 

0.33 0.015 
0.27 0.045 

-0.50 -ZO.OWl 
0.38 0.004 
0.29 0.038 

-0.39 0.003 

0.27 0.041 
0.34 0.009 
0.30 0.023 

0.45 0.0005 

0.50 CO.OcQl 

0.30 o.ozA 
0.62 rn.OQOl 

-0.37 0.005 
0.67 <o.COOl 

0.52 <o.OOOl 

0.58 <o.OOOl 
0.35 0.008 
0.42 O.oOl 
0.35 0.008 

Clear segregations of habitat associations occurred within 
two guilds, the aerial insectivores (western and Empidom 
flycatchers) and tree-seed eaters (evening grosbeak and pine 
siskin). Pine siskins were positively associated with sites 
with grand fir trees, and evening grosbeaks were negatively 
associated (table 8). Empidom flycatchers were detected at 
sites with deciduous trees and medium-large Douglas-fus, 
tree types either avoided or having no significant association 
with the western flycatcher based on Spearman rank correla- 
tions (table 9). 
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Table ‘I--The 6 most frequently detected bird species 
(combining Hammond’s and dusky flycatchers as Empidonar 
flycatchers) by stand age, Oregon Cascades, 1984 

Other guilds-for example, understory-ground insectivores 
and bark insectivores-were separately related to tree species 
and size-class. The only overlap in significant Speaman rank 
correlations for bark insectivores was for small sugar pine 
with the fed-breasted nuthatch and the red-breasted sapsucker 
(table 10). The large understory-ground insectivore guild 
showed more overlap, but clear separations of habitat associa- 
tion were evident between the hermit thrush and Swainson’s 
and varied thrushes, and between Wilson’s warbler and the 
winter wren and three other smaller members of the guild 
(tables 11-12). 

Table g-The tree-seed-eater guild and the signlfkant 
Spearmao rank correlations for tree specks and size- 
classes, Oregon Cascades, 1984 (correlation coefficient 
with probability in brackets) 

Tree species and size Evening grosbeak Pine siskin 

Medium Douglas-fir 
Small grand tir 
Medium grand fir 
Large grand fir 
Very large grand fr 
Small golden chinkapin 
Medium golden cbinkapin 
Small incensecedar 
Medium incense-cedar 
Large incense-cedar 
Very large incense-cedar 
Large wt?Smn white pine 
small sugar pine 
Medium sugar pine 
Large sugar pine 
vely large sugar pine 
Small California red fir 
Small hazel 
Small red alder 

co.37 (0.004) 
-0.36 (0.007) 
-0.37 (0.006) 
xl.31 (0.02) 
-0.10 (0.48) 
-0.08 (0.55) 
tO.05 (0.73) 
-0.29 fO.031 
-0.29 (0.03j 
-0.27 (0.04) 
-0.19 (0.16j 
-0.10 (0.48) 
4.18 (0.19) 
-0.24 (0.07) 
-0.28 (0.03) 
-0.23 (0.09) 
-0.05 (0.69) 
4.13 (0.35) 
+0.42 (0.001) 

AllO (0.48) 
+0.59 (0.oc41) 
+0.60 (0.0001) 
+0.53 (0.0001) 
+0.44 (0.0007) 
+0.26 (0.05) 
+0.34 (0.01) 
+o.so (O.owl) 
+0.47 (O.OOa2) 
+0.47 (0.0003) 
+0.44 (o.cm7j 
+0.36 (0.007) 
+0.29 (0.03)’ 
4.35 (0.008) 
+oso (O.ocm) 
4.47 (O.OOa2) 
+0.27 (0.05) 
a.46 (0.0004) 
-0.22 (0.10) 

Table 9Significant Spearman rank correlations of the aerial 
insectivore guild with tree species and size-classes, Oregon 
Cascades, 1984 (correlation coefficient with probability in 
brackets) 

Tree species and size 
Empidom 
flycatchers 

Medium Douglas-fx -0.28 (0.04) +0.27 (0.05) 
Large Douglas-fir -0.37 (0.005) +0.28 (0.04) 
Very large redcedar 4.27 (0.05) 4.07 (0.60) 
SmaU western hemlock +0.30 (0.02) -0.23 (0.09) 
Medium western hemlock t0.32 (0.02) a.33 (0.01) 
Large western hemlock Ml.40 (0.002) -0.28 (0.03) 
Very large western hemlock xl.40 (0.002) -0.46 (O.COO4) 
Small bigleaf maple -0.04 (0.75) 4.28 (0.04) 
Medium bigleaf maple +0.04 (0.79) a.30 (0.03) 
Small golden chinkapin -0.15 (0.26) +0.35 (0.01) 
Medium golden chinkapin a.21 (0.13) 4.31 (0.02) 
Medium red alder -0.05 (0.70) a.27 (0.05) 
Small Pac%c dogwood xK21 (0.13) t0.54 (0.0001) 
Medium Pacific dogwood 4.18 (0.19) a.46 (0.0004) 
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Table ltLS&nincant Spearman rank correlations with tree 
spies and sizes for members of the bark insectivore guUd, 
Oregon Cascades, 1984 

- 
-.41 
+.43 
- 
- 
+.3* 
- 
- 
- 
- 
+.32 

+.30 

- 
+.32 

+.30 
- 
- 
- 
-.34 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 

- 
+.32 
+.29 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

+.40 
- 
- 
+.33 
+.36 
- 
+.57 
+.I35 
+.&I 
-.30 
- 

22 
-58 
-.38 

-36 
- 
- 
-.33 
- 
+.35 
+.55 
+.63 
+A3 
+.51 
+A8 
+.69 
+&5 
+.fX 
+.54 
-27 
-.37 
+.39 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 
- 
+.36 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

1985 

More than 6500 detections of 62 species were made. Al- 
though the most species (40) were found in old growth, the 
differences (30 in mature and 35 in young) were not signifi- 
cant. Only 40 species were used in the other analyses, and, 
for this data set, 21.0 f 2.4 species were. found in old-growth, 
19.7 + 4.4 in mature, and 21.0 * 4.2 in young stands. Mean 
detections per stand did not differ between young, mature, 
and old-growth (24.0 * 7.0.27.0 + 15.1, 33.2 f 6.9). 

Species associated with old growth based on significant 
positive Speamun rank correlations with stand age were the 
evening grosbeak (R = 0.54, P < 0.04) and the western fly- 
catcher (R = 0.55, P < 0.04). Five other species, Cooper’s 
hawk, blue grouse, Hutton’s v&o, red crossbill, and Vaux’s 
swift, were found only in old-growth stands. 

ANOVA indicated no significant associations with old 
growth. Similar analyses for these same stands in 1984 
showed only that the brown creeper was associated with old- 
growth stands though not significantly (ANOVA, P < 0.08). 
No significant differences were found based on the moisture 
gradient in either abundance or species richness values in 
1985. 

We found 21.5 + 4.7 species in wet stands, 20.5 * 4.5 in 
mesic stands, and 20.7 & 4.7 in dry stands: 37.3 + 11.8 
individuals were detected per stand in wet stands, 31.6 f 
21.3 in me&c. and 28.7 + 10.8 in dry. Blue grouse, ruffed 
grouse, and rufous hummingbirds were found only in the dry 
portion of the moisture gradient, and Hutton’s vireo and 
Swainson’s thrush were found only in the wet portion. None 
of these species was significantly (ANOVA) associated with 
the moisture gradient, however. Based on Spearman rank 
correlations, five species were significantly associated with 
older stands at Andrew in 1984: the brown creeper (R = 
0.77; P = O.oOOl), hairy woodpecker (R = 0.60; P = 0.006), 
pileated woodpecker (R = 0.52; P = 0.02). western flycatcher 
(R = 0.46: P = 0.04) and Steller’s jay (R = 0.49; P = 0.03). 

The hahy woodpecker selected both mesic and wet stands, 
the hermit thrush and pileated woodpecker selected mesic 
stands, and the winter wren selected dry stands (ANOVA). 

The five most abundant species in 1985 represented 65.9 per- 
cent of the detections. When the Empidonax flycatchers were 
added, 72.2 percent of the detections were accounted for, 
which compared with 76.1 percent for these same species 
in 1984 in the same stands (table 13). 

The hairy woodpecker and hermit thrush were the only spe- 
cies that showed any differences in their use of vegetative 
structure and physical environment between years--that is, 
changed from three or more positive or negative relationships 
to the opposite (Spearman rank correlations). 

Fourteen species had significant (chi-square) differences in 
relation to the moisture gradient in 1985 when compared to 
1984. The hairy woodpecker and winter wren shifted from 
the wet to dry portion of the gradient, and the numbers of the 
northern flicker, pileated woodpecker, and western tanager 
increased in either dry and wet stands when they had been 
most common in mesic stands in 1984. Nine other species 
shifted from dry to wetter stands in 1985 compared to 1984 
(table 14). The majority of the species showed consistent 
patterns of chronosequence and moisture-gradient use. The 
Empidom flycatchers were a good illustration of this 
consistency (figs. 4-7). 
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Table ll-SignUlcant eonlfer associations for larger members of the Loa under$tory- 
ground Insectivore @Id, based on Spearman rank carrelntlons, Oregon Cascades, 1984 

Tree species American H.ZXlllit Northem swainson’s Varied 
and size mbin thrush flicker thrush thrush 

Small Douglas-fir 
Medium Douglas-fir 
very large Douglas-fir 
Small grand fir 
Medium grand fu 
Large grand iir 
Small we~tem hemlock 
Medium western hemlock 
Large we~tem hemlock 
Very large western hemlock 
Small western redcedar 
Medium western redcedar 
Large we~tem redcedar 
Very large western redcedar 
Smdl sugar pine 
Medium sugar pine 
Large sugar pine 
very large sugar pine 
Small Pacific yew 
Medium Pacific yew 
Small incense-cedar 
Medium incease-cedar 
Large incense-cedar 
very large incensecedar 

- 
+.50 
-34 
- 

14 
-.42 
-29 
-27 
-28 
- 
- 
- 

19 
-.35 

- 

+.31 
- 
- 
+.46 
+.49 
+.47 

,29 - 
-33 
- 
- 
- 
- 

+.32 
+.42 
+.42 
- 

+.55 
+.48 
+A6 
+A4 

- 
- 
- 
- 
- 
+.27 
- 

- 
- 

- 
- 

- 
+.27 
- 

- 
+.26 

- 

,46 
-.40 
-32 
+.29 
+.38 
- 
+.31 
- 

-30 
-.34 
+.32 
-18 
-A6 
-54 
+.52 
+.57 
+.67 
+.66 

- 
- 

,27 
-32 
-.41 
-36 
- 

+.39 
-30 
-A6 
-A9 
-.43 

-a9 -.55 
-.49 -.54 
-.46 -.51 
-.35 -.35 

Table 12-Signlfhnt conifer associathns for smaller members of the low understory-ground 
lmectlvore @ld, based on Spearman rank correlslions, Oregon Cascades, 1984 

Tree species Dark-7E-d MacGillivray’s TOwnSad’S Wil.WlI’s Winter 
and sim junco warbler solitaire warbler wren 

small Douglas-fr 
Large Douglas-fir 
Small grand fn 
Medium grand fir 
Large g&d fir 
Very large grand fir 
Small western hemlock 
Medium we~tem hemlock 
Large wesrem hemlock 
Very large western hemlock 
Small western redcedar 
Medium western rdcedar 
Large western redcedar 
Very large western red& 
Small sugar pine 
Medium sugar pine 
Large sugar pine 
Very large sugar pine 
Small Pacific yew 
Medium Pacific yew 
small incense-cedar 
Medium incense-cedar 
Large incensecedar 
Very large incense-cedar 

+.53 
+.28 
+.43 
+.43 
+.39 

-.41 
-.49 
-.35 
-.28 

+.37 
+.27 
+.32 
+.31 
- 

+.42 
+.41 
+A4 
+.31 

- 
- 
+.32 
- 

+.37 
+.33 
+.35 
+.42 

- 
- 
+.41 
+.51 
+.35 
+A6 
-.36 
-.43 
-26 

,36 
-.27 
-.31 

- 
- 
- 

- 

-.30 -.49 
- - 
-.42 -.54 
-.35 -50 

+.45 
- 

+.51 
- +.54 

+.44 
+.37 +.51 
- 

- 
- 
- +.30 

12 -.52 -.47 
-.38 -55 
-30 -51 
-.38 - 
-.30 
-.45 ,56 
-.44 -.56 
-.42 -.60 
-.36 -.44 

152 



Table 13-The 5 most common bird species plus the 
Empidonax flycatchers detected at Andrews in 1984 and 
1985 by point counts, Oregon Cascades (values are percent- 
ages of total detections) 

Table 14-Bird species that changed 
their use of the moisture gradient from 
dry to wet between 1984 and 1985, H.J. 
Andrew, Oregon Cascades 

Species Chi-square 

Western flycatcher (P < 0.002) 
Chesmut-backed chickadee (P = 0.06) 
American robin (P < 0.002) 
Hermit tish (P < 0.0001) 
Swainson’s thrush (P < 0.co01) 
Black-throated gray warbler (P < 0.001) 
Townsend’s warbler (P < 0.0001) 
Hermit warbler (P < 0.0001) 
Wilson’s warbler (P < 0.002) 

4 

oh ,,,,,, Xm,,” ,,,, ,,., ,,,,,,,,, ,,,, x ,,,, I 

Dry Mesic wet 

Moisture category 

Discussion 
The similarity in species richness values and bid abundances 
along the chronosequence parallels findings in the Oregon 
Coast Range (Carey and others, this volume), northern 
California (Ralph and others, this volume; Raphael and 
Barrett 1984). and southern Washington (Manual, this 
volume; Manuwal and Huff 1987). The very similar stand 
physiognomies probably accounted for this. The young and 
mature stands had considerable coarse woody debris both 
standing (snags) and on the ground (logs) (see Spies and 
others 1988). Most of the stands studied were fire-derived 
rather than a result of logging. Therefore, our findings do not 
answer the concerns of Harris and others (1982) that long- 
term declines in species richness might be expected if 
truncation of seral development occurs at 80 to 100 years. 
Even in naturally regenerated stands, large-diameter snags 
would be gone after the harvest unless specific provision was 
made for them in the stand prescription, or uneven-aged 
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management was used. Nyberg and others (1987) discuss 
the implications of such management activities to provide 
old-growth components in younger stands. 

Many authors, including De Graaf and Chadwick (1987), 
Johnson and Landers (1982), Kessler and Kogut (1985). 
Manuwal and Huff (1987), and Wetmore and others (1985). 
have shown the changes in bird species and populations that 
can be expected from logging or changing the sizes of trees 
in a stand. But few long-term studies provide information on 
whether old-growth-associated species such as those in oar 
study would persist 100 to 200 years from now in commer- 
cial forests without management intervention. The cavity 
nesters are the most vulnerable, but models are available that 
should ensure even their existence (Davis and others 1983, 
Thomas and others 1979). 

Breeding bird communities in the Oregon Cascade Range 
were dominated by a few, relatively abundant species. Odum 
(1971) suggests that a more stable environment tends to have 
dominance shared among more species. Stand age appeared 
to have little effect on the dominance values, possibly be- 
cause Douglas-fir forests in the western Oregon Cascades are 
a seral stage on the way to a western hemlock climax. Spies 
and others (1988) postulate that such forests may not reach 
an equilibrium state until they are 1000 years old. The impli- 
cation is that many of the avian species present are general- 
ists rather than specialists in the still-evolving landscape, and 
the species have not had the opportunity to segregate into 
niches of more equal size (see Orians and Willson 1964, 
Slobodkin and Sanders 1969). Huff and others (1985), how- 
ever, found only four dominant species in a 5%year-old 

hemlock stand on the Olympic Peninsula of Washington 
State; they noted that more species reached their highest 
populations in this forest compared to younger stands. 

Rufous hummingbird, brown creeper, chestnut-backed chicka- 
dee, hairy woodpecker, western flycatcher, varieil thrush, and 
winter wren were associated with older stands and showed a 
positive selection for sites with very large trees. Western 
hemlock, western redcedar, and sugar pine were as important 
as Douglas-fir, however. The rufous hummingbird is normally 
associated with forest edges, and the numerous small open- 
ings in the older stands probably created suitable edge con- 
ditions. The counting stations were at least 150 m from 
edges in the young and mature forests, so fewer rufous 
hummingbirds were counted in these younger age-classes. 
The brown creeper, chestnut-backed chickadee, and the hairy 
woodpecker are foliage or bark insectivores and thus 
exploited the surfaces of the large trees for foraging. The 
western flycatcher, as an aerial-sallying insectivore, has a 
feeding behavior that requires open space beneath, or in the 
canopy, which is best met in the older stands. The varied 
thrush is an understory-gleaning insectivore, and the complex 
understory characteristics of old-gmwrh stands probably 
favored this species. The particular patterns observed 
suggested that resource partitioning was occurring within 
guilds. More niche overlap was evident in the larger guilds, 
such as the low understory-ground insectivore guild, but 
species still separated oat, with bird size an obvious factor. 

Noon and others (1980) found considerable consistency in 
habitat preferences of Eastern forest birds despite acknowl- 
edging that local population-genetic differences, changes in 
habitat availability, or changes in the competitive environ- 
ment could theoretically result in selection of different habi- 
tats. Those species that shifted between dry stands in 1984 
and wet stands in 1985 continued to use stands of similar 
structure. Thus, predictability of stand vegetative and physical 
characteristics was possible between years for these birds. 
The importance of weather cannot be overestimated. The wir- 
ter of 1983-84 was long, with deep snow cover, especially in 
the southern portion of the Oregon Cascades. Spring was late 
and wet in 1984 and insect populations may have been low, 
resulting in fewer nesting pairs. This wealher may have been 
responsible for the greater use of the dry portion of the mois- 
ture gradient in 1984 at Andrew. 

Two species (hairy woodpecker and hermit thrush) at 
Andrew used very different habitats between the two years. 
At the same time, population size of other species apparently 
changed (an order of magnitude in a few cases), with 10 more 
species meeting the abundance criteria for analysis in 1985 
than did so in 1984. Some changes in field personnel oc- 
curred between years, and although uaining techniques were 
equivalent, observer variability might have accounted for the 
major differences in detection rates (Verner and Milne 1989). 
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The cold, wet spring of 1984 may have depressed breeding
activity by some species. The hairy woodpecker may have
been influenced competitively in 1985 because other species
in its guild (pileated woodpeckers, red-breasted nuthatches,
red-breasted sapsuckers, and northern flickers), which com-
pete either for foraging locations or nesting sites (Bull and
others 1986a), were much more abundant or participated
more in breeding in 1985.

What are the implications for Douglas-fir forest management
other than the obvious ones already mentioned? The variety
of vegetative structure in old-growth Douglas-fir stands fa-
vors a few rare species, such as the Vaux’s swift, that com-
prise a small component of the total community. These spe-
cies may never be common even in stands aged 1000 years
or more. Instead of concentrating on old growth in unman-
aged stands, perhaps we should examine much more closely
such factors as moisture, where obvious relations, if not
dependencies, exist. Old-growth trees are impressive to the
human observer but most bird species apparently make little
discrimination between trees 200 years old and trees 450
years old. The chronosequence can therefore end at the point
where sufficient vegetative diversity and structural elements
generate coarse woody debris and microhabitats for the rarer
species. Large tracts of old growth may not be necessary for
such mobile species as birds. Work is needed on minimum
viable population sizes for these rarer species and the extent
of habitat needed for their support. Intuitively, we suspect

the minimum area sizes for most species will be less than
those projected for the spotted owl (Anon. 1988), so that the
spotted owl habitat conservation areas may accommodate the
needs of these other birds. If that proves true, selection of the
spotted owl as an indicator species may have been fortuitous,
despite the current controversy.
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Appendix
Table 15-Douglas-fir stands in the Oregon Cascade Range examined for vertebrate communities, Spring 1984 (age and moisture
condition of stand given where appropriate)

Typea Stand Forest-Ranger District Section Township Range Elev Lat Long Age Moisture

Mt. Hood
OG 5001
OG 5005
OG 5009
OG 5017
OG 5019
OG 5020
OG 5031
OG 5033
OG 5039
M 5041
M 5052
M 5048
Y 5050
M 5066
Y 5067
Y 5061

H.J. Andrewsb

OG l L w
OG
OG E
OG lQl3
OG
OG
OG
OG 2%
OG
M EC
M 1111
M 1037
M 1038

M 1066
M
Y g$:

Y
Y E%

Rogue River-
Umpqua
OG 6006
OG 6001
OG 6003
OG 6021
OG 6028
OG 6017
OG 6031
OG 6032
OG 6039
OG 6046

Mt. Hood-Columbia Gorge 8 TlS
Mt. Hood-Columbia Gorge 2 TlS
Mt. Hood-Columbia Gorge 4&9 TlS
Mt. Hood-Columbia Gorge 22 TlN
Mt. Hood-Columbia Gorge 27 TlN
Mt. Hood-Columbia Gorge 29 & 32 TlS
Mt. Hood-Columbia Gorge 29 TlS
Mt. Hood-Columbia Gorge 26 TlN
Mt. Hood-Columbia Gorge 19 & 30 T1.S
Mt. Hood-Columbia Gorge 3 T2S
Mt. Hood-Columbia Gorge 29 TlS
Mt. Hood-Zig Zag 18 T3S
Mt. Hood-Zig Zag 33 T3S
Mt. Hood-Zig Zag 3 T4S
Mt. Hood-Columbia Gorge 34 TlN
Mt. Hood-Columbia Gorge 14 TIS

Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-McKenzie
Willamette-McKenzie
Willamette-McKenzie
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River
Willamette-Blue River

32 T16S R5E 560 44.220 122.240
25 T15S R5E 815 44.220 122.150
30 T15S R5E 975 44.220 122.150

14 & 23 T15S R5E 793 44.250 122.170
25 T15S R5E 862 44.220 122.160
15 T15S R5E 902 44.250 122.180

25 & 26 T16S R5E 700 44.150 122.150
25 & 26 T16S R5E 950 44.130 122.150

26 T16S R6E 819 44.230 122.060
14& 11 T16S R5E 1000 44.260 122.170

3 T17S R5E 610 44.100 122.290
15 T16S R3E 490 44.160 122.430
24 T16S R3E 535 44.160 122.420
13 T15S R5E
15 T16S R3E 708

44.260 122.150
44.170 12.430

14 T16S R3E - 44.165 122.435
7 T17S R6E 600 44.100 122.150
2 T15S R5E 909 44.290 122.170
2 T15S R5E 1073 44.290 122.150

14 T16S R4E 520 44.160 122.300

Umpqua-Tiller
Rogue River-Prospect
Rogue River-Prospect
Umpqua-Tiller
Umpqua-Tiller
Rogue River-Prospect
Rogue River-Prospect
Rogue River-Prospect
Umpqua-Tiller
Umpqua-Tiller

23

24&z
13
31
25
31
36
12
27

T29S RlW 437 43.030 122.810 300
T32S R4E 1199 42.770 122.310 260
T3os R2E 1284 42.940 122.510 270
T28S RlW 566 43.050 122.780 250
T28S RlW 920 43.090 122.850 450
nos R2E 1189 42.930 122.550 270
T30S R3E 1123 42.900 122.510 430
T30S R2E 1110 42.910 122.510 270
T29S RlW 642 43.060 122.760 250
T28S R2E 737 43.100 122.560 250

R7E 610 45.490
R6E 641 45.510
R7E 907 45.490
R6E 940 45.550
R6E 937 45.560
R6E 557 45.420
R6E 580 45.430
R6E 980 45.560
R8E 1081 45.450
R5E 326 45.400
R6E
R6E 711

45.300
45.300

R8E 928 45.260
R7E 677 45.260
R6E 871 45.520
R6E 552 45.480

121.980
122.030
121.980
122.050
122.050
122.080
122.070
122.020
121.850
122.200
122.070
122.110
121.810
121.930
122.030
122.020

470
450
450
500
500
450
450
500
320
90
-
85
75
85
60
75

450
450
450
450
450
450
200
300
200
130
130
90
90

130
90

90
79
69
35

Wet
Wet
Wet
Mesic
w e t
Mesic
Mesic
Wet
Wet

Mesic
Wet
Wet
Wet
Wet
Mesic
Dry

%

Wet
Wet
Mesic
Mesic
Mesic

z

%
Mesic

See footmtes  on next page.

156



Table E-continued

Typea
Stand Forest-Ranger District Section Township Range Elev Lat Long Age Moisture

M 6052 Umpqua-Tiller 26 T28S RlW 943 43.080 122.850 120
M 6040 Rogue River-Prospect 26 T30S R3E 1092 42.930 122.430 90
M 6041 Umpqua-Tiller 32 T28S RlW 840 43.090 122.830 115
M 6044 Rogue River-Prospect 27 T31S R4E 1478 42.850 122.330 90
M 6047 Umpqua-Tiller 23 T28S R2E 698 43.100 122.590 180
M 6050 Umpqua-Tiller 25 T28S R2W 1052 43.090 122.860 120
M 6051 Umpqua-Tiller 5 T29S RlW 831 43.080 122.840 120
Y 6063 Umpqua-Tiller 1 & 12 T30S RlW 924 42.980 122.760 60
Y 6069 Umpqua-Tiller 5 T30S R l W 1072 42.980 122.780 60
Y 6099 Rogue River-Prospect T32S R4E 1428 42.820 122.350 75

a OG = old-growth, M = mature, Y = young.
b Andrews stands studied in 1985 are underlined.
c Andrews stands sampled for small mammals and amphibians with new pitfall grids in 1985.

Table M-Vegetation and site measurements for stations used in the point count bird surveys

Measurements on a 500-m2 area (13-m radius) centered at station).

Forest floor
1. Cover of logs by decay class (%) (>l0-cm diameter).
2. Cover of forest floor by various substrates: exposed bare rock, exposed bare mineral soil, fine organic litter (l0-cm diameter),

coarse organic litter (>l0-cm diameter), moss, lichen (Total = l00%.)

Vegetation characteristics
3. Cover of foliage by height interval and life form

a. Height intervals:
1. 0-0.5 m (500-m2 area)
2. 0.5-2.0 m (500-m2 area)
3.
4.

2.0 through midstory (trees and shrubs not entering main canopy) (measured on 2000-m2 area)
Canopy trees forming main canopy layer (2000-m2 area)

5. Super canopy trees (crowns extending well above main canopy layer) (2000-m2 area)

b. Life forms
1. Herbs
2. Graminoids
3. Ferns
4. Berry-producing ericaceous shrubs
5. Evergreen shrubs (including those in no. 4)
6. Deciduous shrubs (including those in no. 4)
7. Deciduous trees
8. Broad-leaved evergreen trees
9. Needle-leaved evergreen trees

Stand characteristics
4. Number and species of small-diameter live trees (l-10 cm d.b.h.).
5. Number and species of medium-diameter live trees (l0-50 cm d.b.h.).
6. Number by decay class of short snags (any d.b.h., 1.5-5 m tall).
7. Number by decay class of medium-diameter, medium tall snags (l0-50 cm d.b.h., 5-15 m tall).
8. Numbers by decay class of large-diameter, medium tall snags (50 cm d.b.h. and 5-15 m tall).
9. Number of recent tree-fall mounds or pits with exposed tree roots or mineral soil.
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Table H-continued

Measurements on a 2000-m2 area (25-m radius centered at counting station)
A. Site characteristics

10. Surface water (presence/absence).
11. Type of water: I (intermittent stream); P (perennial stream); S (seep); 0 (pool/pond).
12. Rock outcrop (% of area) (presence/absence).
13. Exposed talus (% of area) (presence/absence).
14. Aspect
15. Slope (%)

B. Stand characteristics
16. Average height of dominant canopy trees.
17. Number and species of large, live trees (50-100 cm d.b.h.).
18. Number and species of very large, live trees (>lOO cm d.b.h.).
19. Number by decay-class of medium-diameter, tall snags (l0-50 cm d.b.h. and 15 m).
20. Number by decay-class of large-diameter, tall snags (>50 cm d.b.h. and 15 m tall).
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Abstract
Spring bird populations were studied in 1984 and 1985 in
46 Douglas-fir forest stands in the southern Washington Cas-
cade Range. Stands were classified into young (55-80 years),
mature (95-190), and old-growth (250-700) age-classes and
varied in elevation and latitude. Birds were surveyed by the
point-count method, and detection rate (birds/visit) was used
as an index of abundance. All birds detected within 75 m of
a count station were included in the analysis. Thirty-four spe-
cies were detected in the study areas. Mean bird species rich-
ness varied from 13.6 to 16.4 per stand and differed signifi-
cantly among age-classes in 1985 but not in 1984, although
mean richness was not significantly different between years.
Mean richness showed a weak negative relation to increasing
elevation and latitude. The nesting avifauna typically con-
sisted of a core group of nine common species and about five
uncommon species. Highest pooled detection rates occurred
in old-growth wet and old-growth dry sites; lowest rates were
in mature and young stands. The five most abundant species
in decreasing order of abundance were winter wren, golden-
crowned kinglet, hermit/Townsend’s warbler, chestnut-backed
chickadee, and western flycatcher. Total avian abundance
showed a weak negative relation to gain in elevation and

latitude. A correlational analysis was made of vegetation
variables associated with bird abundance. Cluster analysis
revealed two major groups of forest stands that differed in
elevation and latitude. Among birds in which significant
relation to vegetation variables were found, live trees and
snags typical of late-successional forests were negatively
correlated with abundance of the blue grouse and evening
grosbeak. These same factors were positively correlated with
abundance of the varied thrush, winter wren, and western
flycatcher. All but 3 of 17 species analyzed were most abun-
dant in old-growth compared to younger forests. Although
many species were most abundant in old growth, the Vaux’s
swift appears to be the only diurnal bird that may depend on
old growth for its continued survival. Cavity nesters and birds
that feed on the forest floor may suffer drastic declines in
intensively managed monocultures. Bird populations may be
most affected by changes in forest structure and fragmenta-
tion in the nesting range and by winter habitat availability.
The relatively large percentage of permanent residents in
Douglas-fir forests makes winter habitat particularly impor-
tant to their survival.

Introduction
Until recently, few accounts have been published on bird
community studies in naturally occurring, coniferous forests
of the Washington Cascade Range. Manuwal and Huff (1987)
described spring and winter bird populations in a subset of
the stands reported in this paper. Manuwal and others (1987)
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discussed the characteristics of subalpine bird communities
in the Washington Cascades. The widespread conversion of
remaining old-growth coniferous forests of the Pacific North-
west to younger, more intensively managed forests may have
an impact on forest bird communities. Sound management of
forests to protect bird species richness and rare species is
possible only with an understanding of bird communities in
natural systems as a baseline.

This report summarizes a study of spring bird populations in
different age- and moisture-classes of unmanaged Douglas-
fir forests on the west slope of the southern Washington
Cascade Range during 1984 and 1985. Objectives of the
study were to determine the abundance and species compo-
sition of bird populations over a range of forest stand-age
and site conditions in the Douglas-fir forests of the southern
Washington Cascades; to examine the relation of bird pre-
sence to vegetative characteristics at bird-survey locations;
and to identify bird species that may depend on old-growth
forests for their continued existence.

Methods
Field

We surveyed birds by the point-count method (Verner 1985):
observers counted all birds detected during an 8-minute count
period beginning within 30 minutes of official dawn at each
of 12 stations (points) spaced 150 m apart We did this in
46 stands located from Mount Rainier to the Columbia River
(see frontispiece and table 1). Birds were not surveyed during
periods of rain, snow, or strong winds. We visited each stand
six times from 15 April to 30 June in 1984 and 1985. The
abilities of observers to identify birds by both sight and sound
and to estimate horizontal distances to within 10 percent of
the actual distance were tested. During a given year, most
stands were surveyed by more than one observer. Most stands
were surveyed in 1985 by different observers from those of
the previous year to avoid as much bias as possible. Because
of logistical constraints, some stands were surveyed by only
one observer during a particular year, so some interstand
variability may have resulted from observer differences.

All vegetation sampling was done at all 12 bird-count sta-
tions located in each stand. At each station, trees or snags
were counted, depending on diameter at breast height (d.b.h.),
in either a 13-m-radius (0.05 ha) or a 25-m-radius circular
plot (0.2 ha). The total area sampled in a stand was 0.6 ha for
13-m-radius plots and 2.4 ha for 25-m-radius circular plots.
In the 13-m plots, small trees (l-10 cm d.b.h.), medium trees
(11-50 cm d.b.h.), large trees (51-100 cm d.b.h.), and small
snags (l0-19 cm d.b.h.) were counted. In the 25-m-radius-
plots, very large (>l00 cm d.b.h.) live trees, and medium (20-
49 cm d.b.h.) and large (>50 cm d.b.h.) snags were counted.
Density estimates were then calculated for each species by

Table l-Mean elevation, latitude, and age of 46 Douglas-fir
stands studied in 1984 and 1985 in the southern Washington
Cascades

Old growth

Young Mature w e t Mesic Dry

Number of stands 10 8 9 12 7
Mean elevation

(meters) 757 784 762 736 838
Mean latitude

(degrees) 43.39 46.23 46.76 46.35 46.41
M e a n  ( y e a r s )age 68 133 520 439 336
Range of age (years) 55-80 95-190 300-730 250-700 210-440

diameter-class. Snags were classified into five decay-classes;
class 1 was a hard snag and class 5 a soft, highly decayed
snag (Cline and others 1980).

Data Analysis

Detection rate (birds per visit) was used as an index of abun-
dance. A visit represented the mean number of birds detected
at 12 counting stations on a particular day. Detections were
used to compare relative abundance of species among age-
classes and environmental gradients, assuming that detectabil-
ity of a given species did not differ among stands and age-
classes, observers were equivalent in their ability to detect
birds, and all species had the same probability of detection.
Several stands were surveyed by two observers instead of
one during a particular spring. Furthermore, observers were
trained to estimate distances to detected birds to within
10 percent of actual distances and periodically retested them-
selves to remain accurate. In the gradient analyses, I used
bird detection rates and species richness data from all detec-
tions within 75 m of a counting station. For the Vaux’s swift,
all detections of flying birds (within 150 m) judged by the
observer to be associated with the stand being surveyed were
used. Furthermore, all species detected less than twice during
a season were omitted from the analysis because they were
probably associated with other habitats. In assessing the
relation of birds to vegetation, birds detected <l50 m from
the counting stations were used.

I used Student’s t test to compare differences in mean spe-
cies richness and abundance between years, and the Mann-
Whitney U Test (Siegel 1956) to compare differences be-
tween two means of small samples. For comparing mean
richness and total detection rates among age-classes, I used
one-way analysis of variance. Differences in abundance
among age-classes for individual bird species were tested
by using either analysis of variance or the nonparametric
Kruskal-Wallis test (Siegel 1956), depending on whether
or not the data were normally distributed. I calculated the
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Pearson correlation coefficient (r) or Spearman’s rank corre-
lation coefficient (rs) to evaluate responses of birds to latitude

factors with a minimum eigenvalue of one (Battacharyya
1981) by examining the relative sizes of correlations (“load-

and elevation and preliminary bird-vegetation relationships. ings”) between the factors and original variables.

Associations between habitat variables and counts of each
bird species were examined in two different, but related ways.
First, Spearman rank correlation coefficients (SPSS, Inc.
1986) were computed to look for significant correlations be-
tween tree and snag densities and counts of each bird species.
For this analysis, vegetation data were first summarized into
the seven most common tree species (or groupings), with
four diameter-classes of live trees (l-10 cm, 11-50 cm,
51-100 cm, >l00 cm) and three diameterclasses (l0-19 cm,
20-49 cm, >50 cm) and decay-classes (hard, composed of
classes 1 and 2; and soft, composed of classes 3,4, and 5) of
snags.

The large number of variables was reduced to a subset of 22
(appendix table 12) by examining highly significant correla-
tions among vegetation variables. Any pair of variables with
correlations of >0.50 (thus explaining >25 percent of each
other’s variances) was either combined into one, or the more
ecologically interpretable variable was retained. Thus vari-
ables such as all live trees >l00 cm d.b.h., or live western
hemlock < 50 cm d.b.h., were created.

Bird counts and vegetation variables were first log-
transformed [log10 (x+10)] for regression analyses to more
closely meet underlying distributional assumptions. Trans-
formed bird counts were regressed on vegetation factor
scores separately for 1984 and 1985 data. Because of the
large number of equations generated and time limitations, we
were unable to search for better fits with polynomial and
interaction terms, which may explain some species’
distributions more fully (Meents and others 1983). The
accuracy of each regression was evaluated by the adjusted
coefficient of determination (adjusted R2), an unbiased
measure of the percentage of total variation in bird
abundance explained by the equation (Zar 1984:336).

In computing a large number of correlations, Type I errors
may cause some to be judged statistically significant (that is,
P < 0.05) simply because of random sampling error. There-
fore, we focused on those correlations that ‘occurred with the
the same sign (positive or negative) in both years and empha-
sized those that were significant at the P < 0.01 level. Con-
flicting results, such as correlations that were positive one
year and negative the next, were considered as possible evi-
dence of Type I errors. (Marcot 1984, Meslow and Keith
1971). Even where correlations are consistently significant,
however, they demonstrate only numerical association and
do not necessarily imply some biologically meaningful cause.

Second, associations between bird abundance and tree and
snag densities were investigated by stepwise multiple linear
regression (Kleinbaum and Kupper 1978) with SPSSX (SPSS,
Inc. 1986). This approach generated equations explaining
each bird species’ abundance from vegetation variables and
was used for descriptive, rather than predictive purposes. The
stepwise procedure evaluates each variable to be entered
while controlling for variables already in the equation. Be-
cause of the sample size (n = 46 stands) and some remaining
intercorrelations, a new, smaller set of uncorrelated vegeta-
tion variables was generated using factor analysis (Afifi and
Clark 1984). The initial factors, each of which was a linear
combination of all 22 original variables and explained a
known amount of the total variance in vegetation data, were
extracted by principal components analysis and rotated with
Varimax rotation to ease interpretation. We interpreted the

Cluster analysis (Afifi and Clark 1984) was used to describe
assemblage-level patterns of the similarities of bird species’
relative abundances (or simple occurrence). Bird communities
were classified with total count data for the spring of 1985
by means of hierarchical, agglomerative cluster analysis.
This classification groups species into clusters based on their
stand-specific relative abundances and distributions. The pro-
perties common to a group of species in a cluster are then
used to describe that set of species as a whole. More detailed
descriptions of cluster analysis and its applications can be
found in Afifi and Clark (1984), Cormack (1971), Gauch
(1982) and Sneath and Sokal(l973). Because each distance
or similarity measure, as well as each clustering technique,
imposes a “structure” on the data, I searched for obvious
clusters in the data by comparing results from several of
them. Two separate sets of analyses were run. For the first, I
converted total counts of the 28 most commonly occurring
bird species to presence-absence data and compared
sets of clusters formed by several similarity or dissimilarity
measures and clustering techniques. I did cluster analyses
using similarity measures of presence-absence bird data
described by Mueller-Dombois and Ellenberg (1974) and
Dice (1945), and the simple-matching equation of Sokal and
Michener (1958). The second set of analyses was performed
on total bird counts by using squared euclidean distance,
After reviewing all the analyses, I decided to present only
results from the measures that gave the most definite
classification patterns--the simple-matching and squared
euclidean measures. They are discussed briefly below:

Simple-matching (Sokal and Michener 1958)

where

S (x,y) = a + b / a + b + c + d,

a = number of stands in which species x occurred,
b = number of stands in which species y occurred;
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c = number of stands in which both species occurred; and
d = number of stands in which neither species occurred.

Squared euclidean:

The second set of analyses was performed on stand-specific
total counts of birds. Only birds detected during 8-minute
station counts, at distances less than 150 m, and associated
with a given stand were counted for these analyses. Bird
counts were first log-transformed to reduce the controlling
influence of the more abundant species on classification
patterns. The formula for the squared euclidean distance is:
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Figure. l-Density of live trees in three diameter-classes among young,
mature, and old-growth Douglas-fir forests in the southern Washington
Cascades.

I clustered stands by means of average (between groups) and
complete linkage techniques for both distance measures and
also by Ward’s method on the squared euclidean distance. As
with the presence-absence data, I compared clusters obtained
in all these runs to elucidate apparent clusters.

Results
Stand and Age-Class Characteristics

Live trees--Highest mean densities of live trees occurred in
young stands with very high numbers of western hemlock
saplings (l-10 cm d.b.h.) and ll- to 50-cm-d.b.h.  Douglas-
firs (fig. 1). Not surprisingly, highest densities of the largest
diameter trees (>lOO cm d.b.h.) were found in old-growth
stands, but nearly equal densities of 51- to lOO-cm-d.b.h.
Douglas-fir were found in young stands. Also, many young
stands had some very large (~100 cm) Douglas-fir, hemlock,
and western redcedar that had survived previous fires. These
trees apparently made the stands more old-growth-like in
structure than if the stands were even aged. Although stands
varied considerably, old-growth stands had higher densities
of hardwood trees than other age-classes.

Among old-growth stands, wet sites had the highest densi-
ties of western hemlock and Pacific silver fir, but mesic
sites had the highest densities of vine maple and miscella-
neous conifers. Highest densities of the largest live trees-

particularly western redcedar-occurred on old-growth wet
sites.

Deadwood-In general, snag composition reflected past
successional dynamics of the stands. Stem competition in the
pioneer species Douglas-fir resulted in early mortality after
canopy closure. These trees resulted in relatively high snag
densities among boles less than 49 cm d.b.h. in young and
mature stands (fig. 2). As western hemlock became more
common in the understory and later in the canopy, the
number of hemlock snags also increased. Pacific silver fir

80,
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Figure 2-Density  of snags in three diameterclasses among young, mature,
and old-growth Douglas-fir forests in the southern Washington Cascades.

snags also become more prevalent in later stages of succes-
sion. The opposite trend appeared for western white pine,
which was present in low densities in all age-classes but did
not reach maturity because of blister rust. Highest densities
of western white pine snags were in young stands and contin-
ued to decrease with stand age. The highest density of snags
occurred in young stands where 70 percent of all snags were
Douglas-fir and over 40 percent of them were in the small
diameter-class (lo- 19 cm). The 6.2 large snags per ha in
young stands reflected the fire history of the stands and
probably represented a significant biological resource for
cavity-nesting birds and mammals. Predictably, old-growth
stands had the highest densities of very large snags. Those of
Douglas-fir and western hemlock were most common. Large
hardwood snags, primarily bigleaf maple and cottonwood,
were most abundant in mature stands.

Snag abundance varied considerably among stands, presum-
ably reflecting fire  history and vagaries of successional
patterns. Nevertheless, on an age-class basis, the outcome of
tree competition followed a predictable pattern (see Cline and
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Table 2Stand variation in bird species richness in Douglas-fir forests of the southern Washington 
Cascades 

Total species 
Mean richness 
SD 

27.0 28.0 
15.2 17.2 
2.x 3.8 

Table 3-Number of species of flycatchers, thrushes, and 
warblers detected in the 7 lowest and the 7 highest elevation 
Douglas-fir stands in the southern Washington Cascades in 
1985 

Bird group 

Mean 351 584 46.39 2.6 3.6 2.4 

418 550 1037 46.9, 2 3 2 
332 6W 1049 46.67 2 4 3 
419 320 ,072 46.93 1 3 2 
346 190 1124 46.40 2 3 1 
468 65 1164 46.98 0 2 1 
303 6W ,168 46.69 2 2 3 
432 3x ,217 46.94 1 2 1 

Mean 375 1119 46.79 1.4 2.7 1.9 

others 1980, Franklin and Dymess 1973) in Douglas-fir for- 
ests. Most stands had five tc seven conifer species and two 
to four hardwood species The large snags (>50 cm d.b.h.) 
were primarily Douglas-fir, western hemlock, western red- 
cedar, Pacific silver fir, and western white pine. All other 
species combined usually comprised less than 5 percent of 
the total snag population. 

Avian Species Composition and Richness 

General-In this analysis, I used 27,156 bird detections 
of 34 species in the study stands. Bird groups in natural 
Douglas-fn forests (between the ages of 55 and 700 years 
old) with the largest number of species were the wood- 
peckers, thrushes, flycatchers, corvids, warblers, and finches. 
Mean bird species richness was not significantly different 
between years (in 1984, 14.5, SD = 2.8: in 1985, 15.3, 
SD = 3.4 (I = 1.17, P = 0.24). 

23.0 
17.7 
1.4 

- 

Effect of forest age and moisture-Mean species richness 
was 16.2 species per visit in young stands, 13.6 in mature 
stands, and 15.0 in old-growth stands. It was not significantly 
different among age-classes in 1984 (F = 0.25, P = 0.91) but 
it was significantly different in 1985 (F = 2.63, P < 0.05). 
Along the moisture gradient, mean species richness was 
14.1 in old-growth wet, 14.8 in old-growh mesic, and 16.4 
in old-growth dry (table 2). Mean richness was not signifi- 
cantly different along the old-growth moisture gradient in 
1984 (F = 0.01, P = 0.98), but it was significantly different 
in 1985 (F = 5.67, P < 0.01). 

Effect of elevation-Bird species richness declined witb 
increasing elevation of study sites in both years (r = 4.32; 
P > 0.05). The lowest seven stands had a mean of 15.4 spe- 
cies, and the highest seven stands, 12.9 species. The diffcr- 
ence was not significantly different. Among groups, signifi- 
cantly fewer species of flycatchers (f = -2.41, P = 0.03) and 
thrushes (t = 2.57, P = 0.02) but not warblers (t = 2.07, P = 
0.06) were found in the high-elevation stands compared with 
low-elevation stands (table 3). 

Effect of latitude-Richness showed a weak negative rela- 
tion to latitude (1984: r = -0.36, P = 0.013; 1985: I = 4.41, 
P = 0.005). Species richness was highest in the Wind River 
area and lowest near Mount Rainier. When all 46 stands are 
considered, however, stand elevation increased with latitude 
(r = 0.63, P < 0.001). so the two factors were interrelated. 
Nevertheless, the latitudinal effect was probably a real one. 

Avian Abundance 

General-A core group of species nesting in natural 
Douglas-fir forests between the ages of 55 and 700 years 
old typically consisted of about ten common and widely 
distributed species, with frequencies of occurrence of at least 
85 percent, and four less-common species, with frequencies 
of Occurrence of 46 to 54 percent (mble 4). A third group 
contained an additional 19 relatively rare species. The Vaux’s 
swift was not included in this analysis because of its wide- 
ranging foraging behavior. In addition to these 34 species 
detected within 75 m of the counting points, other species, 



Table 4-Frequency of recurrence of birds in 46 Douglas-fir 
stands in the southern Wasbbqton Cascades, 1984 and 1985 

Species 1984 1985 Mea2 

loo 
100 
IW 
103 
93 
93 
91 
91 
89 
87 

40 
41 
52 
48 

36 
30 
41 
33 
15 
2.5 
15 
7.0 
13 
11 
7 
4 

11 
7 
0 
4 
2 
4 
II 

103 
loo 
loo 
96 
98 
89 
89 
89 
89 
83 

67 
61 
48 
43 

35 
39 
26 
26 
35 
17 
22 
9 

; 
11 
11 
0 
2 
7 
4 
4 
0 
2 

loo 
100 
IW 
98 
96 
91 
90 
90 
89 
85 

54 
51 
50 
46 

36 
35 
34 
3u 
25 
22 
19 
15 
11 
10 
9 
8 

t 
4 
4 
3 
2 
1 

such as raptors and grouse with large territories, were rarely 
detected within 75 m but were nevertheless members of the 
avifauna associated with the study stand. 

Effect of forest age and moisture-Significant differences 
occurred in mean counts/visit among forest age-classes (1984: 
F = 13.2, P < 0.01; 1985: F = 2.50, P = 0.06) and along the 
moisture gradient (1984: F = 18.3, P < 0.01; 1985: F = 3.30, 
P = 0.05) (table 5, fig. 3). Highest detection rates were in old- 
growth wet and old-growth dry sites, and lowest detection 
rates were in mature and young sites. The higher numbers in 

Table S-Mean number of birds detected per visit in 
Douglas-fir forests in the southern Washington Cascades 
in 1984 and 1985 (feeding guil& are shown in parenthas.) 

.m .ll 

.O3 

.M 25 
4.49 3.65 

.94 .83 

.39 .14 

3.31 3.47 

2.39 1.53 
1.49 2.88 
6.98 8.cu 

6.20 7-n 

.18 .I5 

.9O 28 
24 .17 

2.72 2.48 
.03 

.04 .J2 

.I9 .sl2 

7.90 5.61 

.c6 

.19 .I3 

.25 22 

3.71 2.20 
.06 .ll 

1.29 .54 
.47 .49 

42.09 

1.73 

.35 

0.52 

.19 

.04 

.51 

.O4 

.trl 

.36 

34 
.03 

.22 

.I3 
5.28 
1.21 
.87 
02 

.27 .43 
5.26 3.75 
1.46 1.31 
.34 .I9 

6.51 5.43 3.84 

1.67 3.48 4.71 
2.12 3.23 2.1” 
9.45 10.94 8.24 

8.86 6.52 9.M 

22 .43 .36 
.27 53 .76 
.48 .16 .28 

5.71 4.1” 4.68 

.c6 

1.59 

.m 

.49 

.c6 

1.59 
.lO 
55 

0.97 

23 

.06 

211 

.a 

22 
.M 

- 

6.23 

.M 

.34 
.13 

2.30 5.30 
60 .03 
.78 2.03 
-07 .O4 

51.10 54.92 
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Figure 3-Mean number of bids per visit in young, mature, and old-growth
Douglas-fir stands in the southern Washington Cascades.

Table f5-The 5 most abundant bird species in Douglas-fir
forests in the southern Washington Cascades in 1984 and
1985

Birds per visit

Golden-crowned kinglet
Hermit/Townsend’s warbler 19.2 17.5 90.9 37.3 34.8 93.1
Western flycatcher 23.3 15.2 65.1 32.5 21.4 65.9
Winter wren 55.3 29.9 54.1 77.0 45.1 58.6

a Standard deviation.
b Percent coefficient of variation (100 SD/y).

old-growth wet sites were due to large counts of Vaux’s
swifts, winter wrens, chestnut-backed chickadees, and
western flycatchers.

Effect of elevation and latitude-Although total avian abun-
dance declined with gain in elevation, the relation was not
significant and not all species showed a decline. Among the
five most abundant species, only the western flycatcher
showed a strong relation to elevation (r = -0.58, P = 0.0001).
The response of other species was less obvious: golden-
crowned kinglet (r = 0.42, P = 0.004); chestnut-backed chick-
adee (T = 0.35, P = 0.019); hermit/Townsend’s warbler (r =
0.13, P = 0.951); winter wren (T = -0.03, P = 0.344). Pooled
counts of all species did not change with increase in latitude.

Between-year variation-The mean detection rate was signi-
ficantly lower in 1984 than 1985 (t = -6.65, P c 0.01). The
largest differences occurred in young and old-growth dry
stands (fig. 3). Of the five most abundant species, only the
golden-crowned kinglet was not significantly more abundant

Young Mature Old Old Old
wet mesic dry

Age- and moisture-class

Figure 4-Mean detection rates of the Vaux’s swift in young, mature, and
old-growth Douglas-fir stands in the southern Washington Cascades, 1984
and 1985 combined.

in 1985 then in 1984 (table 6). The winter wren and hermit/
Townsend’s warbler showed the largest differences between
years.

Species and species-group abundance patterns-The data
indicate that the Vaux’s swift is the only diurnal bird species
that may depend on old-growth forests. This species was
significantly more abundant in old-growth compared with
other age-classes (that is, 7.0 and 4.4 times more abundant in
old-growth than in young or mature forests, respectively)
(fig. 4). Among the picids, the hairy woodpecker was the
most abundant and was found in virtually every stand. It did
not show a strong trend in abundance along the age gradient.
The northern flicker was missing or uncommon in all stand
types. This species uses edges primarily, and apparently
found the Douglas-fir forests to be marginal habitat. The red-
breasted sapsucker was uncommon and was recorded only in
mature and old-growth wet stands, but the sample size was
very small. We detected both the red-breasted and yellow-
breasted color morphs, the red being by far the most com-
mon. About the same number of pileated woodpeckers were
found in all age-classes. The rufous hummingbird was sub-
stantially more abundant in old-growth mesic and dry stands.

Of the three species of flycatchers, the western was over-
whelmingly the dominant one. It was found in all stands and
comprised 93 percent of all flycatcher observations. It was
mcst common in old-growth wet sites. The Hammond’s fly-
catcher, the second most commonly detected flycatcher, was
found primarily in old-growth mesic and old-growth dry
stands.
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Figure 5-Avian feeding-guild structure based on mean detection rate for
1984 and 1985 in young, mature, and old-growth Douglas-fir forests in the
southern Washington Cascades. Guild codes: AI, air-insect; BI. bark insecti-
vore; LUHI, low understory  herbivore-insectivore; N, nectarivore; OS,
omnivore-scavenger. TFI, timber-foliage insectivore; and TS, timber-seed
eater.

Among the corvids, the gray jay was slightly more common
than the Steller’s. Both species were detected less in mature
stands than in either young or old-growth types. Steller’s jays
were significantly less common at higher than lower eleva-
tions. No such change was found for the gray jay. No trends
in abundance with environmental gradients were detected for
the common raven.

The only parid found in Douglas-fir forests was the chestnut-
backed chickadee. This species was significantly more abun-
dant in old-growth sites, particularly old-growth wet, than in
younger stands.

The hermit warbler (and hermiflownsend’s  hybrids) was by
far the most abundant of the six species of warblers. It was
the predominant upper canopy warbler in all stands where it
occurred. Other upper canopy warblers included the Town-
send’s and yellow-rumped, but they were far less abundant
and had relatively low frequencies of occurrence. The second
most abundant warbler was the Wilson’s, which was the dom-
inant understory species. The black-throated gray warbler was
uncommon but was most often found in young stands with a
large broadleaved tree component. MacGillivray’s warbler
seemed to be associated with edges or patches of broad-
leaved shrubs growing in tree-fall gaps. The most abundant
finches were the pine siskin, evening grosbeak, and red
crossbill. The siskin and grosbeak tended to be more abun-
dant in young and mature stands, but the crossbill was more
often detected in old-growth stands. The siskin and grosbeak,
however, were much commoner than the crossbill.

Foraging guild structure---The two dominant foraging
guilds in all stand types were the low understory herbivore-
insectivore and the timber-foliage insectivore (fig. 5). The

principal species in the low understory guild were the winter
wren, varied thrush, and dark-eyed junco. Birds in this guild
were most abundant in old-growth and least abundant in ma-
ture stands, except for the junco, which was most common in
young and old-growth dry stands. The primary birds in the
timber-foliage guild were the chestnut-backed chickadee,
golden-crowned kinglet, and hermit warbler. The chickadee
was most common in old-growth stands. The golden-crowned
kinglet did not show a strong trend among age-classes, but
the winter wren was clearly most abundant in old-growth.
Hermit/Townsend’s warblers clearly preferred younger forests
and responded negatively to moisture. Another obvious differ-
ence in guild structure across the age and moisture gradients
was that the aerial insectivores were more abundant in old-
growth wet and mesic sites than in other stand types because
of the high densities of the western flycatcher and Vaux’s
swift.

Habitat Characteristics Associated With Avian
Abundance

Correlational analysis between primary live-tree and snag
variables (tables 7,8; appendix table 12) and six non-cavity-
nesting species showed a significant response to at least one
of the six vegetation factors both years of the study. A similar
analysis of cavity-nesting species is presented elsewhere in
these proceedings (Lundquist  and Mariani, this volume).

The six factor scores were correlated with stand-age and
moisture values. Factors 1 (rs = 0.55) and 4 (rs = 0.55)
were positively correlated, and factor 6 (rs = -0.30) was
negatively correlated with stand age (P I 0.05). Factor 1
(r = 0.50) was positively correlated with moisture, but factor
4 (r = -0.68) was negatively correlated.

For the blue grouse, the most significant positive relationships
(obtained from initial regression analysis) were with vine
maple and other hardwoods, and density of small live
Douglas-firs. Negative responses were to all very large live
trees (>lOO cm d.b.h.) and density of true firs (l-10 cm
d.b.h.). Blue grouse tended to be negatively correlated with
most true fir characteristics. Blue grouse were negatively

correlated with factor 1. The evening grosbeak was also
negatively correlated with factor 1, but the varied thrush and
winter wren were positively correlated. Factor 2 was signifi-
cantly correlated with the varied thrush, western flycatcher,
and western tanager.

Bird Habitat and Community Classification

Analysis of stands-Two distinct clusters of stands were
produced by the simple matching clustering technique using
the 1985 presence-absence data (fig. 6). Two other but simi-
lar clusters were produced by using 1985 bird-detection data
(squared euclidean distance) (table 9). No distinct clustering
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Table PResults  of stepwise  multiple liqear  regression of mean
total bird count8  with vegetation factor analysis scores

Tahle 7-Descrfption of vegetation variables comprising
6 factors derived by factor analysis

Factor Vegetation variable

Percent
of

Eigenvalue variation
Species and year

Multiple Adjusted
Step Factor R R2 Significance

Blue grouse
1984
1985

Evening grosbeak
1984
1985

Varied thrush
1984
1985
1984
1985

Western flycatcher
1984
1985
1984
1985
1984
1985

Western tanager
1984
1985

Winter  wren
1984
1985

Factor 1 Live Douglas-fir <lOO  cm d.b.h.
Douglas-fir snags 20-49 cm d.b.h.
AU live trees >I00  cm d.b.h.
Live tme firs <IO0  cm d.b.h.
All soft snags

6.65 31.7

Factor 2 Hardwood snags l-49 cm d.b.h.
Western hemlock snags 20-49 cm

d.b.h.

3.06 14.6

Western hemlock snags 250 cm
d.b.h.

True  firs snags 20-49 cm d.b.h.
Live western hemlock 5 l-100 cm d.b.h.

Factor 3 2.68 12.8
Live western redcedar  l-50 cm d.b.h.
Live western redcedar  51-100 cm d.b.h.
Western redcedar  snags 20-49 cm d.b.h.
Western redcedar  snags 250  cm d.b.h.

Factor 4 Other live conifers <IO0  cm d.b.h.
Western white pine snags 20-49 em

d.b.h.

1.56 7.4

Western white pine snags 250 cm d.b.h.
Hard Douglas-fit snags 250 cm d.b.h.

Factor 5 Soft Douglas-fir snags 250 em d.b.h.

Factor 6 Live western hemlock GO cm d.b.h.
Stumps and stubs

1.30 6.2

1.15 5.5

1
1

1
1

1
1
3
2

2
2
3
1
1
3

1
4

1
1

1 -0.46 0.19 0.001
1 .36 .ll .013

1 -.39 .13 .007
1 .30 .07 .046

1 .31 .08 .034
.019
.040
.002

1 .35 .lO
2 .52 .22
2 .50 .21

2 -.53 .25 .OOl
2 -.52 .24 .OOl
5 .62 .35 .OOO
5 .40 .14 .006
6 -.38 .13 ,008
6 -.60 .32 .ooo

2 .35 .ll .015
2 .72 .47 BOO

1 .47 .20 .OOl
1 .40 .40 .006

a Bird counts and tree and snag densities were. log-transformed.
b Vegetation variables ccmprising  the vegetation factors are in table 7.

Table 9Some characteristics of stand clusters
created by the squared euclidean  technique using
1985 bird detections

occurred with the 1984 data. Cluster analysis verified the
previous conclusions on the importance of elevation, latitude,
and forest structural characteristics. Stands that were lower in
elevation and more southerly had higher bird species richness
and abundance than lower elevation stands in northern sites
of the study area (table 9). Cluster 1 Cluster 2

Number of stands 26 17Although I did not analyze all bird species in each cluster,
differences in bird abundance between clusters were appar-
ent. For example, the flycatchers (U = 0, P = 0.0001) were
significantly more abundant in low-elevation, lower latitude
stands than elsewhere (table 9), but the winter wren was not
(U = 32.5, P = 0.45). Old-growth wet stands tended to be
clustered together in one of the two larger clusters (fig. 6).
Stands 401,403,410,411,  and 302 were strongly associated
with each other. In other words, the bird assemblage associ-
ated with each-of those stands was similar. This pattern pre-
sumably indicates that the stands themselves were similar
and provided nearly equivalent habitat. Stand 402, despite
being adjacent to stands 401 and 403, was consistently classi-
fied in a different cluster; no reasons for this difference are
apparent, although 402 had fewer birds detected. It had her-
mit warblers, and the others did not, it did not have Wilson’s
warblers and it had only the western flycatcher, but 401 and

Stand classification
Young
Mature
Old-growth wet
Old-growth mesic
Old-growth dry

Mean elevation 885.5 600.1
Mean latitude 46.6 46.2
Mean age 261.5 350.0

Total detections 454.9 653.4
Total warbler detections 60.0 50.9
Total flycatcher detections 27.1 72.4
Total winter wren detections 71.9 121.6
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Discussion
Because this was only a 2-year study, drawing conclusions
on some aspects is difficult. For example, species richness
was significantly different among forest age-classes in 1985
but not in 1984. The same was true along the moisture gradi-
ent. The 1984 spring was colder and wetter than average
(data from U.S. Department of Commerce), and most
observers that contributed to this study during both years
believed that the cold wet weather depressed bird singing
and activity, thus preventing detection. The large difference
in abundance between 1984 and 1985 seems unlikely to be
because of differences in actual populations. The pilot study
year of 1983 was similar to 1985. The spring of 1985 was
typical for the southern Washington Cascades, so the
relationships exhibited in 1985 probably more accurately
reflected ecological relationships than those in 1984.

Abundance patterns were consistent between years even
though total bird abundance was significantly lower in 1984
than in 1985. Bird abundance was significantly higher in late-
successional forests both years, as was the response of birds
to the moisture gradient. The primary reason was the consist-
ently higher numbers of Vaux’s swifts, winter wrens, chicka-
dees, and western flycatchers in old-growth wet stands. The
high numbers of wrens and chickadees might have been due
to the large amounts of standing and forest-floor woody
debris common in most wet stands. Those stands were the
oldest and more likely to have snags, logs, and canopy open-
ings (tree-fall gaps) that could also have been more conducive
to flycatcher foraging.

Elevation gain is ecologically similar to gain in latitude, so
presumably similar ecological forces are at work on mountain
slopes. The finding that species richness declines with in-
creasing elevation agrees with the study by Able and Noon
(1977) in the northeastern United States. Although the rea-
sons for this decline are unclear, some combination of clim-
ate, habitat structure, and competition probably shape the
response of birds to these gradients. Emlen and others (1986)
showed that the abundance of 12 of 41 bird species in the
northern Midwest responded significantly to latitude. The
remaining species were affected by habitat factors or competi-
tion effects. They attributed the latitudinal effect to breeding
season length and hours available for adult feeding and feed-
ing of young. I found that some bird species increased with
elevation, but others decreased or showed little change, a
phenomenon similar to that found by Emlen and others
(1986) for latitude.

The analysis of vegetation characteristics associated with bird
abundance was inconclusive for all but six species, probably
because of inadequate sample size for some uncommon spe-
cies, complex interactions among habitat variables, and bird
response to forest characteristics that were not measured. Sig-

nificant bird responses were related only to variables norm-
ally associated with late-successional stages (factors 1,2, and
5) or with earlier succession (factor 6). Of particular signifi-
cance may be the large leaf surface area associated with
late-successional forests. The most significant variables in
factor 1 included all live Douglas-fir, live true firs ~100 cm
d.b.h., and all live trees >100 cm d.b.h. This association
implies that birds may have responded to large amounts of
foliage, which attract insects. Net primary production tends
to increase with leaf surface area (Gholz 1982). Studies by
Grier and Logan (1977) indicate that greater leaf biomass
may allow an increase in insect abundance. Because virtually
all songbirds are insectivorous in the spring, they would
presumably be more abundant in forests with high insect
populations.

I believe that the fact that the mean stand age was not signi-
ficantly different between groups of stands derived from
cluster analysis verified our earlier observations that many
young and mature stands had remnant very large live trees
and snags that apparently made stand characteristics similar
to old-growth sites. Further analysis of the vegetation in
these stands might give clues to some of the important habi-
tat features to which some birds responded.

Birds Finding Optimal Habitat in Old-Growth
Douglas-Fir Forests

This study was largely based on conventional correlational
analyses. Such analyses do not necessarily show causal rela-
tionships between avian abundance or occupancy and habitat
types or features (Wiens and Rotenberry 1981). Nevertheless,
the extensive data set enables us to describe the general rela-
tionships between bird abundance and habitat types. Ideally,
reproductive success and subsequent information on survival
of offspring would be necessary to ascertain whether a parti-
cular habitat was optimal for breeding species (Van Home
1983). Such data were unavailable, so avian abundance was
used as an indicator of habitat suitability with the knowledge
that some stand types may have acted as either source or
sink segments of some populations (Wiens and Rotenberry
1981).

Old growth was optimal habitat for all but 3 of 17 species
(table 10). These species reached maximum abundance in old
growth but were also relatively common in other age-classes.
I was unable to assign optimum habitat for other species
because the data were either inadequate or no peak in abun-
dance in any stand type was recognizable. Old-growth, parti-
cularly old-growth wet stands, appeared important to many
species of birds, however.
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Table M-Optimum habitat types for selected
bird species nesting in Douglas-fir forests of the
southern Washington Cascades

Bird species Standtype

Vaux’s swift Old growth’
Hairy woodpecker Old growth (wet)
Pileated woodpecker Old growth
Hammond’s flycatcher Old growth
Western flycatcher Old growth (wet)
Gray jay Old growth
Steller’s jay Old growth (wet)
Chestnut-backed chickadee Old growth (wet)
Red-breasted nuthatch Old growth (dry)
Winter wren Old growth (wet)
American robin Old growth (wet)
Varied thrush Old growth (wet)
Hutton’s vireo Young
Black-throated pray warbler Young
Hermit warbler Young
Wilson’s warbler Old growth (wet)
Red crossbill Old growth
a Old-growth category means that no trend was evident
among the 3 moisture categories.
b Includes Townsend’s warbler and hybrids between them.

Birds Potentially Dependent on Old-Growth Douglas-Fir
Forests

Birds potentially dependent on old-growth Douglas-fir for-
ests are those found almost exclusively in old-growth and
that rely on habitat features found primarily in old-growth
forests. The Vaux’s swift nests colonially in very large,
hollow snags-a habitat feature occurring mainly in old-
growth forests. Because swifts are aerial insectivores, their
food or forest structure are unlikely to have an important
bearing on survival-unless, of course, the insects on which
they feed depend on old-growth forests. Even though the
feeding ecology of this species is poorly known, the nest site
is likely to be the critical limiting resource for this species
and the species may depend on old-growth for its continued
existence.

Other researchers (see Gutierrez and Carey 1985) have tenta-
tively concluded that the northern race of the spotted owl is
potentially dependent on old-growth forests for continued
survival. Our data, collected opportunistically along with reg-
ular bird survey work, also suggest the close association be-
tween old growth and spotted owls. We detected five spotted
owls in mature and seven in old-growth stands over the 3
years (1983-85). We also detected one barred owl in a young
stand and four in old-growth stands. The potential impact of
the barred owl on the spotted owl is a concern to many
biologists.

Ramifications of Changes in Forest Structure and
Fragmentation

Changes in forest structure-Many habitat variables such
as density of trees or shrubs of various species are correlated
with the presence or abundance of some bird species. A more
extensive analysis might uncover yet more significant rela-
tions. These results support the basic premise that avian
diversity, abundance, and species composition are strongly
influenced by habitat patchiness. Recent research by Blake
and Hoppes (1986), Brokaw (1985), Hartshome (1978),
Martin and Karr (1986), Runkle (1981), Whitmore (1978),
Willson and others (1982) indicates that canopy gaps are
important patches for forest birds. Most research on this
topic has been done in tropical forests or in eastern North
American hardwood forests, but similar phenomena are
likely to exist in Douglas-fir forests. Old-growth Douglas-fir
forests often have tree-fall gaps similar to those described by
the cited authors. The general conclusions they draw are that
these canopy openings provide food or food-getting resources
in greater abundance than the forest interior in general. Blake
and Hoppes (1986), in particular, have documented the in-
crease in fruit and insect abundance in tree-fall gaps in an
Eastern deciduous forest, coincident with an increase in birds
and a change in species composition in those areas.

The fundamental differences in canopy structure between
young and old-growth Douglas-fir forests undoubtedly
account for some of the differences in the avifauna between
these age-classes. The vegetation variables in this study were
not specifically designed to measure canopy structure, but
those that were measured probably gave an indirect measure
of some dimensions of the canopy. The different tree species
have different geometric shapes and leaf types. These attri-
butes probably affect both resource abundance (mostly in-
sects) and the ability of birds to exploit those resources. For-
ests composed of different tree species and tree age-classes
would presumably differ somewhat in resource availability.
If these resources were limiting, differences in avifaunal
response would be expected. In fact, such differences appar-
ently existed in Douglas-fir forests, but they appeared to have
more impact on winter birds than summer birds (Manuwal
and Huff 1987). Even-aged management of Douglas-fir re-
duces canopy and understory heterogeneity, the same hetero-
geneity characteristic of natural stands of older Douglas-fir.
The primary aspects of heterogeneity reduced by even-aged
management will be canopy and understory patchiness and
standing and forest-floor dead wood. Bird species affected by
these changes are cavity-nesters and birds associated with the
forest floor, where coarse woody debris provides habitat for
insect prey. The magnitude of these effects in Douglas-fir
forests is unknown but may be strongly influenced by effects
of fragmentation.
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Table Ii-Comparison of the major wintering areas for birds of the Washington Cascades and those 
from sites in Eastern hardwwd forests” 

3 
Fragmentation of nesting habitat-The effects of forest 
fragmentation result from many factors, such as the size, dis- 
persion, and structure of the patches, and the natural history 
characteristics of the birds. The intent here is merely to men- 
tion the problem that fragmentation may have on birds in 
Douglas-fir forests. Birds that have large home ranges or 
those rhat are found only in the forest interior are those most 
affected by fragmentation (Martin 1981, Robbins 1980, 
Robbins and others 1989, Rosenberg and Raphael 1986, 
Whitcomb and others 1981). The Douglas-fir forests of the 
southern Washington Cascades are becoming increasingly 
fragmented (Morrison 1988). New studies similar to that 
conducted by Robbins and others (1989) are now needed to 
understand the relation of patch size and shape to the popula- 
tion size and persistence of birds. 

The combined effects of forest fragmentation and simplifica- 
tion of forest structure through even-aged management will 
probably result in substantial declines in some bird species. 
Species or groups likely to show declines are all cavity- 
nesting birds (woodpeckers, nuthatches, chickadees, brown 
creeper, small owls) and species that are closely associated 
with the forest floor (winter wren, thrushes) or vertical 
habitat layering (warblers, chestnut-backed chickadee). 

Fragmentation and changes in winter habitat-Reductions 
in breeding bird populations may not result from changes in 
the nesting habitat. Factors operating outside the nesting 
season may have consequences during later nesting seasons. 
Recently, ecologists have become alarmed at the amount of 
habitat being lost through harvesting of neotropical forests 
(Powell and Rappole 1986), although many temperate long- 
distance migrants reach maximum abundance in tropical 

second growth (Hutto 1989). A substantial percentage (38-44 
percent) of North American nesting birds spend the winter in 
neotropical forests (table 11). Typical neotropical migrants 
include the flycatchers, swallows, thrushes, tanagers, videos, 
and many species of warblers. The percentage of neolropical 
migrants in Douglas-fir forests is relatively low compared 
with other regions of the United States, and a relatively high 
percentage of permanent residents live in the Cascades 
Douglas-fir forests (table 11). 

One obvious consequence of the large percentage of pcrma- 
nent residents in the Pacific Northwest is the importance of 
winter habitat. The effects of fragmentation and simplifica- 
tion of forest structure will not only affect breeding birds but 
also the permanent residents. The ecological bottleneck that 
so often affects northern temperate wildlife may be more 
severe if the forest lacks suitable resources to allow birds to 
survive the winter. Changes in forest stmcture and reduction 
in patch (stand) size would be expected to reduce the winter 
carrying capacity of forests. Previous studies (Manuwal and 
Huff 1987; Huff and others, lhis volume) suggest that old- 
growth forests, with their complex canopy structure and rich 
tree-species diversity, provide substantially better winter habi- 
tat for many bird species than do younger stands. Old growth 
may actually provide habitat in which a much larger percent- 
age of birds survive the winter than survive in younger stands 
and therefore are able to replenish stands unable to support 
winter populations at numbers adequate. to maintain the resi- 
dent population. Studies of the response of birds to inten- 
sively managed Douglas-fir forests arc now urgently needed, 
so that new silvicultural prescriptions can be developed to 
reduce the loss of birds from massive changes in forest 
structure. More information is particularly needed on habitat 
needs of permanent residents in the Pacific Northwest. 
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Table 12-Stem count variables for bird and vegetation
correlation and regression analyses

Code

Coarse variables
LT4
TSTP

ss

This paper is contribution 112 of the Wildlife Habitat
Relationships in Western Washington and Oregon Research
Project, Pacific Northwest Research Station, USDA Forest
Service. 0

Species-specific variables
DFD13
WHD12
WHD3
RCD12
RCD3
ABD13
CPD13
VMD12
HDD13
DFS34
DFS5
DFS6
WHS34

WHS56

RCS34

Description

Live trees >l00 cm d.b.h.
Stumps and stubs (snags <5 m tall,
>l0 cm d.b.h.)

AU small snags l0-19 cm d.b.h.

Live Douglas-fir l-100 cm d.b.h.
Live western hemlock l-50 cm d.b.h.
Live western hemlock 51-100 cm d.b.h.

RCS56

ABS34
WPS34

WPS56

Live western redcedar l-50 cm d.b.h.
Live western redcedar 51-100 cm d.b.h.
Live true firs l-100 cm d.b.h.
Live other conifers l-100 cm d.b.h.
Live vine maple l-50 cm d.b.h.
Live other hardwoods l-100 cm d.b.h.
All Douglas-fir snags 20-49 cm d.b.h.
Hard Douglas-fir snags > 50 cm d.b.h.
Soft Douglas-fir snags > 50 cm d.b.h.
All western hemlock snags 20-49 cm

d.b.h.
All western hemlock snags > 50 cm

d.b.h.
All western redcedar snags 20-49 cm

d.b.h.
All western redcedar snags > 50 cm

d.b.h.
All true fir snags 20-49 cm d.b.h.
All western white pine snags 20-49 cm

d.b.h.
All western white pine snags 550 cm

d.b.h.
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Abstract
Breeding bird communities surveyed in 132 natural fire-
regenerated Douglas-fir forest stands were examined for
differences in species richness and abundance among forest
stand age-classes: young, 35 to 79 years old, n = 27; mature,
80 to 190 years old, n = 37; and old-growth, 200 to 730 years
old, n = 68, and among physiographic provinces: Oregon
Coast Range (1985 and 1986, n = 45); Oregon Cascade
Range, 1984 and 1985, n = 48 and 15, respectively; and
southern Washington Cascade Range, 1984 and 1985, n = 39.
Stands were surveyed six times each spring using 8-minute
counts at 12 counting stations spaced 150 or 100 m apart.
More than 115,000 birds were detected. We counted 41 spe-
cies that regularly used Douglas-fir forests >40 years old,
after the exclusion of raptorial, nocturnal, and poorly detected
species. The most widespread and abundant species were
chestnut-backed chickadee, western flycatcher, winter wren,
hermit and Townsend’s warblers, and golden-crowned king-
let. All bird species significantly more abundant in forests
>80 years old in at least two of three regions at P < 0.10

Results suggested that patterns of bird abundance were re-
gionally distinct, even though the study design differed be-
tween regions. Total bird abundance, species richness, and
bird abundance in four spatial-foraging guilds (aerial, bark,
canopy, and understory) were significantly higher in the
Oregon Coast Ranges than in the southern Washington or
Oregon Cascade Range. Aerial and bark guilds showed
strong differences among ageclasses: the aerial guild reached
its highest abundance in young and old growth and the bark
guild was least abundant in young and highest in old growth.
Vegetation characteristics used for multiple linear regression
models predicted only a small proportion of the variance in
bird abundance.

Introduction
Douglas-fir is the primary tree species of the densely for-
ested slopes of western Oregon and Washington. Old-growth
Douglas-fir forests (>200 years old), which once covered
large land areas throughout the region (for example, Dodwell
and Rixon 1902), are rapidly becoming scarce (Marcot and
others, this volume). Most old-growth Douglas-fir forests
have been cut on private and industrial holdings; conse-
quently, those that remain are almost exclusively on Federal
lands (DeBell and Franklin 1987, Franklin and others 1981).
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To meet Federal laws, land managers must decide which old-
growth forests to cut and which to preserve, yet the amount
of information available to make these decisions as they re-
late to wildlife populations is often inadequate (Carey 1984).

Converting large forested regions from older to younger age-
classes poses specific problems for interpreting and predict-
ing the relation of birds to their habitats. Difficulties arise
from, for example, high variability in interregional habitat
characteristics (Hamel and others 1986) and scale of measure-
ment, which influences how habitat occupancy by birds is
interpreted (Wiens 1981a, Wiens and Rotenberry 1981b).
Bird movements resulting from rapid liquidation of old-
growth forests, exceeding 20,000 ha per year on Federal land
in the Pacific Northwest (Torrence 1986), are poorly under-
stood and could be misleading if bird dispersal from poten-
tially optimal into suboptimal habitat (sensu Pulliam 1988) is
widespread.

In Finland, where bird populations have been surveyed rela-
tive to forestry practices over several decades, researchers
found that, in general, species associated with edge and
brushy habitats have increased proportionally with the crea-
tion of forest openings from cutting (see Stjernberg 1979),
but other species closely associated with older conifer-
ous forests have decreased (see Jarvinen and Vaisanen 1978).
Similarly, birds associated with mature and old-growth
forests in northwestern California have likely declined from
the presettlement period to the present because of extensive
logging, and especially over the last 20 to 30 years, but
ground-brush-foraging birds have increased substantially
during the same period (Raphael and others 1988). Species
projected to be most significantly affected by rapid and
widespread changes in forest composition and structure are
those with relatively restricted ranges and habitat require-
ments (Raphael and others 1988).

In Pacific Northwest forests, 58 percent of the vertebrate
fauna consists of bird species (Harris 1984), but, only a few
of them regularly use the interior of coniferous forests (Carey
1988, Wiens 1975). Even though birds strongly associated
with old-growth Douglas-fir forests seem to be many (sensu
Brown 1985), the spotted owl and Vaux’s swift are suggested
as being the most closely associated (Carey 1985, Lundquist
1988, Manuwal and Huff 1987, Meslow and others 1981).

We compared bird species richness and abundance along a
forest sere within a large geographic area, throughout the
Oregon Coast Ranges and the Oregon and Washington Cas-
cade Ranges, to determine which species consistently are
most abundant in old-growth Douglas-fir forests; if old-
growth forests have distinct faunal associations; which abund-
ance trends are consistently related to forest age between and

within the study regions; and which vegetative characteristics
help to explain the patterns of bird abundance among the
study regions. We examined only bird communities of un-
managed, fire-regenerated stands. Wherever plausible, we
speculated on how our results might be applied to forested
areas intensively managed for timber production.

Methods
Study Area
Breeding bird communities were surveyed in Douglas-fir
stands of three physiographic provinces, the southern Wash-
ington Cascade Range, Oregon Cascade Range, and Oregon
Coast Ranges (see frontispiece). The three provinces were
divided into subprovinces: three each in the southern Wash-
ington and Oregon Cascade Range and two in the Oregon
Coast Ranges. A subprovince consisted of study stands with-
in about 60 km of one another and isolated from other sub-
provinces by varying latitude (see frontispiece). Stands were
selected to encompass the range of variation within Douglas-
fir forests of each subprovince (table 1).

A study stand was defined as an area relatively homogeneous
in structure, disturbance history, vegetational composition,
physiography, and soil. Unmanaged, naturally regenerated
stands were selected to represent a chronosequence of forest
development (young, 35 to 79 years; mature, 80 to 190; and
old-growth, 200 to about 730 years). Stand elevation was
restricted to the range in which Douglas-fir was a dominant
overstory species (see Franklin and Dyrness 1973) and varied
substantially within and among provinces (see frontispiece).
Although the experimental design called for stands of. at least
40 ha to avoid edge effects, not all stands in the Oregon
Coast Ranges met this criterion because few large tracts of
unmanaged forest remained. Median size of study stands in
the Oregon Coast Ranges was 29 ha, ranging from 14 to 62
ha (Carey and others, this volume).

Avian surveys were done in 151 Douglas-fir stands; 19 stands
were excluded from our analysis because they exhibited
moisture conditions (either extremely wet or extremely dry)
that were outside the range of the young and mature stands
sampled. Of the 132 stands suitable for bird community anal-
ysis, 39 were in the southern Washington Cascades, 48 in
the Oregon Cascades, and 45 in the Oregon Coast Ranges.
Because no stand vegetational data were collected from two
mature stands in the Oregon Cascades, only 130 stands were
analyzed.

Rugged mountains, steep valleys, and high annual precipita-
tion (800 to 3000 mm), which increases rapidly from low to
high elevations, characterize the three provinces (Franklin and
Dyrness 1973; Spies and Franklin, this volume). Although
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Table l-Means and range (in pareotbeses) of envIronmenta variables for young, mature, and old-growth stands 
sampled io 3 phgslogrsphic provinces (n = sample size) 

Variable 

Oregon Coast Ranges: 
Latitude 
Longitude 
Elevation (m) 
Percent slope 
AspecP 
Stand age (ye) 

Oregon Cascades: 
JAitude 
Longitude 
Elevation (m) 
Percent slope 
AspecP 
Smd age W 

southem Washington 
cascades: 

Latitude 
Longitude 
Elevation (m) 
Percent slope 
AspecP 
Stand age Cyr) 

123.7 (123.5~124.0) 
307.0(86-473) 
48.0(16-73) 

.96 (.OS-1.67) 
59.0(40-72) 

n=9 

44.2 (42.8-45.5) 
1'22.3 (121.8-122.8) 
920.0(520-1428) 
42.0(16-71) 

1.18 (.07-1.91) 
65.0(35-79) 

n=lO 

46.4 (45.8-47.0) 
121.9 i121.5.12i.O) 
728.0 (476.1168) 
41.oi13.66) 

1.27 (29-1.97) 
67.0 (55-75) 

L 

46.3 (45.9-46.8) 46.3‘(45.8-47.0) 
121.9 (121.7~122.0) 121.8 (121.5-122.0) 
749.0 (483.1124) 759.0(420-1049) 

46.0 (19.73) 35.0 (9.80) 
1.02(.08-1.96) .89 (.02-1.99) 

127.0 (80-190) 418.0 (210.700) 

Douglas-fir dominates the study region, the climax species 
are western hemlock and Pacific silver fir (Spies, this vol- 
ume). Forests begin displaying old-growth characteristics at 
about 200 years, yet rarely approach climax because cata- 
strophic fires occur before shadetolerant species completely 
replace the long-lived Douglas-firs (Franklin and Spies 1984, 
Franklin and others 1981). 

Sampling Methods 
Birds-Birds were surveyed in each province for two consec- 
utive breeding seasons: 1984 and 1985 in the southern Wash- 
ington Cascades (Manuwal, this volume), 1984 and 1985 
(only 32 percent of the 1984 stands in 1985) in the Oregon 
Cascades (Gilbert and Allwine, this volume b), and 1985 and 
1986 in the Oregon Coast Ranges (Carey and others, this 
volume). Birds were sampled by using the variable circular 
plot technique (Reynolds and others 1980). Twelve counting 
stations were spaced at 150-m intervals in a rectangular pat- 
tern placed no closer than 75 m from the edge of the stand. 

, 

43.8 (43.0-44.5) 
123.6(123.3-124. 
403.0(86-1022) 

48.0 (16.82) 
.95 (.04-1.89) 

213.0(40-525) 

lx=48 

43.9 (42.8-45.6) 
122.4 (121.8-122.' 
849.0(326-1278) 
43.0(3-90) 

.90 (.02-1.95) 
213.0 (35.500) 

n=39 

Stands were surveyed six times from April 26 to July 7. 
Because the Coast Ranges stands were small, the spacing 
between stations was reduced to 1CO tn. Six stands in the 
Oregon Coast Ranges had fewer than 12 stations: one stand 
with 7 stations, one stand with 10 stations, and three stands 
with 11 stations. Additional surveys were done to make the 
total sample time at these six stands comparable to all other 
stands. All surveys began no later than 15 minutes after 
sunrise and were completed within 4 hours. All birds seen or 
heard during each 8.minute count at each counting station 
vwe recorded. Field observers, trained to estimate horizontal 
distances, recorded horizontal distance for each detection. 

Vegetation--Vegetation data on snags, logs, live trees, 
shrubs, and herbaceous vegetation were collected in each 
stand in five nested, systematically established plots (Spies 
and Franklin, this volume; Spies and others 1988). Our 
objective in using this data set was to quantitatively describe 
the structure and composition of the stand as a whole, rather 
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than specific points associated with the bird counts as
reported in this volume by Manuwal, Gilbert and Allwine,
and Carey and others.

Sampling Biases

Verner (1985) describes five sources of bias in bird counts:
observer, habitat, birds, study design, and weather. During
this study, attempts to minimize some of these biases in-
cluded using trained observers, avoiding weather conditions
that would interfere with locating and identifying birds, spac-
ing counts throughout the breeding season, and, where possi-
ble, rotating observers in each stand. Robbins and Stallcup
(1981) suggested rotating observers among plots to help com-
pensate for observer variability. Observers were rotated in all
stands surveyed in the Oregon Cascade and Coast Ranges,
but logistical problems prevented rotation in more than half
of the stands in the southern Washington Cascades. Over all
provinces, observers were rotated in 77 percent of the stands
surveyed. In general, different observers were used between
survey years.

Only birds detected within 50 m of the counting station-
representing half of the shortest distance between the
stations-were used in the main analysis. Detection distances
were truncated so that the ares searched would be comparable
among stands, and to minimize biases associated with count-
ing the same birds twice. Additionally, we believe that trun-
cating detection at 50 m should help to reduce other biases
inherent in bird surveys. Richards (1981) describes three en-
vironmental acoustic factors that are distance- and frequency-
dependent, and affect the ability of an observer to detect and
accurately identify a singing bird in forested habitats: atten-
uation, the decrease in intensity of sound with distance;
random fluctuations in the received level of sound resulting
from wind and thermal conditions; and scattering and rever-
beration of sound by trees, foliage, and the ground. Selecting
trained observers can minimize these factors (Richards 1981),
but reducing the distance searched further minimizes them as
well as differences among observers.

To evaluate whether detectability of bird species changed
with location, we compared mean detection distance (60 m
radius of the counting station) within each forest age-class
among the three physiographic provinces by the Kruskal-
Wallis procedure (Zar 1984). We selected 10 common species
to evaluate the relative magnitude of differences among the
three provinces (table 2). Within young stands, few strong
differences were found among the provinces. More strong
differences among provinces were found within mature and
old-growth stands, as indicated by the P-values, but the mean
values were well within the 50-m cut distance and differ-
ences among mean values were generally small (<5 m).

Table 2-For each forest age-class, mean detection distance for
10 common bird species and significance level of Kruskal-Wallis
comparisons among 3 provinces

Mean detection distance (m)

Bird species

Oregon Southern
Coast Oregon Washington

Ranges Cascades Cascades P-value

Young forests:
Brown creeper
Chestnut-backed chickadee
Dark-eyed junco
Golden-crowned kinglet
Hermit thrush
Hermit/Townsend’s warbler
Red-breasted nuthatch
Varied thrush
Western flycatcher
Winter wren

Mature forests:
Brown creeper
Chestnut-backed chickadee
Dark-eyed junco
Golden-crowned kinglet
Hermit thrush
Hermit/Townsend’s warbler
Red-breasted nuthatch
Varied thrush
Western flycatcher
Winter wren

Old-growth forests:
Brown creeper
Chesmut-backed chickadee
Dark-eyed junco
Golden-crowned kinglet
Hermit thrush
Hermit/Townsend’s warbler
Red-breasted nuthatch
Varied thrush
Western flycatcher
Winter wren

24.0
22.9
21.4
22.0
32.6
34.2
35.0
34.8
30.1
29.7

25.4
23.0
30.6
22.6
36.4
35.7
35.6
34.0
30.4
30.3

24.3
22.0
29.4
21.4
31.9
35.5
37.7
35.7
28.5
29.4

20.8 24.1 0.5541
24.0 24.1 .5619
27.6 27.2 .7819
21.0 22.7 .7143
31.8 32.0 .8135
32.5 34.1 .3142
34.3 39.6 .0067
35.7 31.7 .2018
32.1 31.5 .6390
29.5 30.8 .4933

24.4 29.0 .1050
23.6 29.2 .0039
28.8 26.2 .4058
21.5 27.4 .oolS
27.8 33.0 .0718
33.8 35.1 .1938
32.0 39.5 .ooo7
33.6 35.7 ho07
32.3 32.8 .4485
30.8 35.4 a059

23.1 28.7 .0011
23.4 27.3 mo3
27.8 26.7 .1880
21.7 25.6 .OO27
34.6 31.5 .4478
33.0 36.4 .ooo2
32.3 36.3 .oooo
32.8 34.1 .1099
29.4 32.8 .OOOO
30.9 32.5 .oot?2

Major biases in the sample design and data collection oc-
curred during this study. First, elevation was not controlled
for when study stands were selected; consequently, the degree
and magnitude of variation is different within and among
provinces. The three provinces were not surveyed during the
same two sample years, and in no year were all stands in all
provinces surveyed. Also, some stands were surveyed in only
one sample year instead of two. The data from these stands
represent a mean based on one sample year, whereas data
from the remaining stands represent a mean of two sample
years. Five stands in the Oregon Coast Ranges had fewer than
12 counting stations (one stand had 7, one had 10, and three
had 11 stations). Analyses were conducted to evaluate the
effect of fewer counting stations, and differences with and
without the five stands were negligible. Finally, observers
were different among the three provinces and generally



between the two sample years. We did not evaluate observer
bias directly because it is evaluated and discussed elsewhere
in this volume (see Manuwal, Gilbert and Allwine b, and
Carey and others). Potential effects of sampling biases on the
results are evaluated in the discussion.

Analytical Methods

This study was designed to be exploratory, thus no a priori
hypotheses were identified. In light of this objective, the
statistical tests were used to elucidate trends and consistent
patterns of variation in the data rather than for testing spe-
cific hypotheses. We report exact P-values to evaluate the
strength of the patterns, except where we needed to define a
level of significance to proceed with further analyses. The
exceptions were using a P-value of <O.05 to indicate a sig-
nificant main effect or an interaction between main effects
of two-way analysis of variance before we proceeded with
appropriate planned comparisons, and using a P-value of
<0.151 with the Kruskal-Wallis procedure to identify which
bird species showed strong differences in abundance among
forest age-classes in at least two of the three provinces.

Bird abundance was calculated as the number of birds de-
tected per survey per stand for each of the two sample years,
where one survey day equals 12 counting stations x 8 min-
utes. We calculated species richness as the number of unique
species detected in a stand over all surveys during one year.
Only detections estimated to be < 50 m from the counting
station were used. Nocturnal and raptor species were poorly
sampled by the counting technique and were not included in
the analysis. To remove vagrants and species detected in few
stands, we used two criteria: a species was included in the
count for a particular stand if it was detected during at least
two surveys in that stand, and, to be included, a species had
to be detected in >8 percent of the stands within a subprov-
ince. Thus, rare species (that is, species detected in low num-
bers) were included in the analysis if detection criteria were
met at the stand and subprovince level. This procedure re-
moved species that commonly occurred in habitats substanti-
ally different from ones dominated by Douglas-fir (for ex-
ample, red-winged blackbird, northern oriole, belted kingfish-
er, mourning dove). We did not distinguish between hermit
and Townsend’s warblers (hereafter, hermit warbler) or be-
tween dusky and Hammond’s flycatchers (hereafter, Empido-
nax flycatchers) during our analyses because these species
were difficult to distinguish in the field.

Because our primary objective was to evaluate regional
patterns of species composition and abundance, and not
yearly variation, we used the mean of the two sample years
in our analysis. Thus, mean bird species richness and mean
abundance values represent the average of two sample years.
Mean abundance values were calculated for individual bird

Table W-values for 3 planned comparisons
when limiting experimental error rates to 5,
10, 15, and 20 percent

Experimental error P-value for 3
rate (percent) planned comparisons’

5 0.017
10 .035
15 .053
20 .072

a a' = l- (1-a)l/K, where a’ = significance level of each
individual comparison for an experimental error rate of a,
and K = the number of comparisons (Sokal and Rohlf 1981).

species, all species combined, all resident species, all migrant
species, and for each of four spatial-foraging guilds: bark,
aerial, canopy, and understory foragers (see appendix table 8
for list of species associated with each group).

Province and age comparisons-To evaluate whether bird
abundance or number of species differed among forest age-
classes, species richness values and mean abundance values
for all species combined, residents, migrants, and the four
foraging guilds were analyzed by a two-way analysis of
variance (ANOVA) for unbalanced designs (Wilkinson 1988).
For all ANOVA’s, stand age (that is, young, mature, old-
growth) and province (that is, southern Washington Cascades,
Oregon Cascades, Oregon Coast Ranges) were used as the
independent factors (the main effects). Normality and homo-
geneity of variance of richness and abundance values were
improved by performing a square-root transformation before
the ANOVA.

Multiple comparisons were planned; thus, we used F-tests to
determine differences among age-classes and among prov-
inces (Sokal and Rohlf 1981). Because the planned compari-
sons were nonorthogonal (that is, lacked independence), we
used the Bonferroni procedure (Klockars and Sax 1986,
Wilkinson 1988) to reduce the probability of interpreting a
difference as related to ages and provinces when in fact the
patterns were a result of random variation. Given that the
interaction between the main effects was not significant, we
tested three planned comparisons per main effect (Sokal and
Rohlf 1981). Instead of setting a specific experimental error
at 5 percent, for example, we reported the exact P-value for
each comparison, and provide a list of what the acceptable
P-values are for experimental errors of 5, 10, and 15 percent
(table 3).

Abundance patterns of individual bird species-Species
were categorized into four groups based on general know-
ledge of territory size, percentage of all detections that were
< 50 m versus >50 m from the counting station, and consist-
ency of detection within a stand (see appendix table 8).
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Group 1 species were detected more often 150 m of a count-
ing station and, typically, were the ones detected most con-
sistently and often on the surveys. To determine their abun-
dance, we used all detections 150 m from a counting station,
the same criteria used for calculating abundance throughout
this study. Species included in groups 2 and 3 were detected
more often >50 m from a counting station and detected less
often than group 1 species. Group 3 species were more diffi-
cult to detect than group 2 species. Group 3 species have
large territories and were detected less consistently within a
stand. If single occurrences accounted for >30 percent of the
stands in which a species was detected, then that species was
put in group 3. Detections < 150 m from a counting station
were used for calculating abundance of both group 2 and 3
species. Group 2 species had to be detected > 2 times within
a stand but group 3 species only once. If a species was detect-
ed in <3 percent of the stand counts, it was placed into group
4 and no abundance was calculated. We gauged our inter-
pretation of the results according to the reliability of the count
data. We assumed group 1 was the most reliable abundance
data and group 3 the least.

Within each province, mean abundance of individual species
was compared between stand age-classes by the Kruskal-
Wallis procedure. Experimental error rates were evaluated by
comparing the number of significant comparisons to the total
number of comparisons made. Of all the species evaluated,
16 had P-values that were <0.151 in at least two of the three
provinces. Because of their strong trends among forest age-
classes, these species were discussed in further detail.

Ordination of bird data-We used detrended correspond-
ence analysis (DECORANA or DCA), an ordination proce-
dure, to describe differences in bird communities of the
sampled stands. DECORANA uses species composition and
abundance data to determine a sample’s position in relation
to all other samples (Gauch 1982, Hill 1979a). Thus, samples
(that is, stands) that are similar are close together and dis-
similar samples are far apart To simplify interpretation, we
removed the effects of abundance differences between stands
and provinces by relativizing the data, so that species abun-
dances totaled 100 in each stand (Mohler 1987). We plotted
the position of each stand using DECORANA scores for
the first and second axes, where the scores represented the
position of a stand along some identifiable environmental
gradients (that is, each axis represents an environmental gra-
dient). Median scores for age-class and province categories
were calculated, and the position of each age-class and pro-
vince category was plotted such that the boundaries included
at least 90 percent of the stands. Spearman rank (rs) correl-
ations and scatterplots were used to evaluate relations be-
tween all DECORANA scores for the first and second axes,
and environmental (elevation, latitude, stand age) as well as
biological (species richness, bird abundances) variables.

Relation to habitat-Of the vegetation and site characteris-
tic variables measured by Spies, we selected 143 as potenti-
ally important to our analysis. Variables selected included
58 live-tree, 13 stand-condition, 32 snag, 25 log, and 15
understory-plant variables (see appendix table 9). Each varia-
ble was tested for normality by the Kolmogorov-Smimov test
(Zar 1984), and, if necessary and useful, transformations were
applied. No one transformation worked well on all variables;
thus, we used three: log (X + l), square root (X + 0.375),
and arcsine (square root X) on some of the percentage varia-
bles (see appendix table 9).

We used all possible subsets multiple regression (Dixon
1985) to evaluate which vegetation variables explained the
most variation in species richness, total bird abundance, abun-
dance of resident and migrant species, and abundance of each
of the four foraging guilds. The analysis was approached
from two levels. Multiple regressions were performed using
data from all three provinces together, and then on each
province individually. Pearson correlations of vegetation and
bird abundance variables were done as a first step before
regression analysis. This analysis determined which variables
were most associated with bird abundance; variable selection
was based on strength of the correlations with dependent
variables; and the correlations were generally low so that any
variable with an absolute value >0.200 was considered; low
intercorrelations with other vegetation variables; and ease of
measurement and applicability to management decisions.
Vegetation variables that were intercorrelated but were highly
correlated with the dependent variable were not removed at
this stage because of their potential importance to the total
equation. No intercorrelated variables were selected in the
final regression equations.

The ‘best’ multiple regression equation was selected from all
possible subsets by evaluating which group of variables ex-
plained the most variance (adjusted R ), low inter-correlation
among vegetation variables, and ease of interpretation. The
number of independent variables in an equation (see Johnson
1981) was limited to no more than four for the within-
province regressions, and no more than six for the all-stands
regressions.

Results
Over 115,000 birds were detected during more than 16,000
station counts in the three physiographic provinces. Ninety-
three bird species were detected. We detected 41 species that
regularly used’ Douglas-fir forests >40 years old, after the

1 This term refers to the analysis criteria established for this study:
bird species within a province detected < 50 m from a counting station
on > 2 sample days per stand in >3 stands (>8 percent).
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q = Oregon cbast Range 
0 = Oregon Cascade flange 
A = Southern Washington Cascade Range 

8 

exclusion of raptorial, nocturnal, and poorly detected species. 
Of these 41 species, 56 percent regularly used all three pmv- 
inces, and 73 percent regularly used two provinces. Six spe- 
ties regularly used only the Oregon Coast Range: the black- 
capped chickadee, wrentit, purple fiich, rufous-sided towhee, 
song sparrow, and orange-crowned warbler. The Townsend’s 
solitaire regularly used only the Oregon Cascades. The red 
crossbill and Vaux’s swift regularly used only the southern 
Washington Cascades. 

Elevation, Latitude, and Longitude 
Stand elevation varied with latitade and longitude within and 
between provinces (fig. 1). Study stands low and high in ele- 
vation tended to be in the Oregon Coast Ranges and Oregon 
Cascades, respectively. Total bird abundance was correlated 
negatively with elevation and latitude and correlated posi- 
tively with longitude (fig. 2). 

•1 = Oregon coast Range 
0 = Oregon Cascade Range 
* = Southern Washington Cascade Range 

z 42.5 43.0 43.5 44.0 44.5 45.0 45.5 46.0 45.5 47.0 
‘0 Latitude 



Table 4-The percentage of young, mature, and old-growth stands in which 16 species were detected that showed abundance 
differences in at least 2 of the 3 provinces 

‘omg 

50 
90 

tco 
80 

lco 
100 
90 

80 
100 
70 

1ca 
80 

80 
60 
0 

40 

_1___ 

ll&gl-OW 

5 
103 
102 
95 

100 
100 
100 

53 
95 
84 
95 
84 

84 
84 
58 

1w 

Table S-Number and percentage (in parentheses) of 
bird species with significantly different abundances 
among age-claws at P-values of 0.05, 0.10, 0.15, and 
0.20 

0.05 7 (21%) 5 (15%) 18 (51%) 
0.10 9 (27%) 7 (21%) 20 (57%) 
0.15 14 (42%) 9 (26%) 26 (74%) 
0.20 16 (48%) 11 (32%) 26 (74%) 

Total number of 
species” 33 34 35 

Abundance Patterns of Individual Bird Species 

Chestnut-backed chickadees and hermit warblers, detected in 
all 132 study stands, and winter wrens, western flycatchers, 
and golden-crowned kinglets, detected in >95 percent of the 
study stands, were the most abundant species over all three 
provinces (table 4). 

Bird abundance differences among stand age-classes were 
detected for 29 species at P 5 0.151. Twice as many species 
had differences in abundance at P < 0.050 among stand 
age-classes in the Oregon Coast Ranges than in the southern 
Washington Cascades or Oregon Cascades (table 5). 

Sixteen species showed abundance differences in at least two 
of the three provinces at P < 0.151 (figs. 3-5, table 4). yet 
despite the large sample size, pauems were not similar for 
any species in all three provinces. Abundance of all sixteen 
species, except Vaux’s swift, showed age-class differences in 
the Oregon Coast Ranges. Six hole nesters-the chestnut- 
backed chickadee, red-breasted nuthatch, hairy woodpecker, 
pileated woodpecker, red-breasted sapsucker, and Vaux’s 
swift-were most abundant in old-growth stands in at least 
two provinces (figs. 3-5). Brown creeper abundance was 
highest in old-growth and mature stands (fig. 3). but western 
flycatcher (fig. 3) and hermit thrush (fig. 4) were most abun- 
dant in old-growth and young stands. Black-throated gray and 
hermit warblers tended to be most abundant in young stands 
(fig. 3). Evening grosbeak and American robin abundance 
was highest in young and mature. stands (fig. 4). No clear 
pattern was observed for gray jay, Steller’s jay, and northern 
flicker (figs. 3-5). Abundance of only the red-breasted 
sapsucker differed in all three provinces at P < 0.151 (fig. 5). 
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Province and Age Comparisons 
Interaction and main effectsNo province x age interac- 
tion effects were detected in the eight two-way ANOVA 
tests at P < 0.146. except for the comparison of migrant 
species (P = 0.060) (figs. 6-13). The main effect of province 
was different in all ANOVA tests at P < 0.010. Only half the 
tests on stand age-namely, total abundance and abundance 
of resident species, bark foragers. and aerial foragers-were 
different at P < 0.050 (figs. 6-13). All other stand age corn- 
pafisons were different at P > 0.250. 

Pairwise comparisons of provinc+All multiple painvise 
comparisons of mean abundance and species richness were 
higher in the Oregon Coast Ranges than in the Oregon and 
southern Washington Cascades at P < 0.050 (figs. 6.13).- 
Bird abundance was generally higher in the Oregon than 
southern Washington Cascades, except for resident species 
and understory foragers, which were more abundant in the 
southern Washington Cascades, and bark foragers. whose 
abundance did not differ between the two provinces (figs. 6- 
13). 

Pairwise comparisons of stand ageStand-age pairwise 
comparisons showed that total abundance and abundance of 
resident species and bark foragers were highest in old-growth 
stands (figs. 7,8, 10). Abundance of aerial foragers was 
highest in young and old-growth stands (fig. 11). The only 
substantial and consistent increase with stand age-class was 
the abundance of bark foragers (fig. 10). In six of the eight 
ANOVA comparisons, mean abundance and richness were 
lowest in mature stands (figs. 6-13). No comparisons were 
lowest in old growth. 
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Ordination of Bird Data 
Geographic and stand-age patterns-DCA ordiiation of 
bird species’ abundances from all 132 stands produced low 
eigenvalues of 0.16 and 0.13 for the first two axes, respec- 
tively. Stand scores organized by geographic location separ- 
ated into relatively distinct groups, but scores organized by 
sand age-classes overlapped extensively (fig. 14B, C). Addi- 
tional ordinations of each province separately, although not 
shown. produced similar results: distinct clusters of stands 
could be identified easily by geographic location (that is, by 
subprovince) and not by stand age-class. 

Bird communities that separate along DCA axis 1 were in 
two groups: stands from the central and southern Oregon 
Cascades, and stands from the Oregon Coast Ranges, north- 
em Oregon Cascades, and southem Washington Cascades 
(fig. 14B). Along axis 2, bird communities from the southern 
Washington Cascades were distinct from the Oregon Coast 
Ranges and Oregon Cascades. Bird communities within the 
three subprovinces of the Oregon Cascades showed the most 
intra-province variation; however, the geographic area 
sampled in this province was far more extensive than the 
other two provinces (see frontispiece and fig. 1; table 1). 
Bird communities in the north subprovince of the Oregon 
Cascades (fig. 14B; left dashed circle) were more similar in 
species composition and abundance u) those of the southern 
Washington Cascades and Oregon Coast Range than in sub- 
provinces of the central and southern Oregon Cascades. 
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Table -pearman rank correlations of DECORANA scores of 
axes 1 and 2 with environmental and biological variables 

Variable DCA Axis 1 DCA Axis 2 

Latitude 
Longihlde 
Elevation 
Smd age 
Aspect 

Sl0pe 
Understory vegetation DCA 1 
(wet to dry”) 

Understory vegetation DCA 2 
(cool moist to warm moista) 

Douglas-fir density 
Western hemlock density 
Bark-forager relative density 
Aerial-forager relative density 
Canopy-forager relative density 
Understory-forager relative density 
Resident relative density 
Migrant relative density 
Species richness 
Total abundance 

-0.376 
-0.171 

0.455 
-0.213 
-0.127 

0.034 

0.524 
0.664 
0.568 
0.153 
0.009 

-0.177 

0.310 -0.513 

-0.461 -0.604 
0.426 -0.165 

-0.303 0.344 
-0.051 0.375 

0.068 -0.659 
0.590 0.459 

-0.740 -0.086 
-0.394 0.747 

0.367 -0.734 
0.034 -0.273 

-0.252 -0.389 

’ DCA ordination scores of cwcr of understow vegetation collected by 
T. Spies. Imerpretntion of envimnmentll gradienu far each axis were 
made by T. Spies @em corn.) and (Spies and Franklin. this volume). 
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Correlation and interpretation of the DCA axes-Fifty- 
five percent of the Spearman rank correlations between DCA 
axis 1 and the environmental and bird abundance variables 
were significant at P < 0.001 (rs >0.283 or ~4.283, n = 130) 
and 67 percent were significantly correlated with DCA axis 2 
(table 6). In general, axis 2 yielded higher correlation coeffi- 
cients than axis 1; however, no single strong association for 
either axis emerged from the variables measured (table 6). 
The complex patterns seemed to follow a temperature and 
moisture gradient, especially along axis 2, that was related to 
elevation, latitude, longitude, and understory vegetation 
(figs. 15, 16). Also strongly correlated with axis 2 were the 
abundance of resident and migrant species, in positive and 
negative directions, respectively (fig. 16). Abundance pat- 
terns along axis 1 were highly correlated with the abundance 
of understory-foraging species (fig. 15). 



Flrat-axls decorana acorea 
based on bird abundance data 

Relationships to Habitat 
All 32 multiple regression equations of relationships to habi- 
tat, whether for all provinces combined or each separately, 
were significant at P 5 0.007 (table 7, see appendix table 9). 
Yet, in general, the linear relationships were weak. Only 47 
percent of the regression models had an R2 > 0.40 and only 
13 percent were ~0.50. The linear relationships of all pro- 
vinces combined and each separately were strongest for t,Je 
understory foragers (range R = 0.36 to 0.63 and mean R2 = 
0.54) (table 7) and weakest for species richness (range R = 
0.18 to 0.35 and mean R2 = 0.26) (table 7). The lowest R2 
was 0.18 for species richness in the Oregon Coast Range 
(table 7) and highest was 0.65 for canopy foragers in the 
Oregon Cascades (table 7). In general, the proportion of 
variance explained by the regression equations tended to be 
lower in the Oregon Coast Ranges than the other provinces 
(table 7). 

Fifty-two vegetation variables were selected for the 32 regres- 
sion equations (table 7). Tbe variables selected differed mxk- 
edly between each province for each of the eight dependent 
variables. Only three vegetation variables were associated 
with the same dependent variable in more than one province: 
density of live deciduous trees was positively associated with 
abundance of migrant bid species (table 7); evergreen shrub 
cover was negatively associated with resident bid species 
(table 7); and fern cover was positively associated with 
understory foragers (table 7). 

Live deciduous-tree variables-namely, density, basal 
area, and importance value-were selected in at least one 
regression model for every species-richness or abundance 
dependent variable tested, except for the bark foragers (table 
7). The live deciduous-wee variables were selected most 
frequently with the data sets of both the Oregon Coast 
Ranges and all provinces together and were always posi- 
tively related to species-richness and bird abundance. Other 
variables selected often in the regression models were two 
dead-wood variables-mean snag diameter and density of 
snags 10 to 50 cm in d.b.h. and 5 to 15 cm tal-that were 
positively and negatively associated with the dependent 
variables, respectively. 
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Table ‘I-Multiple regression using all possible subsets of independent vegetation variables with 
dependent variiibles of bird species richness, total abundance, abundance of residents and migrants, 
and abundance of bark, aerial, canopy, and understory foragers 

Regression Two-tailed Contibntion’ 
coefficient T-statistic significance toI? 

‘All provinces 
(dp = 5, 117; R*' = 0.25;Pd= 0.000) 

Intercept 
Basal area of live deciduous trees 
Percentage ground cover of moss 
hnp~rtance value of live western redcedd 
Mean height of live dominant trees 
Density of western hemlock snags >1.5 m tall 

Oregon Coast Ranges 
(df= 2, 40; R2= 0.18; P = 0.007): 

Intempt 
Density of decay-class-2 log< 
Basal area of live deciduous trees 

Oregon Cascades 
(df= 4, 43; R2= 0.25;P = 0.002): 

hltW%pt 
Percentage cover of ferns 
Density of snags >50 m d.bb. and S-15 m tall 
Density of live trees 50.99 cm d.b.h. 
lmpmmce value of live western redcedar 

Southern Washington Cascades 
(df = 4. 34: R2 = 0.35; P = 0.001): 

IntCICEp 
Density of snags lo-50 cm d.b.h. and 5.15 m tall 
Densitv of western hemlock snaes >1.5 m tall 
Imp&c, value of live west&redcedar 
Density of live @es 2549 cm db.h. 

Total abundance: 
All Pmvinces 
(df= 4. 118: R* = 0.41:P = O.OCQ 

lIlt.%Xpt 
Density of snags 10.50 cm d.b.h. and 5-15 m tall 
Basal area of live bigleaf maple 
Percentage CoYa of plants 4.5 m tall 
Basal .wea of live pine trees 

Oregon Coast Ranges 
(df= 4. 38: RZ= 0.25:P = 0.004): 

Intercept 
Basal area of live deciduous trees 
Density of live incense-cedar 
Volume of decay-class-5 snags 
Density of live Douglas-fir 

12.996 13.15 .OOO 
0.359 2.74 .OO7 .046 

4.025 -2.61 ,010 .042 
a010 -2.5 ,014 ,038 

0.047 2.38 ,019 ,035 
-0.017 -2.12 ,036 ,028 

16.846 21.20 
-0.338 -2.43 

0.245 2.01 

.a00 
,019 
.051 

.115 

.079 

15.542 11.98 
-1.492 -2.34 
-0.569 -1.95 

0.148 1.27 
-0.008 -1.20 

.004 

.024 
,057 

0.211 
0.235 

.088 
,061 
,026 
,023 

14.059 6.33 
-1.841 -2.28 
-0.022 -1.95 
-0.010 -1.82 

1.076 0.76 

.mo 
,029 
,059 
,078 
,455 

,089 
,065 
,057 
,010 

6.952 35.61 .om 
-0.659 -5.78 .OMl 

0.303 3.87 .om 
0.008 2.06 ,041 
0.040 1.35 ,179 

.I62 

.073 
,021 
.oQ9 

7.774 20.03 
0.125 2.88 

-0.035 -1.57 
0.285 1.39 

-0.032 -1.31 

,004 
,006 
,125 
,172 
,198 

,148 
,344 
,034 
,030 
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Table 7-cootinued 

Dependent variable/independent variables 
Regression Two-tailed Contibution’ 
coefficient T-St&tiC significance tORZ 

Oregon Cascades 
(df= 3,44; R2= 0.24; P = 0.002): 
htEZCf+X 
Mean height of live dominant trees 
Relative do,nina~,ce of Douglas-fir snag volume 
Density of live trees 50.99 cm d.b.h. 

Southern Washington Cascades 
(df= 3, 35; R2= 0.3O;P = 0.001): 

IntffEpt 
Percentage COYeI of plants <OS m tall 
Percentage raya of live deciduous tx.es 18 m tall 
Mean d.b.h. of snags 

Resident swies: 
All pro&es 
(df= 5. 117: Rx= 0.42: P = 0.000): 

Basal area of live deciduous trees 
Density of snags lo-50 cm d.b.h. and 5-15 m tall 
Percentage cover of evergreen shrubs 
Biomass of decayclass- snags 
Basal area of live needle-leaved evergreen trees 

Oregon Coast Ranges 
(df= 4, 38; RZ = 0.45;P = 0.000): 

IntWSpt 

Basal area of live deciduous trees 
Importance value of live western redcedar 
Density of live Douglas-fu 

Oregon Cascades 
(df= 4.43; R2= 0.42; P = 0.000): 

Relative ckninance of Douglas-fr snag volume 

Southern Washington Cascades 
(df= 4.34; R2= 4.47; P = 0.000): 
IntW.Spt 
Percentage cover of plants co.5 In tall 
Density of snags >50 cm d.b.h. and S-15 m tall 
Percentage cover of evergreen shrubs 
Percentage cover of live deciduous trees S8 m tall 

5.251 9.18 .I00 
0.032 2.88 ,006 

4.008 -1.49 ,142 
0.031 0.86 .396 

.134 
,036 
.012 

3.194 2.28 .029 
0.014 2.16 .038 

-0.114 -1.90 ,066 
1.599 1.85 ,073 

,086 
,066 
,063 

3.328 3.36 .JOl 
0.199 4.41 .oOO 

-0.375 A.06 .OW 
-0.089 -2.94 .004 

0,368 2.43 ,016 
1.25 2.33 .022 

.093 
,079 
,042 
,028 
,026 

6.23 17.09 ,000 

4.007 -3.22 ,003 ,134 
0.087 2.21 ,033 ,063 
0.006 2.00 ,053 .052 

-0.033 -1.30 .200 ,022 

4.735 9.65 ,000 
4.136 -3.86 .oOO 

0.005 2.34 ,024 
0.021 2.30 ,027 

a.006 -1.42 .164 

,185 
.068 
.065 
,025 

4.87 14.06 ,000 
0.016 2.97 ,005 
0.244 2.59 ,014 

-0.105 -2.18 ,036 
4.068 -1.34 ,191 

.124 
,094 
,067 
,025 
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Table 7-continued 

Dependent vruiable/iidependent variables 
Regession Two-tailed Contribution’ 
coefficient T-Stati& significance toR2 

au pro;inces 
(df = 4, 118; R2= 0.44;P = 0.000): 
Intercept 
Den&v of snaes lo-50 cm d.b.h. and 5-15 m tall 
Importance V.&e of live Pacific silver fu 
Relative frequency of western hemlock snags 
Importance value of live deciduous trees 

Oregon Coast Ranges 
(df= 4, 31; RZ= 0.38;P = 0.001): 

Density of live incense-cedar 
Percentage cover of shrubs 0.5-2.0 m tall 
Percentage ground cover of moss 
Density of live deciduous trees 

Oregon cascades 
(df= 4. 43; R2 = 0.24;P = 0.003): 

Intercept 
Immrtance value of live Pacific silver fir 
Density of live trees 50.99 cm d.b.h. 
Density of decayclass- logs 
Percentage cover of live deciduous trees 58 m tall 

sourhan Wahington Cascades 
(df = 4. 34; ~2 = 0.36; P = 0.001): 

InttXZZpt 
Density of snags 1.549 m tall 
Relative frequency of Douglas-fir snags 
Basal area of live needle-leaved evergreen trees 
Density of live deciduous trees 

Bark foragers: 
AU~provinces 
(df = 5, 124; R* = 0.31; P = 0.000): 

Density of live trees 25-49 cm d.b.h. 
Basal area of live bigleaf maple 
Basal area of live needle-leaved evergreen trees 
Basal area of live grand fir 
Mean height of snags 

Oregon Coast Ranges 
(df=4.38: Rz=0.40:P=0.0W): 

Intercept 
Basal area of live bieleaf ma& 
Basal area of live needle-lea&d evergreen trees 
Density of live !xees 25-49 cm d.b.h. 
Density of live western redcedar 

4.69 26.86 .M)O 
-0.563 -5.15 .oOO 
4.008 -3.87 ,000 
-0.015 -2.73 ,307 
0.004 2.18 .03 1 

4.407 16.86 ,000 
-0.056 -3.39 ,002 
0.091 1.88 ,070 
0.010 1.64 ,111 
0.001 0.73 ,471 

3.95 14.17 ,000 
4.008 -2.56 ,014 
0.066 2.08 ,043 

-0.012 -1.83 ,074 
0.045 1.30 ,200 

5.449 2.79 ,009 
4.009 -2.45 ,020 
0.017 2.36 ,024 

-1.878 -1.88 ,069 
0.011 1.51 ,141 

0.869 1.04 ,300 
-0.539 -3.37 ,001 
0.085 3.14 .I02 
1.033 2.97 .I04 
0.050 2.43 ,017 
0.584 2.01 ,047 

1.114 0.89 ,377 
0.070 2.52 ,016 
1.219 2.23 ,031 

-0.5 12 -2.02 ,051 
0.004 1.98 ,055 

,123 
,070 
,035 
,022 

,205 
,063 
,048 
009 

,107 
,070 
,054 
,027 

,101 
,094 
,059 
,038 

,060 
,052 
a47 
,031 
,021 

,090 
,071 
,058 
,055 
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Table 7-continued 

Dependent variable/independent variables 
Regression Two-tailed Connibution~ 
coefficient T-statistic significance toR2 

Oregon Cascades 
(df= 3, 44; R2= 0.38; P = 0.000): 

Intempt 
Percentage cover of shrubs 2.0-4.0 m tall 
Basal area of live needle-leaved evergreen trees 
Relative dominance of Douglas-fir snags 

Southern Washington Cascades 
(df= 2, 36; R2 = 0.40; P = 0.000): 

0.967 
AI.609 

1.175 
-0.006 

Density of live needle-leaved evergreen trees 
Density of snags >50 cm d.b.h. and >15 m tall 

Aerial foragers: 
All provinces 
(df= 4. 118; RZ= 0.40; P = 0.000): 

Intercept 
Density of snags 10.50 cm d.b.h. and 5.15 m tall 
Mean height of snags 
Percentage MVCI of ferns 
Inpxtance value of live broad-leaved evergreen 

- 

Oregon Coast Ranges 
(df= 3. 32; R* = 09o;P = 0.002): 

InterCept 
Density of live incense-cedar 
Mean d.b.h. of live trees 
Percentage cover of live evergreen trees ~8 m 
tall 

Oregon Cascades 
(df=4, 43; R2=0.32;P = O.ooO): 

Intercept 
Vohlme of Douglas-fir snags 
Density of snags 10-50 cm d.b.h. and 5.15 m tall 
Equitability index of tree basal area by height- 

classesg 
Importance value of live grand fir 

Southern Washington Cascades 
(df= 3, 35; R* = 0.4o:P = O.OCQ: 

Intercept 
Basal area of live western yew 
Density of live deciduous trees 
Density of live western redcedar 

5.041 
-1.226 

0.194 

1.669 
-0.497 

1.358 
0.355 

0.003 

5.17 
-0.036 
-1.221 

0.123 

1.159 1.68 ,101 
0.645 3.28 .I02 

-0.429 -2.77 ,008 

a.537 1.61 .077 
0.003 1.43 .160 

1.800 15.56 .ooo 
0.280 3.52 .oOl 
0.012 2.45 ,019 

aOQ3 -2.07 ,046 

1.13 ,263 
-3.43 ,001 

2.64 .Oll 
-1.66 ,105 

6.00 .ooQ 
-4.20 ,000 

2.80 ,008 

3.92 .oal 
-5.04 mo 

3.10 .ow. 
2.50 ,014 

1.97 ,051 

5.08 .ooo 
-2.83 .008 
-2.00 ,054 

1.68 ,103 

,155 
,092 
,036 

,278 
,123 

.125 

.047 
,031 

,019 

.160 

.080 

,057 

,157 
,112 

048 
,030 

,197 
,396 
,068 

198 



Table 7-continued 

Dependent variable/independent variables 
Regzssion Two-tailed Contributiona 
coefficient T-Std.& significance tOR2 

canopy foragers: 
All provinces 
(df= 4, 118; R2= 0.34; P = O.OWl): 

Intercept 
Basal area of live deciduous trees 
Percentage ground cover of moss 
Basal area of live pine trees 
Density of snags 1.5-4.9 m tall 

Oregon Coast Ranges 
(df = 3, 32. R* = 0.41; P = 0.000): 

Basal area of live deciduous trees 
Equitability index of tree density by diameter- 

&.%e$ 
Percentage c4wer of berry (vacciniwl spp.) 

shrubs 

Oregon Cascades 
(df= 3. 44; Rz = 0.6S:P = O.OC0): 

Percentage cover of grass, herbs, and fems 
Densitv of live tTees 50.99 cm d.b.h. 
Basal &ea of live pine trees 

southern Was~gton cascades 
(df= 4. 34; R = 0.38;P = O.OCO): 

lllt.%C.Spt 

4.647 35.51 ,000 
0.205 4.93 .wo ,131 

4.011 -3.76 ,000 ,076 
0.072 2.88 .nl5 ,045 

-0.003 -1.76 ,081 ,017 

5.975 11.36 .wo 
0.177 3.43 ,002 ,198 

a.455 -2.56 ,015 ,111 

4.827 -2.29 ,029 ,088 

4.291 22.33 
-0.021 -6.53 

0.129 5.30 
0.043 2.26 

.OoO 

.OOO 

.OOO 
,029 

.319 
,211 
,038 

4.383 18.88 ,000 
-2.50 ,017 
-2.25 ,031 

2.13 ,040 
-1.56 ,127 

,102 
,082 
,074 
.040 

Biomass of decay-class-5 snags -0.982 
Percentwe cover of live deciduous trees <8 m tall -0.101 
Percentage ulver of plants co.5 m tall 0.011 
Basal area of live western yew -0.150 

Understory foragers: 
All provinces 
(df = 5, 117; R* = 0.61; P = O.C+O): 

Intacept 
Pacentage COYa of plants 0.5-2.0 m tall 
Basal area of live deciduous trees 
Mean d.b.h. of snags 
Density of live pine trees 
Mean number of live twe species 

1.388 1.99 .049 
0.175 6.07 .OOO 
0.201 5.26 ,000 
1.784 4.79 .oim 

-0.034 -3.95 .OOQ 
-1.715 -3.67 .OOQ 

&egon Coast Ranges 
(df = 3, 32; R2 = 0.36; P = 0.001): 

Intercept 
Percentage cover of ferns 
lmpmance value of live incense-cedar 
Basal area of live needle-leaved evergreen trees 

6.235 4.21 
0.643 2.50 

-0.012 -2.26 
-0.951 -1.72 

.ooo 
,018 ,115 
,031 ,094 
,095 ,055 

.117 

.088 

.073 

.049 

.043 
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Table 7-contloued 

Dependent variablefidependent variables 

Oregon Cascades 
(df = 4, 43; R* = 0.63: P = 0.000): 

Intercept 
PeKxmage cover of ferns 
Impmce value of live pine trees 
Mean height of live dominant trees 
Biomass of logs 

Regression Two-tailed Conbibutionn 
coefficient T-Stati& significance tOR2 

0.738 1.40 .I68 
0.575 3.76 ,001 ,110 

-0.007 -3.69 ,001 ,106 
0.027 3.52 ,001 ,096 
0.607 2.52 ,016 ,049 

southem wahingmn Cascades 
(df = 4,34; Rz = 0.56; P = 0.000): 

Intercept 
Percenta8e cover of Plants <OS m tall 
Percenta8e cover of evergreen shrubs 
Mean d.b.h. of snags 
Percentage cova of live deciduous trees $8 m 
tall 

1.439 1.55 ,130 
0.016 3.65 ,001 ,155 

Al.114 -3.01 .005 ,105 
1.380 2.49 ,018 ,072 

4.067 -1.66 ,107 ,032 

Discussion 
Regional Patterns 

Our results suggested that bird abundance patterns were re- 
gionally distinct (fig. 14B) and that abundance was substanti- 
ally higher in the Oregon Coast Ranges than in the other two 
provinces (figs. 6-13). even though >70 percent of the bird 
species were detected in two or mope. provinces. Location of 
the study stands by latitude, longitude, and elevation; incon- 
sistencies in sample design; and varying degrees of forest 
fragmentation appeared m be partly responsible for the 
differences among regions. 

In the ordination analyses, regional abundance patterns 
(fig. 14B) were best explained by correlations with latitude, 
longitude, and elevation (table 6: figs. 15, 16). They were 
negatively associated with latitude and elevation and posi- 
tively associated with an east-to-west longitudinal gradient 
(fig. 2). Elevation was essentially overlooked when stands 
were selected and varied substantially within and among pro- 
vinces. Partial correlation using elevation as a constant was 
impractical for explaining abundance patterns. The southem- 
most stands in the Oregon Cascade Ranges were among the 
highest in elevation and generally had more birds than stands 
to the north, while stands in the Oregon Coast Ranges were 

generally the lowest in elevation but were higher in abu’n- 
dance than stands in the Cascade Ranges (table 1, fig. 1). 
Although we detected a relatively high correlation between 
longitude and abundance (fig. 2), we assumed longitude per 
se had little effect on bird abundance within one broad vege- 
tation zone (see Hamel and others 1986). The increase in 
abundance from east (Cascade Range) to west (Oregon Coast 
Ranges) was likely more directly related to the moderate 
climate of the Oregon Coast Ranges relative to the colder 
Cascades, or to variation in elevation among the provinces. 

Shortening the interstation distance to 50 m to accommodate 
the smaller stand sizes in the Oregon Coast Ranges may have 
resulted in higher bird counts than in stands with longer inter- 
station distances. Field observers were trained not to count 
individual birds more than once on a given day; however, 
double counting was possible. We attempted to minimize 
these biases by using only detections ~50 m from a counting 
station in all three provinces, except during the analysis 
specifically on individual species. 

High species richness and abundance in Oregon Coast Range 
stands may also be a result of forest fragmentation that has 
increased the diversity of stand ages over the landscape and 
may have in turn increased the packing of individuals within 
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the residual stands (sensu Lehmkuhl and others, this volume;
Rosenberg and Raphael 1986) A long history of logging and
high incidence of fires were primarily responsible for the
much smaller stand sizes and more fragmented landscapes in
the Oregon Coast Ranges (Agee, this volume; Carey and
others, this volume; Spies and others 1988). As a result, edge
habitats were probably more abundant and closer to stands in
the Oregon Coast Ranges and exerted a stronger influence on
richness and abundance than in other provinces. Quantifying
the characteristics of fragmentation over the landscape and
determining their effects across the provinces was beyond
the scope of this study. Such analyses are available for the
southern Washington Cascades (Lehmkuhl and others, this
volume).

Our province comparisons are highly uncertain because not
all the provinces were surveyed in the same year. Yearly vari-
ation and covariation in bird abundance are expected to be
high at any one site and fluctuate more widely with the more
abundant species (see Holmes and others 1986). Temporal
sampling variation included fewer birds detected in the
southern Washington Cascades during the cool and wet
spring of 1984 compared to 198.5 (Manuwal and Huff 1987);
birds not surveyed in 1984 in the Oregon Coast Ranges, but
only in 1985 and 1986; and only 68 percent of the Oregon
Cascade stands were sampled in 1985.

In summary, distinct provincial patterns were suggested, and
bird abundance appeared to be higher in the Oregon Coast
Ranges, although natural variability in avian communities
seemed to be high within and among provinces. Significant
differences between the provinces must be considered in rela-
tion to sample design problems-namely, the widely varying
elevation and sampling frequency that limit extrapolation of
results beyond the study areas sampled.

Stand-Age Patterns

No broad differences were found in bird abundance patterns
related to forest age (fig. 14C). Bird communities of old-
growth stands showed great overlap with those of young and
mature stands. The vegetation in the old-growth stands was
distinguished from younger forest by only a small set of
structural attributes, such as tree density, mean stand dia-
meter, and basal area (Spies and Franklin, this volume).
General homogeneity of many stand attributes indistinguish-
able among stand age-classes may have discouraged the
development of unique bird associations along the sere. Bird
community patterns at this broad level of analyses, for exam-
ple, were probably closely tied to plant species composition,
which did not differ significantly between age-classes, except
for a few minor species (Spies, this volume).

Significant age-class differences were detected for bark and
aerial foragers (figs. 10, 11) and likewise for 16 bird species
in at least two of three provinces (figs. 3-5). Seven of eight
hole or bark nesters, six of which were bark foragers, reached
their highest abundance in mature and old-growth stands. In
northwestern California Douglas-fir stands, 12 bird species
(excluding raptors) were positively correlated with stand age
during spring (Raphael 1984), but only 2 of the 12 were hole
or bark nesters. Only the chestnut-backed chickadee was
positively associated with stand age in both northwestern
California and in at least two of provinces in Oregon and
Washington.

Bark-forager abundance in northwestern California, modeled
now as being >30 percent below the historical (prelogging)
populations, has been projected to return to near historical
populations if forested landscapes, excluding reserves and
stream-management zones, are managed at l00-year harvest
rotations (Raphael and others 1988). If populations were
modeled similarly for Oregon and Washington, bark-forager
abundance seems unlikely ever to approach prelogging
populations because bark-forager abundance was so much
higher in older than younger Douglas-fir forests here com-
pared to northwestern California. The strong association
between bark-forager abundance and stand age in Oregon
and Washington may be a function of the increase in large
snags (>50 cm d.b.h.) as stands age (Spies and Franklin, this
volume). Large snags have been identified as crucial for
bark-foraging and hole-nesting bird species (see Davis and
others 1983; Lundquist and Mariani, this volume; McClelland
1977; Zamowitz and Manuwal 1985). Generally more than a
century is required to replace large snags once they are
removed. Large snags would essentially disappear in forests
managed on l00-year rotations, except in buffer strips,
riparian corridors, and reserves. Therefore, we would expect
bark-forager and hole-nester abundance to remain well below
prelogging populations.

Most of the species detected in the study stands were habitat
generalists with widespread geographic distribution and occu-
pying a diverse array of habitats. Much fewer in number
were those species with a distribution restricted primarily to
the Pacific forest belt (sensu Raphael and others 1988). The
birds in this group that reach their highest abundance in
mature and old-growth forests were assumed to be the most
sensitive to short-rotation management. This group included
two resident species, the chestnut-backed chickadee (fig. 3)
and the red-breasted sapsucker (fig. 5), and one migrant,
Vaux’s swift (fig. 5), which winters from Mexico south to
Venezuela (American Ornithologists’ Union 1983). The
abundance patterns derived for Vaux’s swifts and red-
breasted sapsuckers, however, were based on limited data
and from detection distances of < 150 m. We advise inter-
preting and using these results judiciously.
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Relations to Habitat

The study design was limited to an extensive approach (sensu
Van Home 1986), observing repeatable patterns in the rela-
tion of birds to their habitat over a broad geographic area.
The vegetation characteristics selected for multivariate regres-
sion models predicted only a small proportion of the variance
of species richness, total abundance, and species grouped by
residency and by foraging guild (table 7). Probable causes
for the high degree of unexplained variability in this pattem-
oriented approach are numerous (see Verner and others 1986:
207-258). The variability may be because of the effects of
weather on bird populations and the interaction of weather,
prey, predators, competitors, and parasites (O’Neil and Carey
1986); because species’ abundances were not a good measure
of habitat quality, were independent of stochastic variation,
and were not measured consistently between observers
(Rotenberry 1986, Van Home 1983, Verner 1985); because
means were used to characterize within-habitat heterogeneity;
or because of influences outside the stand that were not
measured, such as alteration of distant wintering grounds or
changes in the landscape nearby.

Understory foragers were most strongly related to the meas-
ured habitat variables (table 7). We suspect this may be a
result of lower sampling error for the understory foragers
than for other foraging guilds. The understory foragers used,
for the most part, only the vertical strata within a few meters
of the forest floor. The sampling error associated with estima-
ting abundances in this stratum was probably lower than in
strata much farther from the observer. Likewise, measuring
habitat characteristics within strata used by understory for-
agers is considerably easier to measure than the vegetative
attributes used by species in the canopy, on tree limbs and
boles, or in canopy gaps.

Consistent prediction of habitat associations do not necessar-
ily imply cause and effect (Rotenberry 1986). In some in-
stances, the vegetation variables measured had little direct
biological meaning for the bird populations being predicted.
For example, the canopy foragers were positively and nega-
tively associated with certain forest-floor variables, such as

percentage cover of moss and percentage cover of plants
<0.5 m tall (table 7). As indirect measures of habitat quality,
these variables most likely are identified with a complex set
of stand attributes that alone are highly variable and poor
predictors. Nevertheless, the management applicability of
indirect indicator variables needs to be tested.

The most positive association between bird abundance or
richness, and vegetation or stand structure was with live
deciduous-tree characteristics (for example, density, basal
area, importance value). The deciduous-tree component, most
strongly associated with young stands and long-distant mi-
grants, was likely a result of natural reestablishment of the
forest after fire. In intensively managed, short-rotation
conifer plantations of Douglas-fir, deciduous trees are dis-
couraged, or, if possible, eliminated during stand reestablish-
ment. Based on results from naturally regenerated stands,
maintaining a small component of deciduous trees (for ex-
ample, bigleaf maple) on harvestable timberlands most likely
would have a positive effect on bird populations.
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Appendix
Table g-Designations for residency and detectability of birds by foraging guild

Birda Residencyb Detectabilityc Birda Residencyb DetectabilityC

Common raven 3
Northern pygmy-owl 3
Olive-sided flycatcher 3

Aerial foragers
Dusky/Hammond’s flycatcher’
Vaux’s swift’
Western flycatcher

M
M
M

1
3
1

Bark foragers
Brown creeper’
Hairy woodpeckerd

Pileated woodpeckerd

Red-breasted nuthatchd

Red-breasted sapsuckerd

Canopy foragers
Band-tailed pigeon
Black-capped chickadeed

Black-headed grosbeak
Black-throated gray warbler
Chestnut-backed chickadeed

Evening grosbeak
Golden-crowned kinglet
Gray jay
Hermit/Townsend’s warbler’
Nashville warbler
Pine siskin
Purple finch
Red crossbill
Steller’s jay
Western tanager
Yellow-rumped warbler

M
R
M
M
R
R
R
R
M
M
R
R
R
R
M
M

4
4
3
1
1
2
1
1
1
1
1
1
3
2
2
1

Understory foragers
American robin R 2
Blue grouse R 3
Dark-eyed junco R 1
Hermit thrush M 2
Hutton’s vireo 1
MacGillivray’s warbler M 1
Northern flickerd R 3
Orange-crowned warbler M 1
Rufous hummingbird M 1
Rufous-sided towhee R 4
Song sparrow R
S wainson’s thrush M 4
Townsend’s solitaire M 3
Varied thrush R 2
Wilson’s warbler M 1
Winter wren R 1
Wrentit R 1

a Species mentioned in text but not part of the community data analysis
were mourning dove, belted kingfisher, red-winged blackbird, northern
oriole, and spotted owl.

R = year-long resident; M = long-distance migrant; blank = not included in
residency analysis.
c Species were assigned to one of three detectability groups, as
follows: 1 = majority of detections were within 50 m of the count
station; 2 = the majority of detections were beyond 50 m, and species
were detected at least twice in any particular stand, 3 = the majority
of detections were beyond 50 m, species generally have large terri-
tories, and single occurrences (that is. a species was detected only
once in a stand) accounted for >30 percent of all the stands in which
a species was detected; 4 = species detected in <3 percent of the stand
counts, no abundance was calculated.
d These birds are hole- or bark-nesting species.
e We did not distinguish between dusky and Hammond’s flycatchers or
between hermit and Townsend’s warblers because they were difficult to
identify in the field.
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Table 9-Vegetation variables and type of data transfomatlons performed (ARC = arcsine (square root(x)); 
LOG = log (x + 1); SQRT = square root (x + 0.375); SQRT’ = square root (x); blanks indicate untransformed values) 

Variable Transformation Variable Transformation 

Live-tree variables: 
Mean number of tree species 
Density 

Bigleaf maple 
Douglas-fir 
Golden chinkapin 
Grand fr 
Incense-cedar 
Pacific madrone 
Pacific silver fr 
Red alder 
Western hemlock 
Western redcedar 
western yew 
Total tree density 
Trees 5-9 cm d.b.h. 
Trees 10.24 cm d.b.h. 
Trees 25.49 cm d.b.h. 
Trees 50.99 cm d.b.h. 
Trees 100-149 cm d.b.h. 
Trees 2150 cm d.b.h. 
Needle-leaved evergreen tees 
Broad-leaved evergreen trees 
Deciduous trees 
Pine trees 

Basal area 
Bigleaf maple 
Douglas-fir 
Golden chinkapin 
Grand fir 
Incense-cedar 
Pacific madmne 
Pacific silver fir 
Red alder 
Western hemlock 
Western redcedar 
Western yew 
Total basal area 
Needle-leaved evergreen trees 
Broad-leaved evergreen trees 
Deciduous trees 
Pine trees 

Importance valw” 
Needle-leaved evergreen trees 
Bmad-leaved evergreen trees 
Deciduous trees 
Pine trees 

LOG 

SQRT 

LOG 
SQRT 
LOG 
LOG 
SQRT 
SQRT 

LOG 

SQRT 

LOG 
La? 

Bigleaf maple 
Douglas-fu 
Golden chinkapin 
Grand fir 
lncemecedar 
Pacific madmne 
Pacific silver fir 
Red alder 
Western hemlock 
Western redcedar 
Western yew 

Mean d.b.h. of live tree? 
Mean height of dominant trees 
Equitability index 

Tree density by diameter classesc 
Tree basal area by height classes 

Stand condition variables: 
Density 

Trees with fire scm 
Trees with excavated cavities 
Trees with natural cavities 
Trees with root cavities 
Trees with small amount of mossnichen 
Trees with moderate amount of moss/lichen 
Trees with heavy amount of moss/lichen 

Percentage 
Trees with fire mu-s 
Trees with excavated cavities 
Trees with natural cavities 
Trees with small amount of mass/lichen 
Trees with moderate amount of moss/lichen 
Trees with heavy amount of moss/lichen 

Snag variables: 
Density 

Decay-class-1 snagsd 
Decay-class-2 snags 
Decay-class-3 snags 
Decay-class-4 snags 
Decayc1ass-5 snags 
Snags 1.5-5.0 m tall 
Snags lOJOan d.b.h. and 5.15 m tall 
Snags lo-50 cm d.b.h. and >15 m tall 
Snags >50 cm d.b.h. and 5-15 m tall 
Snags >50 cm d.b.h. and >15 m tall 
Douglas-fir snags >1.5 m tall 
Western hemlock snags >1.5 m tall 

ARC 

LOG 

LOG 
LOG 
SQRT 
SQRT 
LOG 

LOG 
ARC 

LOG 

LOG 
MG 
LOG 

E$?T 

LOG 
LOG 
SQRT 
SQRT 
LOG 
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Table 9-continued 

Variable Transfommion 

Decay-class-l snags 
Decay-class-2 snags 
Decay-class-3 snags 
Decay-class-4 snags 
Decay-class-5 snags 
All snags 

Volume 
Decay-class-l snags 
Decay-class-2 snags 
Decay-class-3 snags 
Decay-class-4 snags 
Decay-class-5 snags 
All snags 
Douglas-fir snags 
Western hemlock snags 

Relative frequency 
Douglas-fir snags’ 
Western hemlock snags 

Relative dominance 
Douglas-fir snagd 
Western hemlock snags 

Mean height of all snags 
Mean d.b.h. of all snags 
Biomass of all snags 

Log variables: 
Density 

Decay&s-l logs 
Decayclass- logs 
Decay-class-3 logs 
Decay-class-4 logs 
Decay-class-5 logs 
Lags ~30 cm in diameter at large end 
Logs 30-W cm in diameter at large end 
Logs >60 cm in diameter at large end 
All logs 

Biomass 
Decay-class-l logs 
Decay-class-2 logs 
Decay-class9 logs 
Decay-class-4 logs 
Decay-class-5 logs 
All logs 

VOlUIllC 
Decayclass-1 logs 
Decay-class-2 logs 
Decay-class-3 logs 
Decay-class-4 logs 
Decayclass- logs 
Logs ~30 cm in diameter at large end 
Logs 30.60 m in diameter at large end 
Logs >60 cm in diameter at large end 
AU logs 

Percentage cover of logs 

LOG 
LOG 
LOG 
LOG 
LOG 
LOG 

LOG 
LOG 
LOG 
LOG 
LOG 
LOG 
LOG 

ARC 

ARC 

LOG 
LOG 

SQRT 
SQRT 
SQRT 
SQRT 
LOG 
LOG 
SQRT 
LOG 

LOG 
LOG 
LOG 
LOG 
LOG 

LOG 
LOG 
LOG 
SQRT 

E 
SQRT 
SQRT 
LOG 

Variable Transfomation 

Understory variables: 
Percentage cover by 

MOSS 
Lichens 
FeIIlS 
GEWeS 
Herbs 
Evergreen sbmbs 
Deciduous shrubs 
Deciduous mes $8 m tall 
Evergreen nees 58 m tall 
Berry (Vaccinim spp.) shrubs 
Rubus species 
Grasses, herbs. and ferns 
Plants <0.5 m tall 
Plants 0.5-2.0 m tall 
Plants 2-4 m tall 

ARC 
LOG 

LOG 
ARC 
LOG 

SQRT 
LOG 
ARC 

SQRT 
SQRT 
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Abstract
Winter is a critical season for many resident bird species.
Bird communities in eight Douglas-fir forest stands, four mid-
seral(65-140 years old) and four late-seral(325-600 years
old), were surveyed for three winters (9 December-19 March)
from 1983-84 to 1985-86 in southern Gifford Pinchot Na-
tional Forest. Birds in each stand were surveyed eight times
each winter by using 8-minute counts at 12 counting stations
150 m apart along a line. For all three winters, median spe-
cies richness and mean total abundance were substantially
higher in late- than in mid-seral forests. Of the four major
guilds exam&d-bark insectivores, canopy insectivores,
understory seed-eaters and insectivores, and canopy seed-
eaters-mean abundance was consistently higher in late- than
mid-seral stands. Red crossbills, chestnut-backed chickadees,
red-breasted nuthatches, and gray jays were strongly associ-
ated with late-seral stands in winter.

Introduction
Forests dominated by Douglas-fir are prevalent over the mon-
tane landscape west of the Cascade Range in Washington
and Oregon (Franklin and Dyrness 1973). Although many
aspects of Douglas-fir forests have been studied intensively-
perhaps more than any other forest in the world-the distri-
bution, abundance, and basic life-history characteristics of
many animal species that inhabit these forests during the
winter still need to be determined. The breeding success and
persistence of resident species are undoubtedly linked to the
winter season (see Fretwell 1972). The availability of food
resources and habitat structural features that provide roost
sites and thermal cover are crucial to the survival of animals
active during the winter.

Manuwal and Huff (1987) reported on the abundance of
spring and winter birds in 16 Douglas-fir forest stands in the
southern Washington Cascade Range. They found that sea-
sonal changes in abundance were greater in young (42- to
75-year-old) and mature (105- to 165-year-old) than in old-
growth (250- to >5OO-year-old) stands, and bird species
richness and total abundance were greater in old-growth than
in younger stands during winter. Their data also suggest that
old-growth forest stands provide better winter habitat for
many species (such as gray jay, red-breasted nuthatch, brown
creeper, and red crossbill) than did young or mature stands.
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Our objectives were to compare winter bird species composi-
tion and abundance in old-growth forests to younger forests
sampled for three consecutive winters within a small geo-
graphic area, to identify vegetative characteristics that explain
the abundance patterns of birds in winter, and to provide a
foundation for asking specific questions and making hypothe-
ses about the distribution, abundance, and resource needs of
birds in winter throughout the Douglas-fir region.

Met hods
Study Area

To sample winter birds, four mid-seral(65 to 140-year-old)
and four late-seral(325 to >500-year-old) stands were
selected subjectively from the Wind River Ranger District of
the Gifford Pinchot National Forest (see frontispiece). Main
selection criteria were easy access during winter and a wide
range of interstand variability. The study stands were a sub-
set of those reported in Manuwal and Huff (1987), and all
were naturally regenerated after fire. Age of mid-seral stands
was determined by increment coring at least five dominant
Douglas-fir trees at breast height, adding 5 to 7 years for
growth to breast height, and averaging the estimates (Spies
and others 1988). Age of old-growth stands was determined
by aging stumps in nearby clearcuts, along trails, or some-
times from increment cores on dominant trees (Spies and
others 1988). Ages estimated for the old-growth stands are
reliable to + 50 years (T. Spies, pers. comm.).

A study stand was defined as an area with relatively homo-
geneous structure, disturbance history, vegetation composi-
tion, physiography, and soil (Manuwal and Huff 1987). The
study stands ranged from 91 to 760 ha. ‘Differences in stand
size between late-seral (x= 565 ha; SD = 292 ha) and
mid-seral stands (x’= 408 ha; SD = 225) were assumed to be
minor because all stands were generally large. Stand fragmen-
tation resulting from clearcutting was minimal (J. Lehmkuhl,
pers. comm.). Only one late-seral stand had evidence of past
logging near the sample area, about 200 m away.

Sampling

Vegetation-Sampling and stand summaries of vegetation
were provided by T. Spies (pers. comm.). Our primary objec-
tive for vegetation analysis was to determine and contrast the
structure and composition of our mid- and late-seral stands.
Spies measured about 300 vegetation and site variables at
each stand. We subjectively identified about 100 variables to
be used for further analyses based on their potential import-
ance to birds in winter. These included variables related to
plant species composition, abundance of live and dead woody
vegetation, and stand structural characteristics.

Annual cone-crop ratings of Douglas-fir and western hem-
lock, obtained from a regional summary of forests of the
southern Washington Cascades (Anon. 1983-85), were used

to measure food resources available for seed-eating birds.
Each year, the cone crop was subjectively rated by species
by a scale of 1 to 5: absent/failure = 1, very light = 2,
light = 3, medium = 4, and heavy = 5. Because cone-crop
ratings were nearly identical for western hemlock and
Douglas-fir from 1983-85, we averaged their ratings to-
gether. The cone crop of Douglas-fir and western hemlock
was rated at each study stand during winter 1985-86. Using
the same rating scale, cone crop was rated over a 20-m
radius at each of 12 bird-counting stations and averaged for
each stand.

Birds-We followed the protocol of field methods estab-
lished for birds by the Old-Growth Forest Wildlife Habitat
Program (Carey and Spies, this volume), with minor adjust-
ments for winter sampling. Birds were surveyed by the point-
count method (see Verner 1985) over three winters (9
December to 19 March) from 1983-84 to 1985-86. Surveys
were done only during acceptable weather, avoiding rain,
high winds, and snowstorms or other conditions that would
seriously inhibit detecting birds. Each stand was surveyed
eight times each winter using 8-minute counts at 12 stations
spaced 150 m apart along a line. Survey lines, fitted into
each stand to maximize efficiency and stand homogeneity
(for example, similar slope), were generally rectangular
(600 x 300 m) or linear (1650 m).

Each observer identified all bird species based on sight or
sound and estimated the ground distance to the detection
location. Birds flying through or over the canopy received
different codes according to their vertical stratification rather
than distance estimates. Birds in flocks-three or more birds
using similar resources together-received one distance esti-
mate based on the central location of the flock. Observers
were trained not to record an individual bird more than once,
although the interstand and intrastand movements of large
flocks of birds increased the likelihood of double counting,
and not to record birds that were outside the sampled stand.

During the first two winters (Manuwal and Huff 1987), two
observers visited a stand on the same day, surveying birds
simultaneously but taking opposite routes. Simultaneous sur-
veys were deemed necessary because of limited funds and
the additional safety it provided for observers traversing
mountainous terrain during winter. Time elapsed between the
two observers counting at the same station ranged from 4
hours to 15 minutes. We summed the counts from the 12 sta-
tions by each observer separately. In total, the two observers
visited each stand four times, and abundance was reported as
a mean of the eight visits to each stand each winter.

Surveys conducted during the third winter, 1985-86, did not
use a simultaneous approach (two observers per day per
stand); rather, one observer visited each stand each day. The
eight total visits/stand were rotated between two observers.
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Biases were introduced by our sample design; as a conse-
quence, our results were interpreted cautiously. Verner (198 1)
categorizes bird-survey biases into four general sources:
observer, bird species, site selection, and sample schedule; a
thorough discussion of these biases can be found in Ralph
and Scott (198 1). Our comparisons between winters were
assumed to be suspect because different observers were used
between winters, and the sampling technique was modified
for the 1985-86 surveys. Hence, we made few comparisons
between winters and highlighted only the most extreme dif-
ferences: those we subjectively assumed to be real and not a
result of sampling error. On the contrary, we assumed within-
winter comparisons between mid- and late-seral stands to be
unaffected by the design problems.

The skill and experience of field observers to detect and iden-
tify birds, estimate flock sizes, monitor bird movements, and
estimate detection distances accurately was crucial to minimi-
zing the error associated with sampling birds. Although some
differences between observers were to be expected, determin-
ing the exact magnitude to correct this error was too costly
to measure and analyze. We took indirect measures to mini-
mize interstand observer variability, however, by apportion-
ing the eight samples per stand equally between the two ob-
servers for every stand. An unknown amount of disturbance
by observers, either repelling or attracting birds, occurred
during the surveys, however.

Some potential sampling errors related to species and sample
schedule that could not be controlled in the experimental de-
sign included the rate of detectability during winter (bird pre-
sent but not detected); the differential detectability between
species and between stands; the rate of bird mortality between
species and stands, and the effects of weather-especially
temperature-over the season, on bird presence and cue emis-
sion. Unknown sample error related to site selection and sur-
vey design included potential differences in the total area
sampled per stand resulting from differences in shape of sur-
vey routes, intersample area homogeneity, including the ele-
vational change within and between stands; differences in
stand history and stand age; and degree of landscape frag-
mentation surrounding the sample area, which was assumed
to be minor.

Data Analysis

Limitations of the data-This study was designed as a
simple survey of winter bird abundance. The data were ex-
ploratory in that stands were chosen subjectively, sample size
was small, and some biases were uncontrolled. No hypothe-
ses were tested and, consequently, no overall alpha level was
designated. We reported P-values using nonparametric tests
as a way of showing the trends in variation among the stands

sampled. Because an a priori goal of this study was to identi-
fy which species and guilds are more abundant in old-growth
forests than in younger forests, we reported P-values from
one-tailed tests.

Vegetation-All comparisons between the four mid- and
four late-seral stands of vegetation characteristics were made
with the Mann-Whitney U test where nl = 4 and n2 = 4
(Siegel 1956). Because no a priori goals were established for
vegetation analysis, two-tailed tests were used to examine
differences between mid- and late-seral stands. The associa-
tion between different vegetation variables was measured by
using Spearman rank correlation in which rs was the coeffi-
cient of association. Vegetation variables were assumed to be
correlated if rs was 20.643 (n = 8; significance level for two-
tailed test = 0.100).

Birds-Only birds detected 175 m from the counting station
(half the distance between stations) and species detected
during more than one survey (vagrants removed) at a given
stand were included in the main analysis. A separate supple-
mental analysis using all bird detections was used for wide-
ranging and nocturnal species, such as hawks and owls,
which were poorly sampled by the point-count method, and
for species not easily detected <75 m from a counting station.

Median bird species richness was determined as the median
number of bird species per stand per winter. Distribution and
abundance patterns combined from all three winters and all
stands were plotted together to identify species patterns. The
distribution categories, based on the proportion of stands in
which a species occurred, were widespread, >67 percent;
irregular, 33 to 66 percent; and local, <33 percent of the
stands per winter Abundance categories were common, >8;
uncommon, 2 to 8; and scarce, <2 birds detected of a given
species per eight visits.

All comparisons of total abundance, species abundances, and
abundance within avian guilds between the four mid- and
four late-seral stands were made using the Mann-Whitney U
test, where n1 = 4 and n2 = 4. The avian guilds, each identi-
fied by forest structure and spatial components and by pre-
ferred food, were canopy seed eaters; canopy insectivore;
bark insectivores; and understory seed eaters and insectivores.
Species were placed in a guild based on field observations
and compiled literature (fig. 1). Nearly all the observed spe-
cies could be categorized into one of the four guilds. Gray
and Steller’s jays, because of their low numbers and omnivor-
ous diets, were not included in the guild comparisons. Some
species regularly change or supplement their diets within and
between seasons with several different resources that are not
easily cross-categorized. Examples are chestnut-backed chick-
adees, identified as canopy insectivores, and red-breasted
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nuthatches, identified as bark insectivores; both species also r,‘b----- 
rely on seeds in their diets during winter. Hence, we view 

230 -. 

E 
,./’ /’ 

,d” ,’ A’ 
the guild framework only as a general guide for ordering 
abundance patterns. 

We compared our findings to a winter bird study of four mid- 
and four late-seral stands surveyed in 1984.85 and 1985-86 
near Mount Rainier National Park: the study used the same 
field methods as we did (Manuwal and Huff 1987; K. Aubry 
and J. Putera, unpubl. data). We used a two-tailed, Mann- 
Whitney (I test, where nl = 4 and n2 = 4 unless stated other- NoYemDer wcemQer January February March 
wise, to compare late- and mid-seral stands. Figure 34mulatiue snowfall over three wintm al the Wind River 

~Uational Fish Hatchery near Carsan, Washington 
Mean abundances of each species were paired by late- and 
mid-sexal stands within each survey year and study area. 30 - 

Each pair was ranked by highest and lowest mean abundance 25 -~ 
and summed for mid- and late-seral stands. The continuity of 
the ranked distributions within and between winters were 2oL 
examined using the sign test (Siegel 1956). 0 15Ll’ 

Relation to habitat-Spearman rank correlation between 3 10.. 
vegetation variables and bird abundance (mean of the three izl 

winter surveys) was assumed to be associated if r1 Xl.643 
0” 5 

(n = 8: significance level for two-tailed test = 0.1). All vege- o 
tation variables associated with bird abundance were exam- 
ined for colinearity. -5 -. 

Results July hug sept 00 NO” Dss 2s” Feb Marc” Alp’il my Ame 
Weather Figure bMon,ldy mean tempcrmms from July 1983 to June ,986 at the 

Weather records from the Carson Fish Hatchery, near Carson, Wind River National Fish Hatchery near Canon. Washington. 

Washington, showed that the wettest of the three winters was 
1983.84, but it also was the winter with the least snow month in the winters 1983-84 and 198586, while January 
(figs. 2, 3). More than twice as much snow fell in 1984.85 was the coldest month of 1984-85 (fig. 4). The survey 
and 1985-86 than in 1983.84. In 1985.86, the winter of season, December through March, was coldest in 1985.86, 
greatest snowfall, >65 cm of snow fell each month from averaging 0.4 ‘C, and warmest in 1983-84, averaging 1.8 ‘C 
November through February. December was the coldest (fig. 4). 
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Table l-Means and standard deviations of vegetation variables within mid- and late-seral stands 
in the southern Washington Cascade Range 

Vegetation variable 

Mid-snal Late-s& 

Mean SD Mean SD 

Density (stems KT ha): 
All live trees 
Live trees 5-9 cm d.b.h. 
Live trees lo-24 cm db.h. 
Live trees 25.49 cm d.b.h.< 
Live trees SO-99 cm d.b.h. 
Live trees >lOO cm d.b.h.c 
Live broadleaved deciduous trees 
Live Douglas-ti 
Live western hemlock 
Live Pacific silver rif 
Snags lo-49 cm d.b.h. and 5-15 m tall 
Snags lo-49 cm d.b.h. and >I5 m tall’ 
Snags >50 cm d.b.h. and>15 m tall” 

Basal area (n? per ha) 
All live frees 
Live deciduous veesc 
Live Douglas-fti 
Live western hemlock’ 
Live Pacific silver fr 

Volume (II? per ha): 
All snags 
All logs 

Diameter (cm): 
AU snags 

cover (percent): 
High shrub (0.5-2 m tall) 
Low shrub (<0.5 m tall) 
Deciduous shrub (O-2 m tau) 

112 588 
245 290 
337 379 
181 122 

65 71 
3 2 

17 9 
544 430 

98 128 
4 8 

59 36 
8 11 
2 2 

375 
497 
125 

5”: 
27 

7 
36 

172 
96 

8 
1 

11 

96 7 >0.500 
92 4 0.342 
43 8 >0.500 
16 3 0.200 
22 8 z-o.500 

7 0 0.028 
9 1 0.058 

14 0 0.028 
47 4 0.342 
78 0 0.028 

5 0 0.028 
1 2 0.114 
5 0 0.028 

53 
0.4 
49 

2 

13 
0.5 
11 
2 

72 11 
0.1 0.1 
38 17 
27 8 

3 2 

123 92 284 99 
150 69 299 45 

30 6 62 21 

52 
50 
54 

16 
11 
16 

- 

19 2 
35 8 
22 4 

- 

2 
3 
4 
0 
0 

2 
0 

0 

0 
3 
0 

pb 

0.114 
0.114 
0.342 
0.028 
0.028 

0.114 
0.028 

0.028 

0.028 
0.200 
0.028 

Vegetation and Stand Structure 

Mean total live-tree density was higher in mid- than lateseral 
stands but varied considerably between stands (table 1). In 
mid-seral stands, Douglas-fir and western hemlock averaged 
76 percent and 14 percent of the total density, respectively. 
In late-seral stands, the shade-tolerant species, western hem- 
lock and Pacific silver fii, averaged 72 percent of the total 
density, whereas Douglas-fir averaged only 10 percent of the 
total density. Broadleaved deciduous trees were a minor com- 
ponent of the stand composition, with only 3 and 2 percent 
of the total density in mid- and late-seral stands, respectively. 

Nevertheless, the higher density of broadleaved deciduous 
trees in mid-seral stands (table 1) was visually evident within 
the stands. 

In contrast to total-tree density, mean total basal area was 
higher in late- than mid-send stands (table 1). Douglas-fir, 
despite its low density in late-seral stands, contributed 53 per- 
cent of the total basal area, primarily large trees. In late-seral 
stands, western hemlock and Pacific silver fii comprised 
only 38 and 5 percent of the total basal area, respectively. 
Douglas-fir dominated the basal area in the mid-seral stands, 
with 93 percent of the total basal area. 
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Figure 5-General distribution and abundance of the major bird species
wintering in the study area, AMRO = American robin, BRCR = brown
creeper, CBCH = chestnut-backed chickadee, CORA = common raven,
DEJU = dark-eyed junco, EVGR = evening grosbeak, GCKI = golden-
crowned kinglet, GRJA = gray jay, HAWO = hairy woodpecker. PISI =
eine siskin, PIWO = pileated woodpecker. RBNU = red-breasted nuthatch,
RBSA = red-breasted sapsucker, RECR = red crossbill, SOSP - song sparrow,
STJA = Steller’s jay, VATH = varied thrush, WTWR = winter wren, and
WWCR = white-winged crossbill.

Late-seral stands generally had more trees in the 5- to 9-cm
and >lOO-cm d.b.h.-classes; in mid-seral stands, density was
substantially higher in the 25- to 49-cm size-class (table 1).
Larger mean snag volumes and snag diameters were ob-
served in late- than mid-seral stands (table 1). Very large
snags, >50 cm d.b.h. and >15 m tall, were nearly six times
more abundant in late- than mid-seral stands (table 1). Mean
density of snags 10 to 49 cm d.b.h. and 5 to 15 m tall was
eight times higher in mid- than late-seral stands. The volume
of logs on the forest floor was substantially higher in late-
than mid-seral stands (table 1).

Mean cover estimates of high (0.5 to 2 m) and low (<0.5 m)
shrubs were higher in mid- than late-seral stands (table 1).
Deciduous shrubs had about twice the cover in mid- than
late-seral stands.

General Distribution and Abundance Patterns of Winter
Birds

Over the three winters sampled, 27 bird species were re-
corded in the eight study sites. Nineteen of the 27 species
were detected < 75 m from a counting station and at least
twice in a stand (fig. 5). The 11 species described below are
“characteristic” of the study region in winter, based on
their abundance and distribution. Canopy insectivores-the
chestnut-backed chickadee and golden-crowned kinglet-
were the most common and widespread species (fig. 5). Un-
common but widespread species were the bark-insectivores-
red-breasted nuthatch and brown creeper, Also widespread

but scarce were the winter wren, gray jay, and hairy wood-
pecker. Seed eaters-pine siskins and red crossbills-were
detected irregularly but were common relative to most other
species (fig. 5). Uncommon and irregular species were the
white-winged crossbill and varied thrush. Eight species were
classified as local and scarce because of their low detection
rate and limited distribution (fig. 5), they were assumed to be
a numerically minor component of the winter bird
community.

Bird Species Richness

During all three winters, median bird species richness was
higher in late- than mid-seral stands. The largest differences
were detected in winters 1983-84 and 1984-85, when the
median by year was 10 (range = 9 to 11) and 11 (range = 8
to 11) species in late-seral stands and 7 (range = 5 to 8) and
6 (range = 5 to 7) species in mid-seral stands. In 1985-86,
the difference was less; median bird species richness was 11.5
(range = 10 to 14) species in late-seral and 10.5 (range = 9 to
14) species in mid-seral stands.

Total Abundance

In our study region (Wind River), mean total abundance was
substantially higher in late- than mid-seral stands for all three
winters (table 2). In 1983-84, nearly three times more birds
were detected in late- than mid-seral stands (Mann-Whitney
U [hereafter U] = 0; P = 0.014). In winters 1984-85 and
1985-86, late-seral stands had more than twice the number
of birds than mid-seral stands (1984-85: U = 0; P = 0.014)
(1985-86: U = 1; P = 0.029). Total abundance over the three
winters averaged 48 and 113 birds per stand per visit in mid-
and late-seral stands, respectively.

The largest differences in total abundance between winters
were from 1984-85 to 1985-86 within both mid- and late-
seral stands (table 2), when about 5- and 6-fold increases
were detected, respectively. Although differences in total
abundance between 1983-84 and 1984-85 were small relative
to the high number of birds detected in 1985-86, nearly twice
as many birds were detected in late-seral stands in 1983-84
than in 1984-85.

Guilds

Over the three winters, more birds were detected in the can-
opy seed-eater guild than the other three guilds examined,
although marked differences occurred between winters
(table 3). In 1983-84 and 1984-85, most of the detections
were canopy insectivores, whereas in 1985-86, canopy seed
eaters comprised nearly 70 percent of the birds detected
(table 3). In all three winters, detections of bark insectivores
were substantially fewer than of canopy insectivores; under-
story seed eaters and insectivores were detected in very low
numbers (table 3).
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Table 2-Means and standard deviations of total abundance of birds (mean number oi 
dctectionsksit) in mid- and late-seral stands in the southern Washington Cascade 
Range 

Table J-Percentages of birds in four guilds detected over 3 
winters in the southern Washington Cascades 

Guild 1983.84 1984-85 1985.86 Combined= 

canopy seed 23 16 69 
campy insect 52 56 21 
Bark insect 21 25 5 
Understory insect/ 

seed 4 3 5 

Total loo 100 100 100 

’ Data paoled across all three winters. 

Table 4-Significance levels of one-tailed Mann-Whitney 
U tests of differences between late and mid-seral stand 
counts (mean number of birds detected/visit) by guilds and 
by years, with the apriori assumption that abundance was 
higher In late-seral stands 

Winter 

Winter 

Late-~& stands had consistently higher mean bird aban- 
dances than mid-se& stands for all four guilds examined 
(fig. 6). In winters 1983-M and 1984-85. the canopy seed 
eaters were uncommon to common in late-seral stands, yet 
they were detected in low numbers or not detected (1984-85) 
in mid-seral stands (fig. 6, table 4). In winter 1985-86, seed 
eaters were relatively common in both mid- and late-semi 
standa, but were nearly three times more abundant in 
late-seral stands (fig. 6, table 4). 
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Table S-Sign tests of the number of bird species with 
abundance (mean number of detections/visit) highest in late- 

lateseral stands (fig. 7). In 1984-85, all species had mean 

compared to mid-seral stands wer 3 winters at Wind River and abundances either highest in late-seral stands or the same as 
2 winters at Mount Rainier mid-seral stands (fig. 7). In 1985-86, only the winter wren 

was more abundant in mid-seral stands (fig. 7). 

Mean abundance of bark insectivores over the three winters 
fluctuated from 2.3 to 4.0 to 1.3 times more abundant in late- 
than mid-seral stands (fig. 6, table 4). Generally, differences 
in abundance of understory insectivores and seed eaters and 
overstory insectivores between late- and mid-seral stands 
were less than the differences for other foraging guilds. In 
1983-84, however, detections of overstory insectivores in 
late-seral stands substantially outnumbered those in mid-seral 
stands (fig. 6, table 4). 

Species Patterns 
Mean abundances of species detected in late- and mid-seral 
stands were compared over the three winters, and more spe- 
cies reached their highest mean abundance in late- than mid- 
seal stands (fig. 7, table 5). In 1983-84, the golden-crowned 
kinglet was the only species more abundant in mid- than 

Red crossbills were not detected in mid-seral stands in 1983- 
84 and 1984-85, yet substantial numbers of them were de- 
tected in late-sad stands (fig. 8) (1983-84 and 1984-85: 
U = 0; P = 0.014). In 1985-86, when detections of red cross- 
bills were high in both late- and mid-seral stands, variability 
between stands was also high (fig. 8) (U = 7; P = 0.443). 

Mean abundance of red-breasted nuthatches in late-seral 
stands varied little between 1983-84 and 1985-86 (fig. 8) but 
was substantially higher than mid-seral stands in 1983-84 
(U = 1; P = 0.029) and 1984-85 (V = 0; P = 0.014). In 1985- 
86, differences in abundance between mid- and late-seral 
stands were noticeably less (fig. 8) (U = 4; P = 0.100). 
Counts of red-breasted nuthatches, using a 3-year average, 
were 13.5 times higher in late- than in mid-seral stands. 

Mean abundance of chestnut-backed chickadees was consist- 
ently higher in late-seral stands in all three winters, but dif- 
ferences varied between winters (fig. 8). The most substantial 
difference between mid- and late-seral stands was in 1983- 
84 (U = 0; P = 0.014). Even though mean abundance of 
chestnut-backed chickadees was low in both mid- and late- 
seral stands in 1984-85, abundance was consistently higher 
in late-seral stands (U = 0; P = 0.014). Chestnut-backed 
chickadees, like red crossbills, were detected more often in 
1985-86 than in previous winters, but variability between 
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Table 6-Means and standard deviations of the abundance (mean number of dete4onshisit) of 
seed eaters in mid- and lateaeral stands over 3 winters, using 811 distances sod distances < 15 m 

Mid-seral stage 

Species winter 

Pine siskin: 
1983-84 
1984.85 
1985.86 

Sl75"l All d&tames : _ 

Mean SD Mean SD Mean SD Mean SD 

b 

-2 1 1 22 
49 

39 3: 6: 3: 
11 1 32 1 1 

144 4: 190 64 

Red crossbill: 
1983.84 
1984.85 
1985.86 

White-winged crossbill: 
1985-86 

” ” 2 2 7 5 47 

1; ” 6 - 27 4 16 7 6 6 ii 

8 3 19 1 15 15 30 

49 
7 
9 

13 
- 

Table 7-Percentage of detectionshIslt of seed-eaten in mid- 
and late-seral stands wer 3 winters, using all distances and 
distances 575 m 

Mid-semi stage Late-seral stage 

Species and winter 

Pine siskin: 
1983.84 
1984-85 
1985.86 

Red crossbilk 
1983.84 
1984.85 
1985.86 

White-winged 
1985.86 

crossbill: 

mid- and late-sexal stands was also higher (U = 6; P = 0.343). 
Using a 3-y&w mean, chestnut-backed chickadee abundance 
was 2.7 times higher in late- than mid-seral stands. 

The gray jay, relatively rare. in both mid- and late-seral stands 
(fig. 8). was 4.2 times commoner in late than in mid-seral 
stands. We detected substantially more gray jays in late- than 
mid-seral stands in 1983-84 (Cr = 2; P = 0.057) and 1984-85 
(LI = 1; P = 0.029) relative to 1985-86 (U = 4; P = 0.171). 

Supplemental Analysis of Troublesome Species 

By examining the data using no limit on the detection dis- 
tance (see Methods, Data AnalysisBirds), we found four 
additional species, northern pygmy-owl, pileated woodpecker, 
common raven, and northern goshawk, with sufficient detec- 
tions to at least identify some patterns. The northern pygmy- 
owl, a forest bird that has not been well studied in the Pacific 
Northwest, showed the most striking pattern: all 12 detections 
over the three winters occurred in late-seral stands. The three 
other species were detected in both mid- and late-seral stands 
but slightly more often in late-seral stands: pileated wwd- 
pecker had 58 percent of 43 detections in late-seral stands; 
common raven had 59 percent of 162 detections; and north- 
ern goshawk had 57 percent of 14 detections in late-send 
stands. 

The seed eaters, red and white-winged crossbills and pine 
s&in, were often detected in large numbers z-75 m from a 
count station (table 6). Nevertheless, the proportion of detec- 
tions within late and mid-seral stands generally remained 
the same for either detections 575 m or all detections (tables 
6 and 7). 

Relations to Habitat 

The abundance of eight bird species showed suong correla- 
tions with certain of the vegetation variables measured. 
Chestnut-backed chickadees, pine siskins, and red-breasted 
nuthatches increased in abundance as the density of Douglas- 
firs decreased (table 8). The abundance of red crossbills and 
brown creepers increased with western hemlock basal area. 
Low density of live Douglas-firs and high basal area of live 
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Table 8Spearman rank correlations of vegetation variables highly correlated with mean 
abundance of birds in the southern Washbxton Cascade Range during the winter 

Species Vegetation variable 

Hair, wocdwcker 
G&jay - Deciduous trees (m2 per ha’) - 
Chesmut-backed chickadee Douglas-fir (no. pa ha) 
Red-breasted nuthatch Douglas-fir (no. per ha) 
Brown creeper Western hemlock (m2 per ha’) 
Golden-crowned kinglet Douglas-fir (m2 per hat) 
Red crossbill Western hemlock (m* per ha.‘) 
Pine siskil Douglas-fir (no. per ha) 

’ Spearman rank correlation coefficient. 
k Two-railed test. 
r Basal area. 

Live trees 25.49 cm d.b.h. (no. cer ha) a.74 0.050 
4.68 0.079 
4.88 0.010 
-0.95 0.001 
0.64 0.100 

-0.79 0.035 
0.74 0.050 

-0.83 0.020 

4 
Western hemlock 

western hemlocks were strongly associated with the late-seral 
stands (table 1). In addition, gray jay abundance was nega- 
tively associated with the basal area of live deciduous trees, 
and hairy woodpecker abundance decreased as density of 
medium-sized live trees (25 to 49 cm in d.b.h.) increased 
(table 8). 

A poor cone crop was produced by western hemlock and 
Douglas-fir in the southern Washington Cascades before the 
1983-G! and 1984-85 surveys, but a good cone crop was 
produced before the 1985-86 surveys (fig. 6). Seed-eater 
abundance, substantially higher in 1985-86 than in 1983-84 
and 19&1-85 (fig. 6), generally paralleled the annual variation 
associated with the cone crop. 

The 1985 cone crop surveyed in the study stands during win- 
ter 1985-86 rated substantially larger in late- than mid-seral 
stands for both tree species (fig. 9) (U = 0; P = 0.014). Gen- 
erally, seed eater abundance was high in srands with large 
cone crops of Douglas-fK and western hemlock (fig. 9). 

Discussion 

Results generally confirmed earlier studies showing that 
old-growth (late-seral) stands in general provide better 
winter habitat for most bird species than do younger forests 
(Manuwal and Huff 1987). For example, total bird abun- 
dance in late-seral stands was at least double that of mid-seral 
stands (table 2); nearly every major species detected in the 
study stands had higher mean abundances in late-seral stands 
(fig. 7): and seed-eating and bark-foraging species were con- 
spicuously more abundant in late-seral stands (fig. 6). Gray 
jays, red-breasted nuthatches, and red crossbills appeared to 
prefer old-growth over younger stands. Only the brown 
creeper, previously identified by Manuwal and Huff (1987) 
as being significantly more abundant in old-growth forests, 
showed an unexplainable trend counter to earlier results 
(fig. 7). 
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During winters 1984-85 and 1985-86, our results were simi-
lar to those from near Mount Rainier: more birds were de-
tected in late- than mid-seral stands (Mount Rainier, 1984-85:
U = 4; P = 0.342) (Mount Rainier, 1985-86: nl = 3; n2 = 4;
U = 0; P = 0.028); mean total abundance was higher in 1985-
86 than 1984-85; and mean total abundance in 1985-86 was
similar between the study regions (late-seral stands: n1 = 3;
n2 = 4; U = 6; P = >0.500) (mid-seral stands: U = 7;
P > 0.500) (table 2). Only in 1984-85 was mean total abun-
dance different between regions (mid-seral stands: U = 2;
P = 0.228) (late-se& U= 0;P = 0.028) (table 2).

At both Mount Rainier and Wind River, more species
reached their highest mean abundance-in late- than in mid-
seral stands. Overall, 71 percent of the comparisons between
bird abundances in mid- and late-seral stages were highest in
late-seral stands, 6 percent highest in mid-seral stands, and
23 percent the same. At Wind River, 77 percent of the mean
abundance comparisons were highest in late-seral stands, but
at Mount Rainier, 59 percent were highest in late-seral stands.

Species that were consistently more abundant in late-seral
stands in four or more comparisons between winters and
study areas were the chestnut-backed chickadee (sign test;
n = 5, x = 5; P = 0.031), red crossbill (n = 5, x = 5;
P = 0.031), gray jay (n= 4, x = 4; P = 0.063), and red-
breasted nuthatch (n = 4, x = 4; P = 0.063) (fig. 7). Con-
versely, no species was consistently more abundant in mid-
seral stands. In addition, pine siskins were notably higher in
late-seral stands (n = 4, x = 4; P = 0.063). although few, they
were not detected in 38 percent of the late- and 88 percent
of the mid-seral stands in winters 1983-84 and 1984-85
(tables 6,7).

Pronounced fluctuations in abundance between years and
seasons are typical of bird populations (for example, Hejl
and others 1988, Holmes and others 1986, Smith 1982b). Not
only were substantially more birds detected in 1985-86 than
in the previous two winters (table 2), but abundance within
all four guilds was higher in 1985-86 in both mid- and late-
seral stands, except for bark insectivores in late-seral stands
(fig. 5). Explaining the reasons for observed fluctuations be-
tween years is difficult, primarily because interactions within
the environment are complex and difficult to measure thor-
oughly. Different observers between winters, a modification
of the survey design in 1985-86, and differential detectability
between winters potentially related to weather (figs. 2,4)
could account for some or all of the differences. Because
total abundance increased more than 5-fold from 1984-85 to
1985-86, more birds were likely present in 1985-86 than in
previous winters, despite the potential biases and the fact that
birds may have responded to availability of critical resources
before and during the winter of 1985-86.

Variations in the number of birds detected between winters
were exemplified by the seed eaters, namely red and white-
winged crossbills and pine siskins. Detections of seed eaters
increased 26-fold from 1984-85 to 1985-86 and accounted
for 69 percent of the birds detected in 1985-86 (table 3). We
believe that the abundance and movements of seed eaters, as
reported elsewhere (for example, Benkman 1987, Bock and
Lepthien 1976, Haapenen 1966), was closely associated with
the type and size of conifer cone crop produced. During our
3-year study, the abundance of seed eaters closely tracked
the cone crop of Douglas-fir and western hemlock within the
southern Washington Cascades region (fig. 6).

Higher basal area of western hemlocks in late- than in mid-
seral stands (table 1) is one of several factors that may
explain the higher number of detections of seed eaters in
late-seral stands (table 4, fig. 6). Western hemlock, a prolific
seed producer, has heavy cone crops more regularly than
does Douglas-fir and, unlike Douglas-fir, produces large
quantities of seed even in dense-canopied stands (Fowells
1965). Furthermore, western hemlock releases its seed slowly
throughout the winter, but 70 to 90 percent of Douglas-fir
seeds can be dispersed before the end of October (Isaac
1943), possibly before many of the seed eaters arrive on
their southward migration.

A possible explanation for the higher number of detections
of bark foragers in late- than mid-seral stands (table 4, fig. 6)
could be a shift in foraging activities and substrate use by
resident bark foragers during the winter (Morrison and others
1985, Travis 1977), most likely in response to seasonal
differences in insect prey location and availability (Connor
1979b). In a companion study in the southern Washington
Cascades, bark foragers-such as red-breasted nuthatches-
exhibited shifts in foraging behavior during the winter, most
notably in old-growth stands, by significantly increasing their
use of large-diameter Douglas-firs relative to their availabil-
ity and by using a lower position on the tree bole away from
tree branches (Lundquist and Manuwal 1990). They also
found that bark-foraging species, except for the brown
creeper, foraged primarily on trees >50 cm in d.b.h. in both
spring and winter but used trees >50 cm in d.b.h. more
frequently in winter than in spring.

The abundance of brown creepers and red-breasted nut-
hatches, which feed by probing bark crevices while searching
for arthropods, may in part be related to the concentration of
prey sites. Bark arthropod abundance and availability are
positively correlated with tree size, bark characteristics, and
possibly tree species (Morrison and others 1985, Nicolai
1986). In the southern Washington Cascades, bark furrows of
Douglas-fir-used extensively by arthropods-increase in
depth and surface area with increasing bole diameter
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(Mariani and Manuwal 1990). We suspect that the higher
number of large-diameter trees (>100 cm in d.b.h.) in late-
than mid-seral stands (table l), and the well-protected fur-
rows they provide for overwintering arthropods may have
resulted in higher counts of bark foragers in late-seral stands.

Chestnut-backed chickadees foraged on tree species in pro-
portion to availability in late-seral stands during spring, but
shifted during winter to western hemlock significantly more
than it was available (Lundquist and Manuwal 1990).
Western hemlock comprised 46 and 38 percent of the total
tree density and basal area, respectively, in our late-seral
stands and was nearly twice as dense and 13 times higher in
basal area in late- than in mid-seral stands. This difference
may explain why more chestnut-backed chickadees were
detected in late- than in mid-seral stands (fig. 8), but the
reasons they prefer western hemlock in winter are still not
clear.

Based on the substantial differences in bird abundance be-
tween mid- and late-seral stands, we recommend that addi-
tional studies be done to substantiate the observed patterns
over a wider geographic area.
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A b s t r a c t

We examined abundance patterns and nesting-habitat use of
eight cavity-nesting bird species and the brown creeper, by
using point-count data collected during the breeding seasons
of 1984 and 1985 and nesting data collected from 1983 to
1986 in the southern Washington Cascade Range. Naturally
regenerated Douglas-fir/western hemlock forest stands were
sampled, representing one of three general age-classes: young
(55-80 years), mature (95-190 years), and old-growth (210-
730 years). Stands within the old-growth age-class also
represented a variety of moisture conditions.

Woodpeckers showed no clear and consistent abundance
patterns among forest age- and moisture-classes. Vaux’s
swifts were consistently more abundant in old-growth stands
(all moisture-classes) in both 1984 and 1985. During both
1984 and 1985, chestnut-backed chickadees were most abun-
dant in wet old-growth stands, red-breasted nuthatches were
most abundant in dry old-growth stands, and brown creepers

were most abundant in mesic old-growth stands. In general,
counts of most of the bird species we studied were lowest
and most variable in young and mature stands.

We found few consistent bird-habitat correlations, Numbers
of both chestnut-backed chickadees and Vaux’s swifts corre-
lated most strongly with density of live trees >lOO cm in
diameter at breast height (d.b.h.), and swift counts correlated
with density of snags >50 cm d.b.h. Except for swifts, rela-
tive abundances of snag-dependent bird species were not
well-predicted by densities of snags, perhaps because all for-
est stands sampled were naturally regenerated and contained
numerous snags.

Except for chestnut-backed chickadees, few nests of any
cavity-nesting species were found in young stands. Most of
the chickadee nests found in young stands, however, were in
old remnant snags, not in trees produced in the current
stands. Cavity nesters disproportionally selected large, hard
snags for nesting. In particular, selection of hard snags by
hairy woodpeckers in this study area contrasted with findings
of other studies in the Pacific Northwest, on which current
management guidelines have been based. Woodpeckers and
creepers used western white pine snags disproportionately,
but chickadees and nuthatches nested primarily in Douglas-fir
and western hemlock. Disproportionate use of certain tree
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species for nesting was probably closely related to their
decay characteristics. Sample plots centered on nest trees of
all species contained higher densities of large, hard snags
than randomly sampled vegetation plots. Management recom-
mendations for Douglas-fir forests of the Washington Cas-
cades include retention of tall, hard snags > 76 cm d.b.h. for
all species. White pine snags are particularly important for
woodpeckers and creepers, and Douglas-fir and western hem-
look snags should be retained for chickadees and nuthatches.
In designing snag-retention areas, managers should provide
adequate snag distribution over large areas, live-tree replace-
ment, and patches of older stands.

Introduction
Two of the goals of the Old-Growth Forest Wildlife Habitat
Program were to identify species that may depend on or find
optimum habitat in old-growth forests and to determine fea-
tures of these stands that distinguish them as better habitat-
particularly species that depend on elements lacking in man-
aged forests. Snags are often removed, either because of
safety or fire hazard, or because they are commercially useful
(Lowery and others 1977, Snellgrove 1977, Snellgrove and
Fahey 1977, USDA Forest Service 1976).

Several studies have shown the importance of snags to many
wildlife species, especially birds, for nesting, feeding, shelter,
communication, and resting (Balda 1975, Conner and others
1975, Haapanen 1965, Marcot 1983, McClelland 1977,
Raphael and White 1984). Although cavity-nesting birds and
snags have been studied in various locations in the Pacific
Northwest (Bull 1980, Cline and others 1980, Madsen 1985,
Mannan and others 1980, Zamowitz and Manuwal 1985), to
date no study has examined habitat preferences in the produc-
tive Douglas-fir/western hemlock forests of the Washington
Cascade Range. Because use of nesting and foraging habitat
by cavity-nesting birds in these forests may differ from that
in other regions of North America or other forest types in the
Pacific Northwest, forest managers need specific local infor-
mation to provide adequate habitat for these species in light
of conflicting values placed on snags. In response to this
need, we began our study in 1983. Our objectives were to
compare relative abundance estimates of snag-dependent bird
species across an array of Douglas-fir forest stands of differ-
ent age- and moisture-classes; to examine the relation be-
tween bird abundance estimates and densities of live trees
and snags in these stands; to characterize nesting sites of bird
species in various stand age-classes and to evaluate use of
forest habitat elements for nesting in relation to their avail-
ability; and to discuss management considerations for cavity-
and bark-nesting birds in the Southern Washington Cascades
Province.

Methods
Study Area

This study was done in the Southern Washington Cascades
Province (Franklin and Dyrness 1973) west of the Cascade
Crest in the Gifford Pinchot National Forest and in Mount
Rainier National Park. Forty-eight forest stands represented
young (55-80 years old, n = l0), mature (95-190 years old,
n = l0), and old-growth (210-730 years old, n = 28) age-
classes (see frontispiece). All stands originated from natural
disturbance; that is, they have undergone no silvicultural
manipulation. All stands were in the Western Hemlock Zone
(Franklin and Dyrness 1973); because of limited availability
of sufficiently large stands, particularly low-elevation old
growth, eight stands (six old-growth, one mature, one young)
were above 1000-m elevation at the upper end of the West-
em Hemlock Zone, where the transition to the Pacific Silver
Fir Zone begins. Stands ranged from 404- to 1218-m
elevation.

During spring and summer of 1986, cavity-nesting birds were
studied on a subset of 17 stands in the Packwood and Randle
Ranger Districts of the Gifford Pinchot National Forest and
in the southern part of Mount Rainier National Park. Six
stands were young, five were mature, and seven were
old-growth.

The general study area is dominated by a maritime climate
(Brubaker, this volume) characterized by cool, wet winters
and warm, dry summers. Most precipitation occurs between
October and April, but annual and monthly precipitation can
vary greatly among years.

Vegetation Sampling

Vegetation and habitat characteristics were measured in
nested circular plots (0.05 and 0.2 ha) centered on each of
12 bird count stations systematically located in each stand.
We tallied live trees by species and diameter at breast height
(d.b.h.) (l- to 10-, 11- to 50-, and >50-cm classes in the 0.05-
ha plot plus a >lOO-cm class in the 0.2-ha plot). We counted
snags by species, diameter-class (l0-19 cm in the small plot
and 20-49 and 250 cm in the large plot), and decay-classes
(1 to 4, from hardest to most decayed, modified from Cline
and others 1980). Sampling criteria conformed with standard
protocols established for other studies.

To obtain more detailed information on snag attributes and
densities, snags (standing dead trees 210 cm in d.b.h. and
22 m tall) were also characterized, measured, and tallied in a
30-m-wide belt transect consisting of 11 l00-m-long seg-
ments along lines between bird counting stations in each
stand. All snags 250 cm in d.b.h. and the first five snags in
each of two smaller d.b.h.-classes (l0-19 cm and 20-49 cm)
counted within each segment were characterized by species,
diameter (cm), height (m), decay-class, number of limbs,
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bark remaining (percent), top condition (intact or broken),
needle presence, presence and number of excavated cavities,
and presence of woodpecker feeding sign. All subsequent
snags in the two smaller diameter-classes in each segment
were then tallied by decay- and height-class (2-5 m, >5 m).

Bird Abundance Counts

Bird populations were sampled on all stands during the spring
breeding seasons of 1984 and 1985 by the point-count meth-
od. Verner (1985) and selected references in Ralph and Scott
(1981) describe the technique in more detail. For a more de-
tailed description of the sampling design and constraints, see
Carey and Spies (this volume). In the southern Washington
Cascades, each stand contained 12 count points systemati-
cally located 150 m apart and at least 75 m from roads or
edges of adjacent habitat.

Each stand was visited six times between 25 April and 12
July 1984, and between 30 April and 28 June 1985. During
each visit, detections of all bird species were recorded during
8-minute periods at each counting station after a l-minute
pause on arrival at the station. To the extent possible, ob-
servers avoided double-counting of individual birds from
multiple stations during each visit to a stand, particularly
with wide-ranging species such as woodpeckers.

Observers were trained and tested in bird identification (both
aural and visual cues) and distance estimation for 1 week
beginning each sampling season to improve consistency
among observers (Kepler and Scott 1981). Stands were
assigned so that at least two observers visited each stand
alternately during a given season (and across seasons) where
possible. Limited time and resources and long distances
between groups of stands prevented us from attaining a more
optimal stand assignment as a way of limiting observer bias
and variability. Fifteen observers assisted in the bird counts,
of which three participated both years.

Nest- and Cavity-Tree Searches

In 1983-85, nests were most often discovered during routine
bird counts. Stands were also searched after morning counts
or on days when weather prohibited counting. In 1985, we
devoted additional days exclusively to nest searches on a
subset of stands.

In 1986, one observer systematically searched a subset of
stands for nests between 22 May and 3 July. Each stand was
visited twice: searches began in the early morning and con-
tinued until the entire stand was covered, usually by mid-
afternoon. Only one stand was visited per day. Two field
assistants briefly helped search two stands in each forest
age-class. Search time was standardized as much as possible
on all sites during all years. Because some areas were

sampled more years than others (for example, Wind River
pilot studies), however, total search time differed among
stands that were not included in the 1985 and 1986 searches.

We confirmed activity at potential nest or roost trees follow-
ing the criteria of McClelland (1977) except that for purposes
of analysis, we treated active roost and active nest sites to-
gether as active trees. Where no adult was observed entering
a cavity, the tree was termed simply a “cavity tree.” We
classified inactive cavities into the following categories
based on general cavity size and shape (dimensions compiled
from Bent 1964): pileated woodpecker (7.6-11 cm, oval);
northern flicker (6.9-7.5 cm, round); unidentified small wood-
pecker, representing both hairy woodpeckers and red-breasted
sapsuckers (3.8-5.1 cm, round); and unidentified nonwood-
peckers, representing chestnut-backed chickadees and red-
breasted nuthatches (12.5 cm, irregularly shaped).

Characteristics recorded for each nest and cavity tree in-
cluded the following: tree species, status (live or dead and
top condition, after McClelland 1977), decay-class (after
Cline and others 1980), diameter-class, and height (m);
percentage of bark remaining; number of limbs >l m long
remaining; origin of tree (current or previous forest stand)
and presence of fire scar; and surface evidence of heartwood
decay. Decay evidence was classified as in McClelland
(1977). Additional nest characteristics included height of
active nest above ground (m) and evidence of use by birds
(either direct or indirect).

We sampled vegetation characteristics surrounding each nest
and cavity tree in concentric 0.05-ha and 0.2-ha circular
plots, centered on the nest tree, in a manner identical to that
used for vegetation plots surrounding the bird-count stations.

Data Analysis

We used simple counts to analyze point-count bird abun-
dance data. Raphael (1987a) showed that simple counts can
provide as good an estimate of relative abundance as more
complex techniques (Burnham and others 1980, 1981; Emlen
1971,1984; Reynolds and others 1980), when analyses are
limited to within-species trends across similar (forested) habi-
tats. Thus, for our analyses, we assumed equal detectability
of each bird species among forest age- and moisture-classes.

Because all stands received equal sampling effort in both
years, we report number of detections recorded during count
periods per visit (total count at each stand divided by six
visits) for each species and year. For wide-ranging and less
frequently encountered species such as woodpeckers, we
departed from the standard protocol by including detections
beyond the 75-m limit. For the smaller woodpeckers, detec-
tion distances did not exceed 150 m, and for the larger spe-
cies, none exceeded 250 m. In addition, Vaux’s swifts were
typically detected while foraging on the wing in or near the
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forest canopy. As a result, we included all detections of
swifts that were apparently using the stand, even though no
distance estimate could be made because of their movements.

Differences in bird species’ abundances among forest age-
and moisture-classes were tested by a series of one-way
analyses of variance (ANOVA) and multiple range tests (Zar
1984). ANOVA is generally robust to small departures from
normality and to moderate heterogeneity of variances when
sample sizes are nearly equal (Sokal and Rohlf 1981). We
log-transformed bird counts [log10(x+l)] before analysis to
meet the underlying assumptions of normality and equality
of variances more closely. The log transformation, as opposed
to others, best approximated normality and made the means
independent of variances. Based on Bartlett’s test (Sokal and
Rohlf 1981) on the log-transformed data, sample variances
were sufficiently homogeneous (P > 0.05).

We should caution, however, that the inferential statistical
procedures performed on our data should be viewed as ex-
ploratory, rather than as conclusive demonstrations of statis-
tical significance. Although the study stands represent a wide
range of geographic and environmental conditions in the
region, they do not represent a random sample. Moreover,
bird count stations were not sampled randomly. Therefore,
conclusions on abundance patterns or relation to habitat
should be viewed with caution.

We examined associations between counts of each bird spe-
cies and habitat variables in two different but related ways.
First, we computed Spearman rank correlation coefficients
(SPSS, Inc. 1986) to look for significant correlations between
tree and snag densities and counts of each bird species. For
this analysis, we first summarized vegetation data into the
seven most commonly occurring tree species (or groupings),
with the four d.b.h. classes of live trees and two decay-classes
(hard = classes 1 and 2, and soft = classes 3 and 4) of snags.

This large set of variables was reduced to 22 (appendix
table 7) by examining highly significant correlations among
vegetation variables. Any pairs of variables with correlations
>O.5O (explaining >25 percent of each other’s variances)
were either combined into one, or the more ecologically in-
terpretable variable was retained, whichever was appropriate.
Thus, variables such as all live trees >l00 cm d.b.h. or live
western hemlock < 50 cm d.b.h. were created.

In computing a large number of correlations, some may
appear statistically significant (that is, P < 0.05) because of
random sampling error. We therefore focused on correlations
with the same sign (positive or negative) in both years, and
emphasized those that were significant at P < 0.01. We
considered conflicting results, such as correlations that were

positive one year and negative the next, as possible evidence
of Type I error (Marcot 1984, Meslow and Keith 1971).
Even correlations that are consistently significant demonstrate
numerical association only, not necessarily some biologically
meaningful cause.

Second, we further investigated associations between bird-
abundance counts and tree and snag densities by means of
stepwise multiple linear regression (Kleinbaum and Kupper
1978, using SPSS, Inc. 1986). This approach generated equa-
tions explaining each bird species’ abundance from vegeta-
tion variables and was used for descriptive, rather than pre-
dictive, purposes. The stepwise procedure evaluates each
variable to be entered while controlling for variables already
in the equation. Because of low sample size (n = 48 stands)
and some remaining intercorrelations, we generated a new,
smaller set of uncorrelated vegetation variables using factor
analysis (Afifi and Clark 1984). The initial factors, each of
which is a linear combination of all (22) original variables
and explains a known amount of the total variance in vegeta-
tion data, were extracted by principal components analysis
with the Varimax rotation to ease interpretation. We inter-
preted the factors with a minimum eigenvalue of 1.0
(Battacharyya 1981) by examining the relative sizes of
correlations (“loadings”) between the factors and original
variables.

Bird counts and vegetation variables were first log-
transformed for regression analyses to meet underlying
distributional assumptions more closely. We regressed
transformed counts of each bird species on vegetation factor
scores separately for 1984 and 1985 data. Because of the
number of equations generated and time limitations, we were
unable to search for better fits with polynomial and inter-
action terms, which may explain some species distributions
more fully (Meents and others 1983). We evaluated the ac-
curacy of each regression

 2equation by the adjusted coefficient
of determination (adjusted R ), an unbiased measure of the
percentage of total variation in bird abundance explained by
the equation (Sokal and Rolff 1981: 661; Zar 1984: 336) and
by the standard error of estimate for the equation [(MSE),
Kim and Kohout 1975: 331; Draper and Smith 1981: 20,34].

We also explored among-species variation in nest-tree
characteristics by means of principal components analysis
without rotation. Seven of the 11 nest-tree variables used in
the analysis were entered as dichotomous variables, coded as
0 if the attribute was absent and 1 if it was present. These
included top condition (broken, intact), tree condition (alive,
dead), fire evidence (absent, present), and four tree species
variables: Douglas-fir, western hemlock, western white pine,
and other. A variable describing number of limbs (>1 m long)
present was coded into intervals of 10 branches: 1 to 10
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(coded 1), 11 to 20 (coded 2), and so on, or 0 if absent. We
entered the other variables-tree diameter, tree height, and
percentage of bark remaining (arcsine-transformed)-as
continuous variables.

As with the regression analyses above and in other studies
(Conner and Adkisson 1977, James 1971, Rotenberry and
Wiens 1981, Whitmore 1977), principal components analysis
is often used as a data reduction and ordination technique to
describe habitat relationships among breeding bird species.
For this analysis, however, it was used only as a first-order
exploratory tool to identify attributes that accounted for
much of the variation in nest trees.

For all nests except those of brown creepers, we used two-
group linear discriminant function analysis (Lachenbruch
1975), using SPSSX (SPSS, Inc. 1986) to compare nest-site
vegetation structure with samples representing general stand
vegetation structure. We selected stand vegetation plots
(those centered at bird-counting stations not containing nest
trees) randomly from those stands where nests were found in
two ways, and a separate analysis was done for each of
them. The first sample was stratified so that the number of
“random” plots equaled the number of nest-site vegetation
plots in each forest age-class. This gave each age-class the
same weight in both groups (nest site and random) and
equalized the sample size of each group in the data set. The
second sample was stratified to equalize the groups by stand
to correct for disproportionately large numbers of nest plots
on any given stand.

We included 15 variables in the analysis: percentage cover
by logs (decay-class 1); percentage cover by deciduous
shrubs or trees 0-2 m and 2-15 m tall; total canopy cover
(>15 m tall) (all percentage-cover variables recorded on an
octal scale); average height of dominant canopy trees (in 8-m
intervals); total density of live trees 1 to 10 cm, 11 to 50 cm,
51 to 100 cm, and >l00 cm in d.b.h.; total density of hard
snags 10 to 19 cm, 20 to 49 cm, and > 50 cm in d.b.h.; total
density of soft snags 20 to 49 cm and > 50 cm in d.b.h.; and
density of stumps and stubs (snags <5 m tall and 210 cm in
d.b.h.). All variables for the analysis were log-transformed.
We recorded nest-site vegetation data for 58 of the active
nests and for 23 of the trees with inactive cavities (“random”
search data) for a total sample size of 81.

We performed the stepwise discriminant analyses using
Wilks’ method, and the single function derived was evaluated
by the significance of the chi-square statistic based on Wilks’
lambda (SPSS, Inc. 1986). We interpreted the discriminant
function by examining the magnitude of the pooled within-
group correlations between the discriminant score and the
original variables (structure matrix) (Hull and Nie 1981,
Raphael and White 1984, Williams 1981). We used classifica-
tion techniques (SPSS, Inc. 1986) based on the same data set

used to derive the discriminant function to assess the ability
of the function to separate the groups effectively. The
proportion of cases correctly classified according to actual
group membership indicated the success of the between-
groups separation. Further discussions of the theory and
application of discriminant analysis can be found in Williams
(1981, 1983) and Afifi and Clark (1984).

Where sample sizes permitted, we compared use of snag
diameter-class, species, and condition for nesting with avail-
ability in the forest by means of log-likelihood G-tests,
which are analogous to, and often preferred over, chi-square
analysis (Sokal and Rohlf 1981: 704; Zar 1984: 52-53). We
used Williams’ (1976) correction to the G-statistic to obtain
a better approximation to the chi-square distribution, even
with only one degree of freedom. This correction appears to
be superior to the Yates correction for continuity in such
cases (Sokal and Rohlf 1981).

Because of small sample sizes for any one bird species, some
pooling was necessary. Also, our samples were not large
enough to analyze data comprehensively in multiway contin-
gency tables and to search for interaction among the dimen-
sions. Thus, we analyzed each tree attribute (diameter,
species, decay-class) separately. Expected frequencies were
calculated from the appropriate snag-density distributions on
the stands from which the data came. Because the distribu-
tion of snags differed between forest age-classes, we evalu-
ated the use of trees by nesting birds separately in each forest
age-class, where possible. For most of the tests, however,
small samples forced us to pool young with mature stands
(hereafter termed “second growth”). Because live trees with
nests or cavities constituted only a small fraction of the total,
they were excluded from the tests.

Results

Bird Abundance Among Stand Types

Total counts of the four woodpecker species were generally
too low and variable to detect significant differences among
the five stand types in either 1984 or 1985 (table 1). All four
were detected in all age- and moisture-classes, but not in all
stands. Hairy woodpeckers were the most frequently detect-
ed, and red-breasted sapsuckers were relatively rare. Except
for sapsuckers, total counts of woodpeckers were lowest in
mature stands. Counts in old-growth stands varied substanti-
ally with moisture-class. Hairy woodpeckers were slightly
more common in wet old-growth stands in both years; no
consistent pattern was found among old-growth moisture
classes between years for northern flickers or pileated
woodpeckers.

The four nonwoodpecker species treated here were encoun-
tered more frequently than woodpeckers. Mean counts of
these species were slightly lower in 1984, but the general
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Table I-Mean number’ of snag-dependent bird species detected per census, based on point counts in the 
southern Washington Cascades, spring 1984 and I!% 

Species Ye= 

Pilcatcd woodpecker 

Northern flicker 

Hairy woodpecker 

Red-breasted sapsucker 

Chestnut-backed chickadee 

Red-breasted nuthatch 

Brown creeper 

Vaux’s swift 

1984 
1985 
1984 
1985 
1984 
1985 
1984 
1985 
1984 
1985 
1984 
1985 
1984 
1985 
1984 
1985 

Forest type 

3.85 A 

2.15 A 
4.00 

I .“” x 2.50 B 
t.40 AB 3.40 BC 
.17A .I3 A 
.28 A .58 A 

0.42 0.28 0.12 
.I5 .3O .20 
.I3 .20 .52 
.55 .42 .37 

1.07 .55 .57 
1.32 .92 .65 
.07 .07 .07 

0.17 
.69 

1.43 
2.20 
2.01 
1.78 
.43 
.58 

1.54 
6.35*** 
2.72* 
1.10 
3.26* 
4.78” 
6.41*** 

11.68*** 

patterns were similar in both years. Vaux’s swift was the 
only cavity-nesting species with counts significantly higher 
in old growth (all moisture-classes) than in the other forest 
age-classes (P < 0.001) (table 1). Chestnut-backed chicka- 
dccs were more common in wet old-growth stands, signifi- 
cantly so in 1985 (i’ < 0.001). Red-breasted nuthatchcs were 
generally more abundant in dry old-growth stands, signifi- 
cantly so in 1984 (P i 0.05). For nuthatches, however, mul- 
tiple range tests failed to separate mean counts in dry old- 
growth stands from the other stand types, which may indicate 
that at least one ‘Type II” error was committed in the anal- 
ysis; it can result from small sample sizes (causing a lack of 
statistical power) OT highly variable counts within a given 
stand type (Zar 1984). On the other hand, the overall 
ANOVA result could have been a Type I error, but at least 
the trends were consistent between years. 

Brown creeper counts differed significantly among the stand 
t-es in both years (P < 0.05). In 1984, creepers were signifi- 
cantly less abundant in young stands than all the other stand 
types. In 1985, multiple range tests failed to detect any signi- 
ficant differences among stand types. Although abundance 
patterns differed between 1984 and 1985, creeper counts 
were highest in mesic old-growth stands both years. 

Bird Abundance in Relation to Tree and Snag Densities 

Correlation analysis-Few bid-habitat correlations were 
consistently significant in both years. Chestnut-backed chick- 
adee and Vaux’s swift counts were most strongly (positively) 
correlated with density of total live trees >loO cm d.b.h. in 
both years (table 2). Chickadee numbers also correlated posi- 
tively with live redcedars 51 to 100 cm in d.b.h. and red- 
cedar snags >50 cm in d.b.h. Swift counts correlated posi- 
tively with several other kinds of trees and snags that 
reached maximum densities in old-growth stands (all live 
Abies and other conifers up to 100 cm in d.b.h., live western 
hemlock 51 to 100 cm in d.b.h., and snags 250 cm in d.b.h.). 
Brown creeper counts correlated positively with densities of 
hard Douglas-fir snags >50 cm in d.b.h. 

Red-breasted nutbatches correlated positively with densities 
of live vine maple and negatively with redcedar snags 20 to 
49 and >50 cm in d.b.h. Haby woodpecker count correlated 
positively only with the density of live hemlocks 51 to 100 
cm in d.b.h.; pileatcd woodpecker, northern flicker, and 
sapsucker counts did not correlate consistently with any of 
the vegetation variables tested. 

Factor analysis of vegetation variablesSix factors were 
derived that had eigenvalues greater than 1.0, three of which 
explained at least 10 percent of the total variance (table 3). 
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Table 2--Spearman rank correlation coefficients between
mean counts of snag-dependent birds and densities of live

Table 3-Factors derived by factor analysis on 22 vegetation

trees and snags
variables, including percentage of total variation explained,
highly associated variables, and factor loadings

Yeara

Bird species
Variable” (tree 1984 1985

sizes in cm d.b.h.) (n = 47) (n = 46)

Percentage Cumulative Highly associated
of total percentage variablesb

Factora variation variation (tree sizes in cm d.b.h.)
Factor

loadings

Live PSMEc l-100 -0.87
All PSME snags 20-49 -.82
All live trees >lOO .70
Live Abies 1-100 .64
All snags l0-19 -.57
Live hardwoods 1-100 -.77
All TSHE snags 20-49 .74
Live TSHE 51-100 .69
AlI Abies snags 20-49 .66
All TSHE snags 550 .60
All  20-49A  T H P L  .82
Live THPL l-50 .80
All THPL snags 250 .67
Live THPL 51-100 .64
All PIMO 250snags .87
All PIMO snags 20-49 .71
Live otherconif. l-100 .66
Hard PSME snags 550 .64
Soft PSME 250snags .87
Stumps and stubs .80
Live TSHE l-50 .67

Pileated woodpecker (none)
Northern flicker (none)
Hairy woodpecker Live TSHEb51-100 0.32* 0.34”
Red-breasted sapsucker (nc4
Chestnut-backed

chickadee All live trees > 100 .30* ,404’
Live THPL51-100 .30* .40**
Stumps and stubs -.33’ -.35*
THPL snags 250 .32* .37’

Red-breasted nuthatch Live ACCI l-50 .4344 .46**
THPL snags 20-49 -.41”9 -.45**
THPL snags 250 -.32” -.40**

Vaux’s swift AU live trees l-100 .64*** .68***
Live PSME l-10 -.55”‘” -.56’**
Live Abies I-100 .39** .41’4
Live “conifers” l-l 00 .53’“’ .46’*
Live TSHE 51-100 .434’ .63”**
Live THPL 51-100 .43”” .47””
All snags IO-19 -.31* -.37*
Hard PSME snags 250 .30* .38’*
All TSHE snags 250 .46*’ .44**

Brown creeper Hard PSME snags 250 .39”” .32’

’ Only coefficients significant for both seasons and those significant at
P < 0.05 are shown.
b Tree species codes are as follows: ACCI, vine maple; PSME, Douglas-
fin TSHE, western hemlock, THPL, western redcedar; Abies. Pacific
silver fir, grand fir. and noble fir; “conifers,” all other conifers except
those above.

Together they accounted for 78 percent of the total variance.
Variables with high positive loadings on the first factor in-
cluded densities of live trees > 100 cm in d.b.h. and live
Abies 5100  cm in d.b.h., both of which tend to be higher in
cooler, moister old-growth stands. Variables with high nega-
tive loadings on factor 1 were those typically more abun-
dant in younger stands: densities of live Douglas-fir SlOO  cm
in d.b.h., Douglas-fir 20 to 49 cm in d.b.h., and all snags 10
to 19 cm in d.b.h. Thus, stands with high scores on the first
factor tended to be older, wetter stands, and those with low
scores tended to be younger stands.

The second factor (14.6 percent of the total variance) was
highly positively associated with trees and snags that were
most abundant’in  mesic old-growth conditions: densities of
western hemlock snags, both 20 to 49 cm and 150 cm in
d.b.h., live western hemlock 51 to 100 cm in d.b.h., and
Abies snags 20 to 49 cm in d.b.h. The factor was also highly
negatively associated with densities of live hardwoods 1100
cm in d.b.h. The third factor (12.8 percent of the variance)

1 31.7 31.7

2 14.6 46.3

3 12.8 59.0

4 7.4 66.5

5 6.2 72.7
6 5.5 78.2

a Factors listed are those extracted by principal components analysis that
pd eigenvalues greater than 1.0.

Variables listed for each factor are those most highly associated with it
(that is, with high factor loadings), as determined by the varimax rotation.
’ Tree species codes are as follows: PIMO, western white pine; PSME.
Douglas-fir, TSHE, western hemlock, THPL,  western redcedar;  Abies,
Pacific silver fir, grand fir, and noble fir; “conifers,” all other conifers
except those above.

was highly positively associated with western redcedar:
snags 20 to 49 cm and 250 cm in d.b.h. and live trees GO
cm and 51 to 100 cm in d.b.h.

Factors 4 (7.4 percent), 5 (6.2 percent), and 6 (5.5 percent)
each accounted for much less of the total variance. Variables
with high (positive) loadings on factor 4 were generally
those most abundant in drier old-growth sites: western white
pine snags 20 to 49 cm and 250 cm in d.b.h., live other coni-
fers, including pines, 5100 cm in d.b.h., and hard Douglas-fir
snags >50 cm in d.b.h. Factor 5 was most strongly associated
(positively) with soft Douglas-fir snags ~50 cm in d.b.h., and
factor 6 was most strongly associated with forest elements
more abundant in younger stands: total stumps (natural) and
stubs, as well as live western hemlock trees <50 cm in d.b.h.

Multiple regressions-The multiple regression equations of
all bird species accounted for less than half of the observed
variation in total counts (table 4). Except for Vaux’s swifts
and red-breasted nuthatches, the factors entering regression
equations for all bird species were not consistent between
years. Two factors (1 and 5) entered the equations for swifts
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Table AResults  of stepwise  multiple linear regression of mean total count!?  of snag-dependent
bird species with vegetation factors derived from factor analysis of 22 live tree and snag
variables (see table 3 for lists of variables highly associated with each factor)

Year, bird species Step Variable
Multiple Adjusted

R R2 SEEb P

Spring 1984:
Pileated woodpecker

Northern flicker

Hairy woodpecker
Red-breasted sapsucker

Chestnut-backed chickadee

Red-breasted nuthatch

Vaux’s swift

Brown creeper

Spring 1985:
Pileated woodpecker
Northern flicker
Hairy woodpecker

Red-breasted sapsucker
Chestnut-backed chickadee

Red-breasted nuthatch

Vaux’s swift

Brown creeper

1

1
2

1

1
2

1

1
2

1

1

1

1
2
3
4

Factor 1
Constant
(Factor 6)
(Factor 1)
constant
(none entered)
(Factor 3)
constant
Factor 5
(Factor 2)
constant
(Factor 3)
Constant
Factor 1
Factor 5
constant
(none entered)

(none entered)
(none entered)
Factor 5
constant
(none entered)
Factor 1
constant
(Factor 3)
Constant
Factor 1
Factor 2
Factor 5
Factor 4
constant
(none entered)

0.29 0.06 0.28 0.048

.45 .17 .26

.32 .08 .21

.51 .23 .21

.36 .11 .34

.64 .38 .39

.38 .12 .29

.54 .27 .21

.41 .15 .32

.67 .39 .43

007

.03 1

.OOl

.012

.ooo

.OlO

.ooo

.004

.ooo

a Bird coun~ and stem densities were log-transformed for the analysis. See the methods section for a description of
badjusted  R .

Values given are standard error of predicted (estimated) bird counts, based on the transformed counts. SEE values
were computed as: SEE = @Sms/(N-k-l)],  where SSres = the sums of squares of residuals, N is the number of stands
for a given year, and k is the number of independent variables in the equation (Kim and Kohout 1975: 331; see also
Draper and Smith 1981: 20 and 34, and Marcot  1984: table 12). Small prediction errors mean the abundance of a given
bird species was tightly associated with the given habitat variables, but large prediction errors suggested a loose association.

each year, with factors 2 and 4 also entering the 1985 equa- 3, with a negative coefficient, so nuthatch counts were typi-
tion. Thus, high swift counts were associated with high densi- tally higher in stands with a smaller component of redcedar.
ties of trees and snags abundant in old-growth stands, particu- This analysis therefore echoed the correlation analysis for
larly live trees ~100 cm in d.b.h., soft Douglas-fn  snags, and, both species.
in 1985, also with western hemlock and white pine snags and
live trees. Both equations for nuthatches included only factor Different factors entered each equation for chestnut-backed

chickadees. Factor 5, reflecting a positive association with
hard Douglas-fir snags, and factor 2 (with a negative coeffi-
cient) entered the 1984 equation, but only factor 1, reflecting
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Table S-Active nests and roosts of 9 snag-dependent bird
species 1983-86, by forest age-class

Forest age-class

Young Mature Old-growth
Bird species (n = 10) (n= 10) (n = 28) Total

Pileated woodpecker 0 2
Northern flicker 1 0 2 t
Hairy woodpecker 3 1 14 18
Red-breasted sapsucker 0 2 2 4
Yellow-bellied sapsucker’ 0 0 1 1
Chestnut-backed

chickadee 12 3 6 21
Red-breasted nuthatch 1 3 15 19
Brown creeper 6 7 15 28
Vaux’s swift 0 0 1 1

Total 23 16 58 97

’ This nest was pooled with those. of the red-breasted sapsucker for
statistical analyses.

an association with wet old-growth conditions (particularly
live trees >lOO cm in d.b.h.), entered the 1985 equation. For
hairy woodpeckers, northern flickers, pileated woodpeckers,
and red-breasted sapsuckers, the factors entered equations for
only one of the years. No factors entered creeper equations
either year, although in preliminary regression runs using
individual variables rather than factors, density of hard
Douglas-fir snags 250 cm in d.b.h. (with a positive coeffi-
cient) was the only variable that entered both years’ equa-
tions (Mariani 1987).

Nest-Tree Characteristics

We found 109 active nests and roosts of 10 snag-dependent
bird species in the southern Washington Cascades from 1983
to 1986. Most of these (n = 98) were on the study stands; the
rest were in similar habitat types outside the study stand
boundaries. The analyses presented here focus on 96 nests
and roosts of the following eight species found on the study
stands: pileated and hairy woodpeckers, northern flicker, red-
breasted and yellow-bellied sapsuckers, chestnut-backed
chickadee, red-breasted nuthatch, and brown creeper (table 5);
the single Vaux’s swift nest was excluded from the analyses.
Restricting analysis to nests found on the study stands
allowed for direct comparison between nest site and study
site habitat characteristics.

Most (62 percent) of the active nests and roosts of wood-
peckers, nuthatches, and creepers were found in old-growth
stands (table 5). In contrast, most chestnut-backed chickadee
nests were found in young stands. Of the additional 127
trees with cavities of uncertain use found in 1985 and 1986,

55 percent were also in old-growth stands but because 58 per-
cent of our study stands were old-growth, average numbers
of nests found per stand were similar for all forest age-
classes.

Condition-Few active or inactive nests found on the study
sites were in live trees. Although we did not specifically test
for use of dead versus live trees for nests or roosts, these
data suggest a disproportionate selection of dead trees. Most
trees (85-87 percent) on our study sites were alive, but the
vast majority of nest and cavity trees were dead. Further-
more, all live trees harboring nests had dead or broken tops.

Size-The mean diameter of all active nest trees found on
the study sites was 76 cm, and the mean tree height was 25 m
(table 6). Nest trees ranged from 18 to 167 cm in d.b.h. and
from 3 to 60 m in height. Mean nest-tree diameters for all
bird species were greater than 50 cm; trees with nests of
northern flickers had the largest mean nest-tree diameter, and
those of brown creepers had the smallest. Flicker nest trees
averaged the tallest, and chickadee nest trees the shortest.
Nuthatches tended to excavate cavities closest to the top of
the nest tree (averaging less than 2 m from the top), and
pileated woodpeckers nested farthest from the top (averaging
21 m).

Mean diameter for trees with inactive cavities closely paral-
leled those of the active nest trees for the respective species
(or groupings), even though sample sizes were sometimes
small (pileated woodpeckers and northern flickers). In parti-
cular, the mean diameter of cavity trees used by small wood-
peckers was nearly identical to that of active hairy wood-
pecker and red-breasted sapsucker nests. The mean diameter
of nonwoodpecker cavity trees was between those of active
chickadee and nuthatch nests.

On average, trees with inactive cavities were generally
shorter, and except for pileated woodpeckers, inactive cavi-
ties were also located closer to the ground than active nests
(that is, nest-hole height was lower), but this difference may
reflect observability bias because active nests higher in trees
are easier to spot than inactive ones. Trees with inactive
cavities of nonwoodpeckers resembled nest trees of chicka-
dees more closely than those of nuthatches in terms of tree
height and height of the cavity above ground. Thus most
inactive nonwoodpecker cavities may have been inactive
chickadee nests.

The majority of nest trees of both woodpeckers and non-
woodpeckers were >50 cm in d.b.h. (fig. 1). Only two nests
(brown creepers) were found in trees ~20 cm in d.b.h. Log-
likelihood G-tests showed that all cavity-nesting species
(grouped as woodpeckers and nonwoodpeckers) used large
(>50 cm in d.b.h.) snags disproportionately in all forest age-
classes, no matter whether tests included all nest and cavity
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Table &Mean and standard deviation of diameter at breast height (d.b.h.1, height, nest-hole height, and 
diameter at the nest of all active nest trees of snag-dependent birds on study sites 

Tree d.b.h. Tree height 
(4 (4 

Nest height 
(4 

Diameter at 
nest (cm) 

Red-breasted nuthatch 
Brown creeper 
AU species 

Old growth 
trees (active and inactive) (G-tests, P < 0.001) or active trees 
alone (P < 0.05). or whether the smallest category (lo-19 cm 
in d.b.h.) was included or not (P < 0.05). 

Tests that examined use of snags by diameter-class by small 
woodpeckers (all but pileated woodpecker and northern 
flickers) revealed significant selection of snags (>50 cm in 
d.b.h. (P < O.COS), with one exception: active nest trees of 
small woodpeckers in old growth (0.10 < P < 0.25). Al- 
though not statistically significant, 14 of those 17 trees were 
>50 cm in d.b.h. 

Brown creepers appeared more flexible than cavity nesters 
in their use of snag diameter-classes. Although creepers 
appeared to select large-diameter snags in old-growth stands 
(P < 0.05), no such pattern was apparent in second growth, 
where 20. to 49-cm-d.b.h. snags were used most often 
(fig. 1). The mean diameter of creeper nest txes, however, 
was slighdy greater than 50 cm (table 6), and these analyses 
excluded three nests found in live trees, all >90 cm in d.b.h., 
two in Douglas-fir and one in a western redcedar. 

Decay-The distribution of active nests among snag decay- 
classes differed somewhat from that of trees with inactive 
cavities. Of all active woodpecker nest trees, 92 percent (22 
of 24) were in decay-classes 1 and 2, only 61 percent of all 
trees with inactive woodpecker cavities were in these classes. 
A similar trend held for nonwoodpecker trees: 59 percent 
(22 of 37) of the active trees and 36 percent (20 of 55) of 
the inactive nees were in decay-classes 1 and 2 (appendix 
table 8). This discrepancy may reflect the fact that some in- 
active trees had old holes with no conclusive evidence of 
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recent use. Because old or inactive brown creeper nests are 
difficult to detect, the sample includes only active creeper 
nest trees. The vast majority of creeper nest snags (80 per- 
cent, 20 of 25) were in decay class 2. 

When use of snag decay-classes was compared to availabil- 
ity, small sample sizes again forced us to pool some decay- 
classes. Brown creepers nested in decay class 1 and 2 snags 
(pooled together for testing) more frequently than expected 
in all stand age-classes (G-tests, P < 0.05). Similarly, in 
old-growth stands, woodpeckers, chickadees, and nuthatches 
used snags in decay-classes 1 and 2 disproponionately, no 
matter whether we considered only active trees or included 
inactive trees as well (P < 0.001) (fig. 2). 

In second-growth stands, woodpeckers used snag decay- 
classes 2 and 3 more frequently than expected (P < 0.001) 
(fig. 2), but the sample included both active and inactive nest 
trees. Active chickadee and nuthatch nests were found in 
snags in decay-classes 2 and 3 (pooled) more frequently than 
expected (P < 0.025), but trees with inactive cavities were 
found in decay-class 3 snags more than expected (P < 0.001) 
(fig. 2). 

Tree speciesActive nestz of cavity-nesting birds were 
found most commonly in three tree species in the southern 
Washington Cascades: Douglas-fir, western hemlock, and 
western white pine. A wide variety of bee species held nests 
in old growth; most nests found in young and mature stands 
were in Douglas-fir. 

In old growth, woodpeckers used western white pine more 
than expected (active nests, P < 0.01); active plus inactive 
trees, P < 0.001) (fig. 3A). Active nests of all woodpeckers 
in old growth were most commonly found in western white 
pine; inactive cavities were most commonly in Douglas-fir. 
Chickadees and nuthatches nested in western hemlock snags 
more frequently than expected in old growth, especially 
when considering only active nests, but not significantly so 
(0.10 <P < 0.25 in both tests). 

In second-growth stands, woodpeckers used Douglas-fir 
snags slightly more than expected, but not significantly so 
(0.10 <P < 0.25) (fig. 3B). Too few active woodpecker nests 
were found in these stands to evaluate tree species use with- 
out including inactive trees. Nonwoodpeckers also used 
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Douglas-fir more than expected, but use differed from avail- 
ability only when we included both active and inactive trees 
together (P < 0.005). In young stands alone, nonwoodpeckers 
(mostly chickadees) also nested in Douglas-fii more than 
expected (r < 0.025). 

Like woodpeckers, brown creepers nested most tiequcntly in 
westun white pine snags in old-growth stands, and the pro- 
portional use of this species was greater than expected (based 
on availability) in second growth as well (fig. 3). Sample 
sizes were too small to test this selection in either forest age- 
class separately, but creepers used white pine snags signifi- 
cantly more than expected (P < 0.05) when tested over all 
stands combined. 

Principal Components Analysis of Nest Tree 
Characteristics 

Five principal component axes had eigenvalues greater than 
1.0, four of which accounted for at least 10 percent of the 
total variance each. All five together accounted for 81 percent 
of the total variance.. The first principal component (27 per- 
cent of the total variance) was most highly positively corre- 
lated with the number of limbs and most highly negatively 
correlated with Douglas-fir and with fire evidence. Thus, 
high values on this axis represented trees with more limbs 
(and generally less decay): low values corresponded to trees 
that had fire scars and were more likely to be Douglas-fir. 

The second principal component, which accounted for nearly 
20 percent of the total variance, was most highly positively 
correlated with tree height, diameter, and western white pine 
and most highly negatively correlated with western hemlock. 
Thus, nest trees with high values on this axis were taller, 
larger trees with intact tops likely to be western white pine, 
whereas trees with low values were more likely to be west- 
ern hemlocks. Little additional insight was gained by intcr- 
preting the third and fourth components, each of which 
accounted for much less variation (13 percent and 11 percent, 
respectively). 

A plot of mean (and standard error) principal component 
scores along the first two axes illustrates spatial relationships 
among bird species’ nest-tree characteristics (fig. 4). Among 
the active nests, along axis 1, pileated and hairy woodpeckers, 
sapsuckers, red-breasted nutbatches, and brown creepers 
tended to nest in trees with more branches remaining than 
did northern flickers and chestnut-backed chickadees. The 
latter species tended to nest in Douglas-firs with fire evi- 
dence. The second axis furtixr separated woodpeckers and 
creepers from chickadees and nuthatches. Woodpeckers and 
creepers tended to nest in taller, larger trees and more often 
in white pine. The exceptionally large standard error for 
sapsuckers was probably the result of a very small sample 
size (n = 3). together with a high degree of variability in 
nest-tree characters. 
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Comparison of Nest-Site Vegetation With General Stand 
Characteristics 

Both discriminant function analyses comparing nest-site vege- 
tation plots with randomly sampled stand vegetation plots 
produced generally similar results. In both runs, higher pro- 
portions of nest sites (77-87 percent) were correctly classified 
by the discriminant functions than were random plou (72.74 
percent). 

Five variables entered discriminant equations in both runs: 
hard and soft snags >50 cm in d.b.h., stumps and stubs, and 
total canopy cover. The first variable entered, that which best 
distinguished nest sites from random pIlo& was either soft 
snags 20 to 49 cm in d.b.h. or hard snags >50 cm in d.b.h. 
Based on consistent early entry into the equations and on 
relatively high conelations with the canonical discriminant 
functions, the two latter variables, together with total density 
of stumps and stubs, wwe the most important variables dis- 
criminating nest sites from random plots. As a plot of mean 
and standard deviation discriminant scores for the two runs 
including active nest sites shows, nest sites generally had 
higher densities of hard snags >50 cm in d.b.h. and stumps 
and stubs, and lower densities of soft snags 20 to 49 cm in 
d.b.h., than did the random study-site samples (fig. 5). 
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Bird Abundance Among Stand Types 
Only the Vaux’s swift was significantly more abundant in 
old-growth stands (all moisture-classes) during both years. 
Although no other species showed such a strong association 
with old growth, mean counts of other species reached maxi- 
mum abundance in one of the old-growth moisture-classes, 
and patterns were not always consistent between years. Few 
of these patterns were statistically significant, but the fact that 
counts of most species were often lowest or more variable in 
young or mature stands may suggest that these species fmd 
more consistently suitable conditions in a specific moistore- 

class of old growth (that is, chickadees in wet old growth, 
nut-hatches in dry old growth, and creepers in mesic old 
gro”+fJO. 

Merely to demonstrate significantly higher abundance in a 
particular habitat type does not necessarily mean that fitness, 
as defined by survival and reproductive success, is higher in 
that habitat (Van Home 1983). The true evaluation of habitat 
quality can be made only by including such demographic data 
for comparison among sites (Wiens and Rotenbeny 1981a). 

In this study, gathering extensive demographic data on sev- 
eral bird species at once on study stands distributed over such 
a wide geographic range was impractical. Measures of varia- 
tion in abundance, such as coefficients of variation (CV), 
however, may pmvide a way of evaluating habitat quality 
(Marcot 1984). This use is based on observations that in less 
preferred habitats, which were saturated only in high-density 
years, populations may fluctuate more than in preferred 
habitats, which were saturated except in lowest-density years 
(Krebs 1971; O’Connor 1981, 1986). Coefficients of variation 
varied greatly from year to year and from species to species, 
but the highest for each species were most often in mature 
stands. Although we did not test for statistical differences 
among coefficient of variation for any bid species, this 
comparison may suggest that mature stands were less suit- 
able habitat than old growth for snag-dependent birds. 

Several factors may have contributed to the observed lack of 
year-to-year consistency in bid abundance among stand 
types. For instance, harsh winter wealher can affect popula- 
tions of permanent-resident species (Gaud and others 1986, 
Graber and Graber 1979, Hejl and Beedy 1986, Hejl and 
others 1988, McClelland 1977) and may explain the gener- 
ally lower mean coonts we observed in 1984 than in 1985. 
The winter of 1983-84, although similar to long-term means, 
included periods of substantially higher precipitation and 
lower temperatures than either the next winter or those 
means. Several authors (Be&y 1982, Hejl and Beedy 1986, 
Hejl and others 1988, Raphael and White 1984) have found 
similar decreases in both permanent and summer resident 
species after harsh winters in coniferous forests in California. 

In addition, observer bias or variability may have contributed 
to the lack of consistency in abundance patterns (or habitat 
associations) between years. Problems such as variation in 
different observers’ training, experience, hearing ability, 
knowledge of local birds, and attentiveness can conceal pat- 
terns present in the system studied or cause spurious patterns 
to occur (see references in Ralph and Scott 1981). Although 
the effects of observer bias on OUT data are not known, we 
attempted to minimize it by conducting training sessions 
each season, having each stand visited by more than one 
observer during each year, and maintaining as much continu- 
ity of observers between yeas as possible. 
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The lack of clear, consistent abundance patterns of wood-
peckers among forest age-classes may also be a problem of
scale (Wiens 1981a). Woodpecker home ranges may be as
large as the area encompassed by the array of count stations
on each stand, and much larger for pileated woodpeckers
(Bull and Meslow 1977, Mannan 1984b). Although we can
assign some association or importance of one or more forest
age-classes to wide-ranging species such as woodpeckers, the
ability to evaluate habitat quality based solely on relative
abundance patterns of these species is necessarily limited
when the sampling unit (the stand) is small relative to home-
range size. Evaluations of woodpecker occurrence or abun-
dance over larger scale areas that encompass home ranges of
many breeding pairs might provide better indices of habitat
quality.

A related problem is that higher counts of the more wide-
ranging species do not necessarily indicate the presence of
nesting pairs. For example, pileated woodpecker counts were
relatively high in young stands in both years. No nests or
roosts of pileated woodpeckers were found in those stands
during our study, but the stands had many snags with recent
evidence of pileated feeding. Thus, young unmanaged stands
may provide good feeding but not nesting habitat for pileated
woodpeckers. This difference may be true for other wood-
pecker species, too, because few nest or roost trees of any
woodpecker species were found in young (or mature) stands.

Other factors complicating the analysis of bird abundance
patterns among the stand types are elevation and latitude.
The study stands were, by design, distributed over a relatively
wide geographic range and, by necessity, over a wide eleva-
tional range within this forest type in the southern Washing-
ton Cascades. Manuwal and others (1986) found that total
bird abundance varied inversely with both elevation and lati-
tude: counts were generally higher in stands lower in eleva-
tion and situated farther south in the study area, regardless of
stand age. The same was true of the species we studied.

The bird count data were admittedly short term (only 2 years
of data). Gaud and others (1986) argue that recommendations
based on only 1 or 2 years’ data may be inaccurate, and
suggests a minimum of 5 years of study to adequately
account for yearly fluctuations in bird abundance. The con-
tinuation of long-term monitoring on similar stands in the
southern Washington Cascades will help clarify the relation
of bird abundance patterns to forest stands of different age-
classes.

Bird-Habitat Relationships

Relatively few correlations between cavity-nesting bird
counts and snag and live-tree densities were consistent or
interpretable. The significant correlations found between
counts of woodpeckers or nuthatches and trees they were

seldom observed using (or the negative associations) may be
spurious, or the habitat variables may represent other features
not sampled explicitly. The biological significance of the
association between hairy woodpeckers and large, live hem-
locks is not apparent, except that these trees may serve as
future sources of potential nest trees (Zarnowitz and Manuwal
1985).

On the other hand, chestnut-backed chickadees, principally
foliage-gleaners, correlated positively with densities of large
overstory trees, which probably provide an optimum foraging
environment. This correlation may be due to greater abun-
dance of either insects or cones. Large, dominant conifers,
particularly Douglas-fir, that are more exposed to the sun’s
rays are known to produce more cones than codominant trees
(Fowells 1965). Similarly, Raphael and Barrett (1984) found
that abundance of chickadees, which reached its maximum in
old-growth stands in northwestern California, correlated with
a principal component axis associated with higher densities
of largest Douglas-fir (>90 cm in d.b.h.). In another study in
California (Morrison and others 1987), chickadees were posi-
tively associated with mean canopy height, which clearly
relates to the size of the largest trees.

The association of chickadees with very large western red-
cedars probably accounted for their greater abundance in wet
old-growth stands, as densities of redcedars equaled or
exceeded Douglas-firs of comparable size there. Because
chickadee numbers were more consistently correlated with
live trees than with snags, characteristics of foraging habitat
may have been more important than nesting habitat in deter-
mining chickadee abundance, given that large, decayed snags
and stubs suitable for nesting were relatively abundant in all
stands.

Vaux’s swifts correlated most strongly with the kinds of
trees that provide suitable nesting habitat: very large live
trees (mainly Douglas-fir, western hemlock, and western
redcedar) and large snags (Douglas-fir and hemlock). Large,
broken-topped trees (live or dead) with the trunks hollow at
the top are known to harbor nests of Vaux’s swifts (Baldwin
and Zaczkowski 1963, Jewett and others 1953). During the
1983 pilot study, one swift nest was found in a broken-
topped redcedar snag (77 cm in d.b.h., 10 m tall) in an old-
growth stand. The need for large broken-topped trees prob-
ably accounts for the strong association of swifts with old
growth, because these trees are most abundant there. The
greater number of large, overstory trees and resulting broken,
multilayered canopy in old growth, may however, also pro-
vide an optimum foraging environment for swifts, which are
aerial foragers. Broken, multilayered canopies of old-growth
stands may allow greater access to flying insects surrounding
overstory trees than would closed, continuous canopies of
younger stands.
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Based on our regression analyses, abundance of cavity-
nesting birds was not well predicted by live-tree and snag
densities. Others (Marcot 1984, Morrison and others 1987,
Raphael and Barrett 1984) have also found that habitat
variables explain little of the variance in bird abundance.
Morrison and others (1987) found their final regression
models to predict presence or absence of bird species ade-
quately, but the equations did not clearly track the variation
in abundance between years (but see comments by Hejl and
others 1988). Problems in elucidating bird-habitat relation-
ships via correlation or regression analysis can result from a
variety of factors, including, but not limited to, the follow-
ing: nonlinear or nonmonotonic relationships; incomplete
sampling of habitat gradients; variability in species’ re-
sponses to habitat features; sampling scale; or not sampling
the correct variables (Best and Stauffer 1986). Each is
discussed briefly below.

The relation of bird abundance to habitat features can be
linear, curvilinear, or otherwise nonmonotonic (Best and
Stauffer 1986, Colwell and Futuyama 1971, Meents and
others 1983). Some authors (Madsen 1985, Raphael 1980)
have found the relation of cavity-nesting bird abundance to
snag densities, particularly large snags, to be curvilinear.
Meents and others (1983) found that although linear bird-
habitat relationships were most common, polynomial vari-
ables increased the amount of variance explained by
regression equations.

The lack of consistent associations between these bird spe-
cies and snag densities (the kinds most often used for nesting)
may also have been because all the stands were naturally
regenerated and contained numerous snags or because they
were all canopied stands. The lack may thus be viewed as a
form of incomplete sampling of habitat gradients. Most
recent studies that demonstrated stronger cavity nester and
snag associations in western coniferous forests have included
managed stands, where some or all snags have been removed
(Balda 1975, Madsen 1985, Mannan and others 1980,
Raphael and White 1984, Zamowitz and Manuwal 1985).
On our study stands, snag densities may have been above a
threshold (sensu Raphael 1980), so that other factors were
more predictive of (and limiting to) snag-dependent bird
populations. We suspect correlations would be stronger if
managed stands or clearcuts lacking high densities of rem-
nant snags were included in the analysis (Verner and Larson
1989).

Even if strong relationships are found, they may change,
depending on whether or not the entire habitat gradient is
examined (Colwell and Futuyama 1971, Wiens and
Rotenberry 1981b). For example, Best and Stauffer (1986)
found that snag density could be deemed to have little
influence on habitat suitability for downy woodpeckers and
house wrens if samples from areas of low snag-density were

not analyzed. Examination of the entire gradient revealed not
only increased suitability at higher snag densities (relative to
low densities), but differences between the two species’
suitability indices at lower densities.

A third factor concerns the relative abundance and detectabil-
ity of the bird species under study. Some species are typi-
cally encountered less frequently than others, and the less
frequently a species is encountered, the more variable its ob-
served response to habitat features (Best and Stauffer 1986).
Thus, in this study, the more wide-ranging woodpeckers may
have been no less responsive to variation in snag densities
than, say, swifts and chickadees, but the relative infrequency
with which the woodpeckers were encountered may have
made count data insufficient to detect possible relationships.

For species with large home ranges relative to the sampling
array on each stand, low probability of encounter relates
back to a problem of scale. As discussed above, sample
stands may be too small to evaluate habitat relationships of
woodpeckers. In addition, habitat variables and bird counts
summarized as stand means may be too coarse to account for
the possibility that some species may be using only small
portions of each stand. Such patterns of use may contribute
to the lack of significant correlations or cause spurious ones
to appear.

Abundance of cavity-using birds is not necessarily corre-
lated with or a function of densities of snags; other, unmeas-
ured variables may be more important. Nevertheless, our
findings, as well as those of others (Balda 1975, Madsen
1985, Mannan and others 1980, Raphael and White 1984,
Zamowitz and Manuwal 1985), certainly attest to the impor-
tance of snags to cavity-using birds, particularly in terms of
management for these species.

Nest Tree Characteristics

Size-Although a variety of kinds of trees harbored nests,
our analyses clearly revealed disproportionate use of trees
with certain attributes by cavity- and bark-nesting birds. Our
findings agree with other studies that have demonstrated
disproportionate use of large-diameter snags as nest trees
(Madsen 1985, Mannan and others 1980, Raphael and White
1984, Zamowitz and Manuwal 1985). Mean nest-tree diam-
eters in this study were generally larger than those reported
from the Olympics of Washington (Zarnowitz and Manuwal
1985), but smaller than in the Oregon Coast Range (Mannan
and others 1980, Nelson 1989). Hairy woodpeckers typically
nested in snags of substantially larger diameter in this study
area (and the Oregon Coast Range) than reported from studies
in the northern Rockies (Harris 1982, McClelland 1977) the
Blue Mountains of Oregon (Bull 1980), the east slope of the
Cascades in northern Washington (Madsen 1985), or the Sier-
ras of California (Raphael and White 1984). Unfortunately,
because our data and those from the Oregon Coast Range
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were from natural stands, many of which were old growth,
we could not assess the extent to which cavity-nesting birds
can successfully use smaller snags where larger ones are not
available, as was shown for white-headed woodpeckers in
the Sierra Nevada (Milne and Hejl 1989). Future studies
must specifically address that question.

Presumably, large-diameter trees offer better thermal insula-
tion and more room to house larger clutches, thereby enhanc-
ing reproductive success (Karlsson and Nilsson 1977). Not
surprisingly, nest trees of the largest bird species-pileated
woodpeckers and flickers-were typically larger (at breast
height and at cavity height) than the mean for all species. The
smallest bird species, however-chickadees and nuthatches-
likewise nested in large-diameter trees. Creepers, which
typically nest under slabs of bark, showed more plasticity in
nest-tree size-selection than the cavity nesters. Other factors,
such as decay state, tree species, and bark characteristics,
were more important in determining the suitability of poten-
tial nest trees for this species.

Decay-The disproportionate use of hard snags by wood-
peckers, most commonly hairy woodpeckers, contrasts with
the findings of Mannan and others (1980) in Oregon (but see
Nelson 1989), who found nests of hairies most often in
decay-class 3, although their data included only seven nests.
The only exception among the woodpeckers in our study was
the flicker, which nested most frequently in decay-class 3
snags, most of which in young stands were in fire-scarred,
remnant snags.

Because they are less well-equipped for cavity excavation,
chickadees and nuthatches might be expected to nest in trees
in more advanced decay stages. In second growth, this was
generally true, and, as with flickers, most nests were in rem-
nant snags. In old growth, however, their disproportionate
use of all hard snags may be explained partially by the obser-
vation that nest holes were near the tops of snags (or even
live trees) where the wood was most severely decayed and
resembled conditions in more rotten snags. The selection of
decay-class 2 snags by creepers probably relates to the
greater percentage of remaining bark, as well as relative
firmness of the sapwood.

Tree species-Only three tree species contained active nests:
Douglas-fir, western hemlock, and western white pine. The
disproportionate use of white pine by. woodpeckers and
creepers is important in that it is a relatively minor, but
widely distributed, forest component throughout western
Washington. White pine has a patchy distribution and has
declined in this century since the introduction of the fungus
(Cronartium ribicola) that causes white pine blister rust
(Allen 1959, Fowells 1965, Boyd 1980).

Our findings differ, however, from other studies of cavity-
nesting birds in Douglas-fir forests in the Northwest. In
Oregon, all cavity nesters apparently used Douglas-fir more
than expected, based on availability (Nelson 1989). In the
Olympics of Washington, woodpeckers-mostly hairy
woodpeckers-appear to nest primarily in western hemlock
(Zarnowitz and Manuwal 1985). Thus, even within the
Western Hemlock Zone in the Northwest, woodpeckers use
tree species to different degrees in different areas.

Chickadees and nuthatches, nesting primarily in Douglas-fir
and hemlock, were apparently less selective than woodpeck-
ers as to nest-tree species. This analysis was complicated,
however, by the fact that most of the nuthatch nests were
found in old growth (in hemlocks), whereas most chickadee
nests were found in young stands (in Douglas-firs). It is not
clear why most chickadee nests were found in younger
stands, given that chickadees were more abundant in old
growth, except that nests may have been easier to see in
young stands.

Selection of tree species by primary excavators probably
relates to relative decay characteristics of trees, as well as the
sizes of each tree species available (Conner and others 1976,
Jackson 1977, McClelland 1977). The progression and rate
of decay of snags results from the interaction of biotic and
abiotic factors over time and varies with size and age of the
tree at death, species, and geographic location (Kimney and
Fumiss 1943). Because Douglas-fir snags decay more slowly
than most other species (Buchanan and Englerth 1940, Cline
and others 1980), and because decay usually proceeds from
outside inward (Kimney and Fumiss 1943, Wright and
Harvey 1967), this species is especially suitable for nests of
the weaker excavators, chickadees, nuthatches, and flickers.
These traits also underscore the importance of large, remnant
Douglas-fir snags as the most suitable nest sites for chicka-
dees in young stands, both in this area and in the Oregon
Coast Range (Mannan and others 1980). Without these large,
remnant snags, abundance of breeding chickadees probably
would have been lower in young stands.

Western hemlock, a common snag species on the study
stands, is much less durable than Douglas-fir and often har-
bors fungal heart rot while it is still living (Buchanan and
Englerth 1940, Engelhardt 1957). The importance of fungal
heart rot to woodpecker nesting is well known (Conner and
others 1976, Jackson 1977, Kilham 1971, McClelland 1977,
Shigo and Kilham 1968). The susceptibility of hemlocks to
heart rot fungi probably makes them attractive to hairy
woodpeckers and sapsuckers. Because hemlock snags remain
standing a relatively short time, cavity nesters would have to
use this species while the trees were still alive or within the
first several years after death. These attributes undoubtedly
contributed to the frequent use of hard hemlock snags, as
well as occasional live trees, by cavity nesters.
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Western white pine, compared to its relative rarity (< 5 per-
cent of available snags), was the species most frequently
used by woodpeckers for nesting. Although reasons for its
decline are relatively well known, information relating to
decay rates of dead trees is nearly lacking. The common
infections of this species by fungal heart rots (Fowells 1965),
its apparent resistance to uprooting (Cline and others 1980),
and the durability of sapwood and major limbs (pers. obs.)
probably account for the suitability of western white pine as
woodpecker nest sites. McClelland (1977) and Madsen
(1985) similarly attributed woodpecker selection of western
larch in Montana and northcentral Washington, respectively,
to decay of the heartwood in combination with relatively
sound sapwood. The rarity of large white pine snags only
underscores their importance to woodpeckers in this portion
of the Washington Cascades.

Nest tree surroundings--Our finding that nest sites of
cavity-nesting birds contained higher densities of large, hard
snags-the kinds in which they typically nested-agrees with
other studies that have reported nests of excavators in dense
patches of snags (Bull 1980, Harris 1982, Madsen 1985,
Raphael and White 1984). We do not know whether this
observation implies selection of dense patches of snags by
the birds, or whether it is simply an artifact of the patchy
way in which trees are killed by insects or disease. Also, we
do not interpret this observation to mean that isolated snags
do not have value as nesting habitat. In fact, some nest trees
that were used in successive years were not located within a
group of snags.

I Conclusions anld Magnagement Considerations
In recent years, much attention has focused on the specific
problem of providing adequate numbers of suitable snags
through time and space in intensively managed forests (Davis
and others 1983; Neitro and others 1985; Thomas and others
1976, 1979). Our purpose here is not to rework these guide-
lines, but only to refine or augment them with information
specific to Douglas-fir/western hemlock forests of the
Washington Cascades.

Nest Sites
We concur with Evans and Conner (1979a), Raphael and
White (1984), and Madsen (1985), among others, who argue
for the use of mean nest-tree diameters as a guideline for
snag management. Managing for minimum diameters of
trees known to be used could cause a gradual decline in
cavity-nesting bird populations (Conner 1979a). We therefore
recommend managing for snags of at least 76 cm in d.b.h.,
the mean d.b.h. of all active nests, where possible in this
area. This diameter is notably larger than those recommended
by Thomas and others (1979) for the Blue Mountains or
Neitro and others (1985) for westside forests, particularly for
hairy woodpeckers and sapsuckers. Woodpeckers appear to

nest in larger trees in Douglas-fir forests (Mannan and others
1980, Nelson 1989, this study, Zarnowitz and Manuwal
1985) than in eastside forests, though sample sizes are rela-
tively small from most study areas. Snags no less than 50 cm
in d.b.h. should be given top priority in managing for cavity-
and bark-nesting birds because this broad size-class was used
disproportionately for nesting by all bird species we studied.
Emphasis should be placed on the largest snags available in a
given area, because larger snags remain standing longer,
retain bark longer, and support a larger variety of wildlife
(Cline and others 1980, Conner 1979a, Evans and Conner
1979).

Managers must also consider the decay state of snags. Our
study suggests that most woodpeckers (particularly hairy
woodpeckers) prefer hard snags for nesting; softer snags
were generally avoided. Neitro and others (1985: 144), how-
ever, assumed that hairy woodpeckers used primarily decay
stages 4 and 5, in contrast to red-breasted sapsuckers, which
used stages 2 and 3. Our results and those of Mannan and
others (1980) and Nelson (1989) do not agree. The number
of hard snags required for the most common woodpecker
species in the western Cascades would be vastly underesti-
mated if the guidelines of Neitro and others (1985: 145,
table 9) are followed. On the other hand, weaker excavators,
such as flickers, chickadees, and nuthatches, were more
likely to nest in soft snags, as might be expected, but
depending on the forest age-class and the characteristics of
available snags, even these species nested frequently in
harder snags and defective live trees.

The species of snag is also important. Given the species’ rela-
tive rarity in the forest, large, hard western white pine snags
should be retained wherever they occur in areas managed for
woodpeckers. Retaining white pine snags for woodpeckers
will benefit brown creepers as well. Chickadees and nut-
hatches, on the other hand, nested primarily in Douglas-fir
and hemlock snags and were seldom found nesting in white
pine. Obviously, comprehensive management schemes de-
signed to provide for all cavity-nesting bird species must
consider the needs of each species in the community. Meet-
ing the snag requirements of one species will not necessarily
meet the needs of other species (Mannan and others 1984).

Besides nesting in different types of snags than woodpeckers
do, chickadees and nuthatches were not found to nest in old
woodpecker holes, except in two instances. Although some
birds may have fashioned their cavities from old woodpecker
feeding holes or “false-start” cavities, most chickadee and
nuthatch nests appeared to be solely the work of the nesting
pair. These species chose trees of suitable species, size, and
decay states and nested in locations appropriate to their abili-
ties to excavate their own cavities. Suitable snags were suffi-
ciently abundant in most of these natural stands to provide
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sites for nest cavities. Perhaps the presumed energetic effi-
ciency of using old woodpecker holes was partially offset by
possible fouling of holes caused by previous use or risk of
predation in larger holes, thus making them less attractive or
more harmful than newly excavated holes (Short 1979).

Conceivably, as snags--especially large ones-become
scarcer in managed forests, noticeable changes in patterns of
nest-site use from increased competition, because of lower
snag availability, could occur. Possible changes include:
smaller average diameter of nest trees (Milne and Hejl
1989); use of the smallest diameter portion of trunks (or
limbs) capable of supporting nest-cavity dimensions (Short
1979); greater use of old woodpecker cavities by chickadees
and nuthatches as more easily excavated sites became
scarcer; greater use of defective live trees; or greater
interference competition (Miller 1967) among bird species,
which would effectively reduce the number of available (that
is, unoccupied) snags. Pressures caused by the reduction of
the snag resource, if sufficiently severe, could lower
reproductive success of cavity-nesting birds or cause
population declines outside of unmanaged areas or
old-growth reserves. The list of possible changes could serve
as hypotheses to test in examining responses of cavity
nesters to changes in the snag resource under different
management schemes.

Another important consideration is that, in the younger
stands, very few nests were found in trees that arose from the
current stands. The only species found nesting commonly in
young stands, chestnut-backed chickadees, used remnant
snags primarily. Thus, even under natural conditions, stands
less than 80 years old have limited numbers of suitable nest
trees for most cavity nesters. Stands initiated after clearcut-
ting, with few, if any, remnant snags, would likewise contain
few suitable nest trees. Given the target rotation ages of man-
aged forests, roughly comparable to the young stands we
studied, recommendations for retention of old growth where
possible, strips of trees and snags along riparian corridors,
patches of snags (and live trees) in clearcuts, as well as areas
of longer rotations (Neitro and others 1985) become critical
for maintaining populations of cavity-nesting birds. Modem
silvicultural techniques have enabled foresters to produce
larger trees that can serve as potential nest trees in shorter
periods. Younger, faster-growing trees, however, tend to
decay more rapidly after death than do older, slower-growing
trees (Kimney and Furniss 1943), so the number of snags
provided may have to be adjusted.

Foraging Sites

In managing for cavity- and bark-nesting birds, characteristics
of foraging habitats should not be overlooked (Conner 1980).
Birds may focus foraging activities on different species and
sizes of trees from those used for nesting, and foraging

activities may change seasonally (Conner 1981, Lundquist
and Manuwal 1990). For example, in our study area,
creepers, chickadees, hairy woodpeckers, and nuthatches
foraged on large-diameter (>50 cm), live Douglas-fir more
than expected based on availability, and chickadees appeared
to shift to western hemlock in the winter (Lundquist and
Manuwal 1990). Retention of large live trees, either in old
growth or longer rotation patches, could also benefit species
such as Vaux’s swifts indirectly by serving as future sources
of large snags (Mannan and Meslow 1984).

Implementing Snag Management

Harvest of old-growth forests, and shorter rotations, resulting
in the prevalence of relatively young second-growth forests,
will make the success of snag-management policies even
more crucial for snag-dependent wildlife in the future. The
Pacific Northwest Region (USDA Forest Service 1985)
recommends managing dead and defective live trees to main-
tain viable populations of cavity-dependent wildlife at 40 per-
cent of their population capacities on commercial forest
lands. This policy was intended to set minimum standards
and a baseline for managing Northwest forests. Although
significant progress has been made in establishing and carry-
ing out management programs in the last decade, Bull and
‘others (1986b) report considerable inconsistency in the num-
bers of snags being maintained on National Forest Districts.
Nearly one-third-of the Districts surveyed reported fewer
snags than necessary to maintain cavity-nesting bird popula-
tions (as defined by Thomas and others 1979). Similarly,
Morrison and others (1986) concluded that although current
guidelines for maintaining large snags in the Tahoe National
Forest in California were appropriate, they were not being
implemented effectively.

Recommendations that may help-attain snag-management
goals in balance with human needs include retaining more
snags than the minimum required to support targeted cavity-
nesting bird populations. This recommendation allows for
unforeseen losses, such as to windthrow or firewood cutters
or uncertainties regarding natural fall rates of snags. It will
also allow for removing trees that may pose safety threats
while still maintaining enough trees for wildlife. Neitro and
others (1985) discussed in detail innovative ways of selecting
suitable types of snags compatible with logging safety regula-
tions. In view of possible increases in demand for fuelwood
(Force 1986), management plans should include ways to
minimize impacts on snags provided for wildlife, such as
restricting access to critical areas or limiting the size of snags
cut. Producing large snags at high cost-either as direct or
“opportunity” costs-and then leaving them unprotected from
fuelwood cutters makes no sense, particularly where the
number of snags is below stated goals (Bull and others 1986b,
Morrison and others 1986).
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Spatial distribution of snags is also important in designing
management plans. Although our study and others (Bull
1980, Raphael and White 1984) have found cavity nesters in
relatively dense patches of snags, lone snags may also pro-
vide suitable nest sites. Priority should be given to suitable
snags (appropriate size, decay stage, and species) whether
they occur in clumps or singly, to allow for adequate distri-
bution over a large area. Adequate cover can be provided
around lone snags in the form of live trees, which are also a
source of future snags. Such flexibility in management will
help prevent suitable snags of several cutting units from
being crowded too close together to be usable.

Monitoring is essential to assess snag numbers and losses,
their use by wildlife, and the implementation and effective-
ness of snag-management programs. Given that the complete
ecological and economic role of snags and cavity-dependent
wildlife is not fully understood at present, management
schemes must be carefully designed and flexible enough so
that future management options are not lost. As new informa-
tion and understanding are gained, programs can be modified
as required to ensure the continued health of avian communi-
ties in managed forests.
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Appendix
Table 7-Stern counta variables and codes used in bird and
vegetation correlation and regression analyses

Code Description

Coarse variables:
LT4 Live trees >100 cm d.b.h.
TSTP Stumps and stubs (snags <5 m tall, >l0 cm d.b.h.)
SS All small snags l0-19 cm d.b.h.

Species-specific variables:
DFD13 Live Douglas-fir l-100 cm d.b.h.
WHD12 Live western hemlock l-50 cm d.b.h.
WHD3 Live western hemlock 51-100 cm d.b.h.
RCD12 Live western redcedar l-50 cm d.b.h.
RCD3 Live western redcedar 51 - 100 cm d.b.h.
ABD13 Live Abies spp. l-100 cm d.b.h.
CPD13 Live other conifers l-100 cm d.b.h.
VMD12 Live vine maple l-50 cm d.b.h.
HDD13 Live other hardwood spp. l-100 cm d.b.h.
DFS34 All Douglas-fir snags 20-49 cm d.b.h.
DFS5 Hard Douglas-fir snags (DC I-II) > 50 cm d.b.h.
DFS6 Soft Douglas-fir snags (DC III-V) > 50 cm d.b.h.
WHS34 All western hemlock snags 20-49 cm d.b.h.
WHS56 All western hemlock snags > 50 cm d.b.h.
RCS34 All western redcedar snags 20-49 cm d.b.h.
RCS56 All western redcedar snags > 50 cm d.b.h.
ABS34 All Abies spp. snags 20-49 cm d.b.h.
WPS34 All western white pine snags 20-49 cm d.b.h.
WPS56 All western white pine snags > 50 cm d.b.h.

a All stem counts were converted to densities (number per hectare). a Includes two sapsucker nest snags with missing data.

Table 8-Comparison of active nest trees and trees with
inactive cavities of woodpeckers and nonwoodpeckers
among decay classes by forest age-class

Hole-nester group/
tree-use status

Decay-class

I II III Iv Total

Woodpeckers/active
Old-growth
Mature
Young

7 12 1 0 20
0 0 1 0 3a

1 2 0 0 3

Total 8 14 2 0 26

Woodpeckers/inactive
Old-growth
Mature
Young

Total

2 25 12 1 40
1 7 4 0 12
0 5 8 1 14

3 37 24 2 66

Nonwoodpeckers/active
Old-growth
Mature
Young

4 10 4 0 18
0 5 1 0 6
0 3 7 3 13

Total 4 18 12 3 37

Nonwoodpeckers/inactive
Old-growth
Mature
Young

1 10 11 3 25
0 6 4 1 11
0 3 13 3 19

Total 1 19 28 7 55

240







Small Mammal Communities in the Oregon
Coast Range

Paul Stephen Corn and R. Bruce Bury

Authors
PAUL STEPHEN CORN and R. BRUCE BURY are zool-
ogists, U.S. Department of the Interior, Fish and Wildlife
Service, National Ecology Research Center, Fort Collins,
Colorado 80525-3400.

Abstract
We used pitfall trapping to sample small mammals in clear-
cut, young, mature, and old-growth forests in the Coast
Ranges of Oregon in 1984 and 1985. Our objectives were to
identify species or groups of species associated with old-
growth forests and to identify structural components of the
habitat associated with mammal abundance. Trowbridge’s
shrews, red-backed voles, and Pacific shrews were the most
abundant species in forested stands; vagrant shrews, deer
mice, and creeping voles were most abundant in clearcuts.
Significantly more red tree voles were captured in old-growth
stands than in mature and young stands, and Pacific shrews
were significantly more abundant in mature stands than in
either young or old-growth stands. No significant differences
were found in the abundance of any species across a moisture
gradient in old-growth stands. No strong correlations were
found between habitat variables and the abundance of any
mammals. Abundance and diversity of small mammals were
greater in mature stands than in young stands, but abundance
and diversity in old-growth stands broadly overlapped both
mature and young stands. Diversity of small mammals did

not display a U-shaped curve relative to stand age (high
diversity in young and old-growth stands and low diversity
in mature stands).

Introduction
The Pacific Northwest harbors one of the richest communi-
ties of small mammals in North America. Several species are
endemic to the region, with their distributions restricted to
forests west of the Cascade Range in California, Oregon,
Washington, and British Columbia (Hagmeier and Stults
1964, Simpson 1964). These species include the Trowbridge’s
shrew, Pacific shrew, marsh shrew, shrew-mole, western
red-backed vole, creeping vole, red tree vole, and white-
footed vole (Ingles 1965, Maser and others 1981, van Zyll de
Jong 1983). Because a majority of the forests west of the
Cascade Range were old growth before logging began
(Harris 1984, Spies and Franklin 1988), a logical hypothesis
is that many of the unique small mammals of the region
would reach their greatest abundance in old-growth forests.
Early lists of vertebrates associated with old-growth forests
included several small mammals (Franklin and others 1981,
Meslow and others 1981), but data on habitat use were
scarce for most of them.

Several habitat features of Douglas-fir forests when plotted
against stand age have a U-shaped curve (high values in
young forests, low values in mature forests, and the highest
values in old-growth forests). These features include amount
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of coarse woody debris, heterogeneity of the understory, and
plant species diversity (Spies and Franklin 1988). Because
these features (particularly coarse woody debris) may be sig-
nificant biological components of the habitat of forest mam-
mals, Spies and Franklin (1988) hypothesized that species
diversity of mammals follows the same U-shaped distribution
with forest age. Raphael (1988c) did not find this distribution
of mammals in northern California (diversity of mammals
was highest in mature and old-growth forests), but few data
existed relating species diversity to age of Douglas-fir forests
in Oregon and Washington.

The Old-Growth Program was chartered, in part, to address
the lack of information on the abundance of vertebrates and
their habitat associations (Ruggiero and Carey 1984). Pilot
studies were conducted in the Cascade Range in 1983 (Corn
and others 1988), and, in 1984, vertebrate community studies
were extended to the Coast Ranges in Oregon. The need for
studies of old growth is most acute in the Coast Ranges.
Because of fire and logging, little old growth remains (Spies
and Franklin 1988), and it is distributed in small, scattered
fragments (Harris 1984, Monthey 1984).

In this paper, we report the results of pitfall trapping of small
mammals over a large area of the Coast Ranges in 1984 and
1985. Our objectives were to:

l Determine the relative abundance and diversity of small
mammals in young, mature, and old-growth forests and
across a moisture gradient in old growth;

l Compare the abundance of small mammals to physiogra-
phic features and vegetative characteristics important for
maintaining diversity of small mammals; and

l Contrast differences in the abundance of small mammals
between old-growth forests and clearcuts as a first step in
comparing managed and natural forests.

Met hods
Study Areas

We studied 45 closed-canopy forest stands and 3 recently
clearcut stands in the Coast Ranges of Oregon (see frontis-
piece). Three stands were near the coast in the vicinity of
Cape Perpetua, but most stands were in the interior or on the
eastern flank (valley margin) of the Coast Ranges. Most of
the stands were south of Eugene on land managed by the
Bureau of Land Management (BLM). One stand near Drain
was on land owned by International Paper Company. Stands
north of Eugene were on BLM land, the Siuslaw National

Forest (including Cape Perpetua and Lost Creek Wilderness
Areas), or land managed by the city of Corvallis (Marys
Peak).

Stand Selection and Classification

Stands were selected initially to conform to a chronosequence
of four categories beginning with 3 clearcut stands (less than
10 years old), 8 closed-canopy young stands (40-75 years),
10 mature stands (80-120 years), and 27 old-growth stands
(150-525 years). Except for one young stand, the last three
categories were all composed of naturally regenerated forests.
Ages of stands were estimated a posteriori by increment
coring of at least five dominant Douglas-fir trees per stand
(young and mature stands), Ages of old-growth stands were
estimated from increment cores and by examining stumps in
adjacent clearcuts and roadsides (Spies and others 1988).

A moisture gradient (wet, moderate, and dry) was examined
for old-growth stands. The initial position on the moisture
gradient was determined largely by topographic position, for
example, south- or west-facing ridges were generally dry,
whereas stands on north-facing slopes were usually moist to
wet. Later, a moisture classification was made based on a
multivariate ordination of understory vegetation (Spies and
Franklin, this volume). In the Coast Ranges, this resulted in
five stands originally considered wet being reclassified as
moderate, and one stand originally considered moderate
being reclassified as dry. We used the revised classifications
in this paper.

Pitfall Trapping

We installed 36 pitfall traps, 15 m apart in a square grid, in
each stand in summer 1984. Each trap was constructed from
two number-10 cans (3.2 1 volume), stacked and joined
with duct tape (Bury and Corn 1987). A short plastic funnel
(0.45kg margarine tub with the bottom cut out) nested in the
top of the trap. Traps were buried flush with the ground and
covered with a cedar shingle that was suspended 3 to 4 cm
above the opening with twigs or small rocks. Between the
time traps were installed and trapping began and at the end
of each trapping season, traps were closed with a tight-fitting
plastic lid.

Logistics of trapping 48 stands concurrently dictated place-
ment of pitfall grids to some extent. The near comer of each
grid was placed about 100 m from the edge of the stand.
This distance was a compromise between the need to avoid
edge effects and the need for a field crew to be able to check
the grids in five to seven stands in one day.

We opened traps during the first week in October and
trapped continuously for 50 days in 1984 and for 30 days in
1985. No water was put in traps because this has a deleter-
ious effect on the preservation of amphibians, which were
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also sampled with pitfall traps (Corn and Bury, this volume
b). In practice, most traps accumulated some water and most
mammals drowned. Drowning is the method recommended
by the American Society of Mammalogists (1987) when pit-
fall traps are used as kill traps. We checked traps about once
a week; trapped animals were removed and any water that
had accumulated was bailed out.

We determined sex and age and made standard measure-
ments (total, tail, foot, and ear lengths, and mass) of mam-
mals, which were then preserved whole in lo-percent forma-
lin, or as skulls, skeletons, or skins and skulls. Specimens
were deposited in the National Museum of Natural History,
Washington, DC, where all species identifications were
verified.

Vegetation Sampling

We sampled vegetation at nine points within the pitfall grid,
with the center of each sampling plot equidistant from four
pitfall traps. We measured or estimated physiographic, coarse
woody debris, live tree, and ground-cover variables (appen-
dix, table 6) in two nested circles. Percentage cover was
estimated visually; all other variables were direct counts or
were measured. Variables in the interior circle (5.6-m radius,
100 m2) included slope, cover by down wood, numbers of
small snags and small trees, and most ground-cover variables.
Variables in the outer circle (15-m radius, 707 m2) included
the presence or absence of water, rock outcrops, or talus; the
number of medium and large snags and trees, and cover by
midstory and canopy trees. Count variables were converted
to density (number per hectare). Because no single vegetation
measurement was directly related to a single pitfall trap, we
averaged the nine values for each variable to produce a single
value for each pitfall grid.

Statistical Analyses

All statistical analyses were done on a microcomputer using
SYSTAT. Analysis of the chronosequence was originally
intended to exclude wet and dry old-growth stands, so com-
parisons among young, mature, and old-growth stands would
not be influenced by the greater range of moisture conditions
in old-growth stands (Carey and Spies, this volume). Mature
and young stands had much greater variation on the moisture
gradient than expected (Spies and Franklin, this volume),
however, so only those old-growth stands that were outliers
on the moisture gradient were excluded. In the Coast Ranges,
all but two old-growth stands were’ retained in the chrono-
sequence analyses. Analysis of the moisture gradient was
restricted to old-growth stands.

To facilitate comparisons between years and to reduce the
effect of migration onto the trap grid, we used only animals
captured during the first 32 to 34 days (the closest we could
come to 30 days, because traps were not checked daily) in

1984 (but see below). We measured abundance as the
number captured per 100 trap-nights. Analysis of the abun-
dance of individual species depended on numbers captured.
“Common” species were captured in more than 50 percent of
the stands and with more than 50 total captures. “Rare”
species occurred in less than 50 percent of stands with less
than 50 but more than 10 captures. For some species-for
example, flying squirrels-abundance data may reflect bias
from the trapping technique rather than the actual density of
the species. Differences on the age and moisture gradients
for common species were analyzed by analysis of variance
(ANOVA) of log-transformed data (loge of abundance + 1).
We used Tukey’s honestly significant difference for un-
planned multiple comparisons (Sokal and Rohlf 1981). Be-
cause of the low sample sizes, we used all captures of rare
species in both years. Differences in numbers captured among
age- and moisture-classes were tested using the G-test (log
likelihood ratio) for goodness of fit (Sokal and Rohlf 1981).

Physiographic and vegetative variables--Variables meas-
uring percentage cover were arcsin-transformed (Sokal and
Rohlf 1981) before analysis. Count variables had large vari-
ances which were log-transformed. We computed Pearson
product-moment correlation coefficients between the abun-
dance of common species and each physiographic and vege-
tation variable. For these six species, we performed multiple
regression on subsets of physiographic and vegetative vari-
ables. We first eliminated highly intercorrelated variables,
then chose variables for each regression model using a step-
wise procedure with a significance level of 0.10 to add or
remove variables. For rare species, we compared mean
values of physiographic and vegetation variables between
stands where each species was present or absent. We also
performed a principal components analysis with a subset of
eight vegetation variables (table 1): LOGS (the sum of
DLOGSA, DLOGSB, and DLOGSC), LSNAG, DECSNAG,
CTREEL, MCTREE, CCTREE, FERN, AND ESHRUB.
These variables represent characteristics used in ecological
definitions of old-growth Douglas-fir forests (Franklin and
Spies 1984, Morrison 1988, Spies and Franklin 1988). The
variables were transformed but not standardized because the
scales were generally equivalent after transformation. We
used factors produced by the principal components analysis
with eigenvalues greater than 1 to examine whether the vege-
tation variables we measured were reflecting differences
among habitat types.

Mammal community structure-We examined the relations
among stands in small mammal fauna by using nonmetric
multidimensional scaling. By using a matrix of similarities
among stands, multidimensional scaling analysis computes
the coordinates of a set of stands in a few dimensions (usu-
ally 2 to 3), so that the distances between pairs of stands
fit as closely as possible to their measured similarities
(Wilkinson 1988). We measured similarity as the Euclidean
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distance between pairs of stands using the abundance (number
per 100 trap-nights) of Trowbridge’s shrews, Pacific shrews,
vagrant shrews, marsh shrews, shrew-moles, and red-backed
voles. We chose these six species as most likely to have been
sampled in an unbiased manner by pitfall traps. Abundance
was not standardized, because we were interested in the
relative contributions of each species. To interpret the axes
produced by multidimensional scaling analysis, we correlated
them with the abundance of each species, total abundance
(the sum of the six species), species diversity (Berger-Parker
index, Magurran 1988), and physiographic and vegetative
variables.

We used the abundances of the six species above and the
K-MEANS procedure of SYSTAT to generate a specified
number of non-overlapping pools (clusters, see Pielou 1984)
of stands. We generated five pools because of the a priori
classification of stands into five habitat types. The stands
belonging to each pool were then plotted against the axes
generated by the multidimensional scaling analysis to see if
any patterns could be identified in the mammal community.

Results
Abundance of Small Mammals

We captured 3047 individuals of 20 species of small mam-
mals in both years (table 1). Total numbers captured in each
year were very similar: 1514 in 1984 and 1533 in 1985. Pre-
cipitation may affect capture rates of small mammals (Bury
and Corn 1987), so we examined data from eight weather
stations in the Coast Ranges (U.S. Department of Commerce,
Climatological Data). Mean precipitation was slightly higher
in 1984 (19.9 cm) than in 1985 (16.6 cm), but patterns of
rainfall were similar in both years. The first region-wide rain
was recorded 4 October in 1984 and 7 October in 1985, and
rain was recorded almost daily in the second half of October
in both years.

Deer mice were captured more frequently in 1985 than 1984
(P < O.OOl), but no significant differences were found
between years for any other species. All further analyses
used the combined abundance (1984 + 1985) of each species.
Six common species (Trowbridge’s shrew, Pacific shrew,
shrew-mole, coast mole, western red-backed vole, and deer
mouse) had 55 to 1690 total captures (62-64 trap days). Four
other rare species (marsh shrew, vagrant shrew, red tree vole,
and flying squirrel) had 17 to 31 total captures (80 trap
days). Ten other species had fewer than 10 captures, which
was too few for meaningful analysis of differences in habitat
types. These included species not well-sampled by pitfall
traps (Townsend’s chipmunk, Douglas’ squirrel, and ermine),
species from adjacent grassland habitats (Townsend’s mole
and California vole), and species most common in riparian
habitats (white-footed vole and western jumping mouse).

Table l-Total numbers of small mammals captured by
pitfall grids in 45 forest stands in the Oregon Coast Ranges
in 1984 and 1985

Species 1984a 1985 Total

Insectivores:
Trowbridge’s shrewb

Pacific shrewb

Vagrant shrewc

Marsh shrewc

Shrew-moleb

Coast rnoleb

Townsend’s moled

Rodents:
Western red-backed voleb

Red tree volec

White-footed voled

Creeping voled

California voled

Long-tailed voled

Townsend’s voled

Deer mouseb

Western jumping moused

Northern flying squirrelc

Townsend’s chipmunkd

Douglas’ squirreld

Carnivores:
Ermined

Total (all mammals)

Number of species

896 794 1690
187 153 340

12 14 26
7 10 17

45 41 8 6
27 28 55

2 1 3

282
5
0
2
2
0
0

29
1

11
0
0

359
8
2
7
0
1

90e

4
14
4
2

641
13

9
2

1
119

5
25

4
2

6 0 6

1514 1533 3047

14 19 20

a, Only captures from the first 32 to 34 trap days are listed.
Common species were captured in more than 50 percent of the

stands and with more than 50 total captures.
c Rare species occurred in less than 50 percent of stands with less
than 50 but more than 10 captures. Analyses of abundance used all
captures (50 trap days in 1984).

Abundance of species not analyzed.
e Trap rate was higher in 1985 than 1984 (P < 0.001).

Sixty-two percent of the Trowbridge’s shrews, 61 percent of
the Pacific shrews, and 64 percent of the western red-backed
voles captured were male. Because the home ranges of small
mammal males are usually larger than those of females
(Hawes 1977, Van Home 1981), males may have a higher
probability of encountering traps. Habitat use by small
mammals may not be constant among sex and age groups
(Van Home 1981), but our data showed little variation in the
proportions of adult male, adult female, and juvenile Trow-
bridge’s shrews, Pacific shrews, and western red-backed
voles among young, mature, and old-growth stands (fig. 1).
All further analyses did not differentiate among sex and age
groups.
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Variation with stand age-We calculated the mean abun- 
dance, relative abundance (percentage of total captures within 
a stand), and the frequency of cccorrence of the six most 
abundant species in each age-class (table 2). Only Pacific 
shrews varied significantly among stand types in abundance 
(F = 4.86, P = 0.013). This species was more abundant in 
mature stands than either old-growth (P = 0.024) or young 
(P = 0.052) stands. The two most abundant species, Trow- 
bridge’s shrew and the western red-backed vole, were also 
more abundant in mature stands, but the differences were not 
statistically significant Frequency of occurrence was high 
for all six species in all stand tps, ranging from coast moles 
and deer mice detected in 60 percent of mature stands, to 
Trowbridge’s shrews and western red-backed voles detected 

Table 2-Mean abundyce, mean relative abundance; and 
occurrence of common small mammals In different forest types 
in the Oregon Coast Ranges 

1.660 
57.0 

100 

,256 
8.4 

96.0 

.w9 
3.3 

68.0 

.wJ 
2.1 

64.0 

2563 
21.7 

loo 

.I38 
4.6 

96.0 

(10) 

1.907 
54.2 

100 

,596 
15.3 

ml 

,079 
2.3 

70.0 

.040 
1.4 

60.0 

,741 
21.7 

10 

,053 
1.5 

60.0 

100 

.251 
10.1 

100 

,049 
1.9 

62.5 

.044 
1.9 

37.5 

,449 
17.7 

100 

,132 
5.2 

75.0 

in all stands. Relative abundance of these six species was 
similar in old-growth and young stands; species ranks in 
order of abundance were: Trowbridge’s shrew > western red- 
backed vole > Pacific shrew > deer moose > shrew-mole > 
coast mole. In mature stands, the. order was the same, except 
that shrew-moles were more abundant than deer mice. This 
minor variation is probably not significant, because pitfall 
traps do not sample deer mice well (Bury and Corn 1987). 

Two rare species were not distributed evenly on the chrono- 
sequence (fig. 2). All but one red tree vole were captured in 
old growth (old growth verses mature plus young: G = 9.58, 
P < 0.01). and significantly more vagrant shrews were cap- 
tured in mature stands than in old-growth and young stands 
(G = 29.8, P < 0.001). Captures of flying squirrels and marsh 
shrews were evenly dishibuted among age-classes. Of nine 
creeping voles captured in forested stands, five were in 



Young + mature Old-growth 

Young MatINe Old-growth 

Age-class 

old-growth stands and four were in mature stands. Three 
white-footed voles were captured in forested stands, and one 
each in old-growth, mature, and young stands. 

Variation on the moisture gradient-Neither abundance of 
the common species (table 3) nor number of caphxes of the 
rare species (fig. 3) varied significantly across the moisture 
gradient (only seven vagrant shrews were captured in old 
growth, too few for analysis on the moisture gradient). The 
relative abundances suggest some dilferentiation of the mam- 
mal community in wet stands, however. Pacific shrews and 
shrew-moles contributed a greater percentage of captures and 
red-backed voles a lower percentage of captures in wet stands 
than in moderate or dry stands. 

Clearcuts versus old growth-We captured nine species in 
three clearcuts (F = 5.7 per stand) and 10 species in three 
adjacent old-growth stands (?= 6.0 per stand). Total abun- 
dance was also not significantly diCferent (?= 2.26 per 100 
trap-nights in old growth; X= 1.95 per 100 trap-nights in 
clearcuts), but the species composition of the small mammal 

Table Z--Mean abund$nce, mean relative abundance,” and 
occurrence of common small mammals on the moisture 
gradient in old-growth forests in the Oregon Coast Ranges 

,692 .67R 
23.8 *a* 

1”” 100 
Deermause ,117 .I67 

3.9 5.2 

92.9 100 

” iklative abundance = the percentage of captures contnhurcd h? each 
pecks in each stand. 

fauna was considerably different between clearcuts and old- 
growth stands. The four small mammals with tbe greatest 
mean relative abundance in clearcuts were vagrant shrews, 
Trowbridge’s shrews, deer mice, and creeping voles, but, in 
the three old-growth stands, the four most abundant species 
were Trowbridge’s shrews, red-backed voles, Pacific shrews, 
and shrewmoles (fig. 4). Red tree voles, marsh shrews, and 
ermines were captured in at least one old-growth stand and 
not in any clearcuts. Creeping voles, pocket gophers, and 
white-footed voles were captured in at least one clearcut and 
not in any of the three old-growth stands. White-footed voles 
and creeping voles were captured in other old-growth stands, 
however. 

Habitat Associations 

Physiographic featuresNone of the physiographic var- 
ables we measured varied among the forested stands (table 4): 
We compared the abundance of common species or the oc- 
currence of rare species to these variables plus latitude, 
longitude, and stand age, but we observed only six weak 
associations. Abundance of Trowbridge’s shrews was weakly 
correlated with latitude (r = 0.37, P < 0.05). Abundance of 
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Northern flying squirrel 

100 10 i 10 

Mean relative abundance (log scale) 

Pacific shrews was weakly correlated with longitude 
(r = 0.32, P < 0.05) and negatively correlated with aspect 
(r = -0.32, P < 0.05; abundance was lower on southwest- 
facing slopes). Mean age of 13 stands where red tree voles 

were present was 294 years; 32 stands without red tree voles 
averaged 188 years old (F = 6.75, P = 0.013). Abundance of 
red-backed voles was 0.67 per 100 hap-nights in 39 stands 
without surface water and 0.36 per 100 trap-nights in 6 
stands with surface water (F = 4.19, P = 0.047). 

Vegetative characteristics-Only a few of the vegetation 
variables varied significantly (P < 0.05) among age-classes 
of forest stands (table 4). Small and medium-sized snags 
were most nume~oos in young stands. Densities of small and 
large coniferous trees were highest in old-growth stands, but 
medium-sized conifers were densest in young stands. Cover 
by broadleaf trees in the midstory was highest in young 
stands, but cover by conifers in the midstory was highest in 
old growth. Old-growth stands had the lowest canopy cover 
by coniferous trees. 

Abundances of common species were correlated with few of 
the vegetation variables. Trowbridge’s shrews were nega- 
tively correlated with percentage cover of class 3 and 4 down 
wood (DLOGSB: r = -0.35, P < 0.05) and cover by conifers 
in the midstory (MCI’REE; r = -0.30, P < 0.05): they were 
positively associated with cover by ferns (FEERN, r = 0.32, 
P < 0.05). Pacific shrews were correlated with the density of 
medium-sized snags (MSNAG; r = 0.30, P < 0.05) and cover 
by berry shrubs (BSHRUB; r = 0.40, P < 0.01). Coast moles 
were negatively correlated with canopy cover by broadleaf 
evergreens (CBTREE I = -0.31, P < 0.05). Western red- 
backed voles were negatively correlated with cow by moss 
(MOSS: r = 4.32, P < 0.05) and positively correlated with 
cover by berry shrubs 0. = 0.33, P < 0.05). Abundances of 
two species, shrew-moles and deer mice. were not signifi- 
cantly correlated with any vegetative variables. 

Similarly, only a few vegetative variables varied between 
stands with rare species present or absent. In the 18 stands 
where marsh shrews were captured, mean canopy cover by 
conifers (CCTRJZE) was lower (41.3 percent versus 50.4 
percent, P = O.CKl9) than in the 27 stands where they were 
not captured. Mean density of all deciduous trees and 
broadleaf evergreen trees (BTREES+BTREEM+BTREEL) 
was lower (45 per ha versus 145 per ha, P = 0.002) in 13 
stands where vagrant shrews were collected versus 32 stands 
without vagrant shrews. In 13 stands where we captured red 
tree voles, there were more large coniferous trees (CTREEL: 
34 per ha versus 17.4 per ha; P = 0.014) than in 32 stands 
where we did not capture this species. In 15 stands where 
flying squirrels were caught, mean density of large snags 
(LSNAG) was greater (9.2 per ha versus 4.9 pa ha, P = 
0.032). mean cover by fine litter (FLITTBR) was greater 
(71.6 percent versus 58.6 percent, P = O.oOS), but mean cover 
by moss (MOSS) was lower (19.2 percent versus 33.2 per- 
cent, P = 0.005) than in 30 stands without flying squirrels. 
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Table 4-Mean values of physiographic and vegetative variables (standard deviations in parentheses) 
measured at pitfall grids in the Oregon Coast Ranges” 

Stand type (N) 

Variable Units Old-growth (27) Mature (10) yaw (8) P 

1.03 t.62) 1.25 (.40) 1.20 (.70) 
Physiographic: 

TRASPECT 
SLOPE 
WATER 
OUTCROP 
TALUS 

Come woody debris: 
DLOGSA 
DLOGSB 
DLOGSC 
STUMP 
SSNAG 
MSNAG 
LSNAG 
DECSNAG 

Live tree: 
CTREES 
CTREEM 
CTREEL 
BTREES 
BTREEM 

BTREEL 
MDTREE 
MBTREE 
MCTREE 
CDTREE 
CBTREE 
CCTREE 

Ground cover: 
LlTDEPTH 
son. 
ROCK 
FLllTER 
MOSS 
FORB 
GRASS 
FERN 
ESHRUB 
DSHRUB 
BSHRUB 
MSHRUB 

Percent 

Percent ,esent 
Percent present 

Percentage CoVeI 1.9 (1.55) 2.3 (2.23) 1.8 (1.19) 
Percentage CoVeI 4.7 (2.65) 4.0 (3.38) 3.5 (2.10) 
Percentage CoVeI 1.5 (1.48) 1.6 (1.77) 1.4 (1.42) 
NUlllber/ha 20.6 (22.6) 61.1 (57.4) 62.5 (100.2) 
NUdXr/ha 62.1 (79.5) 68.9 (74.4) 154 (91.3) 
Numberlba 37.0 (38.0) T31 (1ZY) 146(6h3) 
Number/ha 7.2 (5.44) 6.7 (6.2) 2.9 (1.13) 
Number/ha 8.4 (16.8) 22.6 (22.7) 14.1 (19.5) 

NlUXlber/ha 531 (644) 260 (344) 81.9 (106) 
NWllkiha 271 (138) 321 (156) 501 (198) 
NUlIlberlha 32.8 (13.1) 8.0 (6.73) 4.3 (9.31) 
NLUl&XIiha 30.0 (39.3) 109 (187) 86.1 (86.0) 
Number/ha 58.9 (50.8) 30.0 (39.0) 94.0 (71.1) 

Number/ha 
Percentage ccl”.% 
Percentage CoVeI 
Percentage cover 
Percentage CoVeI 
Percentage CoVeI 
Pemntage CoVeI 

.l (.30) .3 C.99) .2 C.56) 
a.2 i9sj 4.3 (6.9b) 4.7 &Sk, 

.8 (1.61) .a (2.20) 3.9 (5.32) 
22.3 (11.1) 10.5 (13.3) 5.1 (2.54) 

.6 (1.08) .6 (1.90) 1.4 (3.27) 

.1 C.30) .1 C.231 .3 C.65) 
~~~ I ~~~I ~ ~~I 

41.4 (8.38) 52.4 (13.5) 57.9 (6.98) 

all 

Percentage co”.% 
Percentage CcYeI 
Percentage cove* 
Percentage coyer 
Percentage CoYa 
Percentage coyer 
Percentage cover 
Percentrlge ccwer 
Percentage cover 
Percentage Kwer 
Percentage Ulver 

3x.4 (i9.2j 46.1 (i2.4j 32.1 (23.0) 
22.2 0 0 
14.8 20.0 25.0 
48.2 50.0 50.0 

3.6 (2.98) 6.0 (7.74) 3.1 (1.22) 
2.2 (2.12) 3.1 (6.48) 2.1 (1.92) 

.4 (.46) 1.5 (3.98) .3 (.42) 
65.9 (11.8) 56.3 (22.91 61.2 (10.5) 
26.5 i13.4j 31.6 (24.9j 31.8 (12.4j 

4.3 (4.41) 6.4 (7.1) 3.8 (7.86) 
.4 (.62) 1.0 (1.33) .2 (.12) 

28.1 (25.5) 18.1 (27.1) 5.8 (3.74) 
23.8 (19.8j 22.2 i3i.4j 36.6 i20.4j 

7.5 (8.5) 5.5 (5.93) 7.8 (6.93) 
1.9 (3.02) 4.6 (5.19) 5.1 (9.31) 

16.4 (15.6) 9.2 (8.82) 12.1 (8.9) 

0.047 
,001 

,012 
,007 

<.cal 

,048 
<.cQl 

<.col 

Multiple regression models of abundance of common species models was low (table 5). Shrew-moles and deer mice, which 
on vegetative variables usually included the same variables did not have any significant simple correlations, both had 
that were significant in the simple correlations plus one or multiple-regression models that contained four variables, but 
two additional variables, but the predictive power of the each model accounted for only about a third of the variance 
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Table 5-Stepwise multiple regression of the abundance of commona species on vegetative variables

Species and variable C o e f f i c i e n t  S E
Multiple SE of the

t r 2 estimate F P

Trowbridge’s shrew
constant
DLOGSB
FERN
SLOPE
LITDEPTH
MDTREE

1.124 0.126 8.902
-1.639 .408 -4.015

.272 .082 3.310
-.308 .112 -2.753

.129 .053 2.444

.313 .154 2.024

0.428 0.163 5.845

Pacific shrew
constant
DECSNAG
FERN
SHRUBb

BSHRUB

-.142 .105 -1.361
.049 .020 2.404
.203 .088 2.289
.157 .088 1.783
.480 .273 1.756

.331 .170 4.951

Shrew-mole
constant
HERB
DECSNAG
MOSS
MDTREE

Western red-backed vole
constant
BSHRUB
MOSS
TRASPECT
CTREEL

.232 .057 4.093

.355 .111 3.192
-.030 .010 -2.942
-.173 .068 -2.544
-.149 .077 -1.939

.479 .117 4.080

.909 .275 3.311
-.444 .148 -3.012
-.059 .027 -2.165

.038 .022 1.728

.324 .076 4.802

.395 .177 6.531

Deer mouse .366 .084
Constant .381 .068 5.638
DLOGSC -.949 .255 -3.722
SLOPE -.186 .060 -3.123
BSHRUB -.297 .125 -2.371
TRASPECT -.024 .013 -1.858

a Common species were captured in more than 50 percent of the stands and with more than 50 total captures.

5.767

<O.OOl

.002

.003

<.00l

.OOl

b ESHRUB+BSHRUB. 

in abundance. Most of the variables that were included in the
regression models reflected ground cover at or below the
shrub layer (less than 2 m above the ground). Abundance of
Trowbridge’s and Pacific shrews appeared to be associated
with denser growth of shrubs and ferns, but the abundance of
shrew-moles was associated with herbaceous vegetation,
which indicates a more open shrub layer.

Multivariate analyses-A principal components analysis of
eight vegetation variables with no rotation of factors pro-
duced three factors with eigenvalues greater than 1.0; these
accounted for 67.6 percent of the variance. We interpret fac-
tor 1 (33.1 percent of the variance) as describing the struc-
ture of live trees; it was positively correlated with cover by
conifers in the midstory, numbers of large conifers and large

snags, and negatively correlated with cover by conifers in the
canopy. Factors 2 (19.3 percent) and 3 (15.2 percent) togeth-
er accounted for only about one-third of the variance. Factor
2 appears to represent coarse woody debris. It was positively
correlated with numbers of well-decayed snags and cover by
down wood. Factor 3 was associated with the shrub layer. It
was positively correlated with cover by evergreen shrubs and
negatively correlated with cover by ferns.

Young stands differed from old-growth stands mainly on
factor 1 (fig. 5), which would be expected, because young
stands lacked large Douglas-fir trees and a well-developed
midstory layer. Most young stands had Factor 1 scores less
than zero, and most old-growth stands had scores greater
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than zero. Factor 1 scores for mature stands, however, 
overlapped young and old-growth stands, so the three 
age-classes did not form discrete groups. 

Mammal Community Structure 
Multidimensional scaling of the similariry of 45 stands and 
K-MEANS clustering based on the abundance of six species 
of small mammals revealed differences among stands that do 
not fall in a simple gradient from young forests to old growth 
(fig. 6). The first multidimensional scaling axis (dimension 1) 
was strongly correlated with the abundance of Trowbridge’s 
shrews (r = 0.96). Pacific shrews (r = 0.60), and with the sum 
of the abundance of all six species (r = 0.93, fig. 7). The sec- 
ond multidimensional scaling axis (dimension 2) was strongly 
correlated with the abundance of red-backed voles (r = 0.80) 
and the Berger-Parker index of species diversity (r = 0.86, 
fig. 8). This index measures dominance (Magurran 1988), so 
in stands with a low value, Trowbridge’s shrews were a high 
proportion of captures. Stands with higher diversity indices 
had relatively fewer captures of Trowbridge’s shrews and 
greater contributions from other species. Dimensions 1 and 2 -2 -1 0 1 2 3 4 
define a gradient in the complexity of the mammal commun. 
ity. Stands with low abundance and species diversity (less 
complex) had low scores on both dimensions, and &ds 
with high abundance and species diversity (more complex) 
had high scores on both dimensions. 

Dimension 1 (abundance) 

3 

2 

1 6 

-1 

Trowbridge’s shrew 
Pacific shrew 
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Nonhierarchical clustering generated pool 1 containing 23 others 1984), and they were listed as a species potentially 
stands, pool 2 containing 14 stands, pool 3 containing 5 dependent on old-growth forests (Meslow and others 1981). 
stands, and two outlying pools with ‘2 and 1 stands (fig. 6). Anecdotal reports have long indicated an affinity for large 
Pools 1 and 2 orient on the gradient from lower to higher Douglas-fir trees (Bailey 1936, Howell 1926, Maser and 
complexity. Membership in pools 1 and 2 was not random others 1981), and we found greater density of large conifers 
with respect to age-class (C = 7.93, 2 df, P = 0.02). Old- in stands where we caught red tree voles. Recent searches for 
growth stands were evenly distributed between pool 1 and nests of red nee voles support the notion that old-growth 
pool 2, but seven of eight young stands were in pool 1 and trees are preferred as nest sites (Gill&erg and Carey, this 
five of six mature stands were in pool 2. The remaining four volume); Meiselman and Doyle, in press), although nests 
mature stands were in pools with either high diversity or have also been observed occasionally in young second-growth 
high abundance. trees (Carey 1989, Maser 1966). 

No strong correlations were found between dimensions 1 and 
2 and any of the physiographic or vegetation variables. Di- 
mension 1 was weakly correlated with latitude (r = 0.32, 
P < 0.05). and dimension 2 was weakly correlated with longi- 
tude (r = 0.38, P < 0.05). 

Discussion 
Species Associated With Old-Growth Forests 

One species, the red tree vole, was significantly more abun- 
dant in old-growth forests than in young or mature forests in 
the Oregon Coast Ranges. This small, arboreal rodent was 
seldom captured on the ground until we began using large 
numbers of pitfall traps (Corn and Buy 1986). Red tree 
voles are an important prey of spotted owls (Forsman and 

The 17 red tree voles we trapped in the Coast Ranges consti- 
tute a small sample, but since 1983.46 red tree voles have 
been trapped in the Coast and Cascade Ranges of Oregon by 
old-growth researchers (this study; Corn and Bury 1986; 
Gilbert and Allwine, this volume a). Most (39) were captured 
in old-growth stands (fig. 9). and, because the trapping effort 
was about evenly split between old-growth stands and young- 
er stands, a significant excess of captures was in old growth 
(G = 24.0,2 df, P < OKll). Raphael (1988~) captured an 
additional 19 red tree voles in pitfall traps in Douglas-fir 
forests in northwestern California. Although the difference in 
relative abundance among stand age-classes was not signi- 
ficant, most red tree voles were captured in stands older than 
100 years. Meiselman and Doyle (in press) located several 
nests of red nee voles in northwestern California. and a 

Young plus Mature 
clearcuts (0.23) 

(0.26) 

Old- 
growth 
(0.51) 
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statistically significant majority were in old-growth forests.
These results indicate that red tree voles are strongly
associated with old-growth Douglas-fir forests.

Aside from red tree voles and Pacific shrews (most abundant
in mature stands), no statistically significant relations were
found between stand age and the abundance of small mam-
mals. Our results agree with other old-growth research from
Oregon and Washington that found few species of terrestrial
small mammals associated with older forests (Anthony and
others 1987; Corn and others 1988; Gilbert and Allwine, this
volume a; West, this volume).

The lack of strong correlations between habitat features and
mammal abundance was somewhat surprising, considering
that studies of insectivores (Hawes 1977, Terry 1981). earlier
studies from the old-growth program (Corn and others 1988),
and studies in California (Raphael 1988c, Raphael and
Barrett 1984) found several significant habitat associations.
One possibility is that by trapping only in the fall, we were
sampling populations composed of high proportions of
subadult animals (Sullivan 1979, Van Home 1981), which
might be transients in habitat of lower quality. Abundance
data, then, would give a misleading indication of habitat
quality (Sullivan 1979, Van Home 1983). Our data did not
reveal any marked differences in the proportions of subadult
Trowbridge’s and Pacific shrews and red-backed voles
among young, mature, and old-growth forests. Hawes (1977)
found that home ranges of subadult vagrant and montane
shrews in British Columbia were smaller subsets of the areas
they occupied when breeding the next spring. This finding
suggests that subadult shrews have the narrowest habitat
requirements and that trapping in the fall would reveal
important habitat associations.

A more likely explanation for finding few habitat associa-
tions is that threshold values for critical habitat features to
small mammals are exceeded in naturally regenerated forests
after the canopy is reestablished (West, this volume). Under-
story plant communities in Douglas-fir forests are resilient
and rapidly return to the composition found in old growth
after disturbance (Halpern 1988). In the Coast Ranges, struc-
tural features likely to be associated with terrestrial mammals
did not differ among different ages of stands. For example,
no difference was found in the Coast Ranges in the percent-
age cover by down wood among young, mature, and old-
growth stands (Spies and others 1988). Different age-classes
of naturally regenerated forest represent a single habitat type
for most small mammal species. This conclusion is supported
by the observation that neither abundance nor diversity of
small mammals displayed the predicted U-shaped pattern
(Spies and Franklin 1988) when compared to stand age. No
decline occurred in abundance or diversity in mature stands
in the Cascade Range (Gilbert and Allwine, this volume a;
West, this volume). In the Coast Ranges, the trend was

opposite of the prediction; abundance and diversity of six
species of mammals were greater in mature stands. These
studies provide little support for a U-shaped pattern of diver-
sity of small mammals.

Managed Forests

Many studies have examined the effects of logging on small
mammals in the Pacific Northwest, and they have document-
ed major changes in the composition of the mammal commu-
nity. In general, populations of deer mice, creeping voles,
vagrant shrews, and Townsend’s chipmunks increase after
logging, while red-backed voles and Trowbridge’s shrews
decline (Anthony and Morrison 1985; Corn and others 1988;
Gashwiler 1959, 1970b; Hooven and Black 1976; Raphael
1988c; Sullivan and Krebs 1980; Tevis 1956; West, this
volume). Some of these changes represent increased abun-
dance by species adapted to open habitats, but for other
species, clearcuts may act as dispersal sinks and the increased
abundance is transitory (Sullivan 1979).

Species composition of mammal communities in clearcuts is
less predictable than that of old-growth forests. Considering
both this study and the earlier study in the Oregon Cascades
(Corn and others 1988), Trowbridge’s shrews (76 percent of
captures in forested stands) and vagrant shrews (71 percent
of captures in clearcuts) had similar relative abundances in
forests and clearcuts, respectively. But while Trowbridge’s
shrews were always the most abundant insectivore in for-
ested stands, vagrant shrews were the most abundant insecti-
vore in only three of six clearcuts. Abundance of creeping
voles and deer mice also varied widely among clearcuts. The
low predictability of mammal populations in clearcuts may
be related to the rapid succession occurring in the plant com-
munities (Halpern 1988, Schoonmaker and McKee 1988),
which may generate greater variability in food resources and
microclimates than is found in closed-canopy forests.

The apparent low habitat quality and unpredictibility of
clearcuts for many mammal species means that, as naturally
regenerated forests are converted into managed forests, the
long-term survival of many species will depend on whether
managed forests provide essential habitat features. For ex-
ample, modem logging practices greatly reduce both the
amount of coarse woody debris carried over into a stand after
harvest and the amount accumulated before the next harvest
(Spies and Franklin 1988, Spies and others 1988). The results
of our studies, however, provide little insight into this ques-
tion. We did not investigate managed stands after closure of
the canopy, and the range of variation of habitat variables in
naturally regenerated stands is probably insufficient to make
predictions about habitats and small mammal communities in
intensively managed forests.

252



Recommendations

The studies of old-growth forests reported in this volume
have provided baseline data on the occurrence of vertebrate
species in natural Douglas-fir forests in the Pacific Northwest.
In general, however, more questions have been created than
answers supplied. We offer the following suggestions for
high-priority research in the Coast Ranges of Oregon:

Determine the abundance of red tree voles in old-growth,
mature, young, and managed forests. The data collected so
far suggest that this species may depend on old growth, but
the sample size is small. The red tree vole is probably the
most difficult small mammal in the Pacific Northwest to
study, but recently developed techniques (Gillesberg and
Carey, this volume; Meiselman and Doyle, in press) show
promise.

Compare small mammal populations in naturally regenerated
and intensively managed forests. The changes in forest struc-
ture predicted between managed and natural forests are of a
much greater magnitude than we measured in a natural sere.
Although we found few differences among different-aged
forests, the same prediction cannot be made for a comparison
of managed and natural forests. Some work along this line
has begun; more is needed.

Determine the effects of forest fragmentation on small mam-
mal populations. We did not deal with fragmentation in this
paper, and, currently, little evidence indicates that small-
mammal populations are strongly influenced by stand size
or degree of fragmentation (Raphael 1984, Rosenburg and
Raphael 1986). Few data have been collected so far on the
effects of fragmentation in western forests, however, and any
effects are likely to be severe in the Coast Ranges, where
most old growth exists as small, isolated patches (Harris
1984, Monthey 1984, Spies and Franklin 1988).

The lack of a unique community of small mammals in old-
growth forests does not reduce the value of these habitats.
Old growth is a nonrenewable resource (Schoen and others
1981) with numerous other intrinsic assets. In the Coast
Ranges, our results suggest that the biological integrity of
isolated blocks of old growth may be enhanced if tracts of
younger, naturally regenerated forest are contiguous.
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Appendix
Table 6-Vegetative variables measured at 9 points within pitfall grids

Variable Description

Physiographic:
TRASPECT
SLOPE
WATER
TALUS

Transformed aspect (cosine transformation [NE=O, SW=2])
Percent slope
Presence or absence of open water (seeps, ponds, permanent or intermittent streams) on grid
Presence or absence of exposed talus on grid

Coarse woody debris:
DLOGSA
DLOGSB
DLOGSC
STUMP
SSNAG
MSNAG
LSNAG
DECSNAG

Percentage cover by decay class 1 and 2 down wood
Percentage cover by decay class 3 and 4 down wood
Percentage cover by decay class 5 down wood
Number of stumps per hectare
Number of small snags (<10 cm d.b.h.) per hectare
Number of medium snags (l0-50 cm d.b.h.) per hectare
Number of large snags (>50 cm d.b.h.) per hectare
Number of well-decayed (class 4 and 5) medium and large snags per hectare

Live tree:
CTREES, CTREEM, CTREEL Number of small (<l0 cm d.b.h.), medium (> 10 cm and <l m d.b.h.), and large (>1 m d.b.h.)

coniferous trees per ha
BTREES, BTREEM, BTREEL Number of broadleaf trees (same size-classes) per ha
MDTREE Percentage cover by deciduous midstory trees
MBTREE Percentage cover by broadleaf evergreen midstory trees
MCTREE Percentage cover by coniferous midstory trees
CDTREE Percentage canopy cover by deciduous trees
CBTREE Percentage canopy cover by broadleaf evergreen trees
CCTREE Percentage canopy cover by coniferous trees

Ground cover:
LITDEPTH
SOIL
ROCK
FLITTER
MOSS
HERB
GRASS
FERN
ESHRUB
DSHRUB
BSHRUB
MSHRUB

Depth (cm) of organic litter layer
Percentage cover by bare soil
Percentage cover by exposed rock
Percentage cover by fine organic litter
Percentage cover by moss
Percentage cover by forbs
Percentage cover by grasses
Percentage cover by ferns
Percentage cover by evergreen shrubs
Percentage cover by deciduous shrubs
Percentage cover by berry shrubs (Rubus spp. and Vaccinium spp.)
Percentage cover by midstory shrubs (>2 m high)
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Abstract
Pitfall and snap-trapping of small mammals in the western
Oregon Cascade Range in 1984-85 revealed no significant
differences in species richness among young, mature, and old-
growth Douglas-fir stands. Trowbridge’s shrew was the most
abundant small mammal captured, accounting for about half
of all captures. Species showing some association with older
stands included Trowbridge’s shrew, the shrew-mole, the
deer mouse, and the red tree vole. The coast mole was found
only in mature and old-growth stands in 1985. These species’
associations with vegetational and physical characteristics
indicated temporal and spatial differences in habitat use. The
tree squirrels (Douglas’ squirrel and northern flying squirrel)
showed strong positive correlations with snags. The Soricidae
segregated themselves on latitudinal, elevational, and mois-
ture gradients.

Results from this study need to be treated with some caution:
the young and mature stands contained many characteristics
of old-growth stands because they had been naturally

regenerated (usually after fire) and thus did not represent
conditions that might be expected in stands managed for
timber production.

Introduction
The effects of forest fragmentation or general loss of habitat
are seldom immediately visible in small mammal communi-
ties. Studies in the western National Parks, though, support
the contention that declines in species richness are likely
over time with insularization of habitat (Weisbrod 1976).
Harris and others (1982), Raphael (1988c), and Rosenberg
and Raphael (1986) suggest that the long-term reduction of
old-growth forests will negatively affect small mammal popu-
lations. Comparisons of species occurrence and abundance in
different-aged stands may provide insight into the effects of
truncation of seral development on existing faunal communi-
ties. The objectives of the current study were to assess the
small mammal communities of young, mature, and old-
growth Douglas-fir stands in the Oregon Cascade Range and
and determine which environmental factors might be
responsible for any differences observed.

Materials and Methods
Three locations on the western slopes of the Oregon Cascades
were studied in 1984. Twenty stands were selected in the
Rogue River and Umpqua National Forests (Rogue-Umpqua),
20 near the H.J. Andrews Experimental Forest (Andrews)
and 16 in the Mount Hood region (Mt. Hood). These stands
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were selected to represent young, mature, and old-growth
Douglas-fir forests and a moisture gradient (wet, mesic and
dry) in the old-growth stands (Gilbert and Allwine, this vol-
ume b: see appendix table 15). In addition, a few stands were
selected to represent either a mature-age moisture gra-
dient or managed stands. Final analyses were done for fewer
than 56 stands to assure comparison between mesic, un-
managed stands of the three age-classes (22 old-growth,
17 mature, and 9 young); 28 old-growth stands were in the
moisture-gradient analysis (7 dry, 9 mesic, 12 wet).

Trapping Methods

Pitfall grids (6 x 6) were established in each stand and
checked during September and October 1984. One pitfall
trap consisting of 2 number 10 cans taped together and lined
with plastic margarine tubs was buried within 2 m of each
grid station. A cedar shake was placed above the opening to
minimize rain and snow accumulation in the cans. Water
was removed at each check. The traps were opened in early
September and checked every 5 to 7 days for at least 50
days. In 1985, 15 stands at the Andrews were studied; the
old pitfall grids were used in all stands, and new grids were
established in 8 of them (Gilbert and Allwine, this volume b:
see appendix table 15). Results from the old and new pitfall
grids were compared to determine whether the previous
year’s trapping had affected the resident populations. Chi-
square testing was used to examine species captured and
number of individuals of each species in the eight stands.
Because the new grids showed no difference in species com-
position and abundance, the old grids were used for analysis.

In 1984, snap trap grids (12 x 12) with 15-m spacing be-
tween grid locations also were used to sample the small-
mammal fauna. Trapping took place in July and August, and
each stand was trapped for 4 consecutive nights. Two Mu-
seum Special traps (Woodstream Corp., Lititz, PA) baited
with a mixture of peanut butter and rolled oats were placed
within a 1.5-m radius of each grid location.

Mammals caught in the pitfall traps usually had drowned or
otherwise died by the time of collection. All animals were
identified to species, sexed, measured, and preserved in the
Conner Museum at Washington State University as skulls,
skeletons, or skins and skulls. Identifications were verified
by museum staff. Even with the examination by museum per-
sonnel, many Soricidae could not be identified to species.

Vegetative Measurements

The physical and vegetative characteristics of the trapping
grids were sampled at 9 points within the pitfall grid and
16 points within the snap trap grids, with the center of each
sampling point equidistant from four stations. Measurements
were made using a nested-plot design, with 5.6-m and 15-m
radius circles (appendix table 12). Percentage cover was

visually estimated. The species capture rates (corrected for
actual trap nights of operation) were compared to these
environmental variables.

Statistical Analysis

Data analysis was based on two major statistical goals: test-
ing the hypotheses that animal abundance did not differ
among age-classes, moisture-classes, and locations, and num-
ber of species (species richness) did not differ among these
classes; and using exploratory statistics to associate individ-
ual species with individual habitat components and with
either age-classes or moisture-classes.

We used nonparametric analysis of variance (ANOVA) to
test the hypothesis that abundance (number of captures per
1000 trap-nights) of animals and species richness did not
differ among the age- and moisture-classes or locations. We
used detrended correspondence analysis (DCA) (Hill 1979a)
to explore the relations between animal abundances and
habitat-classes or environmental variables. Detrended
correspondence analysis is an ordination technique that
arranges a matrix of species’ abundances (communities) by
samples (stands) in low-dimensional space so that the com-
munities occurring in each stand are represented in space
along several axes. Thus, many components are reduced to a
few important ones and variability is reduced. Communities
with similar species composition and relative abundances
occupy positions near each other within the space described
by the first and second DCA axes. In this way, it functions
as a principal components analysis. To determine whether
stands grouped themselves according to a physiographic
gradient, a plot of the detrended correspondence analysis
axes scores was examined to detect clustering.

To classify sites into community phases, two-way indicator
species analysis (TWINSPAN) (Hill 1979b) was used. This
method, based on a multi-level two-way partitioning of the
correspondence analysis scores, was used to classify species
into categories related to location or to age- or moisture-
classes. Species found to be associated with old-growth
forests, from TWINSPAN analysis or from Spearman rank
correlations of animal abundances with stand age, were then
correlated (Spearman rank correlations) with individual envi-
ronmental and vegetative variables to examine the relation
between animal species and individual habitat features.

Statistical significance was determined as P < 0.05. Means
are given + SE.

Results
Pitfall Trap Results

A total of 18 species of small mammals were caught in the
pitfall traps in 1984. Species richness was greatest at Mt.
Hood (16) and lower at Andrews (11) and Rogue-Umpqua
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(13). Species’ abundances (number of captures per 1000 trap-
nights) varied by subprovince, with five species having sig-
nificantly more captures at Mt. Hood and two more at Rogue-
Umpqua (table 1). Trowbridge’s shrew, by far the most com-
mon species at all three locations, accounted for 62.6 percent
of all captures and ranged from 53.0 percent at Mt. Hood to
59.2 percent at Rogue-Umpqua and 75.8 percent at Andrews
(table 2). The Soricidae represented 76.9 percent of the total
captures. The western red-backed vole was the only nonshrew
species to represent more than 10 percent of the captures
(14.6 percent) mainly because of a relative abundance of
26.5 percent at Rogue-Umpqua.

Old-growth stands had 17 species, mature 15, and young 12.
The average number of individuals captured by age-class
was old-growth (49.5 + 5.0), mature (46.5 + 5.7), and young
(49.1 + 12.9). The deer mouse (R = 0.35, P = 0.01) and the
red tree vole (R = 0.37, P = 0.005) were significantly posi-
tively associated with stand age. No species were significant-
ly associated with any age category in the chronosequence
(ANOVA, P < 0.05) (table 3). The average number of cap-
tures per stand was not different along the moisture gradient
(wet 47.3 + 5.7, mesic 50.8 + 7.5, dry 53.0 + 12.1), and no
species were significantly associated with the moisture gra-
dient (ANOVA, P < 0.05) (table 3). DECORANA analysis
confirmed that age and moisture conditions did not influence
the mammal distribution (figs. 1,2). A location effect was
related to the pitfall captures (fig. 3), however. TWINSPAN
analysis showed no indicator species for age or moisture
conditions, but the Pacific jumping mouse, the montane
shrew, the heather vole, Townsend’s chipmunk, the northern
flying squirrel, and the ermine separated out as Mt. Hood
indicators; Townsend’s vole and the northern pocket gopher
were indicator species for Rogue-Umpqua.

No significant differences were found between the old and
new grids in species abundances or richness (P < 0.05). Sig-
nificantly more small mammals were caught in young stands
(average 59.0 + 4.6) than in old-growth stands (29.8 + 4.2) in
1985. The mature-stand average (46.7 + 6.8) was not differ-
ent from the other two age-categories. Fourteen species were
captured in 1985 compared to 10 in the same stands in 1984.
The four additional species (red tree vole, Pacific shrew,
Townsend’s chipmunk, and the montane vole) were repre-
sented only by 1 to 3 specimens each.

None of the small mammals captured in 1985 were sig-
nificantly related to old growth in the chronosequence,
although five species showed an association with mature
or young stands (table 4). The coast mole and red tree vole
were only captured in mature and old-growth stands. The
only significant difference in age- or moisture-classes for
any species between 1984 and 1985 was the increased pro-
portion of Trowbridge’s shrew caught in young stands in
1985 (x2 = 56.6, P < 0.0001).

Table 1-Signiflcant ANQVA values for small mammal abund-
ance based on pitfall captures corrected for effort (number of
captures per 1000 trap-nights) related to subprovince location,
Oregon Cascades 1984

Species Locationa F-Value

Western red-backed vole RRU > HJA,MTH
Pacific shrew RRU > HJA, MTH
Deer mouse RRU > HJA
sorex spp. HJA > MTH, RRU
Pacific jumping mouse MTH > HJA, RRU
Northern flying squirrel MTH > HJA, RRU
Montane shrew MTH > HJA, RRU
Ermine MTH > HJA, RRU
Townsend’s chipmunk MTH > HJA, RRU
Heather vole captured only at MTH

25.59
11.33
4.81

45.37
35.64
16.40
8.10
3.91
2.91

P

<0.0001
<0.0001

0.01
<0.05
<0.0001
<0.0001
<0.0001
<0.0009
<0.03

0.06

a RRU = Rogue River-Umpqua; HJA = H.J. Andrews; MTH = Mt. Hood.

Table 2-Small mammal relative abundance (captures per 1000
trap-nights) from pitfall trapping by location, Oregon Cascades,
1984 (values in brackets are percentage of capture at that
location)

Species Rogue-Umpqua Andrews Mt. Hood

Trowbridge’s shrew
Western red-backed vole
sorex spp.
Montane shrew
Pacific shrew
Vagrant shrew
Marsh shrew
Water shrew
Pacific jumping mouse
Shrew-mole
Deer mouse
Northern flying squirrel
Coast mole
Townsend’s chipmunk
Creeping vole
Townsend’s vole
Heather vole
Northern pocket gopher
Douglas’ squirrel
Ermine

331.1 (59.2)
148.3 (26.5)

8.3 (1.5)
0.6 (<1.0)

39.0 (7.0)
2.8 (<1.0)
2.7 (<1.0)
0.0 (0.0)
1.2 (<1.0)
6.1 (1.1)

12.9 (2.3)
0.0 (1.0)
3.8 (<1.0)
0.0 (0.0)
1.7 (<1.0)
0.5 (<1.0)
0.0 (0.0)
0.6 (<1.0)
0.0 (0.0)
0.0 (0.0)

316.9 (75.8) 244.2 (53.0)
21.2 (5.1) 39.9 (8.7)
42.2 (10.1) 2.7 (<1.0)

1.7 (<1.0) 76.0 (16.5)
12.8 (3.1) 0.0 (0.0)
2.2 (<1.0) 12.3 (<1.0)
4.4 (1.1) 5.1 (1.1)
0.0 (0.0) 0.5 (0.0)
1.7 (<1.0) 35.1 (7.6)
8.8 (2.1) 11.2 (2.4)
1.1 (<1.0) 7.3 (1.6)
0.0 (0.0) 11.9 (2.6)
4.5 (1.1) 6.2 (1.3)
0.0 (0.0) 3.4 (<0.0)
0.6 (<1.0) 0.5 (<1.0)
0.0 (0.0) 0.0 (0.0)
0.0 (0.0) 0.6 (<1.0)
0.0 (0.0) 0.0 (0.0)
0.0 (0.0) 1.1 (0.0)
0.0 (0.0) 2.9 (<1.0)

Snap Trap Results
Eighteen species and 1493 individuals were captured in the
snap traps (table 5). Trowbridge’s shrew was the dominant
species at all locations (44.8-55.4 percent of all captures).
The Pacific shrew was the second most captured species
(24.1 percent) at Andrews, the montane shrew (14.2 percent)
at Mt. Hood, and the western red-backed vole (29.4 percent)
at Rogue-Umpqua. Species richness was not significantly
different between locations. The western red-backed vole, the
deer mouse, and the marsh, montane, and Pacific shrews
were significantly associated with location (table 6). This
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Table 3-Caphwes of individual mammals in pitfall traps (mean number captured per stand, corrected for effort in 
parentheses) for age- and moisture-classes, Oregon Cascades 1984 

Western red-backed vole 
Townsend’s chipmunk 
Northern flying squirrel 
creeping vole 
Townsend’s vole 
Ermine 
Shrew-mole 
Deer mouse 
Coast mole 
Marsh shrew 
Montane shrew 
Sorer spp. 
Heather vole 
Pacific shrew 

location effect was verified by the DCA scores, which 
showed definite clustering (fig. 4). No similar moisture or 
age effects were found (table 7; figs. 5,6). 

The mean captures per stand were highest in mature (29.2 ? 
3.6) and lower in old-growth (26.3 * 2.5) and young stands 
(15.5 * 3.5) (ANOVA, F = 3.24, P < 0.05). The mature and 

’ 
95 (10.7) 86 6 (0.7) (9.6) 55 3 (0.3) : (4.4) 

- 
6 (0.7) 7 (0.6) 
l(O.1) l(O.1) 
l(O.1) 2 (0.2) 

T(l.0) -G (0.8) 
2 (0.2) 

4 (0.6) 12 (1.4) ‘i $ii 
2 (0.3) 4 (0.4) 7 (0.6) 
l(O.1) 4 (0.4) 7 (0.6) 
l(O.1) 6 (0.8) 47 (3.8) 

10 (1.6) 13 (1.4) 19 (1.7) 

17 (2.9) 
’ _I l(O.1) 

24 (2.8) 17 (1.4) 
54 (34.4) 264 (29.6) 334 (27.7) 
4 (1.3) 2 (0.2) 12 (1.1) 

2 (0.1) 

G(1.4) 24 (2.2) 

young values were significantly different, but the values for 
old-growth did not differ significantly from the other two 
age-classes. Captures of the Pacific shrew were significantly 
associated with mature stands (ANOVA, F = 3.62, P < 0.04). 
Spearman rank correlations showed the shrew-mole and 
Trowbridge’s shrew to have a positive association with stand 
age that neared significance (P = 0.06). The mean capture 
rates of all species did not differ along the moisture gradient 
(wet 26.4 k 3.7, mesic 30.3 * 3.9, dry 21.0 f 3.5). Only the 
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Table 4-SmaU mammals significantly awxlated 
(ANOVA) with age of stand for pitfall captures, 
Oregon Cascades 198.5 

Species Stand age associatiw, 

Western red-backed vole Mature > old-gmwth 
Coast mole M&UIe 
Momme shrew Young > old-growth 
Tmwbridge’s shrew Young > old-growth 
vagrant shrew Mature > old-growth 

Table SSmaU mammal captures on the snap-trap grids, 
Oregon Cascades 1984 

Location 

247 262 217 126 

165 54 41 2.56 
52 12, 2 175 
46 15 1, 72 
8 6n 3 7, 
0 

1: 
50 52 

11 17 39 
14 13 3 30 
0 4 11 15 
0 3 11 14 
3 3 4 10 
7 1 1 9 
3 3 2 7 
0 1 1 * 
0 I 0 1 
1 0 0 I 
1 0 0 I 
1 0 0 1 
0 1 0 1 

559 555 379 1493 

Table 6-Small mammal species-abundance values corrected 
for effort (number of captures per 1000 trap-nights) snap- 
trapped In the Oregon Cascades, 1984, showing significant 
(ASOVA) associations with location 

Species 
capture locationn 

association F-value P 

western red-backed vole showed a relation to moisture con- 
ditions that was near significance, with average captures in 
mesic conditions (6.4) greater than dry (4.0) or wet (2.8) 
(ANOVA, F = 3.14, P = 0.06). 

No differences were found in the average number of small 
mammals caught per stand by location (Rogue-Umpqua, 
27.7 f 2.8; Andrews, 24.9 * 3.1; Mt. Hood, 24.0? 3.6). The 
western red-backed vole and the deer mouse were captured 
more frequently (P < 0.05) at Rogue-Umpqua, the marsh and 
the montanc shrew at Mt. Hood, and the Pacific shrew at 
Andrews (table 5). The marsh, montane, vagrant, and Pacific 
shrews all had significant (P < 0.05) Spearman rank COT- 
relations for latitude. 

Habitat Relations 

Pitfall results-In 1984, the shrew-mole had a significant 
positive association with very large trees in the overstory, 
a feature of old-growth stands. It was found in stands 
dominated by very large westem hemlock (R = 0.31, 

Western red-baEk.4 
V& RRU>HJA. RRU>h%TH 9.67 o.ooo3 

Deer mouse RRU>HlA 4.35 <o.oz 
Marsh shrew MTH>RRU 3.51 <O.M 
Montvle shrew MTH>HJA. MTH>RRU 20.03 <O.OOOl 
Pacific shrew HJA>RRU, HJA>MTH 13.23 <O.ooOl 

a RRU = Rogue River-“mpqua: HJA = H.J. Andrcws: Mm = ML “md. 

P = 0.02). The Douglas’ squirrel was caught at sites with 
very large sugar pine (R = 0.29, P = 0.03). and incense-cedar 
(R = 0.37.P = 0.005). 

The forest floor conditions at the capture sites differed. For 
example, the western red-backed vole, the red tree vole, and 
the deer mouse were all caught at sites with lichen (table 8). 
The Pacific jumping mouse’s capture locations were signifi- 
cantly associated with ground cover of moss and logs of 
decay-classes 3 and 4. The understory components at Pacific 
jumping mouse caphne sites included ferns. berryproducing, 
and deciduous shrubs (table 9) and tended to exclude broad- 
leaf evergreen trees of all heightxlasses. The deer mouse 



= Mount Hood 
= Rogue-Umpqua 

Table ‘I-Captures of individual mammals In snap traps (mean number captured per stand corrected for effort in 
parentheses) for age- and moisture-classes, Oregon Cascades, 1984 

Moisture 

Western red-backed vole 
Townsend’s chipmunk 
Montme vole 
creeping vole 
Shrew-mole 
Deer mouse 
Coast mole 
Townsend’s mole 
Marsh shrew 
Montme shrew 
Pacific shrew 
Tmwbridge’s shrew 
Vagrant shrew 
sorer spp. 
Western pocket gopher 
Pacific jumping mouse 
Dusky-footed woodrat 

also was captured at sites with deciduous shrubs and trees 
(table 9). The western red-backed vole was positively asso- 
ciated with needleleaf evergreen trees in all height-classes. 

The montane shrew was the most widely distributed shrew 
based on shrubs and understory trees. It was positively asso- 
ciated (R = 0.51-0.59; P < 0.0001) with berry-producing 
shrubs of all three height-classes and deciduous shrubs in 
the first two height-classes (R = 0.42-0.46; P < 0.001). The 
montane shrew was the only species associated with ever- 
green shrubs (0.5-2 m; R = 0.36; P = 0.007). 

The northern flying squirrel was positively associated with 
large and medium sized (lo-50 f cm d.b.h.), tall (15-m) 
snags of decay-classes 3 and 4, as well as medium snags of 
decay class 5. The Douglas’ squirrel was found in stands 
with various-sized snags of decay-class 5. 

Pitfall resultsIn 1985, the red tree vole was captured at 
sites with small bigleaf maple, (R = 0.53, P = 0.04) large 
golden chinkapin, and very large grand fr. Also, it was 
highly correlated with sites with medium Pacific dogwood 
(R = 0.995; P < 0.0001). In 1984, it was associated only with 
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medium canyon live oak (R = 0.29; P < 0.03). Limited con- 
sistency was found in vegetative and physical characteristics 
with which the small mammal species were positively or neg- 
atively associated between years. The red-backed vole was 
negatively associated with moss ground cover (R = 4.55, 
P = 0.04) in 1985 as was Trowbridge’s shrew (R = -0.58, 
P = 0.02). Both showed similar results in 1985. 

Table S-Qniflcant Spa-man rank correlations (P 5 0.05) 
for forest floor charscterlstics at the pitfall grids and selected 
small mammals captured, Oregon Cawades, 1984 

Table 9-SignUicaot Spesrmao rank correlations (P S 0.05) for 
understory and ground-cover characteristics at the pitfall grids 
and selected small mammals captured, Oregon Cascades, 1984 

Deer mowe 

Grasses (c-O.5 In) 0.45 
Fern (O-0.5 m) a47 
km (0.5-Z m) -0.44 

Mduoussblubs(O4Sm) 0.27 
Decid”O”S trees (O-0.5 m) 0.50 
Deciduous trees (0.5-Z m) 0.47 
Needle-leaf evergreen 

(2 m-midstory) 0.34 

Bellyproducing shrubs 
(00.5m) 0.29 

Dezidws *@.lbs(&O.5m) 0.29 
Deciduous Wee6 (O-O.5 m) 0.42 
Dezidwus trees (0.5-Z m) 0.32 
Deciduous sb~bs (2 m- 
midstay) 0.32 

Grass (oa.5 m) -0.43 
Fem(Oa5m, 0.31 
Berry-p-ducingshrubs 

(0.0.5 m) 0.50 
Evergrrmskmbs(O.O.5m) -0.42 
Deciduous shbs (CKxSm) 0.35 
D,%id”O”S shrub (0.5~2m) 0.43 
Benypmhcing shrubs 

(2 m-midJtor/) 0.54 

Most species varied behveen years in the characteristics 
of the sites at which they were caught, but few significant 
changes (Spearman rank correlations) occurred from positive 
to negative or from negative to positive. The more common 
result was that some characteristics were significantly assc- 
ciated one year and not the other. 
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The montane shrew was positively associated with berry-
producing shrubs up to the midstory level (R = 0.26-0.50;
P < 0.05) and all deciduous shrubs (R = 0.34; P = 0.001) up
to 2.0 m high (table 10). The montane shrew, the marsh
shrew, and Trowbridge’s shrew were caught at sites where
ferns were a dominant ground cover. The Pacific shrew was
associated with broadleaf evergreen trees in the 0.5- to 2.0-m
zone (R = 0.50, P c 0.0001); it was negatively associated
with berry-producing and deciduous shrubs (R = 0.32) and
was caught at sites with evergreen shrubs (R = 0.47) up to
0.5 m tall (table 10). Forest floor characteristics associated
with the marsh shrew were logs of decay-class 1 (R = 0.26)
and 3 (R = 0.26), and with the montane shrew were lichen
and aspect (R = 0.30; P = 0.02); the vagrant shrew was
negatively associated (R = -0.38) with lichen (table 11).
Townsend’s mole was caught in traps with logs of decay-
classes 2 to 5 (R = 0.27-0.32) nearby.

Discussion
The red tree vole, deer mouse, Trowbridge’s shrew and the
shrew-mole were the only small mammals positively associ-
ated with older stands in our study, and none seemed depend-
ent on the availability of old growth. Corn and others (1988)
generally concur with this and found that only the red tree
vole was significantly associated with old-growth Douglas-fir
stands in their study of the Oregon Cascades. Raphael (1984,
1988c) and Raphael and Barrett (1984) listed 10 small mam-
mals significantly associated with old-growth Douglas-fir for-
ests in northern California, an area not dissimilar to Rogue-
Umpqua. Trowbridge’s shrew can be discounted as an
old-growth associate because it is a very common species
that occurs in all ages of stands.

The mean species richness observed in this study was higher
and more variable on the chronosequence than that observed
by Corn and others (1988) or Raphael (1984). Species diver-
sity studies are limited usually by the short temporal span of
sampling the environment, and, because studies such as ours
tend to rely on data gathered from many single sample sur-
veys, erroneous correlations can be drawn (Wiens 1981b).
Greater replication, especially between years, would have
been useful. Temporal fluctuations in small mammal commu-
nities and their use of the environment are known to occur
(Asher and Thomas 1985, McCloskey 1975, Nel 1978,
Whitford 1976). The relations to habitat structure may be
highly variable if temporal shifts are occurring. Yet many
authors have shown or inferred that habitat factors are impor-
tant in determining small mammal community structure (for
example, Dueser and Shugart 1979, McCloskey 1975, Morris
1984, Rosenzweig and Winakur 1969). Generally, the ani-
mals we trapped were found associated with different vegeta-
tion conditions between years and between times of year.

Table M-Significant Spearman rank correlations for
vegetative characteristics at snap-trap capture locations for
small mammals, Oregon Cascades, 1984

Species Vegetative characteristics R-value P

Western red-backed
vole

Trowbridge’s shrew

Marsh shrew

Pacific shrew

Grass (0-0.5 m)
Fern (0-0.5 m)
Evergreen shrub (0-0.5 m)
Fern (0-5.-2 m)
Berry-producing shrub

(2 m-midstoty)
Deciduous shrubs (2 m-
midstory)

Needleleaf evergreen trees
(super canopy)

Fern (0-0.5 m)
Fern (0.5-2 m)

Grass (0-0.5 m)
Fern (0-0.5 m)
Fern (0.5-2 m)
Berry-producing shrubs

(0.5-2 m)
Needleleaf evergreen tree

(super canopy)

Berry-producing shrubs
( 0 - 0 . 5  m )  

Evergreen shrubs (0-0.5 m)
Deciduous shrubs (0-0.5 m)
Broadleaf evergreen trees
(0-0.5 m)

Broadleaf evergreen trees
(0-0.5 m)

Needle-leaf evergreen trees
(0-0.5 m)

Needleleaf evergreen trees
(2 m-midstory)

Grass (0-0.5 m)
Fern (0-0.5 m)
Berry-producing shrubs

(0-0.5 m)
Evergreen shrubs (0-0.5 m)
Broadleaf evergreen trees

(0-0.5 m)
Berry-producing shrubs

( 0 . 5 - 2 m )  
Deciduous shrubs (0.5-2 m)
Broadleaf evergreen trees 

(0.5-2 m)
Berry-producing shrubs

(2 m-midstory)
Evergreen shrubs (2 m-
midstory)

Broadleaf evergreen trees
(2 m-midstory)

Broadleaf evergreen trees
(main canopy)

Needleleaf evergreen trees
(super canopy)

0.54 <0.00
-0.36 0.007

0.26 0.05
-0.28 0.04

-0.28 0.04

0.29 0.03

0.39 0.003

0.40 0.002
0.40 0.002

-0.31 0.02
0.35 0.007
0.28 0.04

0.29 0.03

-0.37 0.005

-0.41 0.002
0.47 0.0003

-0.32 0.02

0.50 <0.0001

0.61 <0.000l

-0.28 0.04

-0.28 0.03

-0.27 0.04
0.29 0.03

0.49 <0.000l
-0.38 0.003

-0.55 <0.0001

0.50 <O.OOOl
0.34 0.001

-0.40 0.002

0.26 0.05

-0.27 0.05

-0.41 0.002

-0.32 0.02

-0.45 0.0004
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Table 11-Significant Spearman rank correlations for forest-
floor characteristics at snap-trap capture sites for small
mammals, Oregon Cascades, 1984

Species Variable R-value P

Trowbridge’s shrew

Marsh shrew

Logs, decayclass 2

Fine litter
Logs, decay-class 1
Logs, decay-class 3

0.31 0.02

-0.30 0.03
0.26 0.05
0.26 0.05

Pacific shrew

Montane shrew

Lichen

Bare soil
Lichen

-0.37 0.006

-0.33 0.01
0.35 0.008

Townsend’s mole Bare rock -0.29 0.03
Coarse litter 0.28 0.04
Logs, decay-class 2 0.39 0.02
Logs. decay-class 3 0.30 0.03
Logs, decay-class 4 0.27 0.04
Logs, decay-class 5 0.32 0.02

Coast mole Bare rock -0.26 -0.05

This supports the speculation that temporal variation of habi-
tat use occurred, which reduced the predictability of results
based on physiognomy.

We captured too few red tree voles for meaningful statistical
analysis or to conclude that they are related to older stands
of Douglas-fir. Such a relation has been suggested for this
species by other authors, and old-growth Douglas-fir is con-
sidered to be optimum habitat (Corn and Bury 1986, Franklin
and others 1981, Meslow and others 1981). We, and the
other authors, found the red tree vole primarily in mesic to
wet old-growth stands but the strong associations with medi-
um Pacific dogwood, berry-producing shrubs, and deciduous
trees of smaller diameter may be a function of the small
sample size. They may have been selecting such vegetation
for food, however. Some of the animals we captured may
have been dispersing; most of the males were juveniles, and
the species is supposed to be arboreal and thus seldom found
on the ground (Maser and others 1981). The females were
mainly adult, and the sex ratio was almost equal. Although
we cannot draw any conclusion as to the function of terres-
trial activity in the species, it obviously occurs. Terrestrial
nesting has been suggested for males (see Corn and Bury
1986). but we found equal numbers of females. Corn and
Bury (1986) caught predominantly females in their pitfall
traps.

The shrew-mole is an insectivore (Terry 1978, Whitaker and
Maser 1976) and, in a study in King County, WA, it was
found in forested areas with a high organic content to the
soil (Terry 1981). We found no such clear delineation of
habitat use, although the shrew-mole is a known shallow

burrower (Dalquest and Orcutt 1942). What associations did
exist in our study suggested an ubiquitous use of the environ-
ment, similar to the findings of Corn and others (1988).

Red-backed voles were negatively associated with sites with
fern as a dominant ground cover. Ferns were often found
with shrub or other understory cover, which suggests avoid-
ance of such areas. As a mycophagist (Maser and others
1978, Ure and Maser 1982), the red-backed vole would be
expected to occur in conifer-dominated locations, at least at
the time of foraging for fungi. Negative associations with
Pacific dogwood and golden chinkapin support this. Lichens
are preferred food for red-backed voles in the Pacific North-
west (Vre and Maser 1982), and these voles were highly asso-
ciated with areas of lichen ground cover in our study. Maser
and others (198 1) say that the distribution of red-backed
voles is influenced by the presence of rotting, punky logs.
Hayes and Cross (1987) found capture of the species to be
positively correlated with mean log diameter and size of the
log overhang, suggesting they use this space as travel corri-
dors. Our captures were positively associated with logs of
decay-class 5, and many of our captures (Gilbert, pers. obs.)
were in the space under log overhangs.

The Soricidae were segregated somewhat in the western
Oregon Cascades. The vagrant shrew was found primarily in
higher elevation stands in the northern Oregon Cascades. Al-
though the montane shrew was also associated with Mt.
Hood, it selected young stands and thus was significantly
associated with shrubby areas. The Pacific shrew was
restricted to the central and southern subprovince locations,
and it was a generalist in its use of the habitat. A lot of the
shrews from Andrews could not be identified to species
(other than that they definitely were not Trowbridge’s shrew)
because of mixed characters. Hennings and Hoffman (1977)
and Findley (1955) have discussed the taxonomic difficulties
with the montane, Pacific, and vagrant shrews, and, until the
taxonomic issue is resolved we decided to identify these
individuals only to genus. Terry (1981) could not correlate
the montane shrew with any vegetational factors and found
the vagrant shrew may have been excluded competitively by
Trowbridge’s shrew. Dalquest (1941) considered the vagrant
shrew to be dominant over Trowbridge’s shrew. Our findings
did not reject competitive exclusion by either species.

Although this study provided data on habitat usage by small
mammals, it showed the difficulties that occur in time-
restricted analyses of vertebrate communities. Three of the
four species that had some old-growth association were either
weakly linked (the shrew-mole), relatively abundant species
in other age-classes (western red-backed vole and the deer
mouse), or both (the deer mouse). The deer mouse is of in-
terest because other authors (for example, Gashwiler 1970a,
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Hooven 1973, Hooven and Black 1976, Martell and Radvanyi
1977) consider the species to be most abundant in early suc-
cessional forests. We trapped during a low in the population
cycle of the deer mouse in the Oregon Cascades, and the
species seemed to be related to older successional forests.
Anthony and others (1987) had similar results trapping ripari-
an zones at Andrews in 1983, as did Raphael (1984) in north-
em California. Scrivner and Smith (1984) found the species
to be most associated with older successional stages (>80 yr)
of spruce-fir forests in Idaho, and Monthey and Soutiere
(1985) had similar results with a related subspecies in Maine
conifer forests. Sullivan (1979) stated that clearcut areas may
be population sinks for dispersing deer mice. Although the
species is not restricted by any means to older successional
stages, older forests may provide its best habitat.

Douglas’ squirrels were not sampled adequately by trapping
to provide any information on their dependence on old-
growth. Data derived from avifauna surveys (Gilbert 1985)
provided no evidence of dependence on old-growth, although
Raphael (1984,1988) and Raphael and Barrett (1984) found
a significant positive correlation with stand age for the
Douglas’ squirrel in Douglas-fir forests in northern California.
Flying squirrel abundance was positively correlated with
large-snag density (Volz 1986, this study), suggesting this
habitat feature is necessary for suitable den trees and cavities
and may be limiting for that species. Maser and others
(1981), however, note that in locations in western Oregon
where these more suitable nesting sites have been removed
by logging, the species will build outside nests. We noticed
some of these nests as well.

One cautionary note is that virtually all the stands we studied
were natural and not the intensively managed stands that can
be expected in the future. Even the young stands had large
amounts of coarse woody debris and snag numbers almost
equivalent to old-growth stands. Vegetational features and
coarse woody debris in stands originating from logging rather
than fire are considerably different. We did sample a few

such stands with a previous history of logging, and these
young and mature stands had fewer species and individuals
in the small mammal communities than comparable natural
stands (Gilbert 1985). Other evidence supports such impacts
of logging on particular species; Corn and others (1988),
state that we have probably already eliminated much of the
red tree vole habitat by extensive logging of low elevation,
old-growth forests. The habitat features supporting the abun-
dance of small mammals we observed in the Oregon Cas-
cades will be reduced or eliminated in managed forests, cre-
ating a risk that species richness will decline (compare to
Weisbrod 1976) unless forest management practices provide
opportunities for maintaining such elements as coarse woody
debris and large trees in the managed Douglas-fir forests of
the future. Some of the species we captured were definitely
linked with these features of structural diversity (for example,
the red tree vole, flying squirrel, and western red-backed
vole). Therefore, although old-growth may not be itself lim-
iting to very many species, the structural complexity of
naturally regenerated forests may be required for maintaining
small mammal diversity.
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Appendix
Table 12-Vegetation and site measurements for pitfall and snap trap grids, Oregon Cascades, 1984

I. Measurements on a 100 m2 area (5.6-m radius)

Forest floor:
1. Cover of logs by decay-class (%) (>lO cm diameter).
2. Litter depth at three points (01, 02) (mm).
3. Coverage of forest floor by various substrates: exposed bare rock, exposed bare mineral soil, fine organic litter (<l0-cm diameter),

coarse organic litter (>10-cm diameter), moss, lichen.
(Total - 100%).

A. Vegetation characteristics
4. Coverage of foliage by height interval and life form (%).
a. Height intervals

1. 0-0.5 m (100 m2 area)
2. 0.5-2.0 m (100 m2 area)
3. 2.0 m through midstory (shrubs and trees not entering main canopy) (707 m2 area).
4. Canopy trees forming main canopy layer (707 m2 area).
5. Super canopy trees (crowns extending well above main canopy layer) (707 m2 area).

b. Life forms
1. Herbs
2. Graminoids (grass & grasslike plants including sedges)
3 .  Ferns
4. Berry-producing ericaceous shrubs (Vaccinium and Gaultheria)
5. Evergreen shrubs (including shrubs of #4)
6. Deciduous shrubs (including shrubs of #4)
7. Deciduous trees
8. Broadleaf evergreen trees
9. Needleleaf evergreen trees

B Stand characteris tics
5. Number and species of small diameter, live trees (l-10 cm d.b.h.).
6. Number and species of medium diameter, live trees (l0-50 cm d.b.h.).
7. Number by decay-class of large diameter, medium tall snags (>50 cm d.b.h. and 5-15 m tall).
8. Number by decay-class of medium diameter, medium tall snags (l0-15 cm d.b.h. and 5-15 m tall).
9. Number by decay-class of short snags (any d.b.h., 1.5-5 m tall).

10. Number stumps (<l.5 m tall, natural or cut).

II. Measurements on a 707 m2 area (15-m radius, the distance to next trap station).

A. Stand characteristics
11. Number and species of large live trees (50-100 cm d.b.h.).
12. Number and species of very large live trees (>l00 cm d.b.h.).
13. Number by decay-class of large diameter, tall snags (>50 cm d.b.h. and 15 m tall).
14. Number by decay-class medium diameter, tall snags (l0-50 cm d.b.h. and >15 m tall).

B. Site characteristics
15. Surface water (presence/absence).
16. Type of water: I (intermittent stream), P (perennial stream); S (seep); 0 (pool/pond).
17. Rock outcrop (>l% of area) (presence/absence).
18. Exposed talus (>l% of area) (presence/absence).
19. Number of recent tree-fall mounds-pits with exposed roots and mineral soil.
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Abstract
Small mammal faunas on the western slope of the southern
Washington Cascade Range were sampled to describe pat-
terns of abundance along gradients of forest age and moisture
and to identify structural, vegetative, and environmental fea-
tures associated with these patterns. Forty-five primary sites
were sampled by snap and pitfall trapping in 1984 and 1985,
resulting in the capture of 6751 individuals of 20 species, of
which 11 were regularly caught and statistically analyzed.
Four of these 11 species had different abundances between
years. The abundance of two species differed between forest
age-classes. The deer mouse was caught more often in old-
growth than young forest, and the forest deer mouse was
caught more often in mature and old-growth than young
forest. The abundance of three species differed between
moisture-classes of old-growth forest. The marsh shrew was
caught more often in wet than in moderate old-growth forest,
and the southern red-backed vole was caught more often in
dry than in moderate or wet old-growth forest. In 1985 only,
the deer mouse was caught more often in moderate than in
wet old-growth forest. Elevation (404 to 1218 m) was not a
strong factor influencing small mammal abundance. Cluster-
ing sites by similarity coefficients (Jaccard’s) based on

mammalian presence-absence data or by the abundance of
frequently captured species (K-means) did not indicate a
mammalian community that was strongly organized with
respect to gradients of forest age or moisture. Habitat vari-
ables were weakly correlated with the abundance of mamma-
lian species. The forest-floor small mammal community in
these naturally regenerated forests appears adapted to a broad
range of conditions related to forest age and moisture.

Introduction
The small mammal communities of the western slopes of
the southern Washington Cascade Range are composed of
species from two mammalian faunas (Dalquest 1948). Before
the last glacial period (Vashon-Wisconsin), species char-
acteristic of the temperate forests of the Pacific coast, such
as the shrew-mole, Townsend’s mole, Trowbridge’s shrew,
the marsh shrew, Townsend’s chipmunk, the deer mouse,
Townsend’s vole, and the creeping vole, probably were the
most common species in the region. As glacial advance
proceeded, species associated with boreal conditions to the
north, such as the water shrew, the yellow-pine chipmunk,
the heather vole, the southern red-backed vole, the water
vole, and probably the forest deer mouse, moved southward
through the Cascades. At glacial maximum, species of both
faunas inhabited this unglaciated region. With retreat of
glacial ice, these species expanded their distributions gen-
erally north and east, colonizing the Cascades as habitats
became suitable (Dalquest 1948).
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Small mammals, therefore, have inhabited the southern por-
tion of the Washington Cascades longer than areas farther
north. If consistent associations occur between small mam-
mals and naturally occurring gradients of forest age and
moisture, they might be expected to occur in the south. Do
unique species combinations occur along these gradients, or
are the constituent species capable of persisting in an array
of forest conditions? These questions have gained importance
in recent years, with increasing attention to the issue of
preserving old-growth forests. This study addresses the
relationships between small mammal communities and
naturally regenerated forests. Extrapolation of conclusions
from this work to potential relationships in managed forests
will be difficult, as discussed below.

The central objective of this paper is to describe the patterns
of small mammal species abundances over a gradient of for-
est age, and within old-growth forests, to describe patterns of
abundance over a gradient of moisture. This paper also will
investigate correlations between small mammal abundances
and selected environmental and vegetational variables.

years old), 9 sites in mature forest (80-190 years old), and 18
sites in old-growth forest (210-730 years old). All 27 old-
growth sites were classified into moisture-classes, yielding 9
wet sites, 11 moderate sites, and 7 dry sites.

Small Mammal Sampling

Sampling techniques varied, reflecting the different natural
histories of the small mammal fauna. This study used four
techniques: vocalization frequencies of tree squirrels, track
records from smoked aluminum plates, snap-trapping, and
pitfall trapping. Vocalization frequency data were collected
as part of the spring avian surveys, using variable circular
plots (Manuwal, this volume). These data were used in con-
junction with the other techniques to assess the presence or
absence of squirrels on the study sites. Data on track fre-
quency (Carey and Witt 1991) were used in the same fashion.
They were particularly useful in establishing the presence of
squirrels and chipmunks, species not sampled efficiently by
snap or pitfall trapping. By far the most important techniques,
and the ones yielding information on relative abundance,
were snap-trapping and pitfall trapping.

Methods As noted by Briese and Smith (1974), Bury and Corn (1987),
Study Sites

This work was conducted on 54 sites on the western slopes
of the southern Washington Cascade Range. Sites were
located predominantly within the Western Hemlock Zone
(Franklin and Dymess 1973) at elevations ranging from 404
to 1218 m. Some of the higher elevation sites extended into
the Pacific Silver Fir Zone. Most forested sites had Douglas-
fir as the dominant tree species, although wet old-growth
forests had a large proportions of western redcedar. The sites
chosen for small mammal studies form a subset of a large
number of sites investigated botanically. For an extensive
treatment of the vegetational composition and structure of
the study stands, see Spies (this volume) and Spies and
Franklin (this volume).

and Williams and Braun (1983), capture efficiency differs
consistently between snap and pitfall traps. In general, pitfall
traps sample nonjumping rodents and insectivores more
effectively than do snap traps, which sample more agile
rodents most effectively. Species lists exclusively derived
from one technique will reflect this sampling bias. Estimates
of relative abundance in this paper consequently combined
information from both techniques. West (in press) describes
the snap-trapping methods used in this study and a rationale
for developing this particular protocol. Briefly, we used two
Museum-Special traps at each of 144 trapping stations. Most
of the traps were new-model Museum Specials with plastic
treadles (West 1985). Stations were arrayed on a 12 by 12
grid with 15-m interstation distances. Traps were baited with
peanut butter and whole oats, and operated for four consec-

Of the 54 sites, 8 were on areas recently clearcut (cut 6-21 utive days. We trapped each site once during July and August

years previously). These sites were sampled for small mam- in both years. Trapping grids were relocated within sites

mals in 1984, but could not be included in sampling during between years to avoid sampling potentially depleted popu-

1985. One forested site was sampled only in 1985, and the lations in 1985. Corn and Bury (1990) also describe methods

remaining 45 sites were sampled in both years. These 45 of pitfall trapping that were developed primarily for sampling

sites (see frontispiece), which ranged in size from 51 to 1690 amphibians and reptiles. Mammals and herpetofauna were

ha (mean size = 488 ha), are the focus of this paper. sampled simultaneously. Pitfall arrays consisted of 36 traps
on a 6 by 6 grid with 15-m spacing between traps. Pitfall

Sites were chosen based on several physical and vegetational
traps were operated continuously for 30 to 34 days each fall,

characteristics (Carey and Spies, this volume), and subse- beginning in October. Traps were checked once a week and

quently placed into classes along gradients of age and moist- were relocated within sites between years. All captured ani-

ure (Spies and Franklin, this volume). Of the 45 sites, 36
mals were given to the Burke Memorial Museum at the

were judged sufficiently similar in site moisture conditions
University of Washington.

(moderate vs. very wet or dry) to be compared along an age
gradient. Elimination of very wet or dry sites resulted in a
chronosequence consisting of 9 sites in young forest (55-75
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Vegetation Sampling 

Information on the physical features of the sites and their 
vegetational composition and structure was gathered on the 
snap and pitfall trapping grids in a similar manner. Variables 
appropriately measured at a small scale, such as coverage of 
the forest floor by different substrates, percentage cover of 
logs by decay-class, and percentage cover of herbs, ferns, 
most shrubs, and small trees, were recorded on 100-m’ circu- 
lar plots. Variables of larger scale, such as large trees, large 
standing snags, and site characteristics (presence and type of 
water, rock outcrops, or talus) were measured on 707-m cir- 
cular plots centered on rhe smaller plots. Centers of the con- 
centric plots were equidistant from four pitfall traps or snap- 
trapping stations, resulting in 9 vegetation plots on the pitfall 
grids and 16 plots on the snap-Impping grids. Because these 
grids were relocated between years, we collected data from 
different grids each year. 

Data Analyses 

This paper is concerned with the responses of small mammal 
populations at the site or stand scale. Abundance patterns 
were. characterized, and correlations with habitat features 
were sought, from summations of snap and pitfall captores in 
each year with site and vegetation variables averaged over all 
plots in both years. Such an approach was taken to provide a 
comprehensive data seL As discussed above, combining snap 
and pitfall data enlarges sample sizes and helps reduce the 
known biases of each method. By combining information 
from all vegetation plots (n = 50), a good average value could 
be obtained for most variables. All statistical work was done 
with SYSTAT microcomputer programs (Wilkinson 1988). 

Counts of captured animals are reported as numbers per 100 
trap-nights. For snap-trap data, these coonts were corrected 
for empty, snapped traps, and for traps occupied by another 
species. Because pitfall traps were multiplecapture imps, 
such adjustments to the capture totals were unnecessary. 
Before statistical analyses, capture data were transfomwd 
logarithmically @(x+1)). 

All variables measured on the vegetation plots were in- 
spected for statistical normality and transformed using loga- 
rithmic @1(x+1)), square root ((x+3/8)), and arcsine (am(x)) 
functions as appropriate. Redundant variables were either 
eliminated from furtber analysis or combined with similar 
variables after inspecting the Pearson correlation matrix of 
the data. Of the field-recorded variables, a subset of 3 1 var- 
iables consisting of original and combined variables was 
used to examine correlations between small mammal 
abundance and habitat features (appendix table 7). 

Small mammal responses to forest-age and moisture gradi- 
ents, and to selected environmental variables were investi- 
gated in three general ways. Analyses of variance (repeated 
measures ANOVA) of small mammal abundance with forest 
age (young, mature, and old-growth forest) and moisture- 
classes (dry, moderate, and wet old-growth forest) assessed 
the variation in abundance for successive years aaoss both 
gradients. When significant class-by-year interactions were 
present, I used separate one-way ANOVAs with Tukey’s 
HSD test for multiple comparisons. I used Pearson corre- 
lation coefficients to test for associations with selected envi- 
ronmental parameters, and multiple regression to assess the 
consistency and strength of association between vegetative 
physiographic variables and the abundance of mammals. The 
ANOVAs and correlation coefficients were calculated for 
species for which at least 40 individuals were captured. The 
composition of mammalian communities, based on the 
presence or absence of species for each site, was obtained by 
combining capture totals in both years with information from 
the aviao surveys and the track plates. The resulting matrix 
of presence-or-absence data by sites (species in table 1 plus 
the Douglas’ squirrel) was clustered hierarchically by 
Jaccard’s similarity coefficients (Jaccard 1912) to reveal 
community pattern along the forest-age and moisture 
gradients. In addition, K-means clustering (Hartigan 1975) 
on the abundance of the most frequently captured species 
(11 species) was used to investigate community pattern from 
a different perspective. 

Table ISmall mammals captured in snap (July and 
August) and pltfall traps (October and early November) 
on 45 forested sites in the southern Washington Cascade 
RaIIge 

1984 1985 TOtal Comon name 

hsectivora 
Vagrant shrd 
Montane shrew” 
Water shrew 
Marsh shrew 
Trowbridge’s shrewb 
Unidentified shrew 
ShW-IllOk 
Coast male 

Lagomorpha 
Pika 

Rodemia 
Yellow-pine chipmunk 
Townsend’s chipmunk 
Unidentified chipmunk 
Northern flying squinel 
Northern pocket gopher 
Deer mouse 

20 48 68 
452 859 1,311 

6 3 9 
7.1 25 46 

1,105 x41 1.946 
26 12 38 

116 115 231 
11 10 21 

1 1 2 

1 11 12 
26 16 42 

0 1 1 
2 27 29 
0 1 1 

101 125 226 
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Table l-continued

Common name 1984 1985 Total

Rodentia
Forest deer mouseb 539 375 914
Unidentified deer mouse 96 60 156
Southern red-backed vole 737 775 1512
Long-tailed vole 0 4
Creeping vole 2; 30 59
Water vole 1 6 7
Unidentified vole
Pacific jumping mouse 3;

7 8
51 90

Carnivora
Ermine 5 13 18

All species totals 3339 3412 6751

l Captured more frequently in 1985 than in 1984.
Captured more frequently in 1984 than in 1985.

Table 2Small mammals captured in snap traps
during 1984 on 8 clearcut  areas in the southern
Washington Cascade Range

Common name Total

fnsectivora:
Vagrant shrew 2
Montane shrew 34
Marsh shrew 1
Trowbridge’s shrew 7
Unidentified shrew 3
Shrew-mole 2

Rodentia:
Yellow-pine chipmunk 19
Townsend’s chipmunk 15
Cascade golden-mantled ground squirrel 2
Northern pocket gopher 4
Deer mouse 61
Forest deer mouse 36
Unidentified deer mouse 64
Southern red-backed vole 6
Long-tailed vole 3
Heather vole 6
Creeping vole 12
Unidentified vole 1
Pacific jumping mouse 10

All species total 288

Results
A total of 7084 individuals of 23 species were caught over
2 on the 54 sites. Ofyears this total, 333 individuals of 17
species were caught on eight clearcut sites that were sampled
only in 1984 (table 2), and on one old-growth moderate site

Table 3Small  mammals captured with snap and
pitfall traps on an old-growth moderate site in 1985
in the southern Washington Cascade Range (this
site was not sampled in 1984)

Common name Snap traps Pitfall traps

Montane shrew 6 10
Trowbridge’s shrew 0 1
Vagrant shrew 1 2
Coast mole 0 1
Deer mouse 5 6
Forest deer mouse 6 7

Totals 18 27

sampled in 1985 (table 3). The remaining 6751 captures of
20 species, made on 45 sites sampled in both years, constitute
the focus of this paper (table 1). A consistent feature of these
trapping returns is that they are numerically dominated by
four species (table 1). Trowbridge’s shrew was the most
common species (1946 captures), followed in abundance by
the southern red-backed vole (1512 captures), the montane
shrew (13 11 captures), and the forest deer mouse (9 14
captures). Insectivorous mammals (genera Sorex,  Neuro-
trichus, and Scupanus)  and rodents were roughly equal in the
sample, with 3670 insectivores to 3061 rodents (table 1).

Identification of all individuals to species is incomplete; 38
Sorex, one chipmunk, and eight microtine rodents, could not
be reliably identified (table 1). The largest group of unidenti-
fied animals are deer mice (156 young individuals, table 1).
Resolution of this problem awaits discovery of a reliable
morphological means of distinguishing juvenile and sub-
adult forest deer mice from deer mice (Bangs 1898). Recent
work on this problem (Allard  and others 1987, Gunn and
Greenbaum 1986) was conducted on adult animals, and as
the discriminating variables all depend on growth allometries,
they do not help with young animals. Adult deer mice were
assigned to species based on the tail-length criterion of
Allard and others (1987).

If captures for 1984 and 1985 are combined, at least 40 in-
dividuals were caught for 11 of the 20 species (fig, 1 and
table 1). The remaining nine species, although discussed
below with respect to their general habitat preferences, are
not considered further here. When compared over all 45 sites,
4 of the 11 species were caught with different frequency
between years (t-test, P < 0.05). The vagrant shrew and the
montane shrew were caught more frequently in 1985 than in
1984, but Trowbridge’s shrew and the forest deer mouse were
captured more frequently in 1984 than in 1985 (table 1).



MM” TRSH S”MD TOW OEM0 FDMO SRBY CR”0 PlMO The Gequency of capture differed between years for four spe- 
Species ties in the 36 sites comprising the chronosequence. The 

Species Response to Gradients of Forest Age and Moisture 

7 

Forest-age gradient--Only deer mice showed statistically 
0 Young significant differences between age-classes. The deer mouse 
q Matlm was more abundant in old-growth than in young forest, and 
. Old the forest deer mouse was more abundant in both mature and 

old-growth forest than in young forest (table 4). TWO species, 
the Townsend’s chipmunk and the Pacific jumping mouse, 
were caught in higher numbers in old forest than in young 
forest, although the differences were not statistically signifi- 
cant (table 4). 

vagrant shrew, the montane shrew, and the deer mouse wcrc 
caught more frequently in 1985 than in 1984. Trowbridge’s 
shrew was captured more frequently in 1984 than in 1985. 
Change in capture frequency between years was apportioned 
similarly across age-classes for the montane shrew, Trow- 
bridge’s shrew, and the deer mouse, but the vagrant shrew 
was captured much more often in mature and old-growth 
sites in 1985 than in 1984 (table 4). 

Table 4-Means, standard deviations, and frequency of occurrence (percent) oismall mammal 
captures (number per 100 tiap-nights) in snap (July and August) and pitfall traps (October and 
early November) on 36 forested sites representing an age gradient in the southern Washington 
Cascade Range. (where ANOVA is significant, ditferences between means are indicated with 
different letters (A, B); c1 = 0.05) 

h 

i 
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Table &-continued 

Common name 

MWll 
S.D. 
% 

Rodents 
Townsend’s chipmunk 

MCXI 
S.D. 
% 

% 

Forest deer mouse 
MMem 
S.D. 
% 

Southern red-backed 
V& 
MeUl 
S.D. 
% 

Rodents 
creeping vole 

MWl 
S.D. 
% 

Pacific jumping mouse 
MeWI 
S.D. 
% 

Total mammals 
MWI 
S.D. 

Species richness 
MWI 
S.D. 



More total mammals were caught in mature. and old-growth 
forests than in young forests (table 4). Although not statisti- 
tally significant, the trend was toward more species in older 
forest age-classes (table 4, P = 0.07). 

caught in greater numbers on wet old-growth than on moder- 
ate sites, and showed a trend of higher captures on wet than 
dry sites (P = 0.07). The southern red-backed vole was caught 
more frequently in dry than moderate or wet old-growth for- 
ests (table 5). although this pattern is complicated by an 

Forest moisture gradient-Within the 27 old-growth forest 
sites, only the marsh shrew had an unambiguous response to 
the moisture gradient (table 5, fig. 2). The marsh shrew was 

interaction with the high elevation of dry sites as discussed 
below. 

Table S-Means, standard deviations, and frequency of occurrence (percent) of small mammal 
captures (number per 100 trap-nights) in snap (July and August) and pitfall traps (October and 
early November) on 21 forested sites representing 8 moishrre gradient within old-growth forest 
in the southern Washington Cascade Range (where ANOVA is significant, differences between 
means arc indicated with different letters; a = 0.05) 

1984 1985 

Insectivores 
vagrant shrew 

Mean 
S.D. 
% 

MWtl 
SD. 
% 

Marsh shrew 
MeSXl 
S.D. 
% 

Trowbridge’s shrewb 
MCXJI 
S.D. 
% 

Insectivores 
Shrew-mole 

MC.Wl 
SD. 
% 

Rodents 
Townsend’s chipmunk 

MeWI 
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Tablc S-continued 

1984 1985 

Gammon name 

Forest deer ,,,oux? 
MWI 
S.D. 
% 

Southern red-backed 
Vole 
MMl 
S.D. 
% 

Rodents 
creeping vole 

Me%8 
S.D. 
% 

Pacific jumping mouse 
MCUl 
S.D. 
90 

Total mammals 
MUII 
S.D. 

Species richness 
Mea 
S.D. 

The pattern of capture across moisture-classes was different 
between years for both deer mice species. Because of the sig- 

1 
nificant interaction of moisture-class by year, each yea was 
analyzed separately. Captures of the deer mouse in 1984 were 
not significantly different across moisture-classes, but deer 
mice were infrequently captured in wet (relative to moderate), 
old-growth forest in 1985 (table 5, P = 0.02), and tended to 
be captured in dry rather than wet old-growth forest as well 
(P = 0.08). In parallel fashion, captures of the forest deer 
mouse were not significantly different in 1984, but forest 
deer mice tended to be caught in wet relative to moderate 
old-growth forest (table 5, P = 0.06). 

The frequency of capture differed between years for three 
species in the 27 sites representing the moisture gradient 
(table 5). The montane shrew was caught more frequently in 
1985 than in 1984, but Trowbridge’s shrew and the forest 
deer mouse were captured more often in 1984 than in 198.5. 
As was true across forest age-classes, changes in capture 



Table 6-Multiple correlations between individual habitat variables and small mammal abuvdance and 
species richness for the southern Washington Cascade Raye (statistically significant regresston coefficients 
(I’< 0.05) are given for each variable; adjusted multiple R is listed at bottom of table) 

Variable 

BSNGSMT 
MCCTREE 
TREPIT 
MSHRUB 
CSNGL 
LCONIF 
LOGC 
ROCK 
FERN 
LOGAB 
MCDTREE 
WATER 
SlOPE 
ASTUMP 
BCSTUMP 
LICH 
SOIL 
BSNGL 
R* 

i 

Deer mouse 
Forest 

deer mouse 

SOUth~ 
red-backed 

Vole 

1984 198 

0.05 
-.06 

0.0 
.l 

-.C 
.C 

.30 .I 

frequency between years was apportioned similarly across 
moisture-classes for montane and Tmwbridge’s shrews 
(table 5). Tbe forest deer mouse, however, tended to be cap- 
tured less frequently only in wet old growth. 

Environmental Correlates With Mammalian Abundance 

Elevation-Site elevation was not strongly correlated with 
the abundances of most species. Only three species showed 
a significant association with elevation, and of these, only 
the southern red-backed vole showed a consistent relation- 
ship between years [Trowbridge’s shrew in 1984 only, 
I = a.417 (P < 0.01); the shrew-mole in 1984 only, 
r = 0.417 (P < 0.01); the southern red-backed vole in 1984, 
r = 0.533 (P < 0.001) and in 1985, r = 0.527 (P < O.OOl)]. 

Vegetative and phyaiographic variablesThree mamma- 
lian species and two community variables were significantly 
correlated with sets of vegetative and physiographic variables 
(table 6). Of the 18 vegetative and physiographic variables 
correlated with mammalian abundance, only six were 
correlated in more than one instance. 

decay class (BSNGSMT) and the percentage cover of mid- 
canopy by coniferous trees (MCCTREE) were negatively 
correlated with deer mouse abundance, but deer mouse abun- 
dance in 1985 was positively correlated with the number of 
treepits QREPIT, or holes and root tangles associated with 
fallen trees), the percentage cover of mid-canopy shrubs 
(MSHRUB), and the number of large coniferous trees. Deer 
moose abundance in 1985 was negatively correlated with the 
number of large, well-decayed snags (CSNGL). Correlations 
between the forest deer mouse and vegetative and physiogra- 
phic variables were consistent between years, with positive 
associations for the number of large coniferous trees 
(LCONIF) and the percentage cover of well-decayed logs 
@XC). In general, the weak nature of the correlations 
underscores the fact that although more abundant in older 
forests, both species also were found in younger forests. 

Although the abundance of the deer mouse was significantly 
correlated with vegetative and physiographic variables in each 
year, the variables were different between years (table 6). 
In 1984, the number of medium tall snags of intermediate 

The pattern of correlation for the southern red-backed vole 
was different in that some associations held between years 
but others did not. Vole abundance in 1984 was positively 
correlated with the percentage. cover of rock (ROCK) and 
the presence of water (WATER), but it was negatively cor- 
related with the percentage cover of ferns (FERN), logs of 
early decay-classes (LGGAB), and mid-canopy deciduous 
tress (MCDTREE). In 1985, the correlations for WATER 
and MCDTREE remained, but new positive correlations were 
observed for the percentage cover of mid-canopy shrubs 

- 
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(MSHFWEQ, the number of large coniferous trees (LCONIF), 
and slope of the site (SLOPE), and a new negative correla- 
tion was seen for the percentage cover of well-decayed logs 
(LOGC). 

The total number of mammals captured (TMAM) and spe- 
cies richness (SPRICH) were not consistently correlated 
between years with individual vegetative and physiographic 
variables, although the multiple. correlations were significant 
in each year (table 6). 

Community Composition on Gradients of Forest Age and 
Moisture 
The composition of mammalian communities based on pres- 
ence or absence of species was not clearly related to the 
forest-age gradient. The hierarchical clustering of sites using 
Jaccard’s coefficient of similarity on the age gradient (36 
sites) produced clusters of sites with similar mammalian com- 
position along the left side of the dendrogmm in figure 3. 
Increasingly dissimilar sites (in terms of mammalian compo- 
sition) were joined to the right side of the dendrogram. If 
forest age was a primary influence on mammalian composi- 
tion, major clusters would be expected to reflect the age gra- 
dient In other words, different clusters should be composed 
of sites in different age-classes, which was not observed. 
Each of the five major clusters (cluster 1 = sites I-6; cluster 
2 = sites 7-14; cluster 3 = sites 15-20; cluster 4 = sites 21. 
26; cluster 5 = sites 27-36) contain sites from all three age- 
classes. Inspection of the dendrogram at higher levels of 
similarity yields some smaller clusters of similar age-class 
(for example, sites 9-13 and sites 27-31). but few clusters of 
similar age were found. K-means clustering (specifying three 
clusters) by the abundance of the most frequently captured 
species (11 species) showed the same lack of association 
between clusters and site age. The first cluster consisted of 
eight young, four mature, and nine old-growth sites; the 
second cluster of four mature and six old-growth sites; and 
the thiid cluster of one young, one mature, and three old- 
growth sites. 

Hierarchical clustering on the moisture gradient (27 sites) 
showed little correspondence between old-growth forest 
moisture-classes (dry, moderate, and wet) and the clusters of 
sites with similar mammalian species composition (fig. 4). 
No clusters consisted of just one moisture-class, although 
some clusters were composed of two classes, either moderate 
and wet (sites 15-21) or moderate and dry (sites 22-27). The 
K-means clustering procedure suggested that moisture status 
exerts somewhat more influence on community composition. 
Specifying three clusters, the fmt cluster was composed of 
two dry, eight moderate, and eight wet sites; the second 
cluster of five dry, two moderate, and one wet site; and the 
third cluster of just one moderate site. The grouping of five 

of the seven dry sites in the second cluster might indicate a 
tendency for similar mammalian communities on drier sitea. 
Sites in the second cluster supported rather high populations 
of red-backed voles. This relationship is clouded by the fact 
that several dry sites were at high elevation, and as discussed 
below, whether the primary influence is due to moisture or 
conditions related to high elevation is not clear. 
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I II 

Discussion 
Species Response to Gradients of Age and Moisture 

Forest age gradient-The relationships of deer mice to pat- 
terns of forest succession in Washington are being reevalu- 
ated in light of the recent elevation of the forest deer mouse 
to species states (Goon and Greenbaum 1986, Allard and 
others 1987). The forest deer mouse has mostly been con- 
sidered a subspecies of the deer mouse (Osgood 1909, but 
see Liu 1954, Ingles 1965, and Sheppe 1961), and that view 
has enhanced the conception of the deer mouse as an extreme 
habitat generalist. A substantial part of the habitat thought to 
be occupied by the deer mouse was actually occupied by the 
forest deer mouse. As demonstrated in this study for the 
southern Washington Cascade Range, the forest deer mouse 
is the more abundant of the two species in forested habitat 
(tables 1,4; figs. 1 and 5). Research has just begun to de- 
scribe the distributions and patterns of abundance of these 
species, and work is underway on the. taxonomic affinities of 
the forest deer mouse and other Peromyscus species in coastal 
British Colombia. The currently recognized range of the 

Species 

forest deer mouse may expand, a consequence of synonymiz- 
ing some of the coastal forms with the forest deer mouse. 
Relative to the deer mouse, which has one of the widest gee- 
graphic distributions of all species in North America and 
inhabits many different habitats, the forest deer mouse is a 
forest specialist. It is found in pre-canopy stages of forest 
succession (table 2, fig. 5), but is generally outnumbered by 
the deer mouse in such habitat. 

A positive relationship between abundance and forest age 
was an expected pattern for the forest deer mouse. As a for- 
est specialist, the forest deer mouse would be expected to 
reach high abundance in the well-developed forests that, his- 
torically, were the prevailing forest condition in the Pacific 
Northwest. Observing the same pattern for the deer mouse, 
however, was a little surprising. Deer mice were also more 
abundant in old-growth than in matore or young forest on the 
western slopes of the central Oregon Cascades (Anthony and 
others 1987). and more abundant in riparian zones of old- 
growth forest than in mature- and sawtimber-classes (sites 
50-150 years) in northwestern California (Raphael 1988c). 
The deer mouse may be more abundant in old rather than 
young forest because of the diversification of ground vegeta- 
tion with forest succession (Spies, this volume). Older forests 
may more closely resemble the diversity and abundance of 
herbaceous plants characteristic of pre-canopy successional 
stages than those of many closed-canopy young and mature 
forests. This resemblance is partially related to the uneven 
nature of old-forest canopies, which allow the growth of 
ground-layer plant species that depend on increased light. 
Deer mouse patterns of peak abundance in old forests, how- 
ever, are only relevant to the stages of forest succession 
that follow canopy closure. As in other regions (Anthony 
and others 1987, Raphael 1988c), the deer mouse is much 
more abundant in habitats that occur before canopy closure 
(table 2, fig. 5). 
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Like the deer mouse, Townsend’s chipmunk and the Pacific
jumping mouse are rather common in habitats without closed
forest canopies (table 2, fig. 5), and are known to inhabit
meadows and edge environments (Dalquest 1948). Their ten-
dency toward higher abundance in old-growth forest might
well be a response to the complex and patchy forest floor en-
vironment of old forests, which may be more similar to their
preferred habitats than ground conditions in young forests.
Anthony and others (1987) found these species in greater
numbers in riparian zones of young, rather than mature or
old-growth forests. This difference may have been due to the
younger ages (25-50 years) of sites in their “young-forest”
age-class compared to those in this study (55-75 years).
Given younger sites, the same pattern may hold in the
Washington Cascades.

Forest moisture gradient-The marsh shrew frequents wet
areas (Cowan and Guiguet 1965, Pattie 1973), but it is not as
tied to standing water as the water shrew. I have taken marsh
shrews at a considerable distance from water in quite dry,
second-growth, Douglas-fir forests. Nonetheless, the species
appears to be most abundant in wet forest, regardless of for-
est age. Anthony and others (1987) caught six shrews in
riparian zones of the western Oregon Cascade Range, three
individuals in old-growth, one in mature, and two in young
forests.

At first inspection, the southern red-backed vole appears
strongly associated with dry old-growth forest (table 5). Al-
though these data indicate that the voles can do well in dry
old-growth forests, dry conditions per se have not clearly
been shown to be critical. Southern red-backed voles were
caught more often at trap sites near water (table 6), and at
high elevation sites, patterns that held in both years. Dry sites
as a group tended to be at higher elevations (mean = 838 m)
than wet (762 m) or moderate sites (754 m). More important,
no dry sites were lower than 689 m in contrast to moderate
and wet sites with two sites less than 500 m, four less than
600 m, and five less than 660 m. Captures of red-backed
voles in these low elevation sites were few, averaging just
2.5 animals per site in 1984 and 0.5 animals in 1985. As a
further demonstration of this interaction, the correlation of
vole abundance for both years combined with the elevation
of dry sites was quite high (r = 0.83; P = 0.02). The primary
relationship may be with the environmental conditions re-
lated to high elevation, rather than to moisture. Six of the
seven dry sites were located south and southeast of Mount
Rainier, a region that yielded the highest capture totals for
red-backed voles. In fact, nine of the ten sites with the highest
capture totals for red-backed voles were from this region;
these included four dry and three moderate old-growth sites,
and two mature forest sites. Even though the relationship of
red-backed vole abundance to dry forest appeared to be posi-
tive, it is clearly not simple; elevation and biogeographic
factors must also be considered.

Both deer mice species shared the interaction between forest
moisture-class and years, and followed the same patterns of
capture in each moisture-class and year (table 5). For each
species, the major difference in capture frequency across
moisture-classes was the small number of captures in wet
sites during 1985. With only 2 years of data, determining
which, if either, of the 2 years represents the “usual” re-
sponse to moisture condition is impossible. Both species may
have responded to a rather widespread influence. Meteorolog-
ical data from the southern (Wind River), central (Packwood),
and northern (Longmire) portions of the study area indi-
cate that 1984 was generally cooler and wetter than 1985
(Manuwal, pers. comm.). Given consistent meteorological
differences between years, these may conceivably have in-
fluenced population growth differentially across moisture-
classes; however, speculations on mechanisms must await
clarification of the general response to moisture condition.

Trends in Other Species

Nine species poorly represented in the capture totals were
not tested statistically for their numeric responses to forest
age and moisture gradients. Because species that occur in
low abundance are a special concern, noting that the small
number of captures for these species (table 1: water shrew,
coast mole, yellow-pine chipmunk, pika, northern flying
squirrel, northern pocket gopher, water vole, long-tailed vole,
and ermine) does not necessarily indicate regional scarcity is
important. Most species either reach maximum abundance in
adjacent habitats or were not effectively sampled by the tech-
niques targeted for forest-floor mammals. The yellow-pine
chipmunk, the northern pocket gopher, the water vole, and
the pika are all found more commonly at higher elevations
than were sampled in this study (Dalquest 1948). The coast
mole is present in many habitats (Dalquest 1948; Hartman
and Yates 1985, Maser and others 1981) and is probably
most common in habitats without closed canopies at lower
elevations. It was not readily caught by pitfall and snap traps
and is no doubt more abundant in these forests than the cap-
ture returns would indicate. The coast mole can be sampled
more effectively with traps designed to capture moles, or by
indexing activity via mole-run counts (West, in press). The
ermine, although typically not an abundant species, is found
in a great variety of habitats (Cowan and Guiguet 1965,
Maser and others 1981).

Other species that were poorly represented in the capture
totals are of interest for different reasons. The northern flying
squirrel has received attention because of its importance as
prey for the spotted owl. As expected, pitfall or snap traps
did not adequately sample this species. Track plates were
used to index flying squirrel activity, and the resulting
frequency-counts were not positively associated with forest
age or moisture condition. Whether track frequencies are
highly correlated with squirrel abundance is not clear, how-
ever (Carey, pers. comm.). Recent work on the flying
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squirrel by the Forestry Sciences Laboratory (USDA Forest
Service, Olympia) in both Oregon and the Olympic Peninsula
of Washington should help clarify patterns of squirrel abun-
dance and their association with gradients of forest age or
moisture.

The habitat affinities of the long-tailed vole are poorly under-
stood in Washington. This species is captured sporadically,
although it has been recorded from many different habitats
(Cowan and Guiguet 1965, Dalquest 1948, Maser and others
1981, Randall and Johnson 1979). It has been found most
commonly in forest-edge environments and brushy riparian
zones where grass cover is usually present. I collected three
individuals in clearcut areas (table 2), one in a young, one
in an old-growth wet, and two in old-growth dry forests
(table 1). Although it is not a species that is closely associ-
ated with old forests, it needs further ecological study.

The water shrew is a riparian specialist. The techniques used
in this study probably would be effective in sampling the
water shrew if they were concentrated along permanent
watercourses, but because the sampling did not focus on
riparian strips, captures of this species were few. The water
shrew is also more common at elevations higher than most
sites in this study (Dalquest 1948). Its requirements for water
are understood, but whether it is more abundant in riparian
zones in old rather than young forests is unclear. In this
study, two shrews were caught in young forests, four in old-
growth moderate, and three in old-growth wet forests. In a
study focused on riparian habitat, Anthony and others (1987)
caught two shrews in old-growth, one in mature, and none in
young forest. All three individuals were caught at streamside
(about 1 m from water), rather than in adjacent riparian habi-
tat (15-25 m from water).

Community Patterns in the Southern Washington
Cascade Range

The mid-elevation forests of the southern Washington Cas-
cades are inhabited by a small mammal fauna that is broadly
adapted to naturally regenerated forests. Unique small
mammal communities were not seen in forests of different
age or in old-growth forests of different moisture condition.
With the exception of the deer mice, no species was signifi-
cantly correlated with the forest-age gradient. Four common
species (Trowbridge’s shrew, southern red-backed vole, mon-
tane shrew, and forest deer mouse) and a few less common
species typically were found at a given site (table 4 and
fig. 1). This pattern resulted in a very similar ranking of spe-
cies by abundance in each year. Clustering of similar sites by
small mammal presence or absence and by abundance of
common species yielded clusters that related poorly to the
age gradient (fig. 3). Similarly, only the marsh shrew was un-
ambiguously related to the moisture gradient,, and clustering
of sites by abundance and by small mammal presence or
absence produced clusters not clearly related to the moisture

gradient (fig. 4). In concordance with these findings, corre-
lations between small mammals and variable means describ-
ing the forest environment were generally weak. Statistically
significant correlations, especially those similar in both years,
were restricted to a few species which generally occurred
widely across both gradients (table 6). These patterns are es-
sentially ones found in all three provinces (Oregon Cascades,
Oregon Coast Range, and southern Washington Cascades) in
this study (Aubry and others, this volume; Corn and others
1988). Aside from differences in species composi-
tion related to geographic distribution, small mammal com-
munities of Douglas-fir forests in this region are structured
similarly.

Community composition did not vary appreciably with forest
age, but total mammalian abundance was higher in old-
growth than in young forests (table 4). The higher abundance
partially resulted from the presence of more species in old
forest (table 4). Higher abundance may be linked to age-
related differences in the structure and productivity of the
ground environment, which is more diverse in old forests.
Whether the average number of species is typically greater in
old-growth forests is uncertain, as is the associated question
of whether variation in species number is related to the age
gradient. In this study, coefficients of variation (C.V.) for
species richness were similar between years on the age gradi-
ent (from table 4: C.V. 1984 = 21.9, 19.1, and 20.4 for young,
mature, and old-growth forests; C.V. 1985 = 26.5,21.4, and
22.1). Variation in species number might be expected to be
higher in young than in old-growth forest, as a reflection of
the higher proportion of dispersal sinks in young forest, and
perhaps as a function of the less-diverse and productive
resource-base at ground level and the less physically buffered
environment. Such a trend may exist, although slight, in the
above coefficients, but a thorough answer to these questions
requires long-term study. Of particular interest would be the
variation in species number with season in young versus old
forest. The initial design of this study, which was not fully
implemented, included a spring and fall sampling-period for
each site as a way of addressing this question. This study,
therefore, cannot characterize the magnitude of seasonal
changes. That snap-trapped animals were breeding is impor-
tant to note; however, site occupancy was thus not simply
due to the capture of individuals dispersing from favored or
survival habitats (Anderson 1980). This spilling-over effect
that resulted from the movement of individuals from high-
density to low-density habitats (Fretwell 1972), or from
saturation dispersal (Lidicker 1975), would be more evident
later in the fall and early winter.

What does the apparent lack of strong community patterns
on gradients of forest-age and moisture mean? Is it really
true that the small mammals of this region are insensitive to
variation in forest structure? Not at all; noting that this
survey was done exclusively on naturally regenerated stands,
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clearly-from this study, from work in Oregon (Corn and
Bury, this volume a; Gilbert and Allwine, this volume a), and
from work on the successional changes in the compositional
and structural features of these forests (Spies and Franklin,
this volume; Spies and others 1988~thresholds  of critical
habitat-variables are met for most forest-dwelling species
soon after canopy closure.

In a naturally regenerating landscape, the major change in
the species composition of small mammals occurs before and
during canopy closure. At the transition from grass- and forb-
dominated plant communities to later stages dominated by
shrubs and young trees, small mammal communities charac-
terized by the deer mouse, several species of meadow voles,
Townsend’s and yellow-pine chipmunks, the Pacific jumping
mouse, and shrews of open habitats (the vagrant shrew and
the montane shrew) begin to give way to communities of the
closed-canopy forest described in this study. Rather minor
changes in species composition and relative abundance
among species takes place in subsequent successional stages.
As a consequence of this pattern of mammalian species
replacement, we would expect poor correlations between
small mammal abundance and habitat elements in studies
that use a data set based on naturally regenerated forests, as
was observed.

If thresholds for limiting habitat-elements for small mammals
are usually met or exceeded in naturally regenerated forests,
this data set presents an interesting problem. In terms of in-
formation to guide management on forests regenerated after
timber harvest, this data set is not usable for identifying criti-
cal habitat-elements, or to assess their threshold values-a
straightforward consequence of the fact that the range of var-
iation in these variables was insufficient to provide strong
correlations or to indicate threshold values. For such a pur-
pose, knowing under what conditions a species is absent is
just as important as knowing the conditions under which it is

present. On the one hand, this study shows that most species
have a fair amount of adaptability in their use of forest habi-
tats, but on the other, it tells us little about sufficient values
for habitat elements. If forests managed for timber production
are to retain most of their native small mammals, we need to
begin the process of identifying critical habitat-elements and
assessing their minimum threshold values. That second- and
third-rotation forests would resemble naturally regenerated
forests in a number of respects seems unlikely, and they cer-
tainly would exceed the range of variation in habitat vari-
ables sampled in this study. The required information, conse-
quently, can only come from a data set based on stands that
are intensively managed for timber production, or an array of
experimental sites designed to mimic such conditions. To
this end, manipulative field experiments conducted on spatial
scales sufficiently large to avoid the problem of animal move-
ment from adjacent edges probably hold the most promise.
Because of the need for large scale, such studies might best
be undertaken cooperatively between the scientific commu-
nity and government agencies or private companies.
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Appendix
Table 7-Physiographic and vegetative variables that
describe habitats in the southern Washington Cascade
Range

Variable Description

SLOPE
WATER
ROCK
GRASS
HERB
SOIL
MOSS
LICH
LITT
LITDEP
FERN
SHRUB
MSHRUB
MCCTREE

MCDTREE

CONIFSM

DECIDSM

LCONIF
LDECID
SCAN
TREPIT
ASTUMP
BCSTUMP
LGGAB

LOGC
ASNGSMT

BSNGSMT

CSNGSM

ASNGL

BSNGL

CSNGL

Percentage slope
Presence of permanent water
Percentage cover of rock
Percentage cover of grasses
Percentage cover of herbs
Percentage cover of mineral soil
Percentage cover of moss
Percentage cover of lichens
Percentage cover of fine litter (<10-cm diameter)
Litter depth (cm)
Percentage cover of ferns
Percentage cover of ground-layer shrubs
Percentage cover of mid-canopy shrubs
Percentage cover of canopy and mid-canopy

coniferous trees
Percentage cover of canopy and mid-canopy

deciduous trees
Number of small and medium-diameter coniferous

trees (l-50 cm)
Number of small and medium-diameter deciduous

trees (l-50 cm)
Number of large-diameter coniferous trees (>50 cm)
Number of large-diameter deciduous trees (>50 cm)
Presence of supercanopy trees
Number of tree-fall pits
Number of slightly decayed stumps
Number of moderately to well-decayed stumps
Number of slightly to moderately decayed logs,

d.b.h. > 10 cm
Number of well-decayed logs, d.b.h > 10 cm
Number of slightly decayed small and medium-

diameter (l-50 cm) short (<l.5 m), medium (5-15 m),
and tall (>I5 m) snags

Number of moderately small and medium-diameter
(l-50 cm) short (<l.5 m), medium (5-15 m), and tall
(>15 m) snags

Number of well-decayed small and medium-diameter
(l-50 cm) short (<l.5 m) and medium (5-15 m) snags

Number of slightly decayed large-diameter (>50 cm),
medium and tall snags

Number of moderately decayed large-diameter
(>50 cm). medium and tall snags

Number of well-decayed large-diameter (>50 cm),
medium and tall snags
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Abstract
Pitfall traps were used by a team of investigators to study
forest-floor small mammal communities in 144 different-
aged Douglas-fir forest stands in three physiographic prov-
inces in the Pacific Northwest: the Oregon Coast Range,
Oregon Cascade Range, and Southern Washington Cascade
Range. All three small mammal assemblages were numer-
ically dominated by a few species. The Trowbridge’s shrew
was the most abundant species in all three provinces and
accounted for 47 percent of 8661 small mammals captured.
Most remaining captures were of only one or two other
species: in the Coast Range, the western red-backed vole
and Pacific shrew; in the Oregon Cascades, the western
red-backed vole; and in the southern Washington Cascades,
the southern red-backed vole and montane shrew. Other
species each accounted for less than 6 percent of total
captures in all three provinces.

Ordination analysis of small mammal communities, both
among and within provinces, revealed few ecologically
interpretable patterns or differences among forest age-
classes. Most variation was attributable to differences in
species composition resulting from zoogeographic barriers.
The shrew-mole and red tree vole were closely associated
with old-growth forests in all provinces where they occurred.
These species should be given high priority in the develop-
ment of management strategies for small mammals in Pacific
Northwest forests.

Introduction
The fate of old-growth Douglas-fir forests in the Pacific
Northwest has become one of the most controversial re-
source management issues of this century (see Norse 1990,
Norse and others 1986, Wilcove 1988). Research on the com-
position, structure, and function of these forests, however,
has only recently been undertaken (see Franklin and others
1981, Gutierrez and Carey 1985, Meehan and others 1984,
Raphael 1984, Raphael and Barrett 1984, Spies and others
1988).

1 Present address: wildlife biologist, USDA Forest Service, Pacific Northwest
Region, Portland, Oregon 97208.
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Before these studies, lists of small mammal species believed
to be associated with old-growth forests were based primarily
on natural history observations and speculation (for example,
Franklin and others 1981, Lumen and Neitro 1980, Meslow
and others 1981). The comprehensive program of research
described in this volume was undertaken to provide quantita-
tive information on wildlife habitat relationships in Douglas-
fir forests, and to provide a scientific basis for the manage-
ment of old-growth forests (Carey and Spies, this volume;
Ruggiero and Carey 1984).

The primary objectives of the small mammal studies con-
ducted in the Oregon Coast Range (Corn and Bury, this
volume a), Oregon Cascade Range (Gilbert and Allwine, this
volume a), and southern Washington Cascade Range (West,
this volume) were to identify small mammal species that are
associated with old-growth Douglas-fir forests within each
province, and to investigate potential correlations between
small mammal abundances and vegetative or structural
features of unmanaged Douglas-fir forests. The purpose of
this paper is to combine these three data sets and compare
and contrast observed habitat association patterns among
physiographic provinces to evaluate the extent to which
observed patterns vary on a regional scale. Data from studies
conducted in the Northern California province were not
included because the ecological characteristics of stands
occurring there were considered to be too different from
those in Oregon and Washington for the data to be combined
into a single data set (T. Spies and J. Franklin, pers. comm.).

By combining the data in a single analysis, results from each
province can be compared quantitatively with those from
other provinces. In addition, larger sample sizes resulting
from the pooling of data increase the power of statistical
analyses, especially for relatively rare species. Knowledge of
regional variation in the habitat relationships of small mam-
mal species associated with old-growth forests will enable
wildlife managers to set priorities for management activities
within different areas of the Pacific Northwest, and will
provide additional insights into the habitat relationships of
small mammals in unmanaged Douglas-fir forests. The
specific objectives of this paper are to:

l Describe the forest-floor small mammal communities
occurring in unmanaged Douglas-fir forests in three
physiographic provinces in Oregon and Washington; and

l Compare patterns of community composition, species
abundances, and habitat associations among provinces.

Methods
Study Areas

Forest-floor small mammals were studied in 144 stands in
Oregon and Washington in 1984 and 1985 by a team of
investigators. Study sites were located in three physiographic
provinces (Franklin and Dymess 1973): 45 in the Oregon
Coast Range, 54 in the Oregon Cascade Range, and 45 in the
southern Washington Cascade Range. Data were collected in
all stands in both years, with the exception of the Oregon
Cascades province in which only 15 stands in the central
Cascade Range were sampled in 1985.

Homogeneous forest stands of at least 20 ha with Douglas-fir
as the dominant tree species were selected for study. None of
the sites had been logged; all had resulted from natural regen-
eration after catastrophic wildfires. All stands are within the
Western Hemlock Zone and lower elevations of the Pacific
Silver Fir Zone (Franklin and Dyrness 1973).

Stands were classified into three broad age-classes: young
(35-79 yrs), mature (80-195 yrs), and old-growth (200-730
yrs). Ages were based on growth-ring counts, either by
increment coring or examination of cut stumps in nearby
stands (Spies and others 1988). Old-growth stands typically
contained high proportions of Douglas-fir and western hem-
lock and, in wet sites, western redcedar. Mature and young
stands were dominated by Douglas-fir. In all age-classes,
other species such as red alder, vine maple, bigleaf maple,
Pacific silver fir, and western hemlock occurred in lesser
amounts. See Spies and Franklin (this volume) and Spies
(this volume) for more detailed descriptions of the vegetative
and structural characteristics of the study stands.

Within each province, stands of comparable moisture con-
dition were placed into an age gradient as a means of assess-
ing variation in small mammal abundances resulting primarily
from differences in stand age-class. The age gradient con-
sisted of 127 stands, including 43 from the Coast Range, 48
from the Oregon Cascades, and 36 from the southern Wash-
ington Cascades. Although the range of ages sampled was
similar among provinces, old-growth stands in the southern
Washington Cascades contained nine stands that were 25 to
205 years older than the oldest stands sampled in either the
Coast Range or the Oregon Cascades, Ranges for the age-
classes in each province are: Oregon Coast Range, young, 40
to 75; mature, 80 to 120; and old-growth, 200 to 525 years
old; Oregon Cascades, young, 35 to 79; mature, 84 to 180;
and old-growth, 200 to 500 years old; and southern Wash-
ington Cascades, young, 55 to 75; mature, 80 to 195; and
old-growth, 210 to 730 years old.
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Small Mammal Sampling

Within each province, forest-floor small mammals were
sampled with pitfall traps, snap-traps, and tracking stations

I
(see Carey and Spies, this volume). Only pitfall trapping,
however, was used in all three provinces in both years. Other
techniques were used either in only one or two provinces, or
were not equally applied in both years. To compare results
among physiographic provinces, we therefore used only data
derived from pitfall trapping.

Thirty-six pitfall traps were installed in each stand in a 6 x 6
square array with traps spaced 15 m apart. New pitfall grids
were established in each stand in the southern Washington
Cascades during the second year of the study; in the Coast
Range and Oregon Cascades, grids were retrapped in the sec-
ond year. Comparisons of results between new grids and a
subset of grids retrapped the second year showed no differ-
ences in small mammal species composition or abundances
(Gilbert and Allwine, this volume a). All stands were
sampled for about 30 days each fall, and checked about once
per week. All specimens were collected for identification and
all salvageable specimens were preserved.

Pitfall traps were opened after the onset of fall rains in 1984
and again in 1985 in the southern Washington Cascades and
in the Coast Range; traps were opened a month earlier in the
Oregon Cascades. Trapping dates for each province were:
Coast Range, 1 October-7 November 1984 and 30 September-
1 November 1985; Oregon Cascades, 28 August-6 October
1984 and 29 August-5 October 1985; and southern Wash-
ington Cascades, 30 September-5 November 1984 and 27
September-3 November 1985.

Data Analyses

For all analyses, we included only data for species that had
>20 total captures or that occurred in >l0 percent of the
stands sampled. Species not meeting these criteria were con-
sidered to be inadequately sampled with our techniques.
Although we captured 77 Pacific jumping mice, 58 of these
captures were from the Oregon Cascades where trapping
probably occurred before the onset of hibernation for this
species (Dalquest 1948). Because of potential bias resulting
from regional differences in the influence of hibernation on
our results, and the likelihood of jumping mice escaping
from pitfall traps (Bury and Corn 1987), this species was
excluded from all analyses. The extent to which differences
in sampling dates may have influenced results for other
species is unknown.

Three species, the red tree vole, Pacific shrew, and western
red-backed vole, occur in both of the Oregon provinces, but
not in Washington. Conversely, the southern red-backed vole

and forest deer mouse occur only in the southern Washington
Cascades. One species, the montane shrew, occurs through-
out the southern Washington Cascades but is found only in
the northernmost portion of the Oregon Cascades (Carey and
Spies, this volume; Ingles 1965). Stand sample sizes were
adjusted for these species.

Community analyses-Although yearly variations in pop-
ulation numbers may influence results in studies of wildlife
habitat relationships, 2 years of data is not sufficient to ade-
quately evaluate temporal variation in small mammal abun-
dances. Furthermore, without corresponding demographic
information, causative factors for observed variation cannot
be determined (Van Home 1983). For these reasons, we
pooled data from both years, and calculated abundance in-
dices for each stand as mean captures for both years per 100
trap-nights. We examined community patterns of small mam-
mal abundance with detrended correspondence analysis
(DCA) using DECORANA (Hill 1979a). We interpreted or-
dination axes by correlating ordination scores for the small
mammal communities with major physiographic and vege-
tative gradients by using Spearman rank correlations (Norusis
1988a). The vegetative gradients we included as variables
represented multivariate gradients derived by Spies and
Franklin (this volume) in their analyses of the vegetative
characteristics of the study stands. These variables repre-
sented gradients of stand development (primarily stand age
and abundance of western hemlocks), coarse woody debris,
stand temperature, and stand moisture.

We conducted ordination analyses at two scales: region-wide
analyses that included stands of all age- and moisture-classes
from all three provinces (144 stands), and province-specific
ordinations conducted separately for each province (Coast
Range, 45; Oregon Cascades, 54; and southern Washington
Cascades, 45 stands). We conducted region-wide ordinations
both on the 15 species that were considered to be adequately
sampled with our techniques, and on data from only the sub-
set of nine species that occur in all areas studied. The first
approach identifies regional community patterns that include
variation resulting from differences in species composition,
and the second approach examines differences in community
composition and structure independent of the confounding
effects of differences in species’ distributions. We also con-
ducted province-specific ordinations to examine community-
scale variation among age-classes within each province. This
approach enabled us to evaluate the effects of stand age on
small mammal community patterns for each province, and
provided a means of comparing these patterns among prov-
inces that is not affected by differences in potential commu-
nity composition or by deleting a substantial portion of the
community.
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Species analyses-To investigate the extent to which pat-
terns of association due to differences in stand age vary re-
gionally, we conducted all species analyses using data only
from stands within each age gradient (127 stands). We used
two-way ANOVA (Norusis 1988a) on abundance data for
species with >100 captures, and log-linear analysis (Kennedy
1983) of presence-or-absence data for species with <100
captures.

Because of the limited number of sites that could be studied
with available resources, study areas were preferentially se-
lected to sample the full range of variation occurring in each
stratum (Carey and Spies, this volume). Because study sites
were not selected randomly, rigorous statistical inference
based on hypothesis testing is not possible with our data sets.
We used statistical tests only as a means of examining pat-
terns of variation in the data. However, because we intention-
ally sampled the full range of variation within each stratum,
the variances in our data would be expected to exceed those
resulting from random sampling. Consequently, observed
differences are less likely to result from chance than if our
sites had been selected randomly (Ruggiero and others, this
volume).

To identify regional patterns in the habitat relationships of
small mammals occurring along environmental gradients, we
examined the relationships between individual species’ abun-
dances and major physiographic and vegetative gradients
using Spearman rank correlations (Norusis 1988a). We used
only abundance data for species with >l00 captures in these
analyses.

Results
Altogether, 8661 small mammals of 29 species were cap-
tured, including 6 shrews, 3 moles, 4 squirrels, 1 gopher, 14
mice and voles, and 1 weasel. Only 15 species had >20 total
captures or occurred in >10 percent of stands studied: the
marsh, montane, Pacific, Trowbridge’s, and vagrant shrews;
the shrew-mole and coast mole; the deer mouse and forest
deer mouse; the red tree, southern and western red-backed,
and creeping voles; the northern flying squirrel; and the
ermine (table 1).

The structure and composition of the small mammal commu-
nities sampled varied somewhat among provinces (fig. 1).
The Trowbridge’s shrew was captured in every stand sam-
pled, and it was the most abundant small mammal in all
three provinces. This species accounted for 47 percent of
total captures for all provinces combined. In all three prov-
inces, the Trowbridge’s shrew and one or two other species

accounted for most captures. In the Coast Range, the Trow-
bridge‘s shrew represented 56 percent of total captures; the
western red-backed vole, 21 percent; and the Pacific shrew,
11 percent. All other species contributed less than 4 percent
each to total captures. In the Oregon Cascades, 69 percent of
total captures were of the Trowbridge‘s shrew. The western
red-backed vole accounted for 13 percent, and all other spe-
cies each represented less than 5 percent of total captures. In
the southern Washington Cascades, Trowbridge’s shrews
were relatively less important, representing only 36 percent
of total captures. Two other species, the montane shrew and
southern red-backed vole, were captured in relatively high
numbers, with each representing about 23 percent of total
captures. No other species accounted for more than 6 percent
of captures.

Community relationships-Ordination analysis of the com-
bined abundance data from all provinces for 15 small mam-
mal species revealed community patterns that reflect differ-
ences in the species composition and diversity of small mam-
mals occurring in each province (fig. 2). The Coast Range
cluster forms a subset of the Oregon Cascades cluster, indi-
cating less variability in the composition and structure of
small mammal communities in the Coast Range stands com-
pared to the Oregon Cascades stands. The Coast Range and
the Oregon Cascades are most similar in small mammal spe-
cies composition (fig. l), and their ordination clusters sepa-
rated out almost completely from the southern Washington
Cascades cluster.

The first ordination axis (X axis) was significantly correlated
to gradients of increasing moisture (P = 0.000), elevation
(P = 0.000), and stand age (P = 0.010), and decreasing tem-
perature (P = 0.000). The second axis (Y axis) was more dif-
ficult to interpret, as would be expected based on the lack of
separation of clusters in this direction. This axis was cor-
related primarily with decreasing moisture (P = 0.009) and
increasing temperature (P = 0.034).

Ordination results using only the nine species that occur in
all three provinces (table 1) revealed a high degree of over-
lap in the structure and composition of the communities oc-
curring within each province (fig. 3). Community patterns
observed in figure 2, however, are still evident. The Coast
Range cluster is again much smaller than the Oregon Cas-
cades cluster and constitutes a subset of that cluster, and the
southern Washington Cascades cluster still contains points
unique to that cluster. Environmental gradients represented
by the ordination axes are virtually identical to those reported
for figure 2.
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Table I-Mean, standard error, and percentage occurrence of small mammal species with SO total captures In pitfall traps by 
province and age-class (number of stands sampled is in parentbescs) 
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Results of province-specific ordinations showed little vxia- 
tion among ageslasses for any province (fig. 4). No distinct 
clusters resulted from these analyses, which indicates that the 
structure and composition of the forest-floor small mammal 
communities we studied is largely independent of stand age. 
As would be expected from these results, none of the ordi- 
nation axes were correlated with stand age. Attempts to COT- 
relate otdination axes with major environmental gradients 
revealed no interpretable patterns in community structure or 
composition within provinces. 

Species relationships-Two-way ANOVA (table 2) and log- 
linear analysis (table 3) revealed strong stand age-effects for 
only hvo species: the shrew-mole (P = 0.070) and red wee 
vole (P = 0.067). Both species reached highest abundances 
OI occurred most frequently in old-growth stands (table 1). 
The shrew-mole showed a strong province-effect (P = 0.005). 
but the effect appeared to be largely due to varying abun- 
dance values for young and mature stands (table 1). For tbe 
red tree vole, no province-effect was found (P = 0.191), indi- 
cating that patterns of occurrence were consistent between 
provinces. Although a very strong age-effect was also found 
for the deer mouse (I’ = O.OOl), a strong interaction-effect 
between stand age and province (P = 0.058) complicates the 
interpretation of these results. Furthermore, the deer mouse 
occupies virtually all available habitats in the Pacific North- 
west (Dalquest 1948; Ingles 1965: West, this volume; and 
others): it is not primarily a forest-dwelling species. As such, 
it should not be considered a species of concern to forest 
managers. The strong province-effects found for most species 
indicate that patterns of abundance are extremely variable 
among the provinces studied. 

Table Z-Results of two-way ASOVA on abundance data for 
stand age vs. prrrvince (analyses were cnnducted only on data 
from stands within the age gradient for species that occurred 
in more than one province and had alo0 total captures) 

Source of variation 

Species Stand age Pro”incc Interaction 

Montme shrew 0.268” 0.001 0.468 
Trowbridge’s shrew 0.835 0.022 0.301 
Pacific shrew 0.143 0.000 0.130 
Shrew-mole 0.070 0.005 0.830 
Deer mouse 0.001 0.000 0.058 
Western red-backed vale 0.756 o.olnl 0.288 

LIP value 

Table 3-Results of log-linear analysis on presence-or-absence 
data for stand age vs. province (analyses were conducted only 
on data from stand.! within the age gradient for species that oc- 
curred in more than one province and had <I00 total captures) 

Species Stand age’ Pmvince Interaction 

Marsh shrew 
Vagrant shrew 
Coast mole 

0.691 
0.238 
0.213 

0.047 
0.230 
0.013 

0.117 
0.811 
0.798 

Nonhem flying squirrel 0.849 
Red bee vole 0.067 
Creeping vole 0.595 
Ermine 0.691 
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Table 4-Significant Spearman rank correlations (P < 0.1) between small mammal abundances and major physiographic and
vegetative gradients (only species that occurred in more than one province and had >100 captures were included)

Vegetative gradients’

Species Stand age Elevation Aspect Slope STDV CWDB TEMP MOE

Montane shrew + 0.094b - 0.000
Trowbridge’s shrew - 0.017
Pacific shrew - 0.000 + 0.000
Shrew-mole + 0.002 - 0.067 + 0.007 + 0.015 + 0.001
Deer mouse + 0.030 - 0.001 + 0.000
Western red-backed vole - 0.021 - 0.002

a STDV represents a stand-development gradient; CWDB, a coarse woody debris gradient; TEMP, a temperature gradient; and MOIS, a moisture gradient.
b P value.

Correlation analyses for the six most abundant species are
shown in table 4. These analyses support the results of
ANOVA for the shrew-mole and deer mouse; abundances for
both species were significantly correlated with increasing
stand age. The shrew-mole was also associated with old,
moist, relatively flat stands with large amounts of coarse
woody debris.

Discussion
The small mammal assemblages described here represent
only subsets of the total small mammal communities in each
stand. As with any one technique for sampling an entire
vertebrate community, pitfall trapping is more effective at
sampling certain species than others (Bury and Corn 1987,
Williams and Braun 1983). Consequently, our results apply
only to the subset of species that are well-sampled with
pitfall traps; extrapolation of our results for species not
included here is unwarranted.

Community relationships-Variation in the structure and
composition of small mammal communities in unmanaged,
closed-canopy, Douglas-fir forests is influenced more by
geography and climate than by stand age. Ecologically
interpretable patterns were detected only in the region-wide
analyses (see figs. 2-4). Although differences between the
Southern Washington Cascades province and the Oregon
provinces largely disappeared when only the nine species
common to all three provinces were included (figs. 2,3),
several important patterns remain. In both analyses, small
mammal communities were more variable in the Oregon
Cascades than in the Coast Range; the Coast Range com-
munities represent a subset of those occurring in the Oregon
Cascades. Also, a subset of the stands in the Southern Wash-
ington Cascades province separate out ‘from both of the
Oregon provinces along the first ordination axis.

The first ordination axis is correlated to many of the envi-
ronmental and physiographic features that distinguish the
Southern Washington Cascades province from the Oregon
provinces: older stands, higher elevations, and cooler, wetter

forest environments (Franklin and Dymess 1973; Spies and
Franklin, this volume). The second axis, which separates the
Coast Range stands from a portion of the Oregon Cascades
stands, represents a gradient of increasingly warmer and drier
conditions. Thus, although the Oregon Cascades and Coast
Range provinces have very similar small mammal species
composition (fig. l), only the warmest and driest stands in
the Oregon Cascades contain mammal communities com-
parable to those occurring in the Coast Range. In terms of
both environmental conditions (T. Spies, unpubl. data; Spies
and Franklin, this volume) and the composition of small
mammal communities, the Coast Range stands are most
similar to the southernmost stands in the Oregon Cascades.
Additionally, the oldest and wettest stands in the southern
Washington Cascades contain small mammal communities
unlike any in the Oregon provinces.

In contrast, we could detect little interpretable variation in
community composition and structure among age-classes
within each province (fig. 4). This finding agrees with the
province-specific ordinations of understory floristics con-
ducted by Spies and Franklin (this volume) and with the
province-specific small mammal studies reported elsewhere
in this volume by Corn and Bury, Gilbert and Allwine, and
West. Within these physiographic provinces, unmanaged,
closed-canopy Douglas-fir forests apparently support small
mammal communities of similar composition and structure,
regardless of stand age. Our results agree with the conclusion
of Corn and Bury (this volume a) that different age-classes
of unmanaged, closed-canopy forest appear to represent a
single habitat type for most species. Although the
communities as a whole are very similar among age-classes,
several individual mammal species do exhibit a significant
association with stand age in unmanaged Douglas-fir forests.

Species relationships-Only two forest-dwelling species,
the shrew-mole and the red tree vole, were closely associated
with older forests (tables 3,4). Abundance values for the
shrew-mole and frequencies of occurrence for the red tree
vole were highest in old growth in each of the provinces in
which they occur (table 1).

292



The results of several other studies using similar sampling
designs provide support for these results. Raphael (1984)
reported a significant positive association with stand age for
the shrew-mole in Douglas-fir forests in northern California,
although results were based on only 1 year of data. A later
report, based on 3 years of data (Raphael 1988c), showed
that shrew-moles reached highest abundances in stands older
than 50 years and were very low in abundance in clearcuts or
in brush/sapling stands (0-20 yrs). In the Oregon Coast
Range, Corn and Bury (this volume a) found shrew-moles to
be 2.0 and 1.3 times more abundant in old-growth than in
young and mature stands, respectively.

Other studies in Oregon and Washington reported here and
elsewhere, however, have revealed no clear pattern of as-
sociation between shrew-mole abundances and stand age.
The shrew-mole was reported to be weakly associated with
old-growth forests in the Oregon Cascades (Gilbert and
Allwine, this volume a), or to show no age-effect at all (Corn
and others 1988). Several studies in the southern Washington
Cascades have found little evidence that shrew-moles are
associated with stand age (Corn and others 1988; West, this
volume). Results reported by Corn and others (1988),
however, are based on only 1 year of data collected in 12
stands, and West (this volume) reported the combined results
of pitfall trapping and snap-trapping as a means of evaluating
responses of the broadest possible assemblage of small mam-
mals. As mentioned previously, however, these techniques
are not equally effective at sampling insectivores. Meaning-
ful patterns in the data for this species may have been
obscured by the addition of snap-trap results. Based only on
pitfall data, results from the southern Washington Cascades
also showed a trend of increasing abundance of shrew-moles
with stand age (table 1). Consequently, increased sample sizes
resulting from the pooling of data revealed a strong pattern
of association that was not clearly evident at the province
scale.

Shrew-mole abundances were also highly correlated with
increasing stand age, stand development, stand moisture,
amounts of coarse woody debris, and flatter slopes (table 4).
As with any series of statistical tests, these results should
be viewed with some caution. With 48 separate correlation
analyses, we would expect five (10 percent) to be significant
by chance alone at P < 0.1. Fifteen (31 percent) of the tests
were significant, however, and all but two were significant
at P < 0.05, indicating that most of these correlations reflect
actual patterns of association.

Terry (1974, 1981) described preferred shrew-mole habitat in
west-central Washington to consist of closed forests contain-
ing few herbs or shrubs to interfere with its burrowing activ-
ities, and a high organic matter content in the soil. She also
reported that shrew-moles were significantly correlated with
the cover of dead wood.

Tevis (1956) described shrew-moles as primarily inhabitants
of unmanaged forests; he rarely found them in cutover areas.
Results from other studies provide support for this assertion.
In west-central Oregon, Hooven and Black (1976) found
shrew-moles to be most abundant in unmanaged forest.
Shrew-moles were less abundant in an area that had been cut
and not burned, leaving coarse slash on the site, and were
not present at all in an area that had been cut and broadcast-
burned, leaving only fine litter. Dalquest and Orcutt (1942)
reported shrew-moles to be very scarce in logged areas in
western Washington. Corn and Bury (this volume a) sampled
three clearcuts and adjacent old-growth stands in the Coast
Range, but captured shrew-moles only in the old-growth
stands. West (this volume) captured only two shrew-moles
in eight clearcuts sampled in southern Washington.

These results indicate that shrew-moles are closely associated
with moist old-growth forests containing relatively deep soils
and many logs. However, shrew-moles appear to be respond-
ing primarily to microhabitats that occur most frequently in
old-growth forests, since they are found in relatively high
numbers in younger forests with appropriate forest-floor con-
ditions (table 1). Catastrophic wildfires or clearcut logging
practices that include removing most of the small and large
woody debris, however, would be expected to eliminate
shrew-moles from that site until canopy closure is reestab-
lished and forest-floor conditions again become suitable.

Corn and Bury (this volume a) reported the red tree vole to
be present significantly more often in old-growth forests than
in either mature or young forests. Although they collected
relatively few data, Gilbert and Allwine (this volume a)
reported capturing red tree voles only in mature and
old-growth forests in the Oregon Cascades. Similar studies
conducted by other workers in the Oregon Cascades (Corn
and Bury 1986, Corn and others 1988) indicated that red tree
voles were associated with old-growth forests, but their data
were insufficient to generate statistically significant results.

Our results (table 3) indicate that red tree voles are closely
associated with old-growth forests in both the Coast and
Cascade Ranges in Oregon. This species showed a signifi-
cant age-effect, with nonsignificant province- or interaction-
effects, indicating that patterns of variation were the same in
both provinces. Although this species has been reported to
nest in second-growth stands in the Coast Range (Maser
1966), recent work based on nest surveys in the Coast Range
(Gillesberg and Carey, this volume) and in northern Cali-
fornia (Meiselman and Doyle, in press) provide support for a
close association with old-growth forests. Both studies also
indicated a strong preference for very large (>l00 cm in
d.b.h.) Douglas-fir trees for nesting and foraging. Bailey
(1936) speculated that because red tree voles move about the
forest largely within the canopy, they would be expected to
occur only in areas of extensive, or recently isolated, forest.
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Although the data are minimal, existing information indicates
that red tree voles are largely restricted to old-growth forests;
younger forests apparently do not provide suitable habitat for
this species.

Management Implications

The similarity of species composition and structure of the
small mammal communities in the Coast Range and Oregon
Cascades provinces (figs. l-3) suggest that management
strategies intended to provide for the habitat needs of small
mammals in these provinces need not be designed specifically
for either province. If management activities are conducted
on a province, rather than a regional scale, stands in the
southern Oregon Cascades should be considered to be more
closely allied with stands in the Coast Range, rather than
those in the central and northern Oregon Cascades. Very old
(>500 yr) and wet stands in the southern Washington Cas-
cades contain distinct small mammal communities that may
require unique management approaches.

Shrew-moles are closely associated with moist, relatively
flat, old-growth stands, Silvicultural prescriptions that remove
the forest canopy, disturb the upper soil layers, and remove
large amounts of coarse woody debris would be expected to
eliminate this species from the site. Extensive clearcutting
that creates large expanses of unsuitable habitat could result

in local population extinctions. Shrew-moles could probably
be maintained in managed landscapes, however, if old-growth
areas are preserved as survival refugia to enable the species
to recolonize younger forests when suitable microhabitats are
reestablished.

Although relatively little is known about their specific habitat
requirements, red tree voles apparently require old-growth
stands containing large Douglas-fir trees for nesting and
foraging. For this reason, and because they use the forest
canopy as travel routes (but see Corn and Bury 1986), ex-
tensive loss or fragmentation of old-growth forests could
eliminate this species from forested landscapes.
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Abstract
We studied the use by bats of old-growth, mature, and young
Douglas-fir stands in the southern Washington Cascade and
Oregon Coast Ranges. Bat activity was measured with
ultrasonic detectors. In Washington, the Myotis species were
detected 2.7 to 5.7 times more frequently in old-growth than
in younger stands. In Oregon, the Myotis species and the
silver-haired bat were detected 2.5 to 9.8 times more fre-
quently in old growth. Feeding rates were extremely low in
the forest stands, and most bat activity was confined to a
brief peak during the first 15 minutes of the evening, which
suggests that bats used old-growth stands for roosting. Veg-
etation features, such as the abundance of damaged or dis-
eased trees and snags, appeared to be important to bat pop-
ulations, but correlations of bat activity with these features

’ Portions of this paper were drawn directly from “The distribution of bats in
different ages of Douglas-fir forests” (Journal of Wildlife Management.
52: 619-624. 1988) wirh  permission of The Wildlife Society.

were weak. No reproductive females were captured at sites
>300  m in elevation on the western slope of the Washington
Cascades, but they were common to the east and south. Old-
growth forests appear to be important habitats for bats in the
Cascade and Coast Ranges, but management priority should
be given to the latter region.

Introduction
The area west of the crest of the Cascade Range and ex-
tending from mid-Washington to southern Oregon supports
12 species of insectivorous bats (Barbour  and Davis 1969,
Thomas 1988). If biological importance is measured by tax-
onomic diversity, then the Chiroptera rank second only to
the Rode&a in this region. Yet little is known about how
bat species use the range of age and composition of forest
patches in the Pacific Northwest. Because timber harvest
and stand-management practices are rapidly restructuring
the landscape, such knowledge is of increasing importance.
Without it, no predictions can be made of the effect of veg-
etation changes on bat populations, and no management
decisions can be reached to alleviate any negative effects.

In this paper, we describe how bat activity varied across a
range of age- and moisture-classes of Douglas-fir forests in
the southern Washington Cascade Range and Oregon Coast
Range, bat use of forest stands in relation to the availability
of food or roost resources, and specific vegetation charac-
teristics that may influence the use of stands by bats.
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Methods
Study Sites

In summer 1984, our field work was concentrated on the
western slope of the southern Washington Cascades; in
summer 1985, the study area was expanded to the Oregon
Coast Range. In each region, 45 stands were selected; nine
Douglas-fir stands in each of five stand types represented
important age and soil-moisture conditions [old-growth (OG)
wet, OG mesic, OG dry, mature mesic, and young mesic].
Descriptions of stand characteristics and selection criteria are
presented elsewhere in this volume.

Capture and Sampling Methods

To provide an index of what bat species were common at the
Washington and Oregon study sites, as well as to record their
echolocation calls, we captured bats in 10-m mist nets set
over streams and ponds during June, July, and August. No
capture sites were inside any of the study plots, but most
were within 20-km distance and 100-m elevation of the
stands. We identified bats to sex, age, and species and re-
corded females as parous (pregnant, lactating, or postlac-
tating) or nonparous (no evidence of reproduction in the
current year). Bats were then released and their echolocation
calls were recorded with a “divide-by-lo” ultrasonic detector
(Miller and Andersen 1984) coupled with a Panasonic RQ-
355 tape recorder to store the calls. See Fenton (1988) and
Thomas and West (1989) for further details on the recording
and analysis of bat echolocation calls. We also netted bats on
the eastern slope of the Washington Cascades (near Golden-
dale) on 5 and 6 August 1985 to provide a contrast with
captures on the western slope.

In 1984 and 1985, we used ultrasonic bat detectors to detect
and identify bats flying in the study stands. The methods
used to sample bat activity in the forest stands differed some-
what between the two years, however. In 1984, we sampled
bat activity in 41 of the 45 stands by using hand-held, divide-
by-10 detectors coupled with sound-activated Panasonic RQ-
355 tape recorders to store echolocation calls. Each stand
was visited three times between mid-July and early Septem-
ber. In each stand, we sampled bat activity by recording
echolocation calls for 15 minutes at each of five stations
spaced at 100-m intervals along a transect through the stand.
We began sampling when the green of the vegetation could
no longer be discerned (about 30 minutes after sunset, de-
pending on canopy coverage). This light intensity corre-
sponds roughly with the onset of bat activity.

In 1985, we used automated detector systems (Thomas and
West 1989) to detect and record bat echolocation calls in
Washington and Oregon. In each study stand, we set out
two detector systems, one to sample the subcanopy (ground)
stratum and the other to sample the mid- to upper-canopy
stratum about 30 m above the ground. Both detectors were

left in place to sample bat activity continuously over two con-
secutive nights. The automated detectors began sampling
about 30 minutes after sunset and continued for 9 hours each
night. The detectors entered time markers at intervals of 32
+ 1 minute after start-up. We sampled all 45 stands in each
of the two regions in June and again in July and about half
the stands in August. Many samples, however, were either
lost because of equipment malfunctions or cut short when
insect or other noise interference caused the tapes to run out.

We analyzed the tapes containing the echolocation calls in
the laboratory by using a period meter to display the echo-
location frequency and time characteristics on a calibrated
Telequipment D32 oscilloscope (Fenton 1988, Simmons and
others 1979, Thomas and West 1989). Recordings from
known species, together with previously published inform-
ation (Thomas and others 1987), provided the reference data
base on frequency, time, and shape characteristics of echo-
location calls. These call characteristics were used to identify
the bats detected and recorded in the stands. For each stand,
bat activity was measured as the number of bat passes re-
corded in a given sample period; a bat pass is defined as a
sequence of two or more echolocation calls recorded as a bat
flies by the detector microphone. For the 1985 data, we stand-
ardized bat activity as passes per 100 minutes of sampling.
We recognized feeding efforts by the high repetition rate
(about 100 pulses per second) “feeding buzz” associated with
each prey capture attempt. We measured feeding rates as the
percentage of passes that contained a feeding buzz. To pro-
vide a comparison with feeding activity within the stands, we
also measured the feeding activity over three stream or pond
sites in Washington (5 sample-hours) and over two pond
sites in Oregon (3 hours).

Species Recognition and Groupings

Ultrasonic bat detectors permit species to be assigned to cat-
egories according to their echolocation characteristics. Some
categories contain single species, but others contain assem-
blages of species with similar call structures (see Thomas
and West 1989). In the Pacific Northwest, we were able to
identify the following seven groups: Myotis A (the little
brown and Yuma myotis, or both); Myotis B (the California,
Keen’s, long-eared, and western small-footed myotis, or
combinations): the long-legged myotis; the silver-haired bat;
the hoary bat; Townsend’s big-eared bat; and the big brown
bat or fringed myotis. Because the fringed myotis appeared
to be uncommon in our study area, we will refer to the last
group as the big brown bat only.

Prey Abundance

In August 1984, we used Bioquip ultraviolet light traps to
provide an index of the relative abundance of nocturnal,
phototactic, flying insects in the stands and over water. At
each site, we set one trap 1.5 m above the ground and
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activated it for 90 minutes, starting at dusk. Any insects on
or inside the trap at the end of this period were killed with a
spray insecticide and sorted into three size-classes based on
total body length (small: <5 mm, medium: 5-10 mm, large:
>l0 mm). The sorted samples were dried to constant mass at
60 oC. We obtained samples from 44 stands (9 OG dry, 8
OG wet, 9 OG mesic, 9 mature, and 10 young) and three
stream sites.

Vegetation Sampling

Vegetation in the study stands was sampled in a parallel
study (see Spies and Franklin, this volume) that characterized
the stands by age- and moisture-class and provided data on
35 variables (appendix table 5) that might affect bat
abundance.

Statistical Analyses

Bat detection rates did not meet the assumptions required for
parametric statistical tests. For all species, detection rates
were highly leptokurtic (Kolmogorov-Smirnov test for nor-
mality; P < O.OOl), and the variances were unequal (Fmax
test; P < 0.001). Because no simple transformation rectified
these problems, only Mann-Whitney and Kruskal-Wallis tests
(Seigel 1956) were used to compare detection rates among
stand types. Significance levels in all tests were a = 0.05.

To test for significant correlations between bat detection rates
and vegetation characteristics, we replaced the classical dis-
criminant function analysis, which is highly sensitive to de-
partures from normality (Press and Wilson 1978), with the
nonparametric stepwise logistic regression (SAS computer
package; LOGIST, Frank E. Harrell, Jr., Duke University
Medical Center, Durham, NC). The logistic regression model
requires that the dependent variable (here, bat detection rates
for each species) be categorical. Depending on the species,
we regrouped detection rates into two or three equal cate-
gories. The number of independent variables that the logistic
regression can test is approximated by n/10, where n is the
sample size of the smallest category. In our data sets, cate-
gories contained 50 to 70 entries, which limited the number
of variables that could be tested to five to seven. To circum-
vent this limitation, we ran logistic regressions seven times
for each species, using five or six new variables each time
(total of 35 variables) to identify potentially significant
effects. We then combined the significant variables from
the preliminary runs and reran the tests. Those variables
that had significant correlation coefficients (rij.k) in the final
grouping were considered to have a significant influence on
bat detection rates.

Results
Sex and Age of Netted Bats

Important differences in the sex and age structure of the
three bat communities were shown by netting over streams
and ponds in the western and eastern Washington Cascades
and in the Oregon Coast Range (table 1). In the western
Washington Cascades, the netting effort yielded 191 individ-
uals of 12 species; males constituted 88.8 percent of the 161
adults. None of the 18 adult females showed any signs of
reproduction in the current year. Juveniles constituted 16
percent of the captures, but they were never captured before
21 August. In the Oregon Coast Range, males comprised 72
percent of the adults (N = 49). Unlike the western Washing-
ton Cascades, 91 percent of the adult females were pregnant,
lactating, or postlactating-indicating that they would prod-
uce or had produced young in the current year. Juveniles con-
stituted 20 percent of the catch and made their first appear-
ance in late July. In the eastern Washington Cascades, only
56 percent of the adults caught were male (N = 61). The
majority of adult females (82 percent) were either lactating
or postlactating. Juveniles comprised 34 percent of the catch
on 5 and 6 August. These data suggest that the females pre-
sent in the western Washington Cascades were not repro-
ductively active, but those present in the Oregon Coast
Range and the eastern Washington Cascades were.

Bat Activity in 1984

In 1984, 153.8 hours of sampling yielded only 277 detections,
of which only 151 were sufficiently clear to be identified to
species group. The low number of identified detections ren-
dered a rigorous analysis of stand use by the different bat
groups impossible. We thus regrouped the bats into two cate-
gories based on their probable roosting locations: cavity-
roosting bats (Myotis A, Myotis B, the long-legged myotis,
and the big brown bat) and foliage-roosting bats (the
silver-haired and hoary bats). We also grouped the three
moisture-classes of old-growth stands. Detections of both
cavity- and foliage-roosting bats were significantly different
across the three stand age-classes (cavity: X2 = 7.9, 2 df, P
< 0.05; foliage: X2 = 6.1, 2 df, P < 0.05). Young and
mature stands did not differ significantly (cavity: X = 0.4, 1
df, P > 0.05; foliage: X2 = 1.2, 1 df, P > 0.05), indicating a
disproportionately high use of old-growth stands by both
cavity- and foliage-roosting bats.
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Table 1Sex and age compositlon of bats netted in the Washington Cascades and the Oregon Coast Range In 
1984 and 1985 

Bat species 

Western WIlshington Cascades: 
Bie bmm bat 

M&S Females 

Adult JUVeIlile Nonpamus PZIXIS JUVEXlil‘SS 

2 n 
Caiifomia myotis 2; 
Western small-footed myotis 4 
Long-eared my& 5 
Little brown myotis 92 
Keen’s my& 2 
Fringed myotis 1 
Long-legged myotis 6 
Yuma myotis 2 
Silver-haired bat 0 
Hoary bat 1 
Townsend’s big-eared bat 1 

1 
0 
0 

21 
0 
0 
0 
0 
0 
0 
0 

0 
10 
0 
0 
7 
0 
0 
0 
0 
1 
0 
0 

Eastern Washington Cascades: 
Big brown bat 
Western small-footed myotis 
Long-eared my&s 
Little brown myotis 
Hoary bat 

Oregon Coast Range: 
Big brown bat 
California myotis 
Western small-footed myotis 
Long-eared myotis 
Fringed myotis 
Long-legged myotis 
Yuma myotis 
Silver-haired bat 

2 
5 
0 

10 
5 

3 
4 
1 
5 
0 

0 

Bat Activity in 1985 
In Washington, the total sample effort of 1599 hours yielded 
3029 detections of all recognizable species (table 2). The 
genus Myotis (Myof& A, Myotis B, the long-legged myotis, 
and unidentified Myotis species) accounted for 94 percent 
of these detections and the silver-haired bat for 5 percent. 
Detections of the big brown, hoary, and Townsend’s big- 
cared bats were toa rare to be subjected to statistical analysis. 
In Oregon, the total sample effort of 1500 hours yielded 
6211 bat passes for all species (tablz 2). The genus Myotis 
accounted for 79 percent of all detections, and the silver- 
haired and big bmwn bat accounted for 6 and 4 percent of 
all detections, respectively. Detections of the hoary bat and 
Townsend’s big-eared bat (2 and 1 percent of detections, 
respectively) were too me for statistical analysis. 

The detection rates for the frst and second nights of each 
2-night sample in a given stand were significantly correlated 
in both Washington and Oregon (Spearman rank carelation, 
P < 0.05 for all species). These two consecutive nights 
clearly did not represent independent samples of bat activity, 
so the two nights were pooled and the mean detection rate 
@asses per 100 sample-minute) was calculated for each 
stand visit. 

Sampling height &round vs. canopy) had no clear effect on 
detection rates for either Washington or Oregon. In Washing- 
ton, detections of only the silver-haired bat differed signifi- 
cantly between ground and canopy layers (Mann-Whitney 
U test; P c 0.001, canopy>ground). All other species were 
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Table 3-Detection of bats in old-growth, young, and mature 
stands in the southern Washington Cascades and the Oregon 
Coast Range 

61d 
., __ ,_ 

Old growth/ 
growth Younger youngerb PC 

h4yory”i.r B 
Long-legged 

myotis 
Silver-haired 

bat 

01egiXl 
hfyotis A 
Myotis B 
Long-legged 

myotis 
Silver-haired 

bat 
Big brown 

bat 

1 .23m.27d 
2.41i1.75 

0.34rn.08 

0.33m.09 
0.91mo.25 

0.06M.02 

0.27mo.11 0.15mo.64 

6.29k1.98 2.48+1.13 
6.54f1.81 1.48M.50 

1.46+0.50 

2.73*1.15 

0.53m.26 

0.53m.30 

0.2xm.22 

0.16rno.08 

3.73 <0.005 
2.65 <O.Ool 

5.67 <O.Ol 

- NS 

2.54 <O.ool 
4.42 <O.OOl 

2.75 <O.Ol 

both Washington and Oregon. Feeding rates ranged from 1 
percent for the silver-haired bat to 4 percent for My&s A 
in Washington. In the Oregon Coast Range, feeding rates 
ranged from 1 percent (silver-haired bat) to 4 percent (Myotis 
A). Feeding rates were dramatically higher over water in the 
same areas, ranging from 27 percent (long-legged myotis) to 
39 percent (Myotis A) in the Cascades and from 20 percent 
(long-legged myotis) to 38.5 percent (Myotis B) in the Coast 
Range. For all My&s species, feeding rates averaged 10.3 
(Cascades) and 10.1 times (Coast Range) higher over water 
than in the forest stands. Forest stands do not appear to be 
primary feeding sites for the Myotis species. 

Some evidence was found of higher feeding activity in old- 
growth stands than young and mature stands. Myotis B in the 
southern Washington Cascades and Myotis A and Myotis B 
in the Oregon Coast Range all had higher feeding rates in 
old-growth stands (2 x 2 contingency tests, P < 0.05). 
Sample sizes were too small to permit testing for other 
species. 

Detection Rates in Washington and Oregon 
Detection rates in old-growth stands were significantly higher 
in Oregon than in Washington for all species except the long- 
legged myofis (table 3). The Oregon Coast Range had detec- 
tion rates 2.2 times higher than the Washington Cascades 
when all detections were pooled. My&s A, Myotis B, and 

the silver-haired bat were detected at rates 5.1, 2.7, and 10.1 
times higher, respectively, in Oregon old-growth stands than 
in comparable stands in Washington. 

Patterns of Prey Abundance 
Insect biomass did not differ significantly among stand types 
for any insect size-class. Stream samples had significantly 
more small and medium-sized insects than did forest sam- 
ples (small: F = 1539.8, P < 0.001; medium: F = 108.7, 
P < O.Oal), but the mass of large insects did not differ be- 
tween the two (F = 3.1, P > 0.05). The approximately 166- 
fold increase in small and IO-fold increase in medium-sized 
insects over water as compared with forest stands resulted in 
a major shift in the biomass and size distribution of insects. 
In forests, large insects accounted for 65 percent of the total 
insect biomass, and small insects represented only 5 percent. 
The pattern was reversed over water: large-bodied insects 
accounted for only 11 percent of the insect mass, and small- 
bodied insects accounted for 64 percent. 

Vegetative Variables 
The logistic regression models showed a confusing pattern 
of significant relations (table 4). In both Washington and 
Oregon, seven variables were significantly correlated with 
the detection rates for one or more bat species; however, 
they explained only a small proportion of the total variance 
in bat activity among stands. In Washington, only 6 to 8 per- 
cent and in Oregon only 4 to 17 percent of the variance was 
explained by variables used in the regression models. Also, 
these variables did not explain the significant association of 
various bat species with the old-growth age-class. Detection 
rates for the long-legged myotis were significantly higher in 
old-growth stands in Washington, but they were not COT- 
related with any variables in the regression models. Stand 
age was not a significant variable for any bat species in 
Washington and was only significant for Myotis B in 
Oregon. Clearly, the significant regression variables do not 
adequately explain the old-growth associations observed for 
bats, nor do they have a strong predictive value for use in 
further studies. 

Discussion 
Detection rates cannot be directly converted into density 
estimates because individual bats may be detected more 
than once as they fly near the microphone and because 
resident and transient individuals cannot be differentiated. 
Both factors negate any simple one-to-one correlation 
between detection rates and quantitative measures of bat 
population density (Thomas and Lava1 1988). Because any 
biases are likely to be constant across sample sites, however, 
detection rates can provide a relative index of bat abundance 
in different habitats or stand types. With the exception of the 
silver-haired bat in Washington, all the common bat species 
in the southern Washington Cascades and the Oregon Coast 



Table 4-Vegetstlve variables that were slgoiRcnotty nrsoeinted 
with bat activity in the southern Washington Cascades and the 
Oregon Coast Range 

Snag DC1 Ns 

Snag DC3 Ns 

Ranges have dramatically higher detection rates in old-growth 
than in mature or young stands. Thus, this study indicates 
that bats are 2.5 to 9.8 times more abundant in old-growth 
than in young or mature stands in both study regions. Clearly, 
old-growth stands provide important habitats for bats in the 
Pacific Northwest. 

Forest stands can provide bats two critical resources: food 
and day roosts. The short duration of activity in early even- 
ing and the low feeding rates during this time suggest that 
forest stands are not important feeding sites for bats, Early 
evening peaks in activity over ponds and streams and in 
adjacent riptian habitat have been described for several 
species, including the California, long-eared, little brown, 
Keen’s, long-legged, and Yuma myotis and big brown and 
silver-haired bats (Anthony and Kunz 1977, Bell 1980, Cross 
1976, Kunz 1973, O’Farrell and Bradley 1970). These early 
activity peaks over water generally last 45 to 180 minutes, 
much longer than the peaks observed in the forest stands 
(about 15 minutes). The length of activity peaks over water 
appears to be determined by the insect capture rate that bats 
achieve and the amount of food they require. Pregnant and 
lactating little brown myotis foraging over water capture 
only 19 percent and 28 percent of their fust meal in 20 
minutes despite capture rates as high as five to eight insects 

per minute (Anthony and Kunz 1977; Gould 1955, 1959). 
Similarly, wild European pipistrelles and captive western 
small-footed myotis achieve high capture rates when feeding 
on insect swarms (10 insects per minute), but have feeding 
periods lasting 245 minutes (Griffin and others 1960, Racey 
and Swift 1985). Because feeding rates decline witi 
decreasing insect abundance (Racey and Swift 1985), 
habitats with lower insect abundance than aquatic sites have 
should show prolonged activity peaks, which was clearly not 
true in forest stands. Although insects in the size range taken 
by Myotis species (<IO mm; Anthony and Kunz 1977, 
Belwood and Fenton 1976) were only 1 to 10 percent as 
abundant as over water, the activity peak in forests was brief. 
lasting only about 15 minutes. Thus, this peak is unlikely to 
correspond with any significant feeding activity, but rather 
originated from bats commuting from day masts to feeding 
sites located outside the stands and over water. That feeding 
rates of the Myotis species were more than 10 times higher 
over ponds and streams in Washington and Oregon lends 
further support to this conclusion. 

Our data suggested that the activity of the My&is species 
and the big brown and silver-haired bats (Oregon) was 
skewed towards old-growth forests because they offer an 
increased variety or abundance of day roosts. Although the 
highest densities of snags occur in young and mature forests. 
these snags are typically dominated by small-diameter 
Douglas-fir with low longevity (Cline and others 1980). 
The greatest species diversity, largest diameters, the most 
advanced decay-classes, and the greatest snag longevity all 
occur in old-growth compared with younger forests. These 
features likely provide a greater abundance and diversity of 
bat roosts in old growth than in younger forests. 

Although bat activity was greater in old-growth stands in 
both Washington and Oregon, important differences were 
found between the two regions. Detection rates were sig- 
nificantly lower in the southern Washington Cascades for all 
species except the long-legged myotis, and no evidence of re- 
production was found in this region. In the western Wash- 
ington Cascades, few bats were female (11 percent), none 
showed any evidence of reproductive activity, and juveniles 
were only captured after the dissolution of maternity colonies 
in late August (Humphrey and Cope 1976). This contrasted 
sharply with the Oregon Coast Range and the eastern Wash- 
ington Cascades, where pregnant and lactating females were 
abundant and juveniles constituted a higher proportion of the 
captures during the late maternity period. These data suggest 
that reproductive females were absent from the 30% to 600-m 
elevation zone on the western slope. of the Cascades, but that 
they were present at similar elevations to the east and south. 
Similar skews towards nonreproductive females and males at 
high elevations and towards reproductive females at lower 
elevations have been reported in the Cascades and the Rocky 
Mountains (Fenton and others 1980, Perkins 1983). 
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Table 4-Vegetative variables that were significantly associated
with bat activity in the southern Washington Cascades and the
Oregon Coast Range

Variable

Washington
Broken tops
Frost scars
conks
Snag 3
Snag 4
Snag DC1
Snag Voll
Overall R2

Oregon
Snag D.B.H.
Snag DC3
Snag Vol
Snag Vo14
Age
Elevation
Dens 50
overall R2

Myotis A”

0.15**b

-0.16**
0.13*

Ns
Ns
Ns

0.09*
0.06

0.20***
Ns
Ns
Ns
Ns

0.27***
Ns

0.12

Myotis Ba
Long-legged Silver-

myotis haired bat

Ns
Ns
Ns
-0.26***

0.10**
0.14**

Ns
Ns

Ns
0.15*
0.20***

-0.09*
0.24***

Ns
Ns

0.09

Ns Ns
Ns Ns
Ns Ns
Ns Ns
Ns Ns
Ns Ns
Ns Ns

0.08 Ns

0.15*
Ns
Ns
Ns
Ns

0.20**
Ns

0.17

Ns
Ns
Ns
Ns
Ns
Ns
-0.21**

0.04

aMyotis A includes the little brown and Yuma myotis. Myotis B includes the
California, Keen’s, long-eared, and western small-footed myotis.
‘Values are the partial regression coefficients (rijk) and *, **, and *** in-
dicate significance levels of 0.05, 0.01, and 0.001, respectively. Ns indicates
not significant.

Ranges have dramatically higher detection rates in old-growth
than in mature or young stands. Thus, this study indicates
that bats are 2.5 to 9.8 times more abundant in old-growth
than in young or mature stands in both study regions. Clearly,
old-growth stands provide important habitats for bats in the
Pacific Northwest.

Forest stands can provide bats two critical resources: food
and day roosts. The short duration of activity in early even-
ing and the low feeding rates during this time suggest that
forest stands are not important feeding sites for bats. Early
evening peaks in activity over ponds and streams and in
adjacent riparian habitat have been described for several
species, including the California, long-eared, little brown,
Keen’s, long-legged, and Yuma myotis and big brown and
silver-haired bats (Anthony and Kunz 1977, Bell 1980, Cross
1976, Kunz 1973, O’Farrell and Bradley 1970). These early
activity peaks over water generally last 45 to 180 minutes,
much longer than the peaks observed in the forest stands
(about 15 minutes). The length of activity peaks over water
appears to be determined by the insect capture rate that bats
achieve and the amount of food they require. Pregnant and
lactating little brown myotis foraging over water capture
only 19 percent and 28 percent of their first meal in 20
minutes despite capture rates as high as five to eight insects

per minute (Anthony and Kunz 1977; Gould 1955,1959).
Similarly, wild European pipistrelles and captive western
small-footed myotis achieve high capture rates when feeding
on insect swarms (10 insects per minute), but have feeding
periods lasting > 45 minutes (Griffin and others 1960, Racey
and Swift 1985). Because feeding rates decline with
decreasing insect abundance (Racey and Swift 1985),
habitats with lower insect abundance than aquatic sites have
should show prolonged activity peaks, which was clearly not
true in forest stands. Although insects in the size range taken
by Myotis species (<l0 mm; Anthony and Kunz 1977,
Belwood and Fenton 1976) were only 1 to 10 percent as
abundant as over water, the activity peak in forests was brief,
lasting only about 15 minutes. Thus, this peak is unlikely to
correspond with any significant feeding activity, but rather
originated from bats commuting from day roosts to feeding
sites located outside the stands and over water. That feeding
rates of the Myotis species were more than 10 times higher
over ponds and streams in Washington and Oregon lends
further support to this conclusion.

Our data suggested that the activity of the Myotis species
and the big brown and silver-haired bats (Oregon) was
skewed towards old-growth forests because they offer an
increased variety or abundance of day roosts. Although the
highest densities of snags occur in young and mature forests,
these snags are typically dominated by small-diameter
Douglas-fir with low longevity (Cline and others 1980).
The greatest species diversity, largest diameters, the most
advanced decay-classes, and the greatest snag longevity all
occur in old-growth compared with younger forests. These
features likely provide a greater abundance and diversity of
bat roosts in old growth than in younger forests.

Although bat activity was greater in old-growth stands in
both Washington and Oregon, important differences were
found between the two regions. Detection rates were sig-
nificantly lower in the southern Washington Cascades for all
species except the long-legged myotis, and no evidence of re-
production was found in this region. In the western Wash-
ington Cascades, few bats were female (11 percent), none
showed any evidence of reproductive activity, and juveniles
were only captured after the dissolution of maternity colonies
in late August (Humphrey and Cope 1976). This contrasted
sharply with the Oregon Coast Range and the eastern Wash-
ington Cascades, where pregnant and lactating females were
abundant and juveniles constituted a higher proportion of the
captures during the late maternity period. These data suggest
that reproductive females were absent from the 300- to 600-m
elevation zone on the western slope of the Cascades, but that
they were present at similar elevations to the east and south.
Similar skews towards nonreproductive females and males at
high elevations and towards reproductive females at lower
elevations have been reported in the Cascades and the Rocky
Mountains (Fenton and others 1980, Perkins 1983).
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Differences in the incidence of reproductive females may be
related to climate. Forests in the western Washington Cas-
cades receive higher rainfall, more days of rain, and are more
frequently shrouded by low clouds during the pregnancy and
lactation periods (April to July) than sites to the east, to the
south, and at lower elevations (NOAA 1960-85). These fac-
tors may cause more frequent interruptions in foraging activ-
ities and make timing of food availability less predictable.
Racey (1973) and Racey and Swift (1981) showed that preg-
nant females that could not forage daily were incapable of
sustaining the energy demands of homeothermy. Torpor in
females delayed parturition both in the laboratory and under
natural conditions (Racey 1973, Racey and Swift 1981). Low
clouds and frequent rain in the western Washington Cascades
may make timing of insect availability too patchy for preg-
nant or lactating females to remain homeothermic. Females
may not be able to complete the reproductive season and
prehibernation fattening in the limited time available during
summer. If nonreproductive females and males are able to
resort to torpor without a reproductive penalty, they would
be less sensitive to temporal patchiness in prey availability
and so could make use of the more adverse, high-rainfall
sites (Kurta and Kunz 1988).

Vegetative Relationships

The correlations of bat activity to vegetative features indicate
that the abundance of damaged or diseased trees or snag size
and decay states were associated with higher bat activity.
These variables explained such a small proportion of the total
variance in bat activity that they did not identify specific veg-
etation features that affect bat abundance. These weak corre-
lations are probably a result of the study design; vegetative
characteristics were measured to describe differences in stand
types rather than to quantify roosting sites for bats. Until
more precise data on the roosting requirements of bats in the
Pacific Northwest become available, the only way to manage
for bat populations will be to retain undisturbed stands of old-
growth forest. The minimum size of these stands can only be
determined by the size in which the full range of snag sizes
and decay-classes are represented. If the abundance and di-
versity of snags and diseased or damaged trees influences bat
abundance in stands, then several avenues for future research

are apparent. Managed and thinned stands where damaged
trees and snags have been removed should be essentially
devoid of bats and can provide a valuable contrast with fire-
generated young and mature stands. Young stands produced
from old-growth stands damaged by canopy fires should
retain the snag characteristics of the original stand for about
41 years (Cline and others 1980), and they may have an
increased diversity of roost sites because these stands have
more standing dead trees. These stands should have bat
activity equivalent to or higher than intact old-growth stands.
In contrast, young stands produced by logging operations
that remove the large snags should have low bat activity.
Because most of the young stands studied here were not a
product of logging, this contrast was not tested. Coupled
with these possible contrasts based on ultrasonic detection,
locating and characterizing suitable roosts would seem
imperative.

This study shows that old-growth forests provide important
habitats to bats in both the Cascade and Coast Ranges. We
predict that forestry practices that remove old growth and
thus reduce the overall age structure of forests without
retaining snags and damaged trees will significantly affect
bat populations. The evidence that reproductive females are
less abundant on or absent from the western Washington
Cascades suggests that protection of old growth in the Coast
Ranges and mountains to the south should receive highest
priority.
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Appendix
Table 5-Vegetation, elevation, and topography variables used
in logistic regressions

Variable Description

Broken tops
Dead tops
AnScar
LiScar
Frost Scar
ExCav
NatCav
conks
Snag3a

Snag4
Snag5
Snag6
SnagDCl-5b

SnagD.B.H.
SnagMass
SnagVol
SnagVol1-5
Age
Topo

Elevation
Species
TotDens
D.B.H.
D.B.H.75
Dens50
Dens100
Dens150

Live trees with broken tops
Live trees with dead tops
Trees with animal-induced scars
Trees with lightning scars
Trees with frost scars
Trees or snags with excavated cavities
Trees or snags with natural cavities
Trees with conks of primary pathogens
Snags: height = 1.5-5.0 m; d.b.h. = l0-50 cm
Snags: height >15 m; d.b.h. = l0-50 cm
Snags: height = 5-15 m; d.b.h. >50 cm
Snags: height >15 m; d.b.h. >50 cm
Snags: decay classes 1 to 5
Snags: mean d.b.h.
Snags: total biomass
Snags: total volume
Snags: volumes in decay classes 1 to 5
Chronological age in years
Topography: crest; upper, middle, lower slope,

depression
Mean stand elevation
Total number of tree species
Total tree density
Mean tree d.b.h.
D.b.h. of the 75 percent quantile
Density of trees with d.b.h. = 50-99 cm
Density of trees with d.b.h. = 100-149 cm
Density of trees with d.b.h. >149 cm

aSnag number designators conform with those used in vegetation studies
(this volume).

bSnag decay-classes follow those in Clime and others (1980).
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Abstract
We used pitfall trapping and surveys of down wood to sample
amphibian populations on clearcuts, young, mature, and old-
growth forests on Forest Service or Bureau of Land Manage-
ment land in the Coast Range of Oregon in 1984 and 1985.
We attempted to identify species or unique groups of species
associated with old-growth forests and structural components
of the habitat associated with abundance of amphibians. Pit-
fall traps captured 10 species and 1878 individual amphibians
in 45 forested stands and three clearcuts in 80 nights in 1984
and 1985. Western redback salamanders, ensatinas, and
roughskin newts were the species most commonly captured
by pitfall traps in both forested stands and clearcuts. Signifi-
cantly more Olympic salamanders were captured in old-
growth compared to mature and young forest stands. On a
moisture gradient in old growth, tailed frogs were more abun-
dant in wet stands. Western redback salamanders were most
abundant on steep, rocky slopes, but few strong correlations
were found between amphibian abundance and habitat fea-
tures characteristic of old-growth forests. We also sampled
536 logs in 18 stands and captured 328 amphibians (seven
species). Clouded salamanders (166 individuals, compared to

only 13 caught in pitfalls), and ensatinas (111 captures) were
the most common salamanders found associated with down
wood. Habitat preferences differed markedly. Clouded sala-
manders preferred large Douglas-fir logs with bark still at-
tached, but ensatinas were found more often in well-decayed
logs. Based on amounts of down wood available in Douglas-
fir forests, we predict densities of clouded salamanders to be
highly correlated with stand age, and we expect this species
to be rare in intensively managed forests where down wood
is reduced.

Introduction
Amphibians and reptiles are the subjects of less than 10
percent of recent studies in ecology and wildlife ecology
(Gibbons 1988), yet they are numerically dominant in many
habitats and supply an important component of the energy
present in terrestrial and aquatic ecosystems. Hairston (1987)
estimated that energy present in salamanders in southern
Appalachian forests exceeds that of all other vertebrate
predators combined. Terrestrial salamanders typically have
stable populations that are suitable for assessing impacts of
disturbance (Hairston 1987).

Although the number of species of amphibians and reptiles
in Douglas-fir forests of the Pacific Northwest is low relative
to mammals and birds (Harris and Maser 1984), the herpe-
tofauna are a distinctive and important component of the
vertebrate fauna (Bury 1988). Several species of amphibians
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that occur in the Coast Range in Oregon, including the tailed
frog, Olympic salamander, Pacific giant salamander, clouded
salamander, DUnn’S salamander, western redback salamander,
and roughskin newt, are endemic to the Pacific Northwest
(Nussbaum and others 1983). Species adapted to a specific
habitat (Douglas-fir forests) might be expected to be sensi-
tive to major disturbance of that habitat (logging). Studies in
northern California found differences among seral stages of
Douglas-fir and redwood forests in composition and abun-
dance of the herpetofauna (Bury 1983; Raphael 1984, 1988c;
Raphael and Barrett 1984).

The Old-Growth Program was designed, in part, to gather
information on abundance of forest. amphibians and their
habitat preferences in Oregon, Washington, and California
(Ruggiero and Carey 1984). Pilot studies were conducted in
the Cascade Range in 1983 (Bury and Corn 1988a), and in
1984, vertebrate community studies were extended to the
Coast Range in Oregon. We used pitfall traps and hand
collecting (Bury and Corn 1987, Bury and Raphael 1983,
Campbell and Christman 1982) to sample the terrestrial
herpetofauna.

Pitfall trapping provides good estimates of relative abun-
dance of many amphibian species, but it severely under-
samples salamanders that are closely associated with down
wood (Bury and Corn 1988a). Time-constrained collecting is
effective for capturing individuals of these species, but the
technique produces potentially biased estimates of relative
abundance (Bury and Corn 1988a; Corn and Bury 1990). To
estimate the relative abundance of salamanders associated
with down wood, we searched uniform numbers of down
logs.

In this paper, we report the results of sampling amphibians
over a large area of the Coast Range in 1984 and 1985. Our
objectives were to:

l Identify amphibians associated with old growth by
determining the relative abundance of amphibians in
young, mature, and old-growth forests and across a
moisture gradient in old growth;

l Compare the abundance of amphibians to major physi-
ographic and vegetation gradients, and to identify im-
portant habitat features that could be incorporated into
managed forests to maintain the diversity of amphibians;

l Contrast changes in abundance of amphibians between
old-growth forests and clearcuts as a first step in com-
paring managed and natural forests; and

l Estimate abundance of salamanders associated with down
wood, and describe differences among species in the use
of this microhabitat.

Methods
Study Areas

We studied 45 closed-canopy forest stands and 5 recently
clearcut stands in the Coast Range of Oregon (see frontis-
piece). Most stands were in the interior or on the eastern
flank (valley margin) of the Coast Range. Most of the stands
south of Eugene were on land managed by the Bureau of
Land Management (BLM) Eugene, Roseburg, and Coos Bay
Districts. Stands north of Eugene were on BLM (Salem
District) land, the Siuslaw National Forest (including Cape
Perpetua and Drift Creek Wilderness Areas), or land man-
aged by the city of Corvallis (Marys Peak).

Stand Selection and Classification

Stands initially were selected to conform to a chronosequence
of four categories beginning with five clearcuts (<10 years
old), eight closed-canopy young stands (40 to 75 years), 10
mature stands (80 to 120 years), and 27 old-growth stands
(150 to 525 years). Most forest stands were composed of
naturally regenerated forests. Ages of stands were estimated
a posteriori by increment coring or by examining stumps in
adjacent clearcuts and roadsides (Spies and others 1988).

A moisture gradient (wet, moderate, and dry) was examined
for old-growth stands. The moisture classification was based
on a multivariate ordination of understory vegetation (Spies
and Franklin, this volume).

Pitfall Trapping

We installed 36 pitfall traps (6.41 volume, 15 m apart in a
6 x 6 grid) in each forest stand and three clearcuts in summer
1984. Details of trap construction and installation are in Bury
and Corn (1987) and Corn and Bury (1990, this volume a).
Before and after each trapping season, traps were closed with
a tight-fitting plastic lid. Each grid was placed at least 100 m
from the edge of the stand. This distance was a compromise
between the need to avoid edge effects and the need for a
field crew to be able to check the grids in five to seven
stands in one day.

We opened traps during the first week in October and trap-
ped continuously for 50 days in 1984 and for 30 days in
1985. The same grids were used in both years. No water was
put in the traps because amphibians that drowned did not
preserve well. In practice, most traps accumulated some
water and some amphibians drowned. Traps were checked
about once a week; nine times in 1984 and five times in
1985. Any water that had accumulated was bailed out.

Amphibians taken from traps were killed in dilute chloretone
(a saturated solution of hydrous chlorobutanol in 95-percent
ethanol, diluted to about a 5-percent solution in water). After
identifications were verified, we determined the sex and
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measured snout-vent length (SVL), total length, and mass.
Amphibians were fixed at least 24 hours in 10 percent for-
malin and then rinsed in water and preserved permanently
in 50 percent isopropyl alcohol. Amphibians that had
drowned were identified. sexed, and measured, and stomachs
and eggs (if any) were dissected and preserved. Specimens
were deposited in the National Museum of Natural History,
Washington, DC.

Vegetation Sampling

We sampled vegetation at nine points within the pitfall grid,
with the center of each sampling plot equidistant from four
pitfall traps (Corn and Bury, this volume a). We estimated
physiographic, coarse woody debris, live tree, and ground
cover variables (see appendix in Corn and Bury this volume
a) in two nested circles of 5.6-m radius (100 m ) and 15-m
radius (707 m2 ). Percentage cover was estimated by eye.
Count variables were converted to density (number per
hectare).

Surveys of Down Wood

We conducted surveys of down wood in 18 stands (nine
old-growth, three mature, three young, and three clearcuts)
between 19 March and 10 April 1985. We searched 30 logs
in each stand (26 in one stand) with minimum diameter of 10
cm and minimum length of 1 m. Down wood was classified
on a five-point scale (Franklin and others 1981, Maser and
others 1979): (1) intact, recently downed trees; (2) intact
wood with loose bark; (3) bark beginning to slough off and
decayed sapwood; (4) loss of most bark and decayed heart-
wood; and (5) hummocks of wood chunks and organic
material. In each stand, we sampled equal numbers of logs
in three broader categories: 10 class 1 and 2 logs, 10 class 3
logs, and 10 class 4 and 5 logs. We recorded the slope,
aspect (to the nearest 459, tree species, length, diameter,
and decay-class of each log sampled. We then searched for
amphibians under the bark, in the wood, under the log, and
under bark on the ground adjacent to the log for a maximum
of 20 staff minutes (a staff minute is one person searching
for 1 minute). We recorded the length and diameter of the
portion of the log that was searched. For every amphibian
encountered, we determined the sex, measured SVL, and
recorded where found (such as under bark or in log) and the
depth inside the log. A series of voucher specimens was
preserved from each stand, but most amphibians were
released at the site of capture.

Logs were sampled as the crew traced an irregular path
through a portion of the stand away from the pitfall grid.
Logs were generally sampled as encountered, except that we
attempted to maintain about equal numbers in each decay
category as the survey progressed. Therefore, logs in abun-
dant decay categories were occasionally passed in the search
for the next log in a less abundant category.

Statistical Analyses

Captures in pitfall traps-All statistical analyses were done
on a microcomputer using SYSTAT (Wilkinson 1988). Anal-
ysis of the chronosequence was originally intended to com-
pare young, mature, and old-growth stands with similar
moisture conditions, and so was to exclude wet and dry
old-growth stands (Carey and Spies, this volume). Because
mature and young stands had much greater variation on the
moisture gradient than expected (Spies and Franklin, this
volume), however, only those old-growth stands that were
outliers on the moisture gradient were excluded. In the Coast
Range, all but two old-growth stands were retained in the
chronosequence analyses. Analysis of the moisture gradient
was restricted to old-growth stands.

We measured abundance as the number captured per 100
trap-nights. Pitfall traps may capture large numbers of young-
of-the-year amphibians that are dispersing from breeding
ponds or streams (Bury and Corn 1987). To reduce the bias
introduced by the proximity of breeding habitats to grids, the
analyses of abundance used only adult tailed frogs (> 35 mm
SVL), red-legged frogs (235 mm SVL), northwestern sala-
manders (270 mm SVL), and roughskin newts (> 40 mm
SVL). Analysis of the abundance of individual species
depended on numbers captured. “Common” species were
species with more than 50 total captures, and differences on
the age and moisture gradients were analyzed by analysis of
variance (ANOVA) of (loge abundance + 1). “Rare” species
had fewer than 50 and greater than 10 total captures. Because
of the low sample sizes, we used all captures of these species
in both years. We put “common” and “rare” in quotes, be-
cause captures in pitfalls may not reflect the actual abun-
dance of these species. For example, clouded salamanders
are rarely captured by pitfalls but commonly are taken in
time-constrained surveys (Bury and Corn 1988a). Differences
in numbers captured among age- and moisture-classes were
tested using the G-test (log likelihood ratio) for goodness of
fit (Sokal and Rohlf 1981).

Physiographic and vegetation variables-variables meas-
uring percentage cover were arcsin-transformed (Sokal and
Rohlf 1981) before analysis. Count variables had large vari-
ances which were log-transformed. We computed Pearson
product-moment correlation coefficients between continuous
physiographic and vegetation variables and abundance of
common species. Associations between abundance and cate-
gorical physiographic variables were tested with ANOVA.
For rare species, we compared mean values of physiographic
and vegetation variables between stands where each species
was present or absent, or we computed log likelihood ratios
based on the presence or absence of amphibians and cate-
gorical physiographic variables.
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We performed a principal components analysis using a subset
of eight vegetation variables (Corn and Bury, this volume a)
representing habitat features that have been used in ecological
definitions of old-growth Douglas-fir forests (Franklin and
Spies 1984, Morrison 1988, Spies and Franklin 1988). Three
factors accounted for 67.6 percent of the variance. Factor 1
(33.1 percent of variance) describes an age gradient, factor 2
(19.3 percent) was associated with down wood, and factor 3
(15.2 percent) was associated with shrub cover (Corn and
Bury, this volume a). We tested the abundance of common
species against these three factors using multiple regression,
and we tested the three factors against the presence or ab-
sence of rare species using multivariate analysis of variance.

Salamanders in down wood-The density in down wood
of each species of salamander (number per cubic meter) was
calculated as the number caught in each log divided by the
volume of wood sampled in each log. Mean densities in
down wood in each stand were calculated for each of the
three decay-categories (decay-classes 1 and 2, class 3, classes
4 and 5). We used a nested ANOVA (stands within forest
age-classes) to test whether density (log transformed) in
down wood of any species varied among decay-categories
or age-classes (old-growth, mature, and young).

We compared slope and log dimensions for sites where each
species was captured versus sites where each species was
absent with one-way ANOVA. For the categorical variables
aspect (four categories; N and NE, E and SE, S and SW, W
and NW), tree species (Douglas-fir versus other), decay-
category, and position (under bark, in log, or on ground;
either under log or under bark), we compared total captures
of each species among categories using log likelihood ratios.

We calculated predicted densities of plethodontid salaman-
ders in 45 forest stands from the following formula:

3
D = E E (di * Vi)

i=l

where D = number of salamanders per hectare, di = density
in down wood in decay-category i, and Vi = m3 of down
wood per hectare in category i (data provided by T. Spies).
If d varied among age-classes, then D was calculated using
the mean density in down wood for each age-class. Predicted
densities are minimum estimates, because we did not in-
vestigate salamander populations in other microhabitats.

Results
Pitfall Trapping

Abundance of amphibians--In 1984 and 1985 combined,
we captured 1797 individuals and 10 species of amphibians
in 45 forest stands (table l), and an additional 81 individuals
in three clearcuts. Only a few young-of-the-year northwestern
salamanders, roughskin newts, and red-legged frogs were
captured, but 28 juvenile tailed frogs (30 percent of captures)
were excluded from further analyses. Combined abundance
of amphibians was higher in 1985 (1.767 per 100 trap-nights)
than in 1984 (1.158 per 100 trap-nights; Wilcoxon signed-
ranks test, P < 0.00l), but among individual species, only
ensatina was captured significantly more often in 1985
(0.728 per 100 trap-nights) than in 1984 (0.348 per 100
trap-nights; P < 0.001). The patterns of combined abundance
and abundance of ensatina across the age and moisture gra-
dients were similar in both years, and because abundance
did not differ between years for any other species, all further
analyses used the combined abundance (captures in 1984 +
1985 with 80 nights of trapping [2880 trap-nights] per grid).

Five species (Pacific giant salamanders, ensatinas, western
redback salamanders, roughskin newts, and tailed frogs) were
considered common, with 61 to 737 captures. Four other spe-
cies, including northwestern salamanders, Olympic salaman-
ders, clouded salamanders, and Dunn’s salamanders had 13
to 45 captures and were considered rare. Fewer than 10 adult
red-legged frogs were captured, and the abundance of this
species was not analyzed.

Table l-Total numbers of amphibians captured by pitfall grids
in 45 forest stands in the Oregon Coast Range in 1984 and 1985
(grids were open for 50 days in 1984 and 30 days in 1985)

Species 1984 1985 Total

Salamanders”
Northwestern salamander
Pacific giant salamander
Olympic salamander
Clouded salamander
Ensatina
Dunn’s salamander
Western redback salamander
Unidentified
Roughskin newt

12 (15)
42
22

6
282

21
412

93 (97)

6 (7)
19

8
7

354
24

325

52 (61)

18 (22)

30
13

636
45

737

14: (158)

Frogs
Tailed frog 25 (44) 40 (49) 65 (93)
Red-legged frog 3 (4) 5 (6) 8 (10)

Total 911 (938) 8 3 9 (859) 1750 (1797)

a Only adults of northwestern salamanders (snout-vent length 270 mm),
roughskin newts (snout-vent length 540 mm), tailed frogs (snout-vent length
> 35 mm), and red-legged frogs (snout-vent length 235 mm) were used in
analyses of abundance. Total captures of these species am in parentheses.
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Table 2-Mean abundance, mean relative abundance,” and percentage occurrence of eommcm amphibians MO total captures) in 
different forest types in the Oregon Coast Range 

Species 

Pacific giant salamander 

EIlSatina 

Western redback salamander 

Rough&in newt 

Relative abundance 
Percentage of stands 
Number/l00 TN 
Relative abundance 
Pwxntage of stands 
Number/l00 TN 
Relative abundance 
Percentage of stands 
Number/100 TN 
Relative abundance 

Tailed fxog 
Percentage of stands 
Number/100 TN 
Relative abundance 

One northern alligator lizard not listed in table 1 was cap- 
tured in a clearcut in 1984. This contrasts with 120 reptiles 
captured by pitfall arrays (pitfall traps with drift fences) at 
30 sites in the Cascade Mountains of Oregon and Washington 
in 1983 (Bury and Corn 1988a). The lack of reptiles in 1984 
and 1985 reflects both the absence of drift fences (Corn and 
Bury 1990) and the trapping season (reptiles are less active 
in the fall after the rains begin). 

Variation on the chronosequence-Neither combined abun- 
dance nor abundance of any of the five common amphibian 
species were significantly different among age-classes of 
forest stands (table Z), but the patterns of relative abundance 
appeared to differ somewhat. The ensatina was the most com- 
mon species captured in young and mahne stands, while the 
western redback salamander was the most common species 
in old growth. Roughskin newts were a higher proportion 
of captures in old-growth stands than in mature and young 
stands. Abundance of western redback salamanders was 
highly variable and not well correlated to frequency of oc- 
currence. Mean abundance of this species was 0.812 per 100 
trap-nights in young stands and 0.532 per 100 trap-nights in 
old-growth stands, but western redback salamanders occurred 
in only 50 percent (4 of 8) of young stands compared to 88 
percent (22 of 25) of old-growth stands. The high mean abun- 
dance. in young stands was due to two stands with exnaordi- 
ntily high abundance (3.056 and 2.014 per 100 trap-nights). 

Captures of two rare species varied among age-classes. ^. . . ,^. _. r ulymp~c sammnders (*lg. 1) were capture0 more often m 
old-growth stands than in mature or young stands (G = 9.30, 
2 df, P = 0.01). Pitfall traps captured 11 clouded salamanders 
in old-growth stands versus two clouded salamanders in 
young and mature stands combined (C = 4.25, 1 df, P = 
0.039). Numbers of northwestern salamanders (P = 0.97) and 
Dunn’s salamanders (P = 0.43) did not differ among 
old-growth, mature, and young stands (fig. 1). 

Variation on the moisture gradient-Tailed frogs (table 3) 
were absent from dry stands in old growth and much more 
abundant in wet stands than moderate stands (F = 10.5; 2,24 
df; P = 0.001). Ensatinas composed a higher proportion of 
captures in dry stands compared to wet stands, but this was 
probably a result of the lower number of species captured in 
dry stands because abundance did not vary significantly 
across the moisture gradient. Too few clouded salamanders 
were. captured by pitfall traps for analysis, but none were 
captured in dry stands. Captures of the other rare species did 
not vary significantly across moisture-classes (fig. 2). 
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Table 3--M&m abundance, mean relative abundance: and percentage occurrence of common amphibians (~50 total captures) on 
the moisture eradknt in old-umvth stands in the Oreeon Coast Ranee 

AU amphibians 
Pacific giant salamander 

EIlS&U3 

Western redback salamander 

Rough&in newt 

Tailed frog 

Numb-d100 Ti? 
Numbez/loO TN 
Relative &wmJmce 
Percemage of stands 
Number/100 TN 
Relative abundance 
Percentage of stands 
Number/100 TN 
Relative abundance 
Percentage of stands 
Number/100 TN 
Relative abundance 
Percentage of stands 
Number/100 TN 
Relative abundance 
Percentage of stands 

0 
Young Mature Old-growth Dry Moderate Wet 

Moisture-class 



Mean relative abundance (log scale) 

Old growth versus clearcuts-We captured seven species 
in three clearcuts (I?= 4.3 per stand) and nine species in 
three adjacent old-growth stands (Z= 4.7 per stand). Two 
species, northwestern salamanders and tailed frogs, were 
captured in old growth and not in clearcuts. No species 
captured in the clearcuts were absent from old-growth stands. 
Total abundance in old growth (1.25 per 100 trap-nights) was 
not significantly greater than total abundance in clearcuts 
(0.76 per 100 trap-nights, P = 0.40). Aside fmm the two 
missing species, the pattern of relative abundance was not 
very different in clearcuts compared to old growth (fig. 3). 
The ensatina, western redback salamander, and roughskin 
newt were the most abundant species in both old-growth 
stands and clearcuts. Newts had the highest mean relative 
abundance in clearcuts because they were the only amphib- 
ians captured in one clearcut (relative abundance = 100 
percent). 

Microhabitat associations-We compared abundance or 
occurrence of amphibians with physiographic variables 
measured at the pitfall grids plus stand age, latitude, and 
longitude. The strongest associations were with plethodontid 
salamanders. Dunn’s salamander occurred more often on 
steep slopes (F = 16.7; 1,43 df: P < 0.001). where exposed 
talus was present (G = 10.5, 1 df; P = 0.001). and in stands 
at higher latitudes (F = 8.23; 1.43 df; P = 0.006). Western 
redback salamanders were more abundant on steep slopes 
(r = 0.603, P < 0.01) and in stands with talus present 
(F = 18.D; 1, 43 df; P < 0.001). Stands where Olympic 
salamanders were present were older than stands where 

they were absent (F = 4.23: 1,43 df: P = 0.046). Roughskin 
newts were more abundant in stands at higher latitudes 
(T = 0.463, P < 0.01). but they were less abundant in stands 
with surface water present in the pitfall grid (F = 4.69; 1.43 
df; P = 0.036). Tailed frogs were more abundant in western 
stands (r = 0.505, P < 0.01). and northwestern salamanders 
occurred more often in eastern stands (F= 4.56; 1.43 df; 
P = 0.038). Ensatinas were less abundant on wanner (soutl- 
facing) slopes (r = -0.376, P < 0.05). 

Twenty of 32 vegetation variables were significantly asso- 
ciated with abundance or occurrence of one or more amphib- 
ian species (table 4). Few of the significant correlations were 
very large; most were between 0.3 and 0.5. One exception 
was the positive correlation between abundance of western 
redback salamanders and amount of ground cover by rocks 
(r = 0.566, P < 0.01). but this reflected the presence of talus. 
Mean rock cover was 1.12 percent where talus was present 
and 0.11 percent where talus was absent (F= 14.2; 1.43 df; 
P < O.Kll). Abundance of tailed frogs was correlated to nine 
vegetation variables, most of which were negative correla- 
tions to understory hardwood trees and shrub cover (table 4). 
This pattern probably reflects the absence of tailed frogs 
fmm dry old-growth stands, where the understory was more 
dense than in moderate or wet stands (Spies and Franklin, 
this volume). 

The tailed frog was the only species significantly associated 
with the three habitat variables generated from the principal 
components analysis (multiple r = 0.323; F = 6.53; 3,41 df; 
P = 0.001). Abundance was negatively associated with factor 
3 (shrub cover, P = 0.001) and positively associated with 
factor 2 (down wood, P = 0.016). but abundance was un- 
related to factor 1 (age, P = 0.365). 

Salamanders in Down Wood 

We searched 536 logs (!i = 18 staff minutes per log), and the 
amphibians comprised seven species dominated by clouded 
salamanders (166 captures), ensatinas (111). and western red- 
back salamanders (40). We also captured six Dunn’s s&man- 
ders, three rough&ii newts, one Pacific giant salamander, 
and one Olympic salamander. Reptiles were encountered in 
the three clearcuts. We captured six northern alligator lizards, 
two western fence lizards, one western skink, and one nortb- 
western garter snake. All analyses involve the three com- 
monly captured salamanders. 

Clouded salamanders were found in 110 logs, and the density 
was 1.48 per cubic meter of down wood (table 5). Significant 
differences in density were found among decay-categories 
(table 6); density was highest in class 1 and 2 logs and lowest 
in class 4 and 5 logs. Density of clouded salamanders in 
down wood did not vary significantly among age-classes. We 
found ensatinas in 82 logs, and the mean density was 1.30 
per cubic meter of down wood. Density varied significantly 
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Table 4-Significant assoclat~ ion 
variables measured at pitfall gri 

s between abundan& of cmnmon amphibians or occurrence of rare amphibians and vegetation 
ds (table 1) in the Orecon Coast Range 

Variable 

DLOGSC (Percentage cover) 
STUMP (Number,ha) 
MSNAG (Number/ha) 
CTREEM (Number/ha) 
BTREES (Number/ha) 
BTREEM (Numberfia) 
MDTREE (Percentage cover) 
MCTREE (Percentage cover) 
CDTREE (Percentage cover) 
CBTREE lPercentaee cover) 
CCI’REE ~Percent& mverj 
LITDEPTH (cm) 
SOIL (P,,,, cow) 
ROCK (Percentage cover) 
FORB (Percentage cover) 
GRASS (Percentage cover) 
FERN (Percentage cover) 
ESHRUB (Percentage cover) 
DSHRUB (Percentage cover) 
MSHRUB (Percentage cover) 

n acific gia 
alamande 

II) 

Xympic 
,lamand< 

Tr 

(- -1 

+ 

ailed 
iog 

Table S-Density (number/m3 of down wood) of clouded salamanders, ensatinas, and western redhack salamanders by age- and 
decay-class 

Species 
Old-growtha 

(266) 
M.%tuE Young Clearcut All 

(90) (90) (90) (536) 

l&2 0.61 1.98 1.43 0 0.87 
3 0.77 2.40 2.17 0.09 1.16 

4&S 1.26 3.19 2.40 1.60 1.84 

AU 0.88 2.55 2.00 0.56 1.30 

Western redback salamander 

’ The number of logs searched in each age-&w are in parenlheses. 
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Table 6-Nested analysis of variance (stands within age-classes)
of mean density (number/m3 of down wood, log-trans ormed) ofs f
clouded salamanders, ensatinas, and western redback salaman-
ders acre old-growth, mature, and young forest age-classes
and 3 decay-classes of down wood (1 & 2; 3; 4 & 5)

Species Factor df MSS F P

Clouded
salamander

Ensatina

Western
redback
salamander

Stands
Age-class
Decay-class
Error
Stands
Age-class
Decay-class
Error
Stands
Age-class
Decay-class
Error

12 1.110 1.85 0.039
2 0.059 0.10 0.908
2 3.081 5.13 0.006

429 0.600
12 1.530 2.64 0.002
2 2.318 4.11 0.017
2 1.844 3.19 0.042

429 0.579
12 0.6% 3.43 <0.001
2 0.434 2.14 0.119
2 0.475 2.35 0.097

429 0.203

both across age-classes and decay-categories (table 6). Den-
sity was highest in mature and young stands and class 4 and
5 logs, and it was lowest in clearcuts and old growth and
class 1 and 2 logs (table 5). Western redback salamanders
were found in 34 logs, and density did not vary significantly
among either age-classes or decay-categories (table 6). Mean
density of this species was 0.42 per cubic meter of down
Wood.

Habitat characteristics-logs where we found clouded
salamanders were larger (both diameter and length) than logs
where we did not find this species (table 7). Clouded sala-
manders were found in Douglas-fir logs more often than in
logs of other tree species (table 8). Logs with ensatinas
present were on flatter slopes than logs without ensatinas,
but the size of logs with and without this species did not
differ (table 7). Logs with western redback salamanders were
on steeper slopes than logs without redback salamanders
(table 7), but redback salamanders were also captured more
often where the aspect was to the west or northwest (table 8)
and logs were on flatter slopes (19 percent) compared to the
other three aspect categories (21-23 percent).

The strongest variation among species in use of microhabitats
involved the decay-class of down wood and the locations
occupied by salamanders in logs. Clouded salamanders were
captured most often in class 1 and 2 logs and least often in
class 4 and 5 logs (fig. 4, G = 33.6,2 df, P < 0.01). Captures
of ensatinas were opposite; they were most common in class
4 and 5 logs and least often in class 1 and 2 logs (fig. 4, G =
13.8,2 df, P < 0.01). Western redback salamanders appeared
to occur less frequently in class 1 and 2 logs (fig. 4), but the
differences among decay-categories were not statistically
significant (G = 5.16, 2 df, P = 0.08). Sites at each log where

Table 7--Characteristics of logs where salamanders were cap-
tured (differences between capture sites with and without each
species were tested with one-way ANOVAa

Log Log
Slope diameter length

Category (percentage) (cm) (m)

All logs (n = 536) x 20.6 45.1 9.8
SE 0.50 0.86 0.42

Logs with clouded
salamanders (n = 110) x 21.3 52.4** 11.2**

Logs with ensatinas
(n = 82)

Logs with redback
salamanders (n = 34)

SE
_
x
SE

x
SE

1.10 2.12 1.07

17.7* 44.7 9.1
1.17 0.94 0.45

26.1** 51.2 10.2
1.70 4.00 1.74

a * P < 0.05, *+ P < 0.01.

Table Number of captures of clouded salamanders, ensatinas,
and western redback salamanders by aspect and tree species

Western
All c l o d e d redback

Variable Category logs salamander Ensatina salamander

Aspect N and NE 120 29 19 9
W and NW 131 53 22 18
E and SE 132 36 34 4
S and SW 144 45 32 9
G 6.02 4.16 10.31
P 0.11 0.24 0.02

Trees Douglas-fir 454 148 95 35
Othera 78 15 16 5
G 4.38 0.01 0.16
P 0.04 0.92 0.69

a Western hemlock (30). western redcedar (21), grand fir (10). hardwoods
(17).

salamanders were captured were characterized as inside the
log, under bark on the surface of the log, or in contact with
the ground. All three species showed distinct preferences
for specific sites in down wood (fig. 5, G = 71.2,4 df,
P < 0.001). Clouded salamanders were found inside the log
or under bark, but rarely in contact with the ground. Ensatinas
were captured most often inside the log, and they were
captured in contact with the ground more often than were
clouded salamanders. Western redback salamanders were
captured most often in contact with the ground. The mean
depth inside the wood of 88 clouded salamanders found
inside logs was 6.5 cm, and the mean depth of 64 ensatinas
was 7.9 cm, but the difference was not significant (Student’s
t = 1.30, P = 0.19).
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Clouded salamander Discussion 

G 
Western redback salamander 

l&2 3 4&5 

Decay-class 

Species Associated With Old-Growth Forests 
Olympic salamanders were captured by pitfall traps more. 
often in old-growth stands, and stands where this species was 
present were older than in stands where it was absent. Welsh 
and Lind (1988, this volume) obtained similar results in 
Douglas-fir forests in northern California. Olympic s&man- 
ders arc closely tied to headwater streams and seeps (Bury 
1988, Nassbaum and Tait 1977). however, and they are not 
often captured by pitfall traps in upland settings (A&y and 
Hall, this volume; Bury and Corn 1987, 1988a; Gilbert and 
Allwine, this volume. c; Raphael 1988c). The best evidence 
that Olympic salamanders are associated with old-growth 
forests comes from the stream surveys of aquatic amphibians 
(Bury and others, this volume b). Density was four times 
greater in streams in old-growth forests than in streams in 
young stands. Abundance of Olympic salamanders was 
greatly reduced in streams in the Coast Range that flowed 
through logged stands (Corn and Bury 1989). possibly re- 
salting from increased siltation. Olympic salamanders may 
be very slow to recolonize areas from which they have been 
extirpated (Bury and Corn 1988b). 

Other Coast Range amphibians that were sampled more 
effectively by pitfall traps showed little preference for old 
growth. This is in general agreement with data from the 
Cascades in Oregon and Washington (Aubry and Hall, this 
volume; Bury and Corn 198%; Gilbert and Allwine, this 
volume c), although Aubry and Hall (this volume) found a 
greater abundance of northwestern salamanders in old- 
growth stands in the Southern Washington Cascades. 
Ensatinas (Raphael and Barrett 1984, Welsh and Lind 1988), 
Del Nor@ salamanders (Raphael 1988c. Welsh and Lind 
1988) and black salamanders (Raphael 1988c) were more 
abundant in older Douglas-fir forests in northern California. 

One maior factor may be interferine with our abilitv to 

0” ground 

I” wood 

dctcrm~e the habitaipreferences o~amphibians: t&es!riaJ 
pitfall trapping largely ignores breeding habitats. A majority 
of the amphibian species we captured breed in water, either 
in cascading headwater s!xanu (tailed frogs, Pacific giant 
salamanders, Olympic salamanders), or in ponds or back- 
waters of streams (red-legged frogs, northwestern salaman- 
ders, Pacific giant &mit;ders, r&hskin newts). Most 
amphibians have poor dispersal ab%ties (relati& to bids and 

.Redback mammals), so upland habitat use by aquatic-breeding species 
II cncrtinm may be influenced heavily bv uroximitv to water. Most oit- 

faligrids were within a f&v i&xired m&s of a pew&l 
stream, but we have little information about the distribution 
of ponds relative to our grids. Plethodontid salamanders lay 

Percentage of captures their eggs on land where the embryos hatch into small 
replicas of the adults. These species do not require surface 

Figure-Lmstims ofdmdedralamanders,8lsatinas,andwestemrrdbaek water but may be tied to other habitat features such as talus 
salamanders captured during surveys of down wmd. slopes (Dumas 1956, Herrington 1988, Herrington and 
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Larson 1985, Stebbins 1951) or large chunks of down wood 
(Aubty and others 1988, Bury and Corn 198%x, Whitaker and 
others 1986). 

Plethodontid salamanders--One goal of our surveys of 
down wood was to provide estimates of the density of sal- 
amanders strongly associated with down wood. Estimated 
numbers of clouded salamanders and western redback sal- 
amanders per hectare were strongly correlated to stand age 
(fig. 6) because of the snong correlation between volume of 
down wood and stand age (Spies and others 1988). Because 
numbers of these two species (per cubic meter of down 
wood) did not vary among forest age-classes, changes in 
numbers per hectare apparently were solely due to changes 
in the volume of down wood. Predicted abundance of 
ensatinas did not increase with the age of the forest (fig. 6) 
because the number (per cubic meter of down wood) was 
significantly lower in old-growth stands. The increased 
volume in down wood in old-growth stands compensated 
for this, so the estimated numbers of ensatinas did not vary 
significantly among age-classes 

The estimated abundance of plethodontid salamanders 
(combined) was also positively correlated with stand age 
(fig. 6). The mean density (D) was 364 salamanders per ha 
in young stands, 387 per ha in mature stands, and 744 per 
ha in old-growth stands. These figures are considerably less 
than the 2367 redback salamanders per ha that Burton and 
Likens (1975) estimated for the Hubbard Brook Experimen- 
tal Forest in New Hampshire, or the 7000 PIerhodon per ha 
that Hairston (1987) estimated for forests in the southern 
Appalachian Mountains. The abundance we estimated, 
however, includes only salamanders closely associated with 
down wood. We may be somewhat close to estimating the 
actual abundance of clouded salamanders, but ensatinas and 
western redback salamanders use a broader range of habitats. 
These species were 49 and 56 times more abundant in pitfall 
traps than clouded salamanders, suggesting that neither spe- 
cies is closely associated with down wood. A recent 3-year 
study of western redback salamanders on two small plots on 
Vancouver Island found only about 15 percent of captures 
associated with down wood (Ovaska and Gregory 1989). 
Stebbins (1954) estimated 1708 ensatinas per ha at a site in 
the San Francisco Bay area, and Gnaediiger and Reed (1948) 
estimated 2833 ensatinas per ha in a ravine on the campus of 
Reed College in Portland. Ovaska and Gregory (1989) re- 
corded surface activity of up to 1.16 western redback sala- 
manders per square meter. Relative abundances of ensatinas 
and western redback salamanders were equivalent in oar 
pitfall traps, so the true density of plethodontid salamanders 
in Douglas-fu forests in western Oregon may be several 
thousand per ha, similar to salamander densities in eastern 
forests. 

Stand age (years) 

Microhabitat Features 
We found few stmng associations between amphibians and 
habitat features unique to old-growth forests. Upland habitats 
used by tailed frogs tended to be dense, moist forests, which 
is not unexpected for a species with low tolerance to high 
temperature and desiccation (Claussen 1973a. 1973b). These 
conditions may be supplied by young forests as well as old 
growth, however. 

Three general microhabitats are available to terrestrial sala- 
manders: rocky substrates, down wood, and leaf litter. The 
four plethodontid salamanders in the Coast Range segregate 
among these habitat types with various degrees of overlap. 
Dunn’s salamander is most abundant in rock rubble in seeps 
and along small streams (Buy 1988, Bury and Corn 1988b, 
Corn and Bury 1989, Dumas 19.56, Nussbaum and others 
1983). Western redback salamanders are most abundant on 
rocky slopes (Dumas 1956, Nussbaum and others 1983, 
Ovaska and Gregory 1989). as are most western Plerbodon 
(Herrington 1988, Herrington and Larson 1985, Nussbaum 
and others 1983, Ramotnik and Scott 1988, Stebbins 1951). 
Western redback salamanders apparently select drier habitats 
than Dunn’s salamanders and are more tolerant of desiccation 
(Dumas 1956). Clouded salamanders are the dominant species 
associated with down wood, and prefer large, intact logs with 
hose bark (Bury and Corn 1988a; Bury and Martin 1973: 

315 



Welsh and Lind 1988, this volume: Whitaker and others
1986). Ensatina is the most primitive western plethodontid
(Wake 1966) and has the most general habitat use
(Gnaedinger and Reed 1948, Stebbins 1954). Ensatinas
were common on rocky slopes and in older decay-classes
of down wood; their abundance was positively correlated
with litter depth.

Considerable evidence has been found that differences in
habitat use by terrestrial amphibians are driven by competi-
tion (see Hairston 1987), and western plethodontids with
similar adult body size have large overlap in diets (Altig
and Brodie 1971, Lynch 1985). Our study was unable to
determine whether competition is occurring in terrestrial
salamanders in the Coast Range or whether current habitat
preferences reflect past selective pressures.

The abundance of ensatinas in pitfalls was negatively cor-
related with percentage cover by decay-class 4 and 5 down
wood, which initially seems paradoxical in view of the data
from the log surveys, where ensatina preferred well-decayed
wood. Salamanders that are closely tied to down wood,
however, such as clouded salamanders or Oregon slender
salamanders in the Cascades (Bury and Corn 1988a; Gilbert
and Allwine, this volume c), are rarely captured in pitfalls.
Surface activity of ensatinas should decline in stands with
large amounts of well-decayed wood.

Managed Forests
Clearcutting may significantly affect terrestrial herpetofauna.
Several studies have documented declining abundance,
changes in the species composition of amphibians, or both
(Buhlman and others 1988, Bury 1983, Bury and Corn
1988a, Pough and others 1987, Raphael 1988c). Meanwhile,
populations of reptiles, particularly lizards, increase and
exploit new openings in the forest canopy (Bury and Corn
1988a, Raphael 1988c). The three clearcuts we studied in the
Coast Range did not display significant changes in amphibian
populations. Abundance was slightly lower, and two species
found in adjacent old-growth stands were absent, but the
pattern of amphibian abundance was similar in old growth
and clearcuts.

Three stands are inadequate to assess the effects of clear-
cutting in the Coast Range, but even in an intensively man-
aged forest, a minority of the landscape will be in the open
canopy stage (Bury and Corn 1988b, Harris 1984). The
problem for most amphibian species will be how to exist
in short-rotation second-growth forest that is structurally
dissimilar from naturally regenerated forest. Harris and
others (1982) predict a loss of about 25 percent of vertebrate
species in managed forests, primarily because snags and
down wood are eliminated. Raphael (1988c) predicted that
the abundance of three plethodontid salamanders in northern
California could decrease by 29 to 75 percent if logging of

old-growth forest continues. Few actual studies have been
made of the long-term effects of logging on amphibian
populations, however. Terrestrial amphibians were reduced
in some second-growth forests in the Eastern United States
(Bennett and others 1980, Pough and others 1987), and
density and biomass of stream amphibians in the Coast
Range were greatly reduced in streams flowing through
stands logged 14 to 40 years before (Corn and Bury 1989).
Stream amphibians are particularly vulnerable in a managed
landscape, because headwater streams are not protected and
they are less than 0.4 percent of the landscape in Coast
Range forests (Bury 1988).

Logging may have negative impacts on amphibians asso-
ciated with talus (Herrington 1988, Herrington and Larson
1985), which is an important consideration for species with
limited distributions (Bury and others, this volume a). Assum-
ing that the talus slope is not destroyed by such activities as
rock removal for road building (Herrington 1988, Scharpf
and Dobler 1985), however, the habitat should persist. The
main talus-dwelling salamander in the Coast Range is the
western redback salamander, which is widely distributed,
abundant, and unlikely to be seriously threatened by logging.

Managed forests have reduced amounts of coarse woody
debris (Bartels and others 1985, Harmon and others 1986),
which is exacerbated in each rotation as residual down wood
decays and little new down wood enters the system (Spies
and Franklin 1988, Spies and others 1988). Species associ-
ated with down wood, such as clouded salamanders and
Oregon slender salamanders (Bury and Corn 1988a; Gilbert
and Allwine, this volume c), are likely to decline in managed
landscapes. Previous studies have found clouded salamanders
to be common in clearcuts but always in association with
large woody debris (Bury 1983, Bury and Corn 1988a,
Whitaker and others 1986). Although we have said that this
species does not appear to be associated with old-growth
conditions (Bury and Corn 1988b), we believe that survival
of clouded salamanders in managed forests over a few
rotations is open to question.

Generalist species such as ensatinas are likely to persist in
managed forests, although populations may be reduced.
Female ensatinas use large, well-decayed down wood for
nest sites (Aubry and others 1988), but considering the high
abundance of this species in nearly all stands sampled in
Washington, Oregon, and California (Bury and others, this
volume a), down wood seems unlikely to be an absolute
requirement.

Recommendations
Forests in the Coast Range of Oregon are among the most
heavily impacted by logging in the Pacific Northwest (Harris
1984, Monthey 1984). Much of the second growth, however,
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results from past logging practices that left considerably
more woody debris than current practices, and harvesting
of second growth on Federal lands is just beginning. For this
reason, we believe that none of the terrestrial amphibians in
the Coast Range of Oregon are in immediate danger of ex-
tinction or severe reduction from logging, but we make the
following suggestions for further research:

l Investigate amphibian populations in managed forests.
Research to date has focused on naturally regenerated
forests, and only a few clearcuts have been sampled:

l Determine ways to increase amounts of down wood in
managed forests. Logging plans could be modified to
increase the amount of cull timber left after cutting, but
a more difficult problem is how to increase recruitment
of new down wood before the next rotation;

l Determine the effects of forest fragmentation on
amphibians. Amphibians may not be particularly
sensitive to fragmentation (Rosenburg and Raphael
1986), but this needs more attention in the Coast Range;

l Increase our knowledge of the basic natural history of
amphibian species. Much basic information, including
population sizes and reproductive characteristics, is
lacking; and

l Initiate long-term monitoring of amphibian populations
in natural and managed forests immediately. Long-term
studies of communities are critical for understanding the
processes that are shaping them, but are rarely done
(Scott and Campbell 1982).
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Abstract
Ensatina was the most common terrestrial amphibian in the
Oregon Cascade Range, representing over 50 percent of all
captures. The tailed frog was the second most abundant spe-
cies but was the dominant species of the northernmost study
location (Mount Hood). The roughskin newt was the only
other species captured in the pitfall traps with 25 percent of
the total captures. Species richness did not differ between
locations or between years.

No species was significantly associated with old-growth
stands, although time-constrained searches indicated the
clouded salamander and the Oregon slender salamander were
found primarily in logs of the older decay classes. The north-
western salamander was associated with old growth at Mount
Hood. Most amphibians seemed to select the mesic to wet
portion of the moisture gradient, but the Pacific giant sala-
mander was the only species with captures significantly
associated with wet sites. Ensatina was overrepresented in
dry stands and was captured at sites with a high percentage
of exposed rock and bare soil. Relation to ground cover was

Terrestrial Amphibian Communities in the
Oregon Cascade Range

Frederick F. Gilbert and Rochelle Allwine

generally consistent between years, but the vegetative
associations had little predictive value between years. The
Oregon Cascades amphibians apparently can be retained as
viable populations wherever crown closure has occurred and
breeding streams remain cool and unsilted. Forest manage-
ment practices for these species should include protecting
riparian zones, maintaining topography favoring ephemeral
ponds as breeding sites, and considering cutting practices
that would provide stand structure and coarse woody debris
like those in naturally regenerated stands.

Introduction
Amphibians are an often-neglected component of the ver-
tebrate fauna, despite their relative abundance and contribu-
tion to the faunal biomass in most locations. Studies at the
Hubbard Brook Experimental Forest, New Hampshire, in-
dicate that amphibians contribute about twice the biomass of
breeding birds and about the same biomass as small mammals
(Burton and Likens 1975). Many forest amphibian species
are aquatic in part or all of their life cycle, and much of the
amphibian literature is devoted to them (for example, Bury
and Corn 1988b, Hawkins and others 1983, Murphy and Hall
1981, Murphy and others 1981).

Aubry and Hall (this volume), Corn and Bury (this volume b)
and Raphael (1988c) have used pitfall traps (with and with-
out drift fences) and time-constrained sampling to identify
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amphibian communities in Douglas-fir forests from California
to Washington. Our study was intended to provide informa-
tion on these vertebrates in the Oregon Cascade Range and,
where possible, to relate their presence and abundance to the
age, moisture conditions, and vegetative structure of the
Douglas-fin- stands where they were found.

Materials and Methods
Amphibian populations were sampled at three sites on the
west side of the Oregon Cascades during 1984 (Mount
Hood, Hood; H.J. Andrews, the Andrews; and Rogue
River-Umpqua, Rogue-Umpqua). Only the Andrews was
studied in 1985. Pitfall trapping was done in September and
October both years. Grids (6 x 6) with stations 15 m apart
were used in each of 56 stands in 1984 and 15 stands in
1985. An additional eight pitfall grids were placed in the
Andrews stands in 1985 to determine effects on amphibian
populations of the previous year’s trapping (Gilbert and
Allwine, this volume b: see appendix table 15). Time-
constrained searches were conducted in the spring of 1984.
Each stand was searched intensively for 4 person-hours.
Ephemeral (melt-water) ponds, located in all the study
stands when time-constrained searches were conducted,
were examined at least twice during the spring of 1984
for amphibians and egg masses. Egg masses found were
collected and allowed to hatch so species could be identifed.
Water temperature, surface area, and water depth were
measured at each visit.

The abundance and diversity of species related to the chrono-
sequence (young, 30-80 years; mature, 80-200 years; and
old-growth, >200 years), the moisture gradient (wet, mesic,
and dry old-growth stands), and vegetational structure were
analyzed. Vegetation was described by measurements within
a 5.6-m radius (100 m2) and a 15-m radius (707 m2) centered
on nine pitfall traps (Gilbert and Allwine, this volume a: see
appendix table 12). Individual amphibian species were com-
pared between the 1985 old and new grids in eight stands to
determine if differences in abundance were significant.

Animals were weighed, measured (snout-vent length, total
length), and either released at the capture location or pre-
served for food habits studies or as specimens for the Conner
Museum at Washington State University.

Data analysis was based on two major statistical goals: test-
ing the hypotheses that animal abundance and the number of
species (species richness) did not differ among age-classes,
moisture-classes, or locations; and using exploratory statistics
to associate individual species with individual habitat compo-
nents and with either age-classes or moisture-classes.

We used nonparametric analysis of variance (ANOVA) to
test the hypotheses that neither abundance of animals nor
species richness differed among the age- or moisture-classes
in each location. We used detrended correspondence analysis
(DCA) (Hill 1979a) to explore the relation between animal
abundance and habitat-classes as environmental variables.
Detrended correspondence analysis is an ordination technique
that arranges a matrix of species’ abundances (communities)
by samples (stands) in low-dimensional space so that the
communities occurring in each stand are represented in space
along several axes. Thus, many components are reduced to a
few important ones and variability is reduced. Communities
with similar species composition and relative abundances
occupy positions near each other within the space described
by the first and second DCA axes. The axes that explain (by
the ranking of their eigenvalues) the largest variability with
the original matrix are determined as being important in
exploring distribution with the data set. To determine whether
stands were grouped according to a physiographic gradient, a
plot of the DCA axes scores was examined to detect
clustering.

To classify sites into community phases, two-way indicator
species analysis (TWINSPAN) (Hill 1979b) was used. This
method, based on a multilevel, two-way partitioning of the
correspondence analysis scores, was used to classify species
into categories related to location and age- or moisture-
classes.

Species found to be associated with old-growth forests from
TWINSPAN analysis or from Spearman rank correlations of
animal. abundance with stand age were then correlated with
individual environmental and vegetative variables to examine
the relation between animal species and individual habitat
features.

The log-likelihood ratio was used to test for significance
in the use of logs by salamanders collected during time-
constrained searches. Three decay-class categories (see Fogel
and others 1973) were used: category 1 includes decay-
classes 1 and 2; category 2 includes decay-class 3; and
category 3 includes decay-classes 4 and 5. A G test (likeli-
hood ratio chi-square) was performed after comparison of
use to availability.

Statistical significance was at the P < 0.05 level (Zar 1974).
Means are presented with standard errors.

Results
1984

A total of 951 amphibians were collected in pitfall traps in
1984. With the exception of ensatina, the amphibian species
were most abundant at the Hood location (table 1). Hood
produced significantly more specimens than either of the
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Table l-Amphibians captured in pitfall traps by subprovince 
in the Oreeon Cascades. 1984 

6 
II 
4 
0 
0 
4 

1SS* 
1 
0 
8 

12 
12* 
0 

*2* 
- 
7.44 

38 
6 

238 
6 
* 

43 
338 

2 
75 

153 
23 
12 
3 

12 
- 

951 

DCA 1 

others (31.3 + 6.8 vs. 12.4 k 1.4 at Rogue-Umpqua and 11.2 
f 2.0 at Andrews). Ensatina was the most common amphibian 
at Andrews (45 percent of captures) and at Rogue-Umpqua 
(78 percent of captures). At Hood, the tailed frog (40 percent 
of captures) was the most common amphibian. The average 
number of amphibians caught compared to the age of the 
stand was not significantly different (old-growth 14.0 * 2.7, 
mature 15.8 f 2.1, young 29.7 + 10.7 (ANOVA F value 
2.87,P < 0.07). 

DECORANA analysis showed no influence of stand age on 
the amphibians captured (fig. 1). Some separation appeared 
between wet and dry stands, indicating some selection was 
occurring (fig. 2), and a definite location effect was found as 
Rogue-Umpqua separated from Hood with the Andrews 
interfacing with both (fig. 3). 

No species were significantly associated with old-growth 
stands, although the frogs were found only in mature and 
old-growth stands and the Olympic salamander was found 
only in old-growth stands. The tailed frog (ANOVA F value 
2.71, P c 0.08) and the roughskin newt (ANOVA F value 
4.99, P < 0.01) captures were associated with young stands. 

Although the most amphibians were collected in mesic stands 
(average 19.6 f 5.8; wet 12.0 k 3.3; dry 11.1 + 3.5). no sig- 
nificant differences were found along the moisture gradient. 
Ensatina was the only species significantly associated with 
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Mesic Wet 

Moisture category 

dry sites (ANOVA F value 4.81, P = 0.02) and the Pacific 
giant salamander, the only species significantly associated 
with wet stands (ANOVA F value 3.88, P = 0.03) (figs. 4-5). 

F&e” different species were captllred. and species richness 
was identical (10) at all three sites. The northwestern sala- 
mander was significantly associated with old-growth at Hood. 
Although Dunn’s salamander generally was found in younger 
stands in the Oregon Cascades, it was found primarily in 
mattw. stands at the Andrew. The tailed frog was associated 
with young stands at Hood, mature stands at the Andrew, 
and found only in old-growth stands at Rogue-Umpqua. 

The presence of water “ear the pitfall site was not related to 
capture for any species, with the possible exception of the 
“nidentificd frogs (ANOVA P = 0.06). 

Ensatina was found where forest-floor conditions had a high 
percentage of bare soil (Spearnun rank correlation R = 0.32, 
P = 0.02). and this species was negatively associated with 
moss ground cover (Spearman rank correlation R = -0.44, 
P = O.ooOl). The tailed frog and the Pacific giant salanun- 
derby contrast, were captured at locations with moss cover 
(R = 0.40, 0.30; P = 0.002.0.02.respective1y). The tailed 
frog was negatively associated with areas of bare soil and 
fine litter, another characteristic selected by ensatina. Areas 
with high coverage by grass were negatively correlated with 
the roughskin newt (R = -0.39, P < 0.003). Dunn’s salanxu- 
der (R = -0.31, P < 0.02), and the Oregon slender sakunan- 
der (I7 = -0.31, P < 0.02). The Pacific giant salamander was 
captured at sites with fern cover (O-O.5 m high R = 0.42, 
P = 0.001; 0.5-2.0 m high R = 0.37,P = O.Wi),as were 

Moisture category 

0 
Dry Mesic Wet 

the clouded salamander (O-O.5 m R = 0.36, P = 0.006, 0.5- 
2.0 m R = 0.37, P < 0.005) and Dunn’s salamander (O-O.5 m 
R = 0.30,P = 0.02; 0.5-2.0 mR = 0.40,P = 0.W.E). 

Time-constrained searches produced 375 amphibians repre- 
senting nine species (table 2). Eight species were captured 
at Hood and six each at the Andrew and Hood (P > 0.05). 
Ensatina was the most abundant amphibian (50.7 percent of 
captures), followed by the Oregon slender salamander (25.3 
percent of captures) and clouded salamander (13.3 percent of 
captures). The tailed frog, the Pacific treefrog, the Olympic 
salamander, Dunn’s salamander, the western redback sala- 
mander, and the roughskin newt were the only other species 
represented. 

The Oregon slender salamander and the western redback 
salamander were associated with the wet portion of the. mois- 
ture gradient and ensatina with the dry. No spies was sig- 
nificantly associated with the chmnosequence, although the 
only specimens of the tailed frog (2) and the Olympic sala- 
mander (1) were taken in old-growth stands. Use of logs by 
decay-classes (1+2,3,4+5) by ensatina, the clouded sala- 
mander, and the Oregon slender salamander was tested to see 
if it varied by species. The G test was highly significant (P = 
0.001). Of these common species, the Oregon slender sala- 
mander (G = 2.25, P < 0.001) and ensatina (G = 6.32, P = 
0.04) deviated from availability for decay-class 4 and 5 logs, 
but the clouded salamander showed no significant differences 
from expectedvalues(P= 0.88). 

Surveys showed that at least four species-the red-legged 
frog. the Pacific txefrog, the noahwestern salamander, and 
the roughskin newt-used meltwater ponds as breeding sites. 



Table 2-Amphibians collected during time-constrained searches
in the Oregon Cascades, spring 1984, related to stand age (values
in brackets are mean captures/stand)

Species

Ensatina
Oregon slender

salamander
Clouded salamander
Western redback

salamander
Dunn’s salamander
Roughskin newt
Pacific treefrog
Tailed frog
Olympic salamander

Old-
growth Mature

92 (3.41) 69 (3.45)

34 (1.26) 42 (2.10)
26 (0.96) 20 (1.00)

8 (0.30) 5 (0.25)
9 (0.33) 3 (0.15)
4 (0.15) 1 (0.05)
0 (0.00) 1 (0.05)

1 (0.04)
0 (0.00)
0 (0.00)

- -
176 (6.52) 141 (7.05)

Young Total

29 (3.22) 190 (3.39)

19 (2.11) 95 (1.70)
4 (0.44) 50 (0.89)

l (0.11) 14 (0.25)
0 (0.00) 12 (0.21)
3 (0.33) 8 (0.14)
2 (0.22) 3 (0.05)
0 (0.00) 2 (0.04)
0 (0.00) 1 (0.02)

- -
58 (6.44) 375 (6.69)

Red-legged frog adults and egg masses were found in all but
one of the 35 ponds surveyed. Pond depth, temperature, and
surface area were all unrelated to presence or absence of am-
phibians. Ponds were only studied in old-growth or mature
stands because none of the young stands studied had melt-
water ponds.

Studies in 1985

Of the 462 amphibians captured in pitfall traps in 1985,
ensatina contributed 267 and the roughskin newt 98 spec-
imens (79.1 percent of all captures). The tailed frog was the
only one of the other seven species to have more than 3 per-
cent of the captures (table 3). The roughskin newt was sig-
nificantly associated with young stands (ANOVA F value
4.86, P c 0.03). Young stands had more amphibians caught
(average 52.7 + 15.8) than either mature (34.0 + 10.1) or
old-growth stands (22.7 + 3.8) (F value 3.92, P < 0.05). Wet
stands produced more amphibians (average 27.5 + 6.3) than
did mesic (25.5 + 10.5) or dry stands (14.3 + 2.4), but the
differences were not significant.

Although some forest-floor characteristics differed signifi-
cantly between 1984 and 1985, general patterns were similar.
For example, Dunn’s salamander continued to be captured
at sites with high percentages of bare rock and bare soil
(1984 values R = 0.44, P = 0.10; R = 0.43, P < 0.11 and
1985 values R = 0.62, P = 0.01; R = 0.75, P = O.OOl), and
the Pacific giant salamander was caught at sites with a high
percentage of moss (1984 R = 0.55, P = 0.03; 1985 R = 0.43,
P < 0.11) based on Spearman rank correlations. Ensatina
was found associated with logs of decay-class 1+2 (1984
R = 0.52,P < 0.05; 1985 R = 0.47,P < 0.08).

Table 3-Herpetofauna captured in pitfall traps at the H.J.
Andrews, fall 1985 (values in brackets represent percentages)

original New
Species grids (15) grids (8) Total

Ensatina 174 (66.4) 93 (46.5) 267 (57.9)
Roughskin newt 38 (14.5) 60 (30.0) 98 (21.2)
Tailed frog 29 (11.1) 25 (12.5) 54 (11.7)
Dunn’s salamander 8 (3.1) 4 (2.0) 12 (2.6)
Pacific treefrog 2 (0.8) 7 (3.5) 9 (1.9)
Pacific giant salamander 6 (2.3) 2 (1.0) 8 (1.7)
Oregon slender salamander 2 (0.8) 4 (2.0) 6 (1.3)
Red-legged frog 3 (1.1) 2 (1.0) 5 (1.1)
Northwestern salamander 0 (0.0) 3 (1.5) 3 (0.6)

- - -
Total 262 200 462

Comparison between years showed that only the tailed frog
had a difference in its relation to the chronosequence, mois-
ture gradient, or both. More captures were made in the dry
portion of the moisture gradient in 1985 (chi-square = 5.669,
2 df,P = 0.06).

Although no significant difference was found in the am-
phibian species captured in the old and new grids of the
same stands, the number of amphibians captured was dif-
ferent (chi-square = 20.164, 8 df, P < 0.01). The roughskin
newt, the Pacific treefrog and the tailed frog were more
abundant in the new grids.

Discussion
Porter (1972) suggested that amphibians tend to be restricted
by dry conditions. Our findings support this generalization
because Rogue-Umpqua, the subprovince with the least ave-
rage annual precipitation, had the lowest number of amphib-
ians, and many species selected mesic-wet stands over dry
stands. Some species though, such as ensatina, may prefer
drier sites. In general, we found similar relations between the
amphibians and habitat conditions to those described in
Nussbaum and others (1983) and Stebbins (1985).

Clouded salamanders and Oregon slender salamanders were
seldom taken in pitfall traps. Both species live under the bark
on logs, or within the logs, so time-constrained searches
were the only effective way of sampling their presence and
abundance (Bury and Corn 1988a). They were the second
and third most abundant amphibians taken in me searches,
and the Oregon slender salamander used more-decayed logs
than did the clouded salamander. The decay-class use by
these two species was similar to Bury and Corn’s (1988a)
observation that the clouded salamander used logs of decay-
class 2 and 3 and the Oregon slender salamander used the
older decay classes. Raphael (1988c) considered the clouded
salamander to be associated with old growth because of its
dependence on logs.
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Tailed frogs seemed dependent on ambient temperature. They
used stands of different ages at the three sites. At the warmest
location (Rogue-Umpqua), old growth seemed to be selected;
at the intermediate location (Andrews), mature stands had the
most captures; and at the coolest location (Hood), the species
was most abundant in young stands. This species breeds and
the larvae develop in cool flowing streams, so the tempera-
ture in the streams may be what restricts distribution (Bury
and Corn 1988b, Gilbert 1985). At Rogue-Umpqua, most of
the streams were in old-growth stands; streams in the younger
stands may be mostly intermittent and thus incapable of
supporting tailed frogs. The Olympic salamander is more
restricted to the vicinity of cool streams and seeps. It, too, is
likely to be temperature dependent, but the major threat to
these aquatic forms may be stream siltation, which destroys
their prey base (Corn and Bury 1989).

The roughskin newt and northwestern salamander, like the
red-legged frog, used meltwater ponds as breeding sites.
Unlike the frog, the other two species were more ubiquitous-
ly distributed along the chronosequence and perhaps not as
restricted in their movements. In partial contradiction, how-
ever, the roughskin newt may have been partially trapped
out in 1984 because the old pitfall grids produced fewer of
this species than the new grids in the same stands.

None of the amphibians we found was restricted to old
growth, although some, such as the Olympic salamander,
selected habitat conditions that may be most abundant in old
growth, which may also be true for the Oregon slender sala-
mander. This species used logs of the older decay-classes, a
feature usually associated with old-growth forests (Franklin
and others 1981). Logs in all age-classes were abundant in
the natural stands we studied, however.

Because all the common (>6 observations) species were
found in young as well as older stands, closed canopy con-
ditions are apparently sufficient to sustain these species in
the Oregon Cascades. Nonetheless, Bury (1983) and Bury
and Corn (1988b) may well be correct that logging, especially
clearcutting, can be disruptive to amphibian populations.

Clearcuts are unlikely to have the coarse woody debris or
stand structure characteristic of the natural conditions in our
study stands. If these characteristics could be maintained in
managed forests, all the amphibian species we found in the
Oregon Cascades should also be present in such forests.

Vegetative structure was not predictably related to species
captures between years, probably because of the time of year
of the pitfall trapping and the high percentage of juveniles in

the populations. “Pulses” of high capture rates corresponded
with periods of precipitation, a finding similar to other
studies (Bury and Corn 1987, Bury and Corn 1988b). These
pulses consisted of dispersing juveniles, so the capture sites
may not represent actual habitat requirements.

When amphibian communities are studied, recognizing that
shifts occur in resource use is important, as exemplified by
differences between breeding and nonbreeding communities.
Such factors as spatial or temporal partitioning of available
breeding sites like meltwater ponds or of male calling sites
generally organize the community (Bogert 1960, Collins
1975, Dixon and Heyer 1968, Wiest 1982). In essence, the
community structure shifts; our studies in the Oregon
Cascades have not fully analyzed any single structural entity.
As Crump (1982) stated, “There has been little integration of
reproductive ecology and community dynamics.” We have
some tantalizing hints of these relations but often little
beyond life histories. Scott and Campbell (1982) stress the
need for long-term studies of herpetological communities if
we are to understand the roles of competition and intra-
population social behavior. Our understanding is sketchy and
our findings, particularly from this study, hardly predictive-
except for the obvious need for adequate breeding con-
ditions, whether that means clear, cool streams or sufficient
ephemeral ponds, and for adequate substrate, such as logs for
certain salamanders. None ,of these factors requires old-
growth forests if forest planning and management succeed in
ensuring uneven-aged structure, maintaining coarse woody
debris, and protecting riparian zones.
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Abstract
We surveyed terrestrial amphibian communities with pitfall
traps in 46 forest stands of various ages and moisture con-
ditions in the southern Washington Cascade Range in 1984
and 1985. We captured a total of 1516 individuals of 13
species. Data were sufficient to examine community- and
species-habitat relationships for seven species: ensatina,
western redback salamander, northwestern salamander,
roughskin newt, tailed frog, red-legged frog, and Cascades
frog. We found no significant differences among stand age-
classes for either species richness or diversity. Species rich-
ness, however, decreased significantly with both increasing
elevation and increasing stand moisture. Detrended corre-
spondence analysis (DCA) of amphibian communities
revealed non-overlapping clusters of stands with distinct
community composition; DCA axes were associated with
gradients of slope, stand age, temperature, elevation, and

1 Now wildlife biologist, School of Forestry, Northern Arizona University,
Flagstaff, Arizona 86011.

moisture. In general, older stands with cooler temperatures
and relatively flat slopes had the highest amphibian species
richness.

The tailed frog was significantly more abundant in mature
stands than in young stands. Although differences across the
age gradient for other species were not significant, patterns
of abundance for these species were evident. The ensatina
and western redback salamander were most abundant in
young stands, the red-legged frog in mature stands, and the
north-western salamander, roughskin newt, and Cascades
frog in old growth. Only abundances for the roughskin newt
varied significantly among old-growth moisture-classes;
abundance of this species was low in wet old-growth stands
compared to either moderate or dry stands. The ensatina and
north-western salamander also were least abundant in wet
stands. The northwestern salamander and roughskin newt are
associated with old-growth Douglas-fir forests in the southern
Washington Cascades during the fall, whereas the ensatina,
western redback salamander, and possibly the red-legged
frog are associated with coarse woody debris that is char-
acteristic of old-growth forests and unmanaged young forests.

Introduction
In recent years, harvest of old-growth Douglas-fir forests in
the Pacific Northwest and its potentially detrimental effects
on biological diversity have become a political and economic
issue of national significance (see Lumen and Neitro 1980,
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Meslow and others 1981, Norse 1990, Norse and others 1986,
Wilcove 1988). Most research on the habitat relationships of
species associated with old-growth forests has been directed
primarily at larger birds and mammals (for example, Meehan
and others 1984), especially the spotted owl (GmZrrez and
Carey 1985), which has become the social and political focus
of concern over the loss of old-growth Douglas-fir forests.

Little work had been done on the habitat relationships of
other birds, small mammals, amphibians, or reptiles in old-
growth Douglas-fir forests, with the exception of vertebrate
community studies conducted in the early 1980s in northern
California (Raphael 1984, Raphael and Barrett 1984). In
1983, a comprehensive program of research was initiated
throughout the Pacific Northwest to identify wildlife species
that are associated with old-growth Douglas-fir forests and
to investigate the ecological basis of observed patterns of
association (this volume; Ruggiero and Carey 1984).

As part of this program of research, amphibian communities
in different-aged Douglas-fir forests in the southern Washing-
ton Cascade Range were sampled with time-constrained
searches, stream surveys, and pitfall trapping. Results of
time-constrained searches were reported previously (Aubry
and others 1988), and results of stream surveys are reported
here by Bury and others (this volume b). In this paper, we
report the results of pitfall trapping conducted in the fall of
1984 and 1985. Our objectives are to:

l Characterize the structure and composition of terrestrial
amphibian communities in Douglas-fir forests of
southern Washington and relate community patterns to
features of the environment;

l Describe the habitat relationships of terrestrial amphibians
in these forests;

l Identify terrestrial amphibian species that are associated
with old-growth Douglas-fir forests; and,

l Make recommendations for further research.

Methods
Study Areas

We studied terrestrial amphibian communities in 46 closed-
canopy forest stands on the western slope of the Cascade
Range in southern Washington from Mount Rainier south to
the Columbia River Gorge (see frontispiece). Stands were 55
to 730 years old, at least 20 ha in extent, and at elevations
ranging from 404 to 1218 m. All had resulted from natural
regeneration after catastrophic wildfires; none had undergone
silvicultural manipulations.

All stands were in the Western Hemlock Zone and lower
elevations of the Pacific Silver Fir Zone (Franklin and
Dyrness 1973), which are characterized by a wet and mild
maritime climate. Old-growth stands typically contained high
proportions of both Douglas-fir and western hemlock. Old
growth stands in wet sites also contained a high proportion
of western redcedar. Mature and young stands consisted
predominantly of Douglas-fir. In all age-classes, other species
such as red alder, vine maple, bigleaf maple, Pacific silver
fir, and western hemlock occurred in lesser amounts . See
Spies and Franklin (this volume) and Spies (this volume) for
more detailed descriptions of the vegetative and structural
characteristics of the study stands.

Stands were selected for study in accordance with a
“T-matrix” design consisting of an age gradient of stands
of comparable moisture condition ranging from young to old
growth, and an old-growth moisture gradient that consisted
of old-growth stands ranging from wet to dry. See Carey and
Spies (this volume) for a detailed description of the experi-
mental design.

At least nine stands were selected in each of five age- and
moisture-classes: wet old growth (210-730 years old), mod-
erate old growth, and dry old growth; moderate mature
(80-190 years old); and moderate young (55-75 years old).
The average age of each stand was determined by growth-
ring counts from increment coring or examination of cut
stumps in nearby stands (Spies and others 1988). Stands
were selected and tentatively classified into moisture-classes
during initial field reconnaissance based on vegetation,
physiography, and soils. Subsequent analyses of vegetation
data collected in each stand resulted in refinements to the
original classifications (Spies and Franklin, this volume).
These analyses indicate that the young and mature stands we
sampled encompass a broader range of environmental
conditions than originally intended. Some of the wet and dry
old-growth stands, for example, were comparable in moisture
condition to the ‘moderate’ mature and young stands. Several
old-growth stands were therefore reclassified as moderate for
inclusion in age-gradient analyses. As a result, the age
gradient of stands of comparable moisture condition for the
southern Washington Cascade Range consisted of 37 stands:
19 old growth, 9 mature, and 9 young.

To compare moisture-classes of old-growth stands, Spies
and Franklin (this volume) used ordination analyses of the
species composition of old-growth stands to reevaluate the
relative moisture condition of each stand. The resulting
classification consisted of 9 wet, 12 moderate, and 7 dry
old-growth stands. Because this classification is independent
of the age-gradient classification, data from these two gra-
dients were analyzed separately. Variation related to age was
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assessed with data from stands in the age gradient, whereas
variation from relative differences in moisture condition
among old-growth stands was assessed with data from stands
in the moisture gradient.

These analyses, and others conducted by Spies and Franklin
(this volume), resulted in the construction of complex
environmental gradients along which each stand could be
assigned a quantitative value. We included these scores in
our analyses to provide a means of identifying amphibian
habitat relationships occurring along broad environmental
gradients.

Amphibian Sampling

We sampled amphibians with pitfall traps in each stand after
the onset of fall rains in 1984 and 1985. We installed 36 pit-
fall traps in each stand in a 6 x 6 square array with traps
spaced 15 m apart. To prevent bias from the depletion of
individuals in the immediate area of sampling, we moved
each grid at least 50 m within the stand in 1985. We sampled
all stands for 30 to 34 days each fall (with the exception of
one stand that we sampled for only 24 days in 1984), and we
checked the traps about once a week. All salvageable spec-
imens were collected, preserved, and deposited in the Uni-
versity of Washington Burke Museum in Seattle.

Vegetation Sampling

We sampled vegetation at nine points within each grid, such
that each vegetation point was uniquely associated with four
traps. We sampled live vegetation and dead woody debris in
two concentric circles around each vegetation point. We vis-
ually estimated the cover of vegetation and woody debris in
the herb and shrub layers within a 5.6-m radius (100 m2),
and estimated physiographic midstory, and canopy variables
within a 15-m radius (707 m2). A list and description of the
variables collected on each pitfall grid, the combined vari-
ables we constructed, and additional physiographic variables
and environmental gradients that were used are included in
appendix table 4.

Data Analyses

Because samples from 1984 and 1985 are not independent,
we used the mean value for vertebrate and vegetation data
from both years in all analyses. We calculated abundance
indices for amphibian species as captures per 100 trap-nights
for each stand. Data from time-constrained searches con-
ducted in these stands in the spring of 1984 (Aubry and
others 1988) were included only in species richness and
presence/absence data sets.

Community-habitat relationships-Several species did not
occur throughout the geographic range encompassed in our
study; we therefore calculated species richness as the number
of species captured in a stand divided by the number of
species known to occur in the geographic area of the stand.
The Shannon diversity index (H') was used to characterize
species diversity for each stand. Note that, although our
knowledge about the geographic distributions of birds and
mammals in the Pacific Northwest is virtually complete, this
is not true for amphibians. New distribution records have
recently been reported for the Larch Mountain salamander
(Aubry and others 1987), Van Dyke’s salamander (Aubry
and others 1987), Cope’s giant salamander (Jones and Aubry
1984), tailed frog (Welsh 1985), and clouded salamander
(Jones and Raphael 1989), among others.

We examined community patterns of amphibian abundances
with detrended correspondence analysis (DCA) using the
computer program DECORANA (Hill 1979a), and we iden-
tified stand clusters with TWINSPAN (Hill 1979b). We iden-
tified environmental gradients associated with each DCA
axis with Spearman rank correlations and used direct gra-
dient analysis (Gauch 1982) to further elucidate community-
habitat relationships.

Species-habitat relationships-We used nonparametric
analysis of variance (Kruskal-Wallis test) on log-transformed
abundance values to examine differences in amphibian abun-
dances among age-classes within the age gradient, and
among moisture-classes within the old-growth moisture
gradient. Because the study sites were preferentially selected
to sample the full range of variation occurring within each
age- and moisture-class (Carey and Spies, this volume), the
variances in our data would be expected to exceed those
resulting from random sampling. We therefore used an alpha
level of P < 0.1 for all tests of significance. Because sampled
stands were not selected randomly, we used these analyses to
evaluate ecologically meaningful patterns in the data, rather
than to conduct rigorous hypothesis testing. We identified
significant pairwise differences using the Tukey Studentized
Range test (P < 0.05).

We converted count variables in the vegetation data-set to
densities, and transformed each vegetation variable with log,
square-root, square, reciprocal, and arcsine transformations.
We examined the resulting distributions for normality and
performed all subsequent analyses on the transformed vari-
ables that best approximated univariate normality. We ex-
amined the relationships between abundances of individual
species and physiographic and vegetative variables with
Spearman rank correlations of transformed variables.
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We used presence/absence data to further examine species-
habitat relationships. We conducted stepwise and canonical
discriminant function analyses (DFA) of stands in which a
species was present versus those in which it was absent to
identify habitat variables that may determine whether a spe-
cies occurs in a stand. Because stands were not selected ran-
domly, we used DFA only as an exploratory tool, and not as
a method for deriving a predictive model. We used a subset
of 33 uncorrelated habitat variables in all discriminant
analyses (appendix table 4).

Results
We captured 1516 amphibians of 13 species (table 1). We
selected seven species for inclusion in community- and
species scale analyses of habitat relationships: ensatina,
western redback salamander, northwestern salamander,
roughskin newt, tailed frog, red-legged frog, and Cascades
frog. The last five species have aquatic larval stages.
Because juveniles of these species disperse seasonally from
ponds and creeks, we do not know if such individuals
captured in our pitfall traps were resident or simply moving
through the stand to preferred habitats. For this reason, we
only used data from adult captures of these species for our
analyses (see table 1).

Other species were excluded because their abundances or
percentage occurrence in sampled stands were too low (long-
toed salamander and Pacific giant salamander), because they
did not occur in all of the geographic areas sampled (Larch
Mountain salamander and Olympic salamander),, or because
they are not effectively sampled with pitfall traps (western
toad and Pacific treefrog). Data on Pacific giant salamanders
and Olympic salamanders were only used in calculations of
species richness.

Community-Habitat Relationships

We found no significant differences in species richness or
species diversity among stand classes within either the age
gradient or the old-growth moisture-gradient. Our data,
however, do suggest trends of increasing species richness
and diversity with stand age, and with drier conditions in
old-growth stands (fig. 1). Species richness and diversity
were also less variable in old growth than in younger stands,
suggesting that old-growth stands may be more stable in
community composition. Species richness appears to be
influenced more by elevation than by stand age. We found
significant negative correlations (P < 0.05) between species
richness and elevation for both the age gradient (fig. 2) and
the old-growth moisture gradient (fig. 3).

Age gradient-Ordination of abundance data for amphibian
communities occurring in stands within the age gradient re-
sulted in two non-overlapping clusters of stands with distinct
community composition (fig. 4). The first DCA axis (X axis)
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Table l-Amphibians captured in pitfall traps in the southern
Washington Cascade Range in 1984 and 1985

Species
Total Percentage

capturesa of stands

Salamanders:
Woodland salamanders-

Ensatina
Western redback salamander
Larch Mountain salamander

800
162

Mole salamanders-
Northwestern salamander
Long-toed salamander

135 52
5 2

N e w t s -
Roughskin newt 87 46

Giant and Olympic Salamanders
Pacific giant salamander
Olympic salamander

12
14

Frogs and toads:
True frogs-

Red-legged frog
Cascades frog

69 48
11 17

Tailed frogs-
Tailed frog 203 67

Treefrogs-
Pacific treefrog 5

True toads-
Western toad 12

Total captures 1516

85
28

2

11
9

4

13

l00

a Only adults are reported for the long-toed salamander (snout-vent length
(SVL) >45 mm); northwestern salamander (SVL >70 mm); roughskin newt
(SVL >40 mm); red-legged, Cascades, and tailed frogs (SVL >35 mm).

represents a gradient of increasing moisture and elevation;
the second DCA axis (Y axis) is negatively associated with
slope and temperature and positively associated with stand
age. Most of the separation of clusters occurs along DCA 2.
Stands in cluster 1 are located near the origin of DCA 1,
whereas stands in cluster 2 occur along the entire length of
this axis.

Ensatinas were abundant in most stands, but all other species
occurred in high numbers in only one of the two clusters.
Cluster 1 consists of stands with abundant pond-breeding
frogs and salamanders (red-legged and Cascades frogs, north-
western salamanders, and roughskin newts) and few tailed
frogs (a stream-breeding species) and western redback sala-
manders (a woodland salamander that breeds on land).



Cluster 1 primarily consists of mature and old-growth stands 
that are relatively flat and cool; only one young stand oc- 
currcd in this cluster. 

The wettest and highest elevation stands occur in cluster 2, 
which is characterized by low numbers of the pond-breeding 
species and abundant tailed frogs, western redback sala- 
manders, and ensatinas. The stands in this cluster are gen- 
erally younger than those in cluster 1 and characterized by 
steeper slopes and wanner temperatures. They encompass the 
full range of variation in moisture and elevation that occurs 
in stands within the age gradient. 

Old-growth moisture gradient--Ordination of the abun- 
dance data for only old-growth stands also resulted in two 
clusters of stands with distinct community composition 
(fig. 5). DCA 1 (X axis) represents a gradient of increasing 
elevation and moisture, whereas DCA 2 (Y axis) is weakly 
associated with a stand-development gradient that is primar- 
ily related to increasing basal area of western hemlock and 
other shade-tolerant species (Spies and Franklin, this volume) 

Most of the stands occur in cluster 1 and all seven species 
are relatively abundant. Stands in cluster 2 were depauperate, 
by comparison, with low abundances of all species except 
tailed frogs and northwestern salamanders. Complete overlap 
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of clusters 1 and 2 occurred along the stand-development 
gradient, but the clusters were fully distinguishable along 
the gradient of increasing elevation and moisture. Stands in 
cluster 2 consist of the wetter, higher elevation, old-growth 
stands. 

Species-Habitat Relationships 

Age gradient-Mean abundance values for the seven 
selected species and for all seven species combined within 
each age-class of the age gradient are shown in figure 6. 
Significant differences among age-classes were found only 
for the tailed frog, which was more abundant in mature 
stands than in young stands. 

Although differences among age-classes for other species 
were not significant, patterns of association with age were 
evident. The ensatina and western redback salamander were 
most abundant in young stands. Western redback s&man- 
da, in particular, occurred in very low numbers in mature 
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and old-growth stands. The northwestern salamander, rough- 
skin newt, and Cascades frog all reached their highest abun- 
dances in old gowth. Tailed frogs and red-legged frogs were 
most abundant in mature stands and least abundant in young 
stands. Total combined abundances of all seven species was 
highest in young stands, although variation among stands in 
this age-class was high. Variation in total abundance among 
mature and old-growth stands, by contrast, was relatively 
low, which again suggests that older forests may provide 
more consistently suitable habitat for amphibians than do 
young forests. 

z 
++ All species 

RBSA RLFR 
z i I 

LOWer Elevation Higher 

Drier Moisture Wetter 

Old-growth moisture gradient-Mean abundance values 
for amphibians among old-growth moisture-classes are de 
pitted in figure. 7. Abundances for the roughskin newt alone 
varied significantly among moisture-classes, but multiple- 
range tests failed to identify which moisture-classes differed ro”&kin newt. RLFR = red-legged f, og, CAFR = Cascades frog. TLFR = 

significantly. tailed frog. 
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Ensatina Western redback salamander Red4egged frog 

Northwestern salamander Roughskin newt $ Tailed frog - 

Wet old-growth stands appear to provide low-quality habitat 
for several species. The ensatina and roughskin newt were 
rarely found in wet stands, and mean abundance values for 
northwestern salamanders, and for all seven species com- 
bined, increased with drier conditions. Red-legged and Cas- 
cades frogs reached their highest abundances in stands with 
moderate moisture, whereas western redback salamanders 
and tailed frogs showed little association with moisture 
condition. 

All stands-Significant correlations between species abun- 
dances and physiographic, vegetative, and structural habitat 
variables are listed in table 2. Several of the environmental 
variables associated with community organization (figs. 4, 5) 
and with abundance patterns across the age and moisture 
gradients (figs. 6-9) showed meaningful correlations. These 
included negative correlations with increasing elevation and 
moisture for the ensatina, roughskin newt, and red-legged 
frog; positive correlation with increasing elevation for the 
tailed frog; positive correlation with increasing temperature 
for the western redback salamander, negative correlation 
with increasing age for the ensatina; and negative correlation 
with increasing slope for the red-legged frog (table 2). 

Table ZSignificant correlations (P < 0.05) between physio- 
graphic and vegetative variables and abundances of amphibian 
species in the southern Washington Cascade Range (variables 
ace listed in order of decreasing importance, by column) 

Ensatina MDTREE (+) STIJMPC (-) COMFI. (-) 
WDCAl (-) LMSNAGA (-) LITTERD (-I 
F..wRuo (+I WATER (-) AGE (-) 
ELE” (-) LMSNJAGC (+) CONIFVL (-) 
BRODL.EAF (+) LTSNAGC (i) 
MTSNAGB (-) MSHRUR (t) 

westem Aback SNAGSB (-) slTJMPB (-) WPDCAZ (t) 
salamander CBTREE (-) CDWE (-) 

Rrqhskin newi ELI?” (-) Wlxxl (-1 SHRUB (+) 
BRODI.EAF (+) SN*TAGSC (-) MSNAGS (-) 
MDTRIRBE (+) snJMrc (-) 

Cascades frog SSNAGC (+) 
Tailed frog ESHRUB (-1 TALUS (+) SS~CSB (-) 

EL!3 (+) FEW (-) MSHRUB (-) 
MOSS (-) BROADM (-) DLOGSFI (-) 
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Western redback salamander 
0.20 

Red4egged frog Cascades frog 

Correlations with vegetative and structural variables were 
difficult to interpret, especially for those variables that 
were positively correlated with abundance. Except for the 
northwestern salamander, which was positively correlated 
with only three different height- and diameter-classes of 
intact snags, most species were positively correlated with 
vegetative features of the shrub and canopy layers. Speculat- 
ing about the habitat value of such features for amphibians 
occupying the forest floor is difticult. 

Discriminant function analyses of presence/absence data 
revealed sets of variables for each species that diCfered some- 
what from those generated with correlation analysis (table 3). 
Variables in the DFA models also generally supported the 
findings of detrended correspondence analysis of the com- 
position of amphibian communities (figs. 4, 5). Ensatinas and 
red-legged frogs were typically absent from relatively wet 
stands. Ensatinas did not occur in stands containing surface 
water, however, whereas red-legged frogs wex found in 
relatively flat stands where surface water was present Tailed 
frogs occurred in relatively steep stands containing surface 
water. Both ensatinas and roughskin news were absent from 
high-elevation stands. Northwestern salamanders occurred in 
stands containing surface water and a relatively deep litter 
layer. ‘Ibe red-legged frog was the only species of amphibian 
associated with high amounts of woody debris. 

Discussion 
Community-Habitat Relationships 
A suite of environmental variables--of which stand age is 
but one minor factor-apparently determines the structure 
and composition of terrestrial amphibian communities in 
unmanaged Douglas-fir forests in the southern Washington 
Cascade Range. Young stands contained a relatively depau- 
perate amphibian community compared to older stands, but 
young stands were also generally steeper and warmer. These 
conditions generally result in a lack of ponds and correspond- 
ingly poor habitat Car the pond-breeding salamanders and 
frogs that represent the majority of species studied. Older 
stands with flatter slopes and cooler temperatures, which 
presumably favor formation of ponds, generally contained 
the most species (fig. 5). Species richness and diversity gen- 
erally increased with stand age (fig. l), but age appeared to 
have less influence on community composition than either 
elevation or moisture condition. 

In OUT study sites, elevation and moisture condition were 
highly correlated; the highest elevation stands were also the 
wettest (see figs. 4,5). Harsher climatic conditions at higher 
elevations in the Cascade Range (Franklin and Dymess 1973) 
may account for lower species richness there, but very wet 
stands also appear to provide low-quality habitat for most 
amphibians. Ensatinas, which prefer moist habitats and are 
not tied to streams or ponds for reproduction, are rarely found 
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Table 3-Results of discriminant function analysis between stands in which a species was present versus those in which it was absent

Item

Variablesb

R2

Percentage correct’

WPDCAl
MCTREE (+)
CDTREE
SSNAGS
ELEV
WATER
CCTREE (+)
DLOGS

0.63
90

North-
western

alamander
(24:22)

roughskin
newt

(21:25)

ELEV
SNAGSC
ASPECT

Red-
legged

frog
(2224)

WPDCAl
CCTREE
SLOPE
WATER (+)
DLOGS (+)
TALUS

Cascades Tailed
frog frog

(9:37) (31:15)

DLOGSA ESHRUB
DLOGS SLOPE (+)
CDTREE (+) CANOPY
FLITTER MCTREE (+)
CCTREE (+) WATER (+)
BRODLEAF (+:
CBTREE (+)

0.47 0.51 0.42 0.57
60 72 68 75

a Numbers in parentheses indicate the number of stands in which a species was present in proportion to the number of stands in which a species was absent.
b Variables are listed in order of decreasing importance in the model. Variables that are associated with the Occurrence of a species are indicated with a plus
(+).
c The percentage correct classification was established through cross-validation.

in wet old-growth stands where soils may be saturated with
water (see also Aubry and others 1988). Northwestern
salamanders and roughskin newts also rarely occurred in
wet old-growth stands (fig. 7), even though these species
were most abundant in old-growth stands in the age gradient
(fig. 6). Among stands in the old-growth moisture gradient,
species richness was lowest in wet stands (figs. 1,5), and
combined abundances for all species were substantially lower
in wet old-growth stands than in either moderate or dry
stands (fig. 7).

The structural and functional complexity that is characteristic
of old-growth Douglas-fir forests has resulted from hundreds
of years of stand development. This ecological complexity
would not be expected to occur in younger forests (Franklin
and others 1981). We consequently expected to find signifi-
cantly lower amphibian species richness and abundances in
young stands. The reason we did not is probably related to
the pattern of input and loss of coarse woody debris in stands
that have regenerated after catastrophic wildfires. Naturally
regenerated young stands have a large carryover component
of snags and logs (Spies and others 1988). Younger-aged
unmanaged stands therefore have many of the ecological
characteristics of old-growth forests. In unmanaged closed-
canopy forests, these features provide habitat for amphibians
that would not be expected to occur in forest stands that
result from current timber-harvesting practices (Aubry and
others 1988; Bury and Corn 1988a, b; Spies and Cline 1988).
Unmanaged closed-canopy forests of similar physiography
apparently support similar terrestrial amphibian communities,
regardless of age. Whether these communities would also
occur in managed forests is not a question that can be adequa-
tely addressed with our data.

Species-Habitat Relationships

Ensatina-Ensatinas were most often found in young stands
in the age gradient (fig. 6), and in moderate and dry stands in
the old-growth moisture gradient (fig. 7). Relatively dry to
mesic conditions at low to mid-elevations appear to be the
major environmental influences on abundance for this
species (tables 2,3).

Previous studies of microhabitat use in the Cascade Range
indicate a positive association between ensatina abundances
and amounts of coarse woody debris, especially with mod-
erately and well-decayed logs and snags (Aubry and others
1988, Bury and Corn 1988a). Our pitfall results also support
this hypothesis. Ensatinas were least abundant in mature
stands (fig. 6), which typically contain less coarse woody
debris than do either old-growth or young stands (Spies and
others 1988). This pattern was primarily because of high
inheritance of coarse woody debris in young stands resulting
from catastrophic fires. Lower amounts accumulate in mature
stands as existing debris decays, but inputs remain low. By
comparison, old-growth stands accumulate high amounts of
debris as the large Douglas-firs die and inputs are high.
Ensatina abundances were also positively correlated to the
density of well-decayed stumps and snags >50 cm d.b.h. and
at least 1.5-m tall (table 2). Such features provide favorable
habitat for ensatinas as the bark sloughs to the ground in
piles around the snag and forms multilayered, structurally
complex cover (Aubry and others 1988). Well-decayed
stumps and snags may also provide below-ground habitat
within the decomposing root system.

The ensatina is not associated with old-growth stands, but
some evidence indicates that this species is associated with
the large amounts of coarse woody debris characteristic of
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old-growth forests (Franklin and others 1981). Our results
suggest that ensatinas may be adversely affected by timber
harvesting because intensive forest management results in
substantially less coarse woody debris than that encountered
in unmanaged forests (Spies and Cline 1988). Provision for
increased amounts of coarse woody debris in managed
forests would be expected to benefit this species.

Western redback salamander-Western redback salaman-
ders were most abundant in young stands. Young stands,
however, were also relatively steep, warm, and dry (fig. 4),
and analyses of habitat variables suggest that these factors
are more important environmental influences for this species
than is stand age. Abundance of western redback salamanders
was positively correlated with a gradient of increasing tem-
perature (table 2), yet neither analysis indicated a negative
association with age.

Previous authors have reported that western redback sala-
manders are commonly found in talus slopes (Herrington
1988, Nussbaum and others 1983). Although this species
favored steeper slopes, we found no evidence of an as-
sociation with talus in the southern Washington Cascade
Range. Our observations indicate that talus slopes are
relatively rare in these forests. The drier conditions of steep
slopes apparently are more important for this species than
the presence of talus. Studies of cover-object use showed
that western redback salamanders are most frequently found
under moderately decayed logs >l0 cm in diameter (Aubry
and others 1988). The western redback salamander is also
not strongly associated with old-growth stands, but the
retention of coarse woody debris in managed forests would
probably also create conditions favorable for this species.

Northwestern salamander-Northwestern salamanders were
five times more abundant in old-growth than in younger
stands (fig. 6). The northwestern salamander was also the
only species of salamander present in relatively high num-
bers in both clusters of the old-growth ordination (fig. 5).
Mean abundance increased with drier conditions in old
growth, but variation in abundances in dry stands was ex-
tremely high (fig. 7). The age-gradient ordination indicated
that this species and all other pond-breeding salamanders and
frogs reached their highest abundances in relatively old, cool,
flat stands that were not extremely wet or high in elevation
(fig. 4). We found a strong correlation with all sizes of
relatively intact snags (table 2), but how these structural
features might provide habitat for northwestern salaman-
ders is not clear.

Our results showed the northwestern salamander to be
closely associated with old-growth Douglas-fir forests in the
southern Washington Cascade Range during the late fall.
Bury and Corn (1988a) previously found little evidence that
northwestern salamanders were associated with old-growth

forests in the southern Washington Cascade Range, but
differences in the timing of sampling probably explain our
divergent results. Bury and Corn (1988a) ran their pitfall
traps from May to November, and our traps were open from
late September to November. Northwestern salamanders
migrate seasonally to and from breeding ponds, and captures
during the reproductive season may therefore simply reflect
individual movement through the stand to and from breeding
ponds rather than selection of the habitat in which they were
captured. Suitable breeding ponds are essential habitat
features for this species, but high-quality overwintering
habitat may also be critical for population persistence. Our
results indicate that old-growth forests are important habitats
for northwestern salamanders during the nonbreeding season
in southern Washington.

Regional comparisons by Bury and others (this volume a)
showed that northwestern salamanders were associated with
old-growth forests only in southern Washington, and that
late-fall abundances in both the Oregon Cascade Range and
the Oregon Coast Range were similar across the age gradi-
ent. Pitfall captures for northwestern salamanders were much
lower in the Coast Range (38; Corn and Bury, this volume b)
and the Oregon Cascade Range (38; Gilbert and Allwine, this
volume c), than in the southern Washington Cascade Range
(135; this study). Data on this species from the Oregon prov-
inces, therefore, should be interpreted with caution. These
results may, however, indicate a latitude effect whereby
harsher climatic conditions in more northerly forests (Franklin
and Dymess 1973) force north-western salamanders to seek
overwintering sites in old-growth forests where climatic
conditions are less extreme (Spies and Franklin 1988). Re-
sults from the Oregon Cascade Range provide additional
support for this hypothesis. The northernmost 16 stands in
the Oregon Cascades (in the vicinity of Mount Hood) ac-
counted for 31 of 38 captures for this species in the Oregon
Cascade Range. For these stands, northwestern salamanders
occurred at significantly higher abundances in old-growth
forests than in either mature or young forests (Gilbert and
Allwine, this volume c).

Roughskin newt-Roughskin newts were four to five times
more abundant in old growth than in younger stands (fig. 6).
Unlike northwestern salamanders, however, this species was
much less abundant in wet old-growth than in either moderate
or dry stands (fig. 7). This difference was also evident in the
old-growth ordination, where roughskin newts were found
at lower abundances than northwestern salamanders in wetter
stands at higher elevations (fig. 5). Ordination of stands in
the age gradient showed that roughskin newts exhibited the
same community associations as northwestern salamanders in
stands where environmental conditions were relatively moder-
ate (fig. 4). Unlike northwestern salamanders, however,
roughskin newts were generally absent from high-elevation
stands (table 3). Consequently, although the roughskin newt
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is closely associated with old-growth forests during the
nonbreeding season in southern Washington, it does not
occupy wet sites at high elevations.

Just as for northwestern salamanders, marked variation was
found in regional abundance patterns for roughskin newts
(see Bury and others, this volume a). In the Oregon Cascade
Range, roughskin newts were associated with young forests
(Gilbert and Allwine, this volume c). In the Oregon Coast
Range, by contrast, no strong patterns were found in the data
although roughskin newts reached highest abundances in
old-growth stands (Corn and Bury, this volume b). These
results may also reflect a latitude effect where old-growth
forests provide critical overwintering habitat only at northern
latitudes.

Red-legged frog-Red-legged frogs were most abundant in
mature stands within the age gradient (fig. 6) and in moderate
old-growth stands within the old-growth moisture gradient
(fig. 7). In terms of community association, red-legged frogs
exhibited the same patterns as the other pond breeders, with
the exception of the northwestern salamander, which alone
occupies the higher, wetter old-growth stands (figs. 4, 7).
This species was negatively associated with elevation, stand
moisture condition, talus, and steep slopes, and was positively
associated with cover by woody debris and the presence of
water (tables 2, 3). The presence and abundance of this spe-
cies apparently was largely determined by conditions favor-
ing the formation of ponds in relatively moderate stand con-
ditions. This species showed little association with stand age,
but its presence was correlated with high levels of woody
debris, which suggests that red-legged frogs may require this
habitat feature for hiding cover.

Cascades frog-Captures for Cascades frogs were low, but
their abundance increased with stand age (fig. 6). Of 13 Cas-
cades frogs captured (11 in pitfalls and 2 in time-constrained
searches), 10 (77 percent) were found in old-growth stands.
Community-association patterns for Cascades frogs were the
same as for red-legged frogs (figs. 4,5), as were their appar-
ent preferences for old-growth stands of moderate moisture
condition (fig. 7). Patterns of association with individual
habitat variables revealed little interpretable information,
probably because of low abundance values. Further work is
needed on this species to evaluate its potential preference for
old-growth forests.

Tailed frog-The tailed frog was significantly more abun-
dant in mature stands than in young stands (fig. 6). Its pat-
terns of community association were the same as those for
western redback salamanders within the age gradient (fig. 4)
and for northwestern salamanders within the old-growth
moisture gradient (fig. 5). Habitat analyses indicated that
tailed frogs were associated with steep slopes, high eleva-
tions, talus, and the presence of water (tables 2,3).

Western redback salamanders appear to be correlated with
the drier environmental conditions found on steep slopes, but
tailed frogs are more likely associated with the cool, clear
creeks that also occur on steep slopes (Nussbaum and others
1983). Our results do not show the tailed frog to be associ-
ated with old-growth forests; however, young stands appar-
ently provide relatively unsuitable habitat for this species in
the southern Washington Cascades.

Recommendations for Further Research

Intensive research is needed on the northwestern sala-
mander and roughskin newt to elucidate the ecological
basis of their association with old-growth forests in
southern Washington. These studies should be conducted
during both the breeding and nonbreeding seasons to
evaluate the potential seasonality of habitat association
patterns.

Research should also be directed at evaluating the im-
portance of coarse woody debris as habitat features for
the ensatina, western redback salamander, and possibly
the red-legged frog, to determine if amounts of coarse
woody debris in managed forests will be sufficient to
maintain viable populations of these species in Douglas-
fir forests.

Studies of the tailed frog should be undertaken in both
unmanaged and managed young forests to investigate the
low habitat quality of young stands.

Extensive studies of amphibian communities in managed
forests should be initiated immediately.

Long-term research on terrestrial amphibians in unman-
aged and managed Douglas-fir forests should be initiated
to determine if patterns of association and habitat rela-
tionships vary over time, and to evaluate the extent to
which amphibian populations may be affected by forest
management over the long term.
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Appendix
Table 4-Physiographic and vegetative variables examined in the southern Washington Cascade Range (variables used in
discriminant function analyses are indicated with a solid circle)

Variable Description

Physiographic:
.  ELEV
* A G E
. ASPECT
* SLOPE
. WPDCAl
. WPDCA2

CDACHRNl
CDACHRN:!
CDAOLDGl
CDAOLDGZ

. TALUS
OUTCROP
INTSTREM
PERSTREM
POOLS

. WATER

Elevation
Age
Aspect
Percentage slope
Moisture gradient
Temperature gradient
Age gradient
Coarse woody debris gradient
Stand-development gradient
Stand-development gradient
Percentage of stations with talus present
Percentage of stations with outcrops present
Percentage of stations with intermittent streams present
Percentage of stations with perennial streams present
Percentage of stations with pools or ponds present
Percentage of stations with a source of water present

Variable Description

Live-tree density:
CONIFS Conifer trees, d.b.h. l-10 cm
CONIFM Conifer trees, d.b.h. lo-50  cm

. CONIFL Conifer trees, d.b.h. 50-100  cm
* CONIFVL Conifer trees d.b.h. >loO cm
. CONIFERS All conifer trees

BROADS Deciduous and broadleaved evergreen trees, d.b.h. l-10 cm
BROADM Deciduous and broadleaved evergreen trees, d.b.h. lo-50  cm

l BROADL Deciduous and broadleaved evergreen trees, d.b.h. 50-100  cm
* BROADVL Deciduous and broadleaved evergreen trees d.b.h. >loO cm
l BRODLEAF All deciduous and broadleaved evergreen trees

Percentage cover:
GRASS
HERB

l ROCK
’ SOIL

MOSS
* LICHEN
. FLITTER

FERN
l ESHRUB

DSHRUB
l BSHRUB

SHRUB
TALLCOVR
MSHRUB

. MCTREE
MDTREE

. MBTREE
MCANOPY

. CDTREE
* CBTREE
* CCTREE
* CANOPY
l DLOGSA

DLOGSB
DLOGSC

* DLOGS

Grass
Herbaceous vegetation
Rocks
soil
Moss
Lichen
Fine litter
Fern
Evergreen shrubs
Deciduous shrubs
Berty-bearing  shrubs
All shrubs
AlI  shrubs and ferns
Shrubs in the midcanopy
Conifer trees in the midcanopy
Deciduous trees in the midcanopy
Broadleaved evergreen trees in the midcanopy
Midcanopy
Deciduous trees in the canopy
Broadleaved evergreen trees in the canopy
Conifer trees in the canopy
Canopy
Intact woody debris
Moderately decayed woody debris
Well-decayed woody debris
Woody debris

Stump and snag densitx
STUMPA
STUMPB
STUMPC
STUMPS
SSNAGA
SSNAGB
SSNAGC

. SSNAGS
MMSNAGA
MMSNAGB
MMSNAGC
MTSNAGA
MTSNAGB
MTSNAGC

l MSNAGS
LMSNAGA
LMSNAGB
LMSNAGC
LTSNAGA
LTSNAGB
LTSNAGC

. LSNAGS
SNAGSA
SNAGSB

* SNAGSC

In&t to slightly decayed stumps
Moderately decayed stumps
Well-decayed stumps

Other:
SCAN

l LITTERD
TREPIT

stumps
Intact to slightly decayed snags, d.b.h. 40 cm, ht cl.5 m
Moderately decayed snags, d.b.h. ~10  cm, ht cl.5 m
Well-decayed snags, d.b.h. 40 cm, ht cl.5 m
All snags, d.b.h. 40 cm, ht cl.5 m
Intact to slightly decayed snags, d.b.h. lo-50 cm, ht 1.5-15 m
Moderately decayed snags, d.b.h. lo-50 cm, 1.5-15 m
Well-decayed snags, d.b.h. lo-50 cm, ht 1.5-15 m
Intact to slightly decayed snags, d.b.h. lo-50  cm, ht >15  m
Moderately decayed snags, d.b.h. lo-50  cm, ht >15 m
Well-decayed snags, d.b.h. lo-50 cm, ht >15 m
All snags, d.b.h. lo-50  cm, ht >1.5 m
Intact to slightly decayed snags, d.b.h. 250 cm, ht 1.5-15 m
Moderately decayed snags, d.b.h. >50  cm, ht 1.5-15 m
Well-decayed snags, d.b.h. >50  cm, ht 1.5-15 m
Intact to slightly decayed snags, d.b.h. >50  cm, ht >15  m
Moderately decayed snags, d.b.h. >50  cm, ht >I5 m
Well-decayed snags, d.b.h. >50  cm, ht >15  m
All snags, d.b.h. >50  cm, ht >1.5 m
All intact to slightly decayed snags
All moderately decayed snags
All well-decayed snags

Presence of super-canopy trees
Depth of litter layer
Density of tree pits
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Abstract
We examined the occurrence and abundance patterns of ter-
restrial amphibians in the Pacific Northwest, mostly based
on captures in pitfall traps at 130 study sites. Seven of eight
widespread species showed a marked variation in abundance
between the Oregon Coast Range and the Cascade Range in
Oregon and Washington. Only two species were associated
with an age gradient (young, mature, and old-growth forests):
the northwestern salamander was usually most abundant in
old growth, whereas the western redback salamander occurred
in highest numbers in young stands. Ensatina was most abun-
dant in dry old growth in the Cascade Range and was the
only species with a marked response across a moisture gra-
dient (wet, moderate, and dry forests). Abundance of species
was more often associated with physiographic variables than
with vegetation features. On the basis of multidimensional

scaling of species richness, the amphibian community in the
Coast Range appears distinct from that in the Cascade Range.
The highest species richness was in the Oregon Coast Range,
whereas the lowest species richness was in the Cascade
Range in Washington. The same analysis was unable to dis-
criminate differences in the species richness of amphibians
among young, mature, and old-growth stands. Special habitat
features influenced the abundance of amphibians. Ponds and
streams are required for several aquatic-breeding amphibians,
but these waters were unevenly distributed in the stands we
studied. Large, well-decayed down wood was essential for
several terrestrial salamanders, and these species may even-
tually be reduced in numbers or extirpated in managed forests
where down wood is scarce. Rocky substrate also appeared
to influence the occurrence and abundance of several sala-
manders. The Pacific Northwest has several endemic species
with restricted distributions and specialized habitat require-
ments. Unless management strategies are tailored to these
unique species, they may decline locally or be extirpated.

Introduction
The value of old-growth forests for wildlife habitat and the
effect of timber harvest on this resource is the subject of
current debate (see Fosburg 1986, Harris 1984, Kerrick and
others 1984, Meslow and others 1981, Norse 1990, Salwasser
1987, Wilcove 1987). Old-growth forests dominated by
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Douglas-fx have a wide range of tree sizes and ages, a deep 
multilayered canopy, large individual trees, and accumu- 
lations of large pieces of coarse woody debris (Franklin and 
Spies 1984). These distinctive attributes of old-growth forests 
may be important habitat elements for several species of the 
Pacific Northwest herpetofauna. 

Reptiles are prevalent in open habitats such as oak wood- 
land or grassland (Raphael 1987, Welsh 1987), where dif- 
ferent techniques are needed to sample them adequately. 

Results of sampling terrestrial amphibians have been reported 
for four provinces: Southern Washington Cascade Range, 
from Mount Rainier National Park south to the Columbia 
River (Aubry and others 1988; Aubry and Hall, this volume), 
Oregon Cascade Range (Bury and Corn 1988a: Gilbert and 
Allwine, this volume c), Oregon Coast Range (Corn and 
Bury, this volume b), and the Klamath Mountains province 
in southern Oregon and northern California (Raphael 1987b; 
Raphael 1988~; Welsh and Lind 1988, this volume). Aquatic 
amphibians were analyzed separately (Bury and others, this 
volume b; Bury and Corn 1988b; Corn and Bury 1989). 

Here, we attempt to identify which species of the herpeto- 
fauna are associated with gradients of forest age and mois- 
ture condition in naturally regenerated forests for the three 
provinces north of the Klamath Mountains. Our specific 
objectives are: 

l To compare the species richness and relative abundance 
of terrestrial amphibians among different forest stands; 

l To elucidate regional differences in the structure and 
composition of terrestrial amphibian communities rela- 
tive to their biogeographical patterns; and 

l To provide guidelines for managing and protecting these 
species. 

Methods 

._. 
We compared patterns of abundance among the three prov- 1 patterns of abundance among the three prov- 
inces by using several statistical approaches. We used two- g several statistical approaches. We used two- 
way analysis of variance (ANOVA) to test for significant of variance (ANOVA) to test for significant 
differences among provinces in the abundance of species that differences among provinces in the abundance of species that 
occur in all three provinces. Study sites were not selected at occur in all three provinces. Study sites were not selected at 
random because of logistical problems (for example, inacces- 
sible wilderness) and land-use patterns (for example, private 
ownership or active logging nearby). Thus, we used statis- 
tical tests to identify major patterns in the data rather than to 
test specific hmotheses (see Carey and Spies, this volume). 

Methods of sampling amphibians included time-constrained 
collecting, which is useful for capturing certain terrestrial 
species, and pitfall trapping, which is effective for sampling 
most terrestrial species, especially migratory forms. These 
techniques are based on general herpetological sampling 
(see Bury and Raphael 1983, Campbell and Christman 1982, 
Jones 1986, Raphael and Barrett 1981). and specific methods 
developed for Pacific Northwest forests (Bury and Corn 1987: 
Corn and Bury 1990; Raphael 1988~). 

distribution maps (Nussbaum and others 1983, Stebbins 1985) 

Most areas in the Pacific Northwest support as many as 19 to 
23 species of amphibians and reptiles, based on published 

and our field studies (fig. 1). Further, these herpetological 
communities may be ecologically important because of the 
high numbers and biomass of resident amphibians and 
reptiles (see Bury 1988). 

Recently, the Old-Growth Forest Wildlife Habitat Program 
(see. Ruggiero and Carey 1984) conducted several studies on 
amphibians and reptiles in forested habitats. Few reptiles 
were captured, and they are not discussed in this paper. 
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Species included in the ANOVA analyses were the north-
western salamander, Pacificgiant salamander, Olympic sala-
mander, ensatina, western redback salamander, roughskin
newt, tailed frog, and red-legged frog. Only data derived from
pitfall captures were used in these tests because abundance
data from time-constrained collecting may be biased (Corn
and Bury 1990, this volume b). Abundance was expressed as
number captured per 100 trap-nights. We excluded juveniles
of the northwestern salamander (<70 mm snout-vent length
[SVL]), roughskin newt (<40 mm SVL), tailed frog (<35 mm
SVL), and red-legged frog (<35 mm SVL) from the analyses
so as to minimize the effects that seasonal pulses of aquatic
breeders moving through the study sites would have on
estimates of abundance (see Bury and Corn 1987,1988a).

Separate two-way ANOVAs were performed for amphibians
across gradients of age and moisture. Most stands were natu-
rally regenerated after catastrophic fire, and three age-classes
were represented: young (35-79 years old), mature (80-195
years), and old-growth (200-730 years). A moisture gradient
(wet, moderate, and dry) was established for the old-growth
stands (see Spies and Franklin, this volume).

Pitfall trapping was conducted in 147 stands. We compared
pitfall data among 130 stands across the chronosequence and
83 old-growth stands on the moisture gradient. We used a
6 by 6 grid of traps (15 m apart) in each stand, which is
described in detail elsewhere (Corn and Bury 1990).

Some differences in techniques were used for each province.
In the Oregon Cascade Range, trapping was conducted in 56
stands; all stands were sampled in 1984, and the same grids
in the central stands (on or near the H.J. Andrews Experi-
mental Forest) in 1985 (Gilbert and Allwine, this volume c).
Stands in the southern Washington Cascade Range (n = 45)
and the Oregon Coast Range (n = 46) were trapped in both
1984 and 1985, and trap grids were moved between years in
Washington (Aubry and Hall, this volume) but not in the
Coast Range (Corn and Bury, this volume b). Values are
expressed as mean captures to facilitate comparisons between
provinces that have different numbers of stands. We used
1985 data from the Oregon Coast Range and the Cascade
Range in Washington because the analyses of these data
within each province combined the captures from both years
(Aubry and Hall, this volume; Corn and Bury, this volume b).

We used gradient analyses to investigate relations between
the abundance of species and habitat variables (physiographic
and vegetative). Physiographic variables were measured on
each pitfall grid (see Corn and Bury, this volume b) and in-
cluded stand age, elevation, aspect (cosine-transformed), per-
centage slope (arcsine-transformed), and the presence or ab-
sence of surface water or exposed talus. Individual vegetative
variables were combined into broad stand-scale gradients
using canonical discriminant analysis. Separate analyses

resulted in four variables (Spies and Franklin, this volume):
DF1A and DF2A from an analysis of stands in the chrono-
sequence, and DF1M and DF2M from an analysis of stands
in the moisture gradient. DF1A is positively correlated with
stand development (for example, number of large trees, stand
age, and variation in tree diameter), and DF2A is positively
correlated with coarse woody debris (primarily volume of
snags and down wood). DF1M was negatively correlated
with the basal area of shade-tolerant trees and apparently
represents a temperature gradient (stands from the Coast
Range have high scores, Washington stands have low scores).
DF2M was negatively correlated with the density of sub-
canopy trees and cover of evergreen shrubs, and it represents
a moisture gradient (wet stands have high scores).

Because the abundances of most amphibian species varied
among provinces, we tested for associations between abun-
dance and continuously distributed habitat variables. We
compared abundance among provinces by using the habitat
variables as covariates. The presence or absence of variables
(water and talus) were tested in a two-way ANOVA with
province.

We compared the structure and composition of amphibian
communities among provinces by determining the presence
or absence of 12 species. Eight species occurred in all prov-
inces, and four others were present in one or two provinces
(the clouded salamander, Oregon slender salamander, Dunn’s
salamander, and the Cascades frog). We combined the results
of time-constrained collecting and pitfall trapping to generate
lists of species in each stand. Such an approach precludes the
use of abundance data, but it provides a more complete list
of species than pitfall data alone (Corn and Bury 1990).

Species richness was based on one time-constrained collec-
tion (or survey of down wood) and 2 years of pitfall trapping
in each of 55 stands. Surveys of down wood (equivalent to
time-constrained collection) were done in only 15 of the
study sites in the Oregon Coast Range (Corn and Bury, this
volume b), so we selected subsamples (the central stands)
from both provinces in the Cascade Range. In Oregon, we
used data from 19 stands in or near the H.J. Andrews Exper-
imental Forest (Gilbert and Allwine, this volume c), and in
Washington, we used data from 21 stands in the Packwood-
Randle area (Aubry and Hall, this volume).

We used multidimensional scaling (MDS) to represent the
pattern of presence or absence of the 12 species; MDS com-
putes two-dimensional coordinates for a set of stands so that
the distances between pairs of stands fit as closely as pos-
sible to their measured similarities (Wilkinson 1988). Simi-
larity between pairs of stands was computed with Jaccard’s
index (Pielou 1984), which is the number of species present
in one stand in proportion to the total number of species
present in the pair of stands.
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Table I-Mean captures (number per 100 trap-nights) of amphibians across the chronosequence of forest stands (standard 
deviations are in parentheses) 

Table 2-Separate two-way analysis of variance of abundance 
versus province and age-class, and abundance versus province 
and moisture-class 

Using the same set of data on species richness, we performed 
a nonhierarchical clustering of stands using the K-means pro- 
cedure of SYSTAT (Wilkinson 1988). The K-means proce- 
dure produces a specified number of nonoverlapping pools 
(clusters) of stands. We chose three pools because three prov- 
inces and three forest age-classes were analyzed. 

Results 
Variation Within the Chronosequence 

Marked variation was found in the abundance of amphib- 
ians across the chronosequence of selected stands (table 1). 
Ensatina was usually the most common species captured in 
all stand ages for each province, followed by roughskin 
newts. Western redback salamanders were an exception, 
being more abundant in young and old-growth stands in the 
Oregon Coast Range than either of the other two species. 

We found that seven of eight species showed marked vari- 
ation in abundance among provinces (table 2). Only the 
northwestern salamander and the western redback salamand- 
er were significantly associated with the age gradient when 
variation among provinces was taken into account. The north- 
western salamander was more abundant in old growth (this 
pattern was not apparent in the Coast Range) than in mature 
or young stands. They were most abundant in Washington. 
The western redback salamander was most abundant in young 
stands and in samples from the Coast Range; the species was 
rare in the Cascade Range in Oregon. A strong interaction 
was found between province and stand age for roughskin 
newts. This species was most abundant in old-growth forests 
in Washington and in the Coast Range, and in young stands 
in the Oregon Cascade Range. 

Variation Within the Moisture Gradient 

Ensatina was the only species with a significant response to 
the moisture gradient (tables 2 and 3). In both Cascade Range 
provinces, ensatina was most abundant in dry old-growth 
stands. 
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Table 3-Mean captures (number per 100 trap-nights) of amphibians across the moisture gradient in old-growth stands (standard 
deviations are in wrentheses) 
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Table 4-Significant associations between amphibian abundances and major physiographic and vegetative gradients (negative 
assoclatlons in parentheses) 

Habitat Associations Responses of individual species varied widely with habitat 
More significant associations of amphibian abundance with wiablcs. Northwestern salamanders were more abundant in 
physiographic variables were found than with vegetation cool old-growth forest than in other combinations. Pacific 
variables (table 4). Analysis of covariance controls for dif- giant salamanders were more abundant in warmer, wetter 
ferences among provinces (for example, elevations were stands than in other conditions. The abundance of Olympic 
generally lower in the Coast Range), but gradients within salamanders was low in all provinces, and this spccics was 
provinces may complicate interpretation of these results. For not related to any of the gradients examined. 
example, elevation was highest in Washington in the north, 
but in the Cascade Range in Oregon the southern stands were 
highest. 

345 



& 
1) 1.0 

~1,, 

E 

: 0.5 

0.0 
0 20 40 60 SO lb0 

Slope (percent) 

Ensatina was more abundant in younger, drier stands, and 
steeper stands at lower elevations, than in other combinations 
of conditions. Western redback salamanders were more abun- 
dant on steep slopes (fig. 2). Roughskin newts were most 
abundant at lower elevations, and tailed frogs were more 
abundant at higher elevations with southern exposures than 
in other situations. Red-legged frogs were most abundant at 
lower elevations with flatter slopes. 

Regional Patterns 
Based on the multidimensional scaling of species richness, 
the Oregon Coast Range appears to be distinct from the 
Cascade Range, whereas the Cascade Range in Oregon and 
Washington shows a degree of overlap (fig, 3a). This obser- 
vation is supported by a separate analysis: the nonheimrchical 
clustering of three pools of stands (table 5). Two of these 
pools identify stands in the Oregon Coast Range and Wash- 
ington Cascade Range; the largest pool (pool 1) contains 
most of the stands in the Oregon Cascade Range and half 
of the Washington stands. The Coast Range pool had the 
highest species richness, with six species present in more 
than 50 percent of the stands, and the Washington pool had 
the lowest richness, with only three species present in more 
than 50 percent of the stands. 

E .- 
E! 

-2 

ii .- 
0 

Dimension 1 

Plotting the MDS by age-class shows no discernible 
differences among old-growth, mature. and young stands 
(fig. 3b). Ellipses that enclose about 75 percent of the stands 
in each age-class essentially overlap completely. 

346 



Table 5-Nonhierarchical clustering of 12 amphibian species 
(presence-absence) In 55 forest stands In Oregon and Washington 
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Biogeography 
The occurrence of amphibians among and within provinces 
varied greatly. Six species of terresaial salamanders were 
widely distributed in the Pacific Northwest (fig. 4), and 
species richness was concentrated in western Oregon and 
north coastal California. Among these six species of wide- 
spread occurrence, the number present in any locality varied 
from zero to four and changed over relatively short distances. 

Five salamanders were endemic in Oregon and Washington 
(fig. 5). and most had non-overlapping ranges. Three other 
endemic species in Idaho and northern California are not 
examined here. 

Discussion 
Variation Across Provinces, Chronosequences, and Mois- 
ture Gradients 
The lack of response by terrestrial amphibians to the moisture 
gradient in the Coast Range might be due to several factors. 
The moisture gradient was not strong, and most stands 
tended to be relatively dry. Old-growth stands in the Coast 
Range tended to be similar to the drier old-growth forest in 
the Cascade Range (Spies and Franklin, this volume). 

Mean abundance of species differed more among provinces 
than across either the chmnosequence or moisture gradients 
(table 2). Mosr species were more common in one province 
than in the other two. Large numbers of both the roughskin 
newt and northwestern salamander were captured in only a 
few stands, resulting in high variance that clouds interpre- 
tation of trends. The observed geographic variation in 
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captures may reflect the location of special habitat features 
in certain stands more than any environmental differences 
among provinces. 

The resident amphibians apparently are somewhat similar in 
naturally regenerated Douglas-fii forests. All stands sampled 
had established canopies and generally contained large 
amounts of coarse woody debris, which are characteristics 
that may reduce differences among stand types (young to old 
growth, wet to dry). 

Habitat Associations 

Some of the observed patterns of abundance may be due to 
special habitat features required by certain species. These 
may include aquatic habitats, down wood, and rocky slopes. 

Proximity to water for aquatic breeders-The strong inter- 
action between province and stand age for roughskin newts 
might be better explained by the proximity of breeding habi- 
tats than by dependence on unknown forest characteristics. 

Newts migrate to ponds, slow-moving streams, or other 
standing bodies of water to breed. Migration may extend over 
considerable distances. Twitty (1966), for example, reported 
that newts may move hundreds of meters to and from breed- 
ing sites, and that individuals displaced several kilometers 
away (some over 10 km) returned to home waters. Thus, a 
favorable site for breeding is a focal point for migration. 
Capture of newts in pitfall traps may represent no more than 
movement by the animal through the forest. The newt may 
only temporarily depend on that place of capture. Capture of 
migratory species in one type of habitat, however, may also 
suggest chat they prefer or require these upland conditions 
after the breeding season. 

Similarly, adult northwestern salamanders migrate to ponds 
for breeding, and then both adults and juveniles return to 
land. The proximity of ponds or slow-moving creeks may 
also determine the occurrence and abundance of this species 
in forested stands. Frogs and toads also breed and live most 
of their lives in or near water. In particular, ranid frogs are 
aquatic or mostly aquatic throughout their lives, and the 
tailed frog breeds in small streams. The location of these 
ponds or flowing waters will strongly influence the occur- 
rence of these species in surrounding forest stands. During 
rains, however, frogs may move out onto the forest floor to 
forage, and they may occasionally disperse overland. Addi- 
tional studies are needed to better address the importance of 
dual habitats (aquatic breeding and upland nonbreeding sites) 
in the life histories of forest amphibians. 

Searches were conducted in vernal ponds in the Oregon 
Cascades (Gilbert and Allwine, this volume c). Most of the 
ponds were in mahre and old-growth stands. These habitats 
proved to be important breeding areas for northwestern sala- 
manders and ranid frogs. The relation between the stability 
(predictable occurrence) of vernal ponds and forest develop- 
mental stage needs further investigation. 

Coarse woody debris-Time-constrained collecting and 
surveys of down wood suggest that coarse woody debris is 
important habitat for several species of plethodontid sala- 
manders, including ensatina, clouded salamanders and 
Oregon slender salamanders (Aubry and others 1988; Aubry 
and Hall, this volume; Bury and Corn 1988a: Corn and Bury, 
this volume b; Gilbert and Allwine, this volume c). Natural 
disturbances (for example, fire) add appreciable debris to 
young stands, but these features do not persist as the stand 
matures. Forest stands do not accumulate new, large pieces 
of down wood until the forest reaches old-growth conditions 
and debris inputs increase as a result of natural tree mortality 
(Franklin and others 1981, Harmon and others 1986, Spies 
and others 1988). 
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Although ensatina was the only one of eight species sus-
pected of having a strong association with down wood, none
of the amphibians collected in pitfall traps were related to the
habitat variable (DF2A) for coarse woody debris (table 4).
Clouded salamanders and Oregon slender salamanders were
not well-sampled by pitfall trapping, but time-constrained
collection indicate that they are most abundant in stands with
high amounts of coarse woody debris.

Ensatina is a generalist and may be competitively displaced
by the clouded salamander where they are sympatric (Corn
and Bury, this volume b). In Oregon, clouded salamanders
were most abundant in less-decayed classes of down wood,
mostly in decay-classes 1 and 2 (Bury and Corn 1988a; Corn
and Bury, this volume b). Clouded salamanders and Oregon
slender salamanders, however, do not occur in the Cascade
Range in Washington, and in that region ensatina uses a
broader range of microhabitats (Aubry and others 1988) than
ensatina in the Cascade Range in Oregon, where all three
species occur (Bury and Corn 1988a), or in the Oregon Coast
Range where ensatina and clouded salamanders are
sympatric (Corn and Bury, this volume b). The density of
ensatina also may not be strongly related to the amounts of
coarse woody debris in stands because that species is a
generalist. Ensatina may, however, require coarse woody
debris as breeding habitat (Aubry and others 1988).

Raphael and Barrett (1984) found that the abundance of
ensatina in northern California was correlated to the density
of large Douglas-fir trees. They found few ensatina in the
youngest stands (less than 150 years old) they studied, how-
ever, and they included ensatina with species associated with
old-growth stands. We cannot explain why ensatinas were
ubiquitous in Oregon and Washington and had no apparent
correlation with old growth.

Rocky habitats-We think the most underestimated environ-
mental factor affecting salamanders is underlying soils, and
particularly the occurrence of talus (rock rubble) in the Pacif-
ic Northwest. Western redback salamanders are associated
with steep slopes and talus (fig. 2). Steepness of slope and
the presence of talus are related factors because talus is more
often exposed on hillsides than on valley floors where rocky
soils are often covered with alluvium or deeper soils. Most
western plethodontid salamanders frequent talus slopes
(Dumas 1956, Herrington 1988, Nussbaum and others 1983,
Ramotnik and Scott 1988), including the Larch Mountain,
Siskiyou Mountain, and Del Norte salamanders. Also, Dunn’s
and Van Dyke’s salamanders occur in talus habitat or along
rocky streamsides (Dumas 1956, Corn and Bury 1989).

The strong association of the woodland salamanders with
talus or rocky soils may override other habitat relations. For
example, both Raphael (1988c) and Welsh and Lind (this
volume) indicate that the Del Norte salamander is most

numerous in the oldest seral stages of Douglas-fir/hardwood
forest in northern California. Soil types were not indicated,
however, so these relations may be incidental to an uneven
distribution of rocky habitats. We suggest that the occurrence
and abundance of most species of woodland salamanders are
more likely to be related to the presence of rocky outcrops or
underlying talus than to forest development (stand age) or
amounts of coarse woody debris. Determining this relation is
essential to future studies of western salamanders and their
habitats.

Herrington and Larsen (1985) and Herrington (1988) suggest
that forested talus slopes were required by the Larch Moun-
tain salamander and some other salamanders. The response
of salamanders to the removal of forested stands on talus
slopes, however, has not been examined critically. Individ-
uals may simply move underground (Ovaska and Gregory
1989; N. Scott, unpubl. manuscript). Insufficient evidence is
available to resolve this question, but it is a major issue
because many forested areas of the Cascade and Coast
Ranges in the Pacific Northwest have soils dominated by
talus or rock rubble. These areas may be open slopes, partly
forested, or totally overgrown with trees. Thus, considering
both the substrate (for example, soil versus talus) and forest
conditions (for example, clearcut versus closed canopy) is
increasingly important in evaluating the occurrence and
abundance of terrestrial salamanders.

Managed Stands

Bury and Corn (1988a) used pitfall traps in five clearcut sites
(all less than 10 years old) in the Cascade Range in Oregon
and Washington to describe the occurrence and abundance of
the herpetofauna in managed stands. The relative abundance
of the herpetofauna in these clearcuts differed markedly from
six comparable young stands that were naturally regenerated.
Reptiles predominated in clearcuts, which most likely was a
response to increased solar radiation and higher ambient tem-
peratures. The Pacific treefrog also was most abundant in
clearcuts, which reflects its propensity for invading openings
(Bury 1983). Interestingly, clearcut stands that we sampled in
the Oregon Coast Range in 1984-85 did not show such
marked differences in terrestrial species (Corn and Bury, this
volume b).

Although tailed frogs were captured in pitfall traps in closed-
canopy forests, they were absent or rare in clearcuts (only 1
percent of the total catch). Both the Olympic salamander and
the tailed frog seem to be sensitive to timber harvest, and the
survival of these species may depend on the availability of
cool streams for breeding and larval development as well as
the presence of adjacent forested habitats for shade and reten-
tion of stream substrate quality (Bury and Corn 1988a; Bury
and others, this volume b, Corn and Bury 1989). Assessing
the effects of logging in streamside and upland forests is
urgently needed.
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Biogeography

Regional patterns-Both multidimensional scaling and non-
hierarchical clustering generated clear patterns separating the
three provinces (fig. 3a, table 5) but not the forest age-classes
(fig. 3b). This result is underscored by the strong differences
among provinces in the abundance of species that occurred
in all provinces, and by the general lack of abundance dif-
ferences among habitat types.

Analyses of the amphibian communities were somewhat sur-
prising because distribution differences among the provinces
for several species had little apparent influence on the results.
Considerably more overlap was found between the Cascade
Range in Oregon and Washington than between either Cas-
cade Range group and the Oregon Coast Range despite the
absence of clouded salamanders and Oregon slender sala-
manders in Washington. Biogeography, however, appears to
play a much more important role in the organization of am-
phibian communities than do forest habitat gradients. Thus, a
mandate exists to better document species’ occurrence, and
their centers of diversity, biogeographic relations, and distrib-
utional limits.

Importance of endemic amphibians-Eight species of ter-
restrial salamanders in the Pacific Northwest have restricted
distributions (fig. 5), five in Oregon and Washington. Even
widespread species, however, are not distributed over the en-
tire region (fig. 4). The superimposing of the ranges of en-
demic and widespread species of salamanders would further
complicate which species might be expected to occur in a
given province or area. The specialized habitats and disjunct
distributions of many species also confounds generalizations
about herpetofaunas. Marked differences in the herpetofauna
depend on the geographic location sampled.

We suspect that the distribution patterns of individual species
may influence the organization of herpetological communi-
ties more than factors such as forest age, once canopy is re-
established. In most areas of the Pacific Northwest, however,
herpetological studies have been insufficient to compile reli-
able community profiles (accurate lists of resident species
and relative numbers of species).

Still, herpetological communities can be understood; relative-
ly few species of amphibians and even fewer reptiles live in
the Pacific Northwest. An intensive study in a project area

usually can reveal almost all of the common species and
many of the rarer ones, if the searcher knows what to look
for and if sites are sampled during appropriate weather (Corn
and Bury 1990).

Management Suggestions

Localized distributions and special habitat requirements of
amphibians may make managing of selected species easier
than might be anticipated. The presence of small permanent
streams or headwaters is an indicator that Olympic salaman-
ders or tailed frogs may occur in the area. Another key factor
is to recognize the importance of distinct microhabitats.
Presence of talus or rocky substrate, for example, is a clue
that one or more species of plethodontid salamanders likely
inhabit the site.

Management strategies need to be individually tailored. Most
of the “common” amphibians, such as ensatina and clouded
salamanders, are apparently not irreversibly affected by cur-
rent timber harvest activities. Thus, we would recommend
that most attention be directed at endemic species with small
geographic ranges (fig. 5). All five of the endemic species in
Oregon and Washington are already proposed for Federal
listing as threatened or are protected by individual States.

A long-term perspective needs to be developed. Species that
require large, well-decayed down wood may be continually
reduced in numbers in managed forests because tree removal
reduces or eliminates the input of fallen woody debris.
Coarse woody debris, therefore, is not carried over from
sequential harvests, and terrestrial amphibian populations
may suffer as a result.
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Abstract
We sampled first- and second-order streams in naturally re-
generated forests (young, mature, and old-growth stands) in
three provinces: the Southern Cascade Range of Washington,
the Oregon Cascade Range, and the Oregon Coast Range. We
found no significant differences in physical habitat variables
(except stream gradient in one of the three provinces) nor in
densities of amphibians among the provinces. Giant salaman-
ders were the most abundant amphibians, followed by tailed
frogs. Dunn’s salamander and Olympic salamander were less
common, partly because they did not occur in all the water-
sheds we examined. These four species differed markedly in
their microhabitat use: tailed frogs were most often found in
riffles; Olympic salamanders frequented riffles and banks or

shallow seeps; giant salamanders were about equally abun-
dant in pools and riffles; and Dunn’s salamanders mostly
occurred on stream banks. Three species have aquatic larvae,
and they appeared to occupy different ecological niches.
Amphibian densities and biomass were 10 and 4 times
greater, respectively, than those reported for salmonid fishes
in small streams. Thus, amphibians can be the predominant
vertebrates in headwaters in Pacific Northwest forests. In the
Oregon Coast Range, we found that the number of species,
the densities, and the biomass of resident amphibians were
2 to 7 times greater in streams flowing through uncut forests
than in logged areas. Responses of amphibian populations to
timber harvest may differ regionally, and more comparative
studies are needed on amphibian communities in managed
stands.

Introduction
Concerns have been expressed about how timber harvest
affects salmonid fishes in Pacific Northwest streams (see
Brown 1985, Meehan and others 1984, Salo and Cundy
1987). Recent studies in western Oregon indicate that both
salmonids and the Pacific giant salamander are common in
streams in uncut and logged habitats (Hawkins and others
1983, Murphy and Hall 1981, Murphy and others 1981).
Other studies suggest, however, that logging has negative
impacts on aquatic amphibians, particularly those with nar-
row environmental tolerances (Bury 1968, Bury and Corn
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1988b, Metter 1964, Nnssbaum and others 1983). Negative 
effects from logging also may be intensified in headwater 
streams (Corn and Bury 1989). 

Integrated management of forests requires an understanding 
of the complex ecosystems of headwater streams, and how 
they function. Headwaters and other small channels provide 
nursery habitat for salmonids (Hamnan and others 1987, 
Sedell and Swanson 1984) and are important in maintaining 
downstream fish habitat and water quality (Rice and others 
1979). Everest and others (1985). furthermore, reported that 
“pslope activities (for example, road development or timber 
harvest) and manipulation of canopy or streambank vege- 
tation create. immediate changes in the equilibrium of small 
streams. 

Haiiton (1987) estimated that the biomass of both terrestrial 
and aquatic salamanders was greater than that of any other 
vertebrate predators in the southern Applachian mountains. 
To date, we lack comparable estimates of the biomass of 
different vertebrate groups in Pacific Northwest forests. 
Although amphibians are the dominant vertebrates in some 
Northwestern headwater streams (Buy 1988, Murphy and 
Hall 1981, Nussbaum and others 1983). large gaps exist in 
OUT understanding of how these species function in aquatic 
or riparian communities. We know little about the effects 
of habitat alteration on their survival. 

The s!mct”re of Douglas-fu forests varies considerably 
(Spies and Franklin, this volume) and, for that reason, we 
need to investigate how amphibian populations vary across 

successional gradients. In this paper, our objectives are to 
determine the occurrence and abundance of amphibians in 
streams flowing through three successional stages (young, 
mature, and old-growth) of naturally regenerated Douglas-fir 
forests in western Washington and western Oregon, compare 
amphibian communities in streanw in Uncut forests to streams 
in logged areas, discuss the major physical characteristics of 
streams and the microhabitat associations of aquatic amphib- 
ians, and identify regional patterns in the density and biomass 
of amphibians in headwater streams. 

Geographic Distributions and Life Histories 
Four species (or groups of sibling species) of aquatic am- 
phibians (fig. 1) OCCUT in the temperate forests of the Pacific 
Northwest: Olympic salamanders, giant salamanders (genus 
Dicampdon), Dunn’s salamanders, and tailed frogs. Dis- 
tribution maps are based mostly on locality records in 
Nnssbaum and others (1983), with additional information 
from Bury (1%8), Good and others (1987). Green and 
Campbell (1984), and our recent field work. Range “taps 
presented here are new interpretations; they were. designed to 
denote areas lacking records as well as areas with known 
faunas. 

Good and others (1987) indicate that the Olympic salaman- 
der comprises at least three genetically distinct groups in the 
following areas: the Olympic Peninsula to northwestern 
Oregon, the Coast Range from central Oregon to northern 
California, and the Cascade Range of Oregon and Wash- 
ington (fig. 2). This species requires cool waters, and 
individuals are usually found only in the splash zone or 
shallows of seeps and streams (Nwsbaum and Tait 1977, 
Nussbaum and others 1983). 

Giant salamanders are widespread in the Pacific Northwest 
(fig. 2). Pacific giant salamanders are large (up to 350 mm 
long) and inhabit streams and standing water over a rela- 
tively wide range of temperatures. Their eggs and larvae 
OCCUI in water, but transformed juveniles and adults may live 
on land. Cope’s giant salamander is a smaller species that is 
mostly aquatic and neotenic (Nwsbaum 1970). The Rocky 
Mountain giant salamander, which OCCUTS in interior areas 
(Daugherty and others 1983). is not discussed here. 

The tailed frog is distributed similarly to the giant salanxm- 
der (fig. 3). Eggs and tadpoles of this frog require cool, flow- 
ing waters (Buy 1968.1988; de Vlanting and Bury 1970; 
Metter 1964; Nwbaum and others 1983). Their larval stage 
reportedly lasts for 2 to 3 years (Metter 1967) and, in the 
Rocky Mountains, adults may not breed until 7 to 8 years of 
age (Daugherty and Sheldon 1982). Tailed frogs OCCUT in 
disjunct populations, especially in interior or drier areas 
(Daugherty and Sheldon 1982, Metter 1967). 
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Dunn’s salamander often occurs along creeks and streams. 
In seeps and headwater habitats, the species may be found 
in the same microhabitat with the Olympic salamander 
(Nussbaum and others 1983). Dunn’s salamander does not 
occur in the Cascade Range of Washington (fig. 3). This 
species lacks larvae; individuals develop directly from egg 
to adult. 

Material and Methods 
We sampled 59 streams (see frontispiece) in three physio- 
graphic provinces: the Southern Washington Cascade Range, 
the Oregon Cascade Range, and the Oregon Coast Range 
(Franklin and Dymess 1973). A similar study was conducted 
in northwestern California and southwestern Oregon (Welsh 
and Lind, this volume). We sampled six streams in each 
forest age-class (young, mature, old growth) in the Oregon 
and Washington Cascades. In the Oregon Coast Range, we 
sampled streams in 3 young, 10 mature, and 10 old-growth 
stands. We sampled an additional 20 streams flowing 
through managed second-growth forests to study the 
long-term effects of logging (Corn and Bury 1989). 

Proximity of streams to established terresbial study-areas 
varied. In the Oregon Cascades, all of the streams flowed 
through stands used in the terrestrial community studies (see 
Gilbert and Allwine, this volume c). Few of the streams 
selected in the Oregon Coast Range or Washington Cascades 
were in the terrestrial study areas. Ages of these stands were 
based on visual inspection of dominant trees and available 
timber maps (USDA Forest Service and U.S. Department of 
the Interior, Bureau of Land Management). We selected 
permanent, l- to 2-m wide, first- or second-order streams. 

We adapted the habitat variables sampled from standard 
stream-survey techniques of Platts and others (1983). Bury 
and Corn (in press) and Corn and Bury (1989) describe these 
techniques in detail. Briefly, sampling consisted of an inten- 
sive search of 10 m of water and bank along a representative 
stretch of each stream. We used standarized techniques for 
measuring water depth, stream width, percentage gradient, 
pool-to-riffle ratio (100 percent pool = 1.0; 100 percent riffle 
= 0). percentage slope of the channel on each side of the 
stream, and water temperature. 
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We estimated by eye the particle size of the subsaatum that 
was most abundant across the stream at ten l-m intervals. 
We categorized substrata as silt or sand (~2 mm diameter), 
gravel (2-32 mm), pebble (32-64 mm), cobble (64-256 mm), 
and boulder (>256 mm). When possible, we recorded where 
each animal was fast seen (pool, riffle or bank-seep) and 
measured the depth of water and size of the cover object 
over individual animals. All animals were collected by hand. 
Representative vouchers of each species were retained from 
many sites and deposited at the National Museum of Natural 
History in Washington, DC, the Burke Museum at the Uni- 
versity of Washington, or the Conner Museum at Washington 
State University. 

We identified significant differences in stream characteristics 
among forest age-classes and among provinces with a one- 
way analysis of variance, which we also used to test for dif- 
ferences in amphibian densities among age-classes. Densities 
were transformed as the natural log of (density + 1). and 
percentage variables (stream gradient, pool-to-riffle ratio) 
were arcsine-transformed. 

Results and Discussion 
Scope of Comparisons 
Considerable variation was found in the biotic communities 
both within and among streams in each province we studied, 
yet we sampled a relatively small number of streams (mini- 
mum N = 18 in each province). Thus, our results should be 
viewed as a first attempt to compare aquatic amphibian 
communities in the Pacific Northwest. 

Naturally Regenerated Stands 
Stream characteristics-The streams we sampled in young, 
mature, and old-growth forests had similar gradients, widths, 
depths, side-slope gradients, and water temperatures (table 1). 
This finding was somewhat surprising considering the large 
geographic area and different mountain ranges where streams 
were examined (see frontispiece). We purposely selected 
headwaters and small streams that were about 1 to 2 m wide, 
however, and some variables (such as water depth) may 
simply reflect or be correlated to stream size (width). Sizes 
of substrata were evenly distributed (P = 0.27) in streams of 
young, mature, and old-growth forests (fig. 4). 



Table l-Mean values of physical characteristics of streams Table 2-Mean density (IndividualsIm~ of amphibians in 
sampled during stream surveys streams for different forest age-classes 

Variable Old growth Mature Young P Species Old-growth Mature Young P 

Number of Streams 22 22 15 
Gadicnt (9%) 11.4 14.4 8.3 0.23 
Width h) 1.23 1.16 1.17 0.85 
Depth &i) 4.8 4.6 4.5 0.81 
Pm1 ratio 0.38 0.40 0.40 0.83 
Side slope ($0) 43.4 44.1 46.9 0.82 
water temperature (‘C) to.9 10.9 11.4 0.73 

Siltkand Pebble Gravel Cobble Boulder 

Substrate 

Amphibian abundance and forest age-Abundance (indi- 
viduals/m’) of each amphibian species was highly varied, but 
no significant differences in abundance were found among 
any of the forest types (table 2). 

Giant salamanders were the most common amphibians. Pacif- 
ic giant salamanders were present in 50 of the 59 (85 percent) 
streams we sampled, and Cope’s giant salamander occurred 
in 11 of 24 (46 percent) streams within their limited geo- 
graphic range. Together, these species were present in 53 of 
the 59 (90 percent) streams sampled. Tailed frogs were the 
next most frequent species, occurring in 45 of 59 (76 percent) 
streams. Olympic salamanders do not occur in the Mount 

Tailed frog 22 
0.86 
1.14 

22 
0.61 
1.09 

22 
1.21 

smams 8 
Mean 0.13 
SD 0.38 
streams 16 
Mea” 0.21 

0.26 
22 

2.89 
2.74 

22 
0.98 
1.71 

22 
0.37 
0.73 

22 
1.39 
1.70 
8 
0.50 
0.61 

16 
0.36 
0.60 

22 
3.19 
2.50 

15 
0.84 0.98 
1.03 

15 
0.15 0.23 
0.25 

15 
1.26 0.93 
1.48 
8 
0.37 0.28 
0.49 
9 
0.10 0.30 
0.27 

15 
2.50 0.62 
1.92 

0 1 2 3 4 

Number of species 
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Rainier area, but we found this species in 31 of 55 (56 per- 
cent) streams within its geographic range. Dunn’s salaman- 
der occurred in 23 of 41 (56 percent) possible streams in the 
Oregon Cascades and Coast Range. Two streams lacked 
amphibians, but most (88 percent) had 2 to 4 spies present 
(fig. 5). Thus, almost all permanent streams flowing through 
the natural forests of the Pacific Northwest have multispecies 
communities of aquatic amphibians. 

Microhabitat association-We found no significant relations 
between the abundance of any amphibian species and the 
physical habitat variables we measured (stream gradient, pool 
ratio, mean depth or median subs&ate values). Significant 
differences (P < 0.05) were found among species in their use 
of microhabitats within streams we studied (fig. 6). however. 
Both tailed frogs and Olympic salamanders were found most 
often in riffles, and about 25 percent of the Olympic sala- 
manders were taken on stream banks or in shallow seeps at 
stream margins. Cope’s giant salamander mostly frequented 
pools. but Pacific giant salamanders were taken about equally 
in riffles and pools. Dunn’s salamander is often semi-aquatic, 
and OUT captures of this species were almost entirely on 
stream-bank or seep habitats. 

The majority of amphibians were found under rock or log 
cover (we were unable to determine the exact undisturbed 
position of all animals). Of those captures that provided data 
on the position of animals, 471 of 722 (65 percent) Pacific 

Table S-Depth of water and size of rocks used for cover for 
each specks of stream smphiblsn (adult includes all transformed 
juvenlks and sexually mature adults) 

Depth (4 cover size (Cm*) 

Sue&s A% N Mean SD N Mean SD 

Taikd frog Adult 93 4.1 2.9 60 1.011 3,579 
lava 491 4.9 4.1 302 415 668 

Olympic Adub 36 3.9 8.3 629 637 
salamander Larva 170 3.6 4.1 

z 
467 717 

Pkfi~ giant Adult 31 5.4 5.9 24 2.410 6,072 
rakmdcr Larva 728 6.8 6.2 347 712 2.032 

Cope’s giant Larva 76 8.0 7.5 37 807 699 
salamander 

lhnnk salamander Adult - - - 85 1.003 1,399 

giant salamanders, 418 of 564 (74 percent) tailed frogs, 184 
of 239 (77 percent) Olympic salamanders, 65 of 78 (83 per- 
cent) Cope’s giant salamanders, and 94 of 101 (93 percent) 
Dunn’s salamanders were collected from under a cover ob- 
ject. Larval giant salamanders were often found in open water 
in pools, and tailed frog tadpoles were observed attached to 
rocks in riffles by means of their suctorial mouth. 

Differences were found between amphibian age-classes (lar- 
vae versus all transformed individuals) and among species in 
the depth of water and the size of rock cover under which 
they were found (table 3). The larvae and neotenes of tbe 
Pacific giant salamander (P = 0.056) and tadpoles of the 
tailed frog (P = 0.015) were in deeper water than adults of 
each species. No difference was observed between the depth 
of occurrence for larval and adult Olympic salamanders (P = 
0.44). We found that the larvae of both the Pacific giant 
salamander (P < 0.001) and tailed frog (P = 0.001) were 
under smaller rocks than were adults, but no significant 
differences were found between the use of rocks by larval 
and adult Olympic salamanders (P = 0.11). 

Both adults (P = 0.035) and larvae (P = 0.001) of four spe- 
ties (excluding Dunn’s salamander; table 3) were observed 
at different water depths. Differences in the size of rocks 
used for cover among five species (table 3) were also sig- 
nificant for both adults (P = 0.029) and larvae (P < 0.001). 
Many of these differences in the selection of cover objects 
likely reflect the marked variation in species size. Large 
adults of the Pacific giant salamander and adult tailed frogs 
were mostly found under larger rocks or boulders, whereas 
the smaller larvae of Olympic salamanders and tailed frogs 
often occurred under small rocks or in beds of gravel, 
pebble, and cobble. 
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Table 4-Physical characteristics ot streams in each province 

18 
19.1 
1.10 
4.2 
0.38 

48.5 
10.9 

IS 
8.8 
1.20 
4.6 
0.42 

38.8 
9.7 

o.oQ, 
0.45 
0.42 
0.63 
0.31 
0.002 

50 

Substrate 

Fire 7-Distribution of sizes of substrates in sueatns in the sotiem 
Washingtan Cascades (SW). the Oregon Cascades (Oc). and the Oregon 
Coast Range (CR). 

Regional Patterns 
Stream characteristics-Analysis of habitat variables sug- 
gested that tie s!xams we sampled in each province were 
similar. No significant differences were found in width, 
depth, or pool ratio among pmvinces (table 4). Streams 
sampled in the Oregon Cascades had steeper gradients than 
in the other regions (P < 0X01), mostly because of a few 
streams where very steep reaches (30-45 percent) were 
sampled. The mean water temperature in Coast Range 
streams was wanner, perhaps reflecting differences in 
regional climate. Sites in the interior parts of the Coast 
Range are in areas that are subject to higher summer 
temperatures than are streams at higher elevations in the 
Cascade Range. 

Table 5-Mean densities (inditiduals/m2) of stream amphibians 
in each province; subprovinces are listed from northern to south- 
ern (see frontispiece) 

ongon coast 
Range 03) 0.76 0.29 2.28 - 0.41 

Coast (4) 0.86 0.14 1.94 - 0.18 
Siuslaw (5) 0.76 0.16 2.41 - 0.24 
Umpqua (8) 0.81 0.22 2.28 - 0.57 
coquille (6) 0.65 0.58 2.40 - (1.49 

Qt&m Cascade%:; I 
m : 0.25 0.48 0.88 0.40 0.04 

: Mt.Hmd(@ i : 0.38, 1.40 1.75 0.40 0.07 
/_ Andrews (6) / 0.10 0.07 0.15 - 0.01 
$,,Roguem ‘_ 0.28 : : 0 0.15 - 0.02 
so. wasbiigum 

Cascades (18) 1.72 0.60 0.42 0.31 - 
ML Rainier (4) 0.35 - 0.10 0.22 - 
Cowlilz River (4) 1 .I 1 0.45 0.10 0.83 - 
Lewis River (5) 0.70 0.34 1.20 0 
Wind River (5) 4.32 0.97 0.16 0.29 - 

For OUT samples, statistically significant variation was found 
among provinces in substrate of streams. More boulders and 
fewer pebble or cobble-sized rocks were found in the streams 
we studied in the Oregon Cascades than in the other two 
regions (fig. 7). Some of the. Oregon Cascade streams may 
have been underlaid with bedrock, and the reduction in cover 
sites may partly explain the generally low abundance of am- 
phibians in some of these streams. Streams we examined in 
the Washington Cascades had more gravel, pebble, and cob- 
ble than those in the Oregon Cascades. The Coast Range sites 
had more cobble and pebble substrate than either of the Cas- 
cade provinces, but the differences were minor. 

Amphibian abundance-Considerable variation was found 
in the abundance of each species among the streams we sam- 
pled in the three provinces (table 5). Pacific giant salaman- 
ders and Dunn’s salamanders were most abundant in the 
streams we studied in the Oregon Coast Range, and tailed 
frogs reached their highest densities in streams we sampled 
in the Washington Cascades. Olympic salamanders were 
more abundant in the streams we searched in the Washington 
Cascades than in those we sampled in the Oregon Cascades 
or Coast Range. 

Within each of the provinces, some clinal patterns were 
found. Abundance of amphibians in the Oregon Cascade sites 
varied fmm the southernmost streams that contained only 
three species in low numbers to streams in the northernmost 
area (Mount Hood) that had up to five species in moderate to 
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Table 6-Mean bfomass (g/m”) and dens&y (inditidualsh~ 
of stream amphibians and salmonid tlshes (from Platts and 
McHenry 1988) in the Pacillc Northwest 

high abundance. Except for Cope’s giant salamander, amphib- 
ians in Washington streams showed a reverse pattern with the 
most species and highest abundance in streams to the south. 
We found few differences from north to south among the 
streams in the Oregon Coast Range, except that Olympic 
salamanders were more abundant in the southernmost streams 
(Coquille River drainage). The four coastal streams in the 
Coast Range did not differ from inland streams. 

Some of these patterns may be due to regional variation in 
climate or stream productivity. Because of relatively small 
sample sizes, however, observed differences may also reflect 
variations in the collecting efficiency of field crews, or sim- 
ply random variation among the streams sampled. Further 
work is needed to document possible clinal changes in the 
occurrence and abundance of species. 

Comparison to Salmonid Fishes 
Recently, Platts and McHemy (1988) summarized the known 
literature on density and biomass of salmonid fshes. For 
streams in the Pacific region, our data indicate that aquatic 
amphibians are 10 times more abundant with 4 times the 
biomass than what was reported for salmonids (table 6). We 
do not have comparable data for other fishes (for example, 
sculpins). Even if tailed frogs are excluded because their 
larvae are herbivorous and the adults forage above or out of 
the water, small streams still harbor populations of aquatic 
amphibians that exceed any known estimate for coldwater 
fishes. Several reamns may account for these differences. 

Amphibians may reach high densities and biomass because 
their adults can exploit both aquatic and terrestrial prey (Bury 
and Martin 1973, Nussbaum and others 1983). Salmonid 
fishes forage on invertebrates that land on or occur in water. 
Fish are attack predators and highly active, but amphibians 
often hide under cover as sit-and-wait predators and thus 
convert more energy to biomass than do fishes. Amphibians 
appear to be the predominant vertebrate predator in many 
headwaters and small streams in the Pacific Northwest. 

Managed Stands 
Timber harvest increases insolation on waterways and raises 
stream temperatures (see Beschta and others 1987, Hartman 
and others 1987). Such effects usually last only until the can- 
opy is reestablished. In the Oregon Coast Range, Antis and 
Froehlich (1988) reported that shading over streams may 
reach 50 percent in less than 5 years after clearcutting and 
may approach prelogging cover by age 10. Tailed fmgs and 
Olympic salamanders, however, have low and narrow tem- 
perature tolerances, and these species are likely to be nega- 
tively affected by the increased water temperature in smeams 
in clearcuts (Bury and Corn 1988b, de Vlaming and Bury 
1970). Conversely, Pacific giant salamanders may be more 
abundant in streams traversing clearcuts than in densely 
forested stands (Hawkins and others 1983, Mtuphy and 
Hall 1981, Murphy and others 1981). possibly because of 
enhanced populations of invertebrate prey for several years 
after timber harvest. Invertebrates, salmonids and salamander 
populations decline once shade is reestablished over streams 
in western Oregon (Hawkins and others 19X2,1983; Murphy 
and others 1981). 

Logging can cause sedimentation in streams, which eliminates 
crevices and cover habitat apparently needed by larval sala- 
manders (Bury 1988b, Bury and Corn 1988b. Hall and others 
1978). This habitat feature is the most important determinant 
of the number of amphibians over the long term (Corn and 
Bury 1989). 

Coarse woody debris in and along streams reduces debris 
torrents and channelization, functions as a sediment nap, 
and provides sources of nutrients and cover for animals in 
streams (Franklin and others 1981, Harmon and others 1986, 
S&l1 and Swanson 1984). Timber harvest can also reduce 
the introduction of new pieces of down wood into the stream- 
bed (Bryant 1985, &dell and Swanson 1984, Swanson and 
Lienkaemper 1978), and such material helps maintain the 
ecological role of streams (Meehan and others 1977, 
Scrivener and Andersen 1984). The juxtaposition and pat- 
tern of stand types resulting from forest fragmentation 
because of logging, furthermore, may influence the occur- 
rence and abundance of stream amphibians. Corn and Bury 
(1989). for example, suggest that the presence of uncut 
timber upstream influences the presence and persistence of 
aquatic amphibians in streams flowing through logged areas 
downstream. 

The response of aquatic amphibians to clearcutting or other 
disturbances may vary regionally. Hawkins and others (1988) 
found that tailed frogs were virtually extinct in drainage 
basins deforested by the eruption of Mount St. Helens, 
Washington, whereas frog densities were high in partially or 
completely forested basins. In the Oregon Coast Range, Corn 
and Buy (1989) reported that the densities and biomass of 



amphibian species in unlogged streams were 2 to 7 times
greater than in logged streams. They suggested that logging
severely reduces microhabitats for larval salamanders because
streams in logged stands had more fine sediments than control
streams. Tailed frogs and Olympic salamanders were espe-
cially sensitive to logging, and in some streams these species
may experience local extinction immediately after clear-
cutting (Corn and Bury 1989, Nussbaum and others 1983).
Tailed frogs and Olympic salamanders are closely tied to the
stream habitats they occupy. These species appear to have
limited dispersal abilities that may prevent them from recolo-
nizing altered streams even after the forest canopy has been
reestablished. The likelihood of recolonization by tailed frogs
is very low in streams surrounded by hot, arid environments
(see Daugherty and Sheldon 1982, Hawkins and others 1988,
Metter 1967).

There are fewer data on the response of aquatic amphibians
to timber harvest in the Cascade Range, on the Olympic
Peninsula, or in British Columbia. Aquatic amphibians in
these regions may have a higher probability of surviving the
effects of clearcutting because northern and higher elevation
montane regions are generally cooler than those at lower
elevations or lower latitudes.

The response of Pacific giant salamander populations to log-
ging is dependent on stream gradient (Corn and Bury 1989,
Hall and others 1978). For several decades after logging, their
population numbers remain small in low gradient streams,
whereas they appear to be little influenced in high-gradient
streams. Logging does not appear to cause local extinction of
this species, and timber harvest may even temporarily en-
hance some giant salamander populations where there are
increases in stream productivity related to greater insolation.

I Research Needs and Management
Recommendations
Additional research is needed on:

l The effects of timber harvest on the occurrence and
abundance of aquatic amphibians in the Pacific
Northwest;

l The habitat preferences and environmental tolerances of
aquatic amphibians, especially the Olympic salamander;

l The life histories, ecology (particularly dispersal abilities),
and viable population sizes of tailed frogs and Olympic
salamanders;

l The effectiveness of different types and sizes of buffer
strips along streams to protect amphibians; and

l The value of different-sized patches of forested habitat in
watersheds as reservoirs or source areas for aquatic
amphibians.

We recommend that intensive research and improved stream-
management practices be directed at the Olympic salamander
and the tailed frog, which we consider to be the species most
sensitive to the effects of timber harvest. The survival of
aquatic amphibian populations in most forested areas of the
Pacific Northwest ultimately will depend upon their abilities
to persist in streams flowing through managed forests. Com-
prehensive planning and the protection of small streams
during logging are essential components of management
strategies aimed at protecting aquatic amphibian populations.

Bury and Corn (1988b) suggested that headwaters should be
surveyed for Olympic salamanders and tailed frogs before
timber sales, and if these species are present, then protection
efforts should be made. Buffer strips have been shown to be
effective at protecting stream biota and habitat by maintain-
ing shade and reducing sedimentation (Beschta and others
1987, Hartman and others 1987, Murphy and others 1981,
Newbold and others 1980, Raedeke 1988). Costs of buffer
strips are higher on smaller streams than on larger streams
(Andrus and Froehlich 1988), and it may be difficult to
convince land managers that the benefits of buffer strips,
and riparian zones outweigh the costs (Bury and Corn
1988b). We therefore need to investigate alternatives for
reducing the costs of buffer strips and yet ensure the
protection of amphibians, fishes, and other wildlife along
headwaters.

Retention of deciduous vegetation (bigleaf maple, alder) and
unmerchantable conifers (small or cull trees) may be one
inexpensive way to preserve shade. We strongly recommend
that natural woody debris (large pieces that are partially
buried or decayed) be retained in streams. If merchantable
timber is felled away from the stream, the deciduous trees
within riparian areas would be left mostly intact. Cull or
broken trees that fall across streams or along the streambank
during timber harvest provide needed sources of nutrients,
sediment traps, shade and cover for wildlife. Moderate
amounts of slash and coarse woody debris are best left where
they fall. Retention of streamside trees and woody debris
also reduces the cost of removing logging debris.
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Aquatic amphibians have small home ranges, and the pro-
tection of relatively small patches of streamside habitat might
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Abstract
We examined the structure of 70 Douglas-fir/hardwood
stands ranging from 40 to 560 years old in northwestern
California and southwestern Oregon for features that best
distinguished among young (40-100 year), mature (100-200
year), and old-growth (>200 year) forests. Separate analyses
of 11 groups of variables representing six components of
forest structure identified features of trees, understory cover,
snags, and logs as important discriminators. Independently,
features of understory and dead-wood components were
weak-to-moderate discriminators among forest age-classes.
The strongest discriminators were features of tree height and
diameter components. A discriminant model using features
from several components proved to have the greatest overall
discriminating power among forest age-classes. This multiple
components model included seven variables: the basal area
of conifers 240 m tall, the basal area of conifers 290 cm in

d.b.h., the basal area of conifers <45 cm in d.b.h., the basal
area of hardwoods 45 to 90 cm in d.b.h., the cover of hard-
woods 18 m tall, the density of hardwood saplings 1 to 2 m
tall, and the density of hardwood snags 220 cm in d.b.h. and
22 m tall. We present definitions for young, mature, and
old-growth Douglas-fir/hardwood forests based on a wide
range of structural features. In addition, we revise the interim
old-growth definition for this forest type introducing new
minimum standards along with average values + 95-percent
confidence limits for certain key features.

Introduction
Old-growth Douglas-fir forests display several distinctive
structural features (Franklin and others 1981). These features,
which include large live trees, large snags, and large logs,
play numerous important roles in forest ecosystems. Contro-
versies surrounding the loss of old-growth from the forested
landscapes of Washington, Oregon, and California demand
the immediate attention of managers and researchers. To
assist managers in their planning efforts, the Old-Growth
Definition Task Group (1986) developed interim definitions
for certain kinds of old-growth forests with minimum criteria
for key features. With new data available, their interim
definition for old-growth Douglas-fir/hardwood forest should
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be expanded. For comparison, quantitative definitions for
mature and young forests are needed. Such comparisons can
help managers develop strategies to recognize and conserve
key features when manipulating forests.

In northwestern California and southwestern Oregon, low-
elevation (<l200 m) Douglas-fir forests are mixtures of
Douglas-fir and hardwood trees. The hardwoods typically
account for major percentages of stand basal areas and
include tanoak, Pacific madrone, canyon live oak, golden
chinkapin, California-laurel, California black oak, and Oregon
white oak. Conifers other than Douglas-fir generally account
for minor percentages and include redwood, ponderosa pine,
incense-cedar, Port-Orford-cedar, sugar pine, western red-
cedar, and Pacific yew.

Franklin and Dyrness (1973) refer to these forests as Douglas-
fir on mixed evergreen sites. Sawyer and others (1977) used
the name Douglas-fir/hardwood to distinguish these forests
from others in Oregon and Washington, where, at lower
elevations, Douglas-fir dominates with conifer associates
instead of hardwoods.

The structural features of Douglas-fir/hardwood forests
change with age. These changes ultimately lead to a forest
where Douglas-fir and the hardwoods are self-replacing
(Sawyer 1980, Thornburgh 1981). This study identified
major features of young, mature, and old-growth Douglas-
fir/hardwood forests in northwestern California and south-
western Oregon. We used these features and others from a
wide range of forest components to develop definitions of
young, mature, and old-growth forests. In addition, our results
provided data for revising the interim old-growth definition
for this vegetation type. We present new minimum standards
and average values along with the 95-percent confidence
limits for key features such as large trees, snags, and logs.

Location and Environment

Douglas-fir/hardwood forests extend from southwestern
Oregon to central California. Along the coast, these forests
replace redwood forests on upland and more xeric sites
(Stuart 1987). To the south, Douglas-fir dominance dwindles,
and evergreen oaks, tanoak, and Pacific madrone become the
dominant trees (Sawyer and others 1977, Wainwright and
Barbour 1984). In the mountains, the forest type’s upper
elevational limit occurs when the hardwoods are replaced
by conifers, particularly white fir (Sawyer and Thomburgh
1977).

We conducted this study in the Northern California Coast
Range and Klamath Mountains provinces (Irwin 1960).
The Northern California Coast Range province extends
from Oregon as a narrow band of low coastal mountains.
The province widens in southern Humboldt and Mendocino
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counties and continues south to the San Francisco Bay
region. The Klamath Mountains province is adjacent to the
northern Coast Ranges and includes the Siskiyou Mountains
of southwestern Oregon and extends to the Yolla Bolly
Mountains of California. Soils supporting Douglas-fir/hard-
wood forests in both provinces are derived predominantly
from metasedimentary rocks.

The climate of northwestern California is generally mild with
wet winters and dry summers. Average annual precipitation
at coastal and low-elevation mountain locations ranges from
650 to >2000 mm. High summer and low winter tempera-
tures are typically near 38 and -7 oC, respectively.

The Northern California Coast Range and Klamath Moun-
tains provinces are characterized by steep and rugged terrain.
Abrupt changes in aspect, slope, soil properties, and localized
disturbance regimes result in rapid shifts in tree-species dom-
inance and changes in forest structure. In Douglas-fir/hard-
wood forests, these shifts are expressed as a forest mosaic
with patches of conifers, hardwoods, or diverse mixtures.
Canopy openings are common and display various stages of
forest regeneration.

Fire has played an important role in the origin and develop-
ment of Douglas-fir/hardwood forests before and since the
arrival of European settlers (Agee, this volume; Johnson
1979). Tree-ring studies in the northern California Coast
Range concluded that fires occurred so frequently that set-
tlers, and Native Americans before them, set fires regularly
(Anonymous 1983). During settlement, original forest lands
were often burned repeatedly after timber harvest as a means
of converting the areas to farm or grazing lands (Show and
Stuart 1932). For these fires to bum out of control and into
adjacent forests was not unusual.

Since the early 1900’s, fire management has intensified. The
suppression of wildfire has resulted in a scarcity of young
stands that originated after naturally ignited fires. Most young
stands <100 years old in northwestern California originated
after logging. In many of these stands, fire was used as a
means of reducing slash accumulations. Large quantities of
dead wood often remained, however. These young managed
stands do not necessarily possess the same structural features
as found in young stands that originated after a catastrophic
event other than logging.

Methods
Study Sites

Local ecologists proposed more than 100 candidate study
stands with tentative age-class assignments. Each candidate
was a forest stand of relatively homogeneous structure, floris-
tic composition, and physiography. We selected 70 Douglas-
fir/hardwood stands ranging from 40 to 560 years old and



centered in three geographic areas (see frontispiece). Stands
were selected to represent three site moisture categories (dry,
mesic, or wet) characteristic of each area.

Stand sizes ranged from 5 to about 100 ha. Twenty-two
stands were located on the Northern California Coast Range
Preserve, a 3200-ha old-growth reserve managed by The
California Nature Conservancy and the USDI Bureau of
Land Management. Seven stands were located on private
lands. The remaining stands were located on lands admin-
istered by either the USDA Forest Service or the USDI
Bureau of Land Management.

Field Measurements

We sampled 285 plots, each of which consisted of a series
of circular plots ranging from 0.002 to 0.2 ha. The smaller
plots were systematically positioned within the 0.2-ha plot.
Stands <20 ha were sampled by using three (0.2-ha) plots.
Larger stands were sampled by using five (0.2-ha) plots. The
first plot in each stand was randomly located. Subsequent
plots were positioned at 150-m intervals. Plots were placed
a minimum of 50 m from the stand edge.

Snags 250 cm in d.b.h. and 215 m tall were sampled in a
0.2-ha plot. Data on live trees 250 cm in d.b.h., snags 210
cm in d.b.h., total canopy cover, and stand physiography
(plot aspect, slope, topographic position, and shape) were
collected in a 0.l-ha plot. Live trees 25 to 50 cm in d.b.h.,
saplings 21 m tall and <5 cm in d.b.h., logs 210 cm in
diameter, and the percentage cover of trees and large shrubs
18 m tall were sampled in a 0.05-ha plot. Percentage cover
estimates of small shrubs, ferns, herbs, and grasses were
made in a 0.02-ha plot. Also estimated in the 0.02-ha plot
was the percentage cover of mosses, lichens, rocks, and total
vegetation cover in three height-classes; 10.5-m, >0.5- to
1.0-m, and >l.0- to 2.0-m. Four 0.002-ha plots were used to
sample seedlings cl m tall, litter depth, and soil texture. The
distance to streams, ponds, and springs was noted.

Tree ages in stands were collected by increment coring a
minimum of three dominant or codominant canopy
Douglas-fir trees from at least three plots. Tree ages in
old-growth stands were determined from ring counts on
stumps along adjacent roads or clearcuts, or from increment
cores, or by a combination of both methods. In plots where
trees were cored, we selected at least one healthy
codominant or dominant tree near plot center. In young
stands, these trees were typically <45 cm in d.b.h. In mature
stands, codominant and dominant Douglas-fir trees were
typically 45 to 90 cm in d.b.h., and 290 cm in d.b.h. in
old-growth stands. Each stand was placed in a forest age-
class using the mean age as determined from a minimum of
three trees. Mean stand ages ranged from 40 to 560 years.
Douglas-fir trees determined to be >560 years old were rare-
ly encountered, even on the most productive sites.

Vascular plants, snags, and logs were identified to species.
Each snag and log was assigned to one of five decay-classes
(Cline and others 1980). Later, classes 1 and 2 were com-
bined into a sound wood category, and classes 3 through 5
were combined into a rotten wood category.

Data Analysis

For the purpose of analyses, we defined young stands as
those dominated, in terms of relative basal area, by Douglas-
fir trees 40 to 100 years old, mature stands as those dom-
inated by Douglas-fir trees 101 to 200 years old, and old-
growth stands as those dominated by Douglas-fir trees >200
years old.

Of the 70 stands we selected, we used 56 to determine dis-
tinctive features of the three forest age-classes. The 14 young
stands had originated after logging. Of 14 mature stands, 7
had originated after logging, and 28 stands were old growth.
We reserved 14 stands as a validation set. These stands in-
cluded 10 old-growth and 4 mature stands. We selected the
validation stands to represent the full range of old-growth
and mature stand ages and site conditions. We lacked addi-
tional managed young stands to include as validation data.

We were interested in identifying features of forest structure
that were strong discriminators among young, mature, and
old-growth forests. We started our analyses with 60 variables
representing six components of forest structure. Because of
the importance of certain aspects of forest structure to man-
agers, we viewed dividing the forest into various structural
components, such as tree height, tree diameter, snags, and
logs as a reasonable approach. Forest components could then
be studied separately to reveal important features of each
component. Variables were placed into logical groups for
analysis. Certain groups were analyzed in terms of more
than one unit of measurement (for example, basal area and
density). For our analyses, we ended up with 11 groups of
variables partitioned into six structural components (table 1).
Each group of variables was analyzed independently. Graph-
ical assessment of each variable was used to determine de-
partures from normality. Variables that were not distributed
normally were transformed by using a logarithmic or a
square-root transformation.

For each group of variables, we used stepwise discriminant
analysis (SAS 1985) to assess relative separation among the
three age-classes. Each analysis selected a subset of variables
that provided maximum discrimination among age-classes.
Variables were allowed to enter and to stay in each discrim-
inant function model based on a partial F test with a sig-
nificance level of 0.1. A moderate-to-low significance level
(50.1) helps to ensure that the variables selected are stable
and make a significant contribution to the power of the
model.
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Table l-Eleven groups of variables (features) representing 6 forest structure components included in the discriminant function
analyses (each group was analyzed independently of all other groups)

I. Component: Tree height
Group: basal area (m2/ha) of trees 25 cm in d.b.h. (1.37 m above Group: ground cover (percent)
ground) 1 * herb, grass, and fern cover
1 * hardwoods <12m tall 2 * moss and lichen cover
2 * hardwoods 12-40 m tall 3 * vegetation cover <0.5 m tall

* conifers <12 m tall
4 * conifers 12-40 m tall

4 * vegetation cover 0.5-2 m tall
5 * vegetation cover 22 m tall

5 * conifers 140 m tall
V. Component: Snags (standing dead trees)

Group: density (stems/ha) of trees > 5 cm in d.b.h. Group: density (snags/ha) of snags > 10 cm in d.b.h. or top diameter
1 hardwoods <12 m tall 1 * sound snags
2 * hardwoods 12-40 m tall 2 * rotten snags
3 * conifers <12 m tall 3 * hardwood snags 14 m tall
4 * conifers 12-40 m tall 4 * hardwood snags 120 cm in d.b.h. and 12 m tall
5 conifers MO m tall 5 * hardwood snags 240 cm in d.b.h. and >4 m tall

* conifer snags 24 m tall
II. Component: Tree diameter 7 *
Group: basal area (m*/ha) of trees 25 cm in d.b.h.

conifer snags 220 cm in d.b.h. and 22 m tall
8 * conifer snags 140 cm in d.b.h. and 24 m tall

1 * hardwoods <45 cm in d.b.h.
2 * hardwoods 45-90 cm in d.b.h.

* conifers <45 cm in d b h
4 * conifers 45-90 cm in d.b.h.

VI. Component: Logs (dead wood on the ground)
Group: density (pieces/ha) of logs 210 cm in diameter at larger end
1 * sound logs

5 conifers 290 cm in d.b.h. 2 * rotten logs
3 * logs >22 cm in diameter and 22 m long

Group: density (stems/ha) of trees ?5 cm in d.b.h. 4 * logs >44 cm in diameter and 24 m long
1 * hardwoods <45 cm in d.b.h. 5 * logs 250 cm in diameter and of any length
2 * hardwoods 45-90 cm in d.b.h. 6 * logs 250 cm in diameter and > 15 m long
3 * conifers <45 cm in d.b.h.

5
* conifers 45-90 cm in d.b.h. Group: biomass (tons/ha) of logs 210 cm in diameter at larger end

conifers 290 cm in d.b.h. 1 * sound logs
2 * rotten logs

III. Component: Small trees 3 * logs >22 cm in diameter and 22 m long
Group: density (stems/ha) of saplings l-8 m tall and <5 cm in d.b.h. 4 * logs >44 cm in diameter and 24 m long
1 * hardwoods l-2 m tall 5 * logs 250 cm in diameter and of any length
2 * hardwoods > 2-4m tall 6 * logs 250 cm in diameter and 115 m long
3 * hardwoods 24 m tall
4 * conifers l-2 m tall * = variables that were transformed to attain normality
5 * conifers > 2-4 m tall
6 * conifers 24 m tall We used Wilks’ lambda, which is an inverse measure of

Group: density (stems/ha) of seedlings <l m tall
class separation ranging from 0 to 1, to assess the discrim-

1 * hardwoods <25 cm tall
ination among age-classes. Structure coefficients, which are

2 * hardwoods 25-50 cm tall
correlations between variables and canonical variate scores,

3 * hardwoods 250 cm tall were used to assess the importance of each variable. Vari-
4 * conifers <25 cm tall ables with structure coefficients <0.30 were treated as of
5 * conifers 25-50 cm tall minor importance and were not used for interpretation of the
6 * conifers > 50 cm tall canonical variates. Eigenvalues were reported as a measure

of the relative contribution of each canonical variate to the
IV. Component: Understory cover
Group: shrubs and trees 58 m tall (percent)

discriminatory power of each model. The significance of

1 * shrub cover
each canonical variate was tested using a decomposition

2 * cover of hardwoods
approach to Bartlett’s V statistic (Bartlett 1947). Canonical

3 * cover of conifers
variates that were not significant at the 0.05 level or better
were disregarded. With equal prior probabilities, the per-
centage of training stands (the 56 stands used in the dis-
criminant analyses) correctly assigned to their respective
age-classes was used as a measure of classification success.
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The variables retained by the 11 stepwise discriminant anal- 
yses were combined and analyzed in a final stepwise analysis. 
This final analysis selected variables representing several 
structural components. The classification error rate for the 
multiple components model was determined for old-growth 
and mature stands using the validation data set. We further 
tested the model for its ability to correctly assign young, 
mature, and old-growth stands to their respective age-classes 
using a jackknife classification procedure (Lachenbruch and 
Mickey 1968). 

Tree height (basal are&-Most of the discrimination among 
age-classes was due to differences in the basal area of coni- 
fers 240 m tall (table 2). Conifers ~12 m tall was of mode- 
rate importance The basal area of tall conifers increased with 
forest age-class (fig. 1). The basal area of short conifers was 
highest in the young age-class, which resulted in strong dis- 
crimination of young stands from the other two age-classes 
(fig. 1). 

Tree height (density)--Conifers 12 to 40 m tall and conifers 
240 m tall were both important to the discriminant model 
(table 2). The higher density of confers 12 to 40 m tall pro- 
vided strong discrimination of the young age-class from 
mature and old-growth forests (fig. 2). Young stands were 
characterized bv a dense layer of conifers intermediate in 
height, and a v&y low density of tall conifers. Mature stands 
generally had a moderately dense lower layer of conifers 12 
to 40 m tall and relatively high densities of tall conifers. In 
old-growth forests, the density of conifers 12 to 40 m tall 
was typically low compared to young and mature stands. The 
density of tall conifers in old growth was similar to that of 
mature forests. The analysis of basal area data indicates, 
however, that the diameters of conifers ~40 m tall are, on the 
average, considerably larger than the diameters of tall 
conifers in mature stands. 

Tree diameter (basal area)-The basal area of conifers 290 
cm in d.b.h. and the basal area of conifers ~45 cm in d.b.h. 
were the most important features separating age-classes (table 
2). The basal area of large-diameter conifers increased with 
age-class (fig. 3) and was more than two and a half times 
greater in old-growth than it was in mature stands. Conifers 
with large diameters were rare in young stands that were 
dominated by conifers ~45 cm in d.b.h. 



Table Z-Variables selected by stepwise discrlminant analyses 00 11 groups of variables representIng SIX forest structure 
components. Data reported for forest age-clasm are meam with standard errors Lo pareotheses 

Variable selected Young 

Forest age-class 

Mature Old growth 

smtcttue 
coefficient 

CVl cvza 

I. Component: Tree height 
5r~qb&s” area of trees x5 cm 

conifers 540 m IalI 
conifers <12 m VIII 

3.2 (1.1) 
1.1 C.2) 25:;: (4.0) 62) 

0.97 
-.61 

Wilks’ lambda 
Exact F statistic (df = 4,104) 

(significant at P < 0.001) 
Classification success (%) 

0.227 

“:: (2.4) (.I) 
Eigenvalue 

28.62 

3.31 

99 
100 57 

group: density of trees 25 cm 
in d.b.h. 

conifers 12-40 m tall 
conifers 240 m IdI 

321.2 (54.0) 138.6 (27.3) 38.8 (7.3) .82 
8.4 (3.1) 48.3 (7.7) 43.5 (2.1) -.79 

Woks’ lambda ,297 Eigenvalue 1.69 
Exact Fstatistic(df=4,104) 

(significant at P < 0.001) 
Classification success (%) 

21.74 87 
93 72 

C%) 
68 

II. Component: Tree diameter 
Group: basal area of !zees 25 cm 
in d.b.h. 

Conifers 290 cm in d.b.h. 
Conifers 45.90 cm in d.b.h. 
Conifers <45 cm in d.b.h. 
Hardwoods 45.90 cm in d.b.h. 

1.1 (5) 
7.8 (1.5) 

154:34 I::;; 

12.5 (2.5) 
19.3 (1.9) 
6.7 (1.5) 
2.8 (1.0) 

34.8 (2.4) 
8.4 (1.1) 
2.0 
5.4 

-.94 -.I3 
.09 .94 
.82 -.09 

-.12 -.43 

3.22 JO 

82 18 

Woks’ lambda 
Exact F statistic (df = 8. 100) 

(significant at P < 0.001) 
Classification success (%) 

Group: density of trees 25 cm 
in d.b.h. 

Conifers &‘O cm in d.b.h. 1.1 C.6) 13.5 (2.9) 28.9 (1.7) 
Conifers 45.90 cm in d.b.h, 31.1 6.1) 56.9 (6.3) 21.7 (2.7) 
Conifers <45 cm in d.b.h. 501.3 (80.9) 233.9 (53.0) 74.8 (13.8) 

wws lambda 
Exact Fstatistic(df= 6,102) 

(significant at P < 0.001) 
Classification success (%) 

III. component: Small trees 
Group: density of saplings l-8 m 
tall and d cm in d.bb. 

Hardwoods l-2 m tall 
conifers >4 m tall 
cotlifers l-2 In tall 

Wilks’ lamMa 
Exact F statistic (df = 6, 102) 

(significant at P < 0.001) 
classification success (%) 

,139 

21.00 

,190 

21.97 

,483 

7.46 

lrnl 71 

Eigenvalue 

86 79 
6) 
89 

322.3 (53.4) 274.5 (76.3) 633.0 (70.6) 
67.9 (19.3) 19.0 (9.6) 17.6 (4.9) 

175.7 (68.1) 123.8 (47.8) 114.7 (32.1) 

EigenvaIue 

79 64 
(%) 
61 

-.97 .03 
.29 .94 
.80 -.05 

2.67 .43 

86 14 

.58 .76 
-.78 .45 
-.25 -.03 

.54 .34 

61 39 
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Table timtimed 

Variable selected YOUIlg 

Forest age-class 

MHlUe Old growth 

sbucture 
coefficient 

CVl cv2n 

Ill. Component: Small trees (continued) 
Group: density of seedlings 
<l&tall 

Hardwoods 25.50 cm tall 1307.1 (305.0) 1370.4 (314.2) 
Hardwoods SO cm tall 783.1 (150.1) 617.5 (148.4) 

Wilks’ lambda 0.776 
Exact F statistic (df = 4. 104) 

(si@icmt at P < 0.02) 3.52 
Classification success (%) 36 57 

Iv. Component: Understory cover (percent) 
Group: shrubs and trees $8 m tall 

Cover of hardwoods 
cover of conifers 

W&s’ lambda ,684 
Exact F statistic (df = 4, 104) 

(significant at P < 0.002) 5.43 
Classification success (%) 

Group: ground cover 
Moss and lichen cover 
vegetation coyer 0.5-z m tall 

12.5 
5.2 

57 

5.3 
15.9 g:;; 

50 

43.1 (9.1) 

6.7 (2.3) 
46.1 (7.8) 

1.6 (.5) 

50 

16.8 (4.3) 
3.1 (.9) 

36 

13.7 (4.8) 
15.2 (4.2) 

Wilks’ lambda ,750 
Exact Fstadstic(df=4,104) 

(significant atP < 0.01) 4.01 
Classification success (%) 

V. Component: Snags (standing dead mees) 
Grrqxhmity of snags 210 cm 

Sound snags 
Hardwood Z20 cm in d.b.h. 

wdZZmtaU 
Rotten snags 
Conifer 240 cm in d.b.h. md 

24 m tall 

Woks’ lambda ,394 
Exact Fstati&(df= 8,100) 

(significant at P < 0.001) 7.41 
Clsssiticaticm success (%) 

VI. Component: Logs (dead wood on the ground) 
Group: density of logs 210 cm in 

diameter at largest end 
Logs >44 cm in diameter and 

24 m long 29.1 (8.1) 
Logs SO cm in diameter 129.1 (24.8) 
Sound lags 59.2 (12.3) 

Wilks’ lambda 526 
Exact F statistic (df = 6.102) 

(significant at P < 0.001) 6.45 
Classification success (9) 50 

43 

46.4 (8.2) 

20.0 (5.1) 
39.2 (7.4) 

1.4 (.5) 

57 

7.2 (2.4) 
loo.3 (12.1) 
61.8 (16.4) 

57 

1496.7 (144.3) 
1050.3 (102.0) 

Eigenvalue 

(%) 
64 

0.30 
.79 

.28 

97 

25.0 (2.2) 
2.3 (.4) 

E&value 

(9) 
68 

.a2 
-.60 

.43 

95 

18.0 (3.4) 
24.0 (2.5) 

Eigenvalue 

(;I 

.a9 

.69 

.27 

86 

14.2 (1.7) 

5.1 (1.2) 
17.6 (2.0) 

4.9 (1.0) 

Eigmalue 

‘,“I 

.82 .33 

.31 .92 

.79 .05 

-.48 .22 

99 .27 

78 22 

24.7 (3.0) 
81.8 (5.7) 
80.1 (8.8) 

.48 
-.35 

.40 

Eigenvalue .67 

$1 83 
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Table 2-wntiowd 

smxture 
Forest age-class coefficient 

Variable selected YClWlg MSUPZ Old growth CVl cv2* 

VI. Component: Logs (continued) 
Group: biomass of logs 210 cm 

in diameter at larger end 
Logs >44 cm in diameter and 

24 m long 16.2 0.1) 3.5 (1.1) 18.2 (3.6) 1.00 

Wilks’ lambda 0.828 Eigenvalue .21 
Exact F statistic (df = 2, 53) 

(significant at P < 0.02) 5.49 100 
Classification success (5%) 21 71 

Lj Structure ccefficicnts not shown where CV2 was not significant (P > 0.05). 

Two other variables, the basal area of conifers 45 to 90 cm 
in d.b.h. and hardwoods 45 to 90 cm in d.b.h. were impatant 
in discriminating mature stands from young and old-growth 
(table 2). Mature stands were further distinguished from 
young and old-growth stands by having higher basal area of 
conifers 45 to 90 cm in d.b.h. and lower basal area of hard- 
woods 45 to 90 cm in d.b.h. The basal area values of medi- 
um-sized conifers ‘and medium-sized hardwoods in the young 
age-class were. very similar to old growth. As stands advance 
to a mature stage, hardwoods become overtopped by taller 

conifers, resulting in an increase in hardwood mortality. 
As mature stands develop further, the upper tier of conifers 
undergoes natural thinning and the hardwoods typically 
return. 

Tree diameter (density)-Three diameter-classes of conifers 
were important to the discriminant model (table 2). Sepa- 
ration of the three ageclasses was strong (fig. 4) and very 
similar to that provided by the basal-area model. The density 
of conifers BO cm in d.b.h. increased with age-class, and the 
density of conifers ~45 cm in d.b.h. decreased. Mature 
forests had the greatest densities of conifers 45 to 90 cm in 
d.b.h., which was important in discriminating mature from 
the other two age-classes. 

Small trees (saplings)-Two sapling variables, the density 
of conifers 24 m tall and the density of hardwoods 1 to 2 m 
tall we.re important to the model (table 2). They provided 
moderate separation of the forest age-classes (fig. 5). The 
young age-class was the most distinct because of the high 
density of conifer saplings Sl m tall. Mature and old-growth 
forests were similar in their densities of conifer saplings. The 
most important feature distinguishing old growth was a high 
density of hardwood saplings 1 to 2 m tall. Discrimination 
of the mahne age-class was due to densities of hardwood 
saplings that were typically lower than the densities found 
in young and old-growth forests. 

Small trees (seedlings)-The analysis of seedling variables 
selected hardwoods SO cm tall and hardwoods 25 to 50 cm 
tall (table 2). Overall. discrimination was weak. Old-growth 
was the most distinct age-class (fig. 6). The separation was 
primarily due to the density of hardwoods 250 cm tall, which 
was typically highest in old growth and lowest in mature 
forests. 
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Understory cover (shrubs and small trees)-Two variables, 
the cover of hardwoods S8 m tall and tbe cover of conifers 
<8 m tall, were important to the model (table 2). Discrimina- 
tion was moderate. The cover of hardwoods increased with 
age-class, and the cover of conifers decreased (fig. 7). Old 
growth was the most distinct age-class. The cover of hard- 
woods in old growth averaged twice that of youngSands, 
and the cover of conifers in young stands averaged twice that 
of old growth. 

Understory cover (ground cover)-Tne analysis selected 
the combined cover of mosses and lichens, and the total vege- 
tation cover from 0.5 to 2 m tall (table 2). Discrimination 
between young and mature stands was weak. Old growth 
was the most distinct age-class (fig. 8). Old growth showed 
the greatest development of moss and lichen cover, the more 
important variable in the model. Old growth also had the 
highest cover of vegetation 0.5 to 2 m tall. 
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Snags (density)-The density of sound snags and the density 
of rotten snags were the two most important variables to the 
model (table 2). The model was strongest in discriminating 
old-growth from young and mature stands. Old growth was 
characterized by having the lowest densities of sound and 
rotten snags (fig. 9). A higher density of large conifer snags 
240 cm in d.b.h. and Z4 m tall also contributed to the dis- 
crimination of old growth. Young and mature forests were 
similar to one another in their densities of sound, rotten, and 
large conifer snags. A fourth variable, the density of hard- 
wood snags 220 cm in diameter and X2 m tall was import- 
ant in discriminating mature stands. In young, mahxe, and 
old-growth forests, hardwoods are typically an important con- 
tributor to the snag component. Hardwoods can be especially 
important in mature stands, however, where they often 
account for up to 90 percent of the total snag density. 

Logs (density)--Three variables were selected, all of similar 
importance to the model (table 2). Although separation be- 
tween the young and mature age-classes was poor, discrim- 
ination of old growth was fairly strong (fig. 10). Old growth 
was distinguished from tbe two younger classes by having 
the highest density of sound logs and the lowest density of 
logs 250 cm in diameter. Mature stands typically had low 
densities of large logs >44 cm in diameter and M m long. 
Young and old-growth stands bad similar densities of logs 

>44 cm in diameter and 24 m long. In young stands, the 
abundance of large pieces of wood on the ground was evi- 
dently an artifact of the logging methods practiced more than 
40 years ago. 

Logs (biomass)-Only one variable was selected by the anal- 
ysis of log biomass (table 2). The biomass of logs 244 cm 
and >4 m long provided essentially no power in distingtish- 
ing old growth from the young age-class (fig. 11); both of 
which showed similar averages. A low biomass of large logs, 
however, clearly separated matare from the young and 
old-growth classes. 

Dktinctive Features Based on Multiple Components 
Stepwise discriminant analyses of the 11 groups of variables 
representing six forest-structure components (table 1) selected 
28 variables (table 2). A final stepwise analysis selected 8 
of the 28 variables and produced a model that was very 
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Table 3-Multlple components model representing 5 forest structure components (data are forest age-class means with standard 
errors In parentheses) 

smlcnrre 
Forest sgeclass coefficient 

Variable selected YOUtQ MCUI~ Old growth CVl cv2 

Basal area of conifers 240 m tall 3.2 (1.1) 25.7 (4.0) 40.1 (2.4) 0.93 -0.15 
Basal area of conifers Z90 cm 

in d.b.h. 1.1 m 12.5 (2.5) 34.8 (2.4) .88 .20 
Basal area of conifers ~45 cm 

in d.b.h. 14.4 (2.5) 6.7 (1.5) 2.0 C.4) -.79 -.03 
Density of hardwood saplings 

1.2mwu 322.3 (53.4) 274.5 (76.3) 633.0 (70.6) .42 .41 
Percentage cnver of hardwoods 

<8mtall 12.5 (2.3) 16.8 (4.3) 25.0 (2.2) .47 .I9 
Density of hardwood snags 

>ZOcmindb.hand~mtall 6.7 (2.3) 20.0 (5.1) 5.1 (1.2) -.lO -.56 
Basal area of hardwoods 

45.90 cm in d.b.h. 5.3 (1.3) 28 (1.0) 5.4 C.7) .39 .34 
Density of hardwood seedlings 

25.50 cm tall 1307.1 (305.0) 1370.4 (314.2) 1496.7 (144.3) .18 .07 

Wilks’ lambda 0.048 Eigenvalue 4.97 2.48 
Exact F statistic (df = 16, 92) 

(significant at P < 0.001) 20.45 (9) 67 33 
Cla.ssificaticm mcces8 f%l 100 100 100 

powafal in discriminatiog among the forest ageclasses. The 
variables selected represented five of the six forest compo- 
nems (table 3). No down-wowl (log) variables were retained. 

The most important variables discriminating the age-classes 
were the basal areas of conifers HO m tall, s90 cm in d.b.h., 
and ~45 cm in d.b.h. The density of hardwood saplings 1 to 
2 m tall, the percentage cover of hardwoods 28 m tall, the 
basal area of hardwoods 45 to 90 cm in d.b.h., and the den- 
sity of hardwood snags XI0 cm in d.b.h. and Z2 m tall were 
of moderate importance. The eighth variable, the density of 
hardwood seedlings 25 to 50 cm, made a very minor contri- 
bution to the model. 

Featores most distinctive of old gmwth (fig. 12) were high 
basal areas of conifers St0 m tall and conifers -XXl cm in 
d.b.h., and a low basal area of conifers ~45 cm in d.b.h. A 
high cover of hardwoods G m tall and a high density of 
hardwood saplings 1 to 2 m tall also contributed (table 3). 
Young forests were distinguished by low basal areas of 
conifers 540 m tall and conifers SO cm in d.b.h., along with 
a high basal area of conifers ~45 cm in d.b.h. Mature forests 
were typified by basal area values tbat were all intermediate 
to old-growth sod young forests. Another feature of the 
mature age-class was a relatively high density of hardwood 
snags 220 cm in d.b.h. and t2 m tall. Two orher features, the Figwc I2dimtion of forest agechases according to seven variables. 
density of hardwood saplings 1 to 2 m tall, and the basal area Signifcant separation of ageclass means c-mmed for both canonid variates 

of hardwoods 45 to 90 cm in d.b.h. were both lower in 
(Wl md CVZ). Plated are the 95 percent cmnidmce elites mound age- 
class cmtmids. 

mature stands thao in young and old-growth forests. 
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Of the 14 validation stands used to test the model, all 10 old-
growth and three of the four mature stands were correctly
assigned. One mature stand dominated by trees > 185 years
old and on a productive site was incorrectly assigned to old
growth.

The jackknife classification of the training set (56 stands)
correctly assigned 100 percent of the old-growth stands, 79
percent of the mature stands, and 100 percent of the young
stands. One mature stand, about 135 years old, was incor-
rectly assigned to the young class. It was an unmanaged
stand characterized by a considerably higher density of
hardwoods, and a lower density of conifers 45 to 90 cm in
d.b.h. than was typical of mature stands. Another mature un-
managed stand, 190 years old, was incorrectly assigned to
old-growth. It had a moderate density of large conifers > 90
cm in d.b.h. and high densities of hardwoods ranging from
seedlings to large trees. The third stand was also incorrectly
assigned to the old-growth class. The stand was logged 115
years ago but retained several residual large conifers per
hectare and had a high density of hardwoods.

Discussion
As indicated by our multiple components model and by our
analyses of individual forest components, features associated
with tree size provide the strongest discrimination among
different-aged Douglas-fir/hardwood forests. In the multiple
components model, the most distinctive features of old-
growth forests were a high basal area of very large Douglas-
fir trees and a low basal area of small Douglas-fir trees. The
reverse was true of young forests and intermediate values
were typical of mature forests.

The four discriminant models based on variables representing
the tree height and tree diameter components were the most
powerful of the 11 individual-components models. The re-
maining models indicated that features of tree reproduction,
understory, and dead-wood components, on their own, pro-
vide little-to-moderate discrimination. The variation in such
features, between stands as well as within a stand, can be
extreme. Changes in microhabitat conditions affect seedling
and sapling densities, and understory cover values. Tree re-
production, especially of Douglas-fir, varies from scattered
individuals to densely populated patches associated with can-
opy openings regardless of forest age. The influences of total
canopy cover on tree reproduction and understory growth are
similar for different-aged forests. Regardless of age-class,
hardwood reproduction is mainly from crown sprouts. Repro-
duction from seed is variable, showing patterns in distribution
similar to those of Douglas-fir. As a result, seedling and
sapling densities, and understory cover can each include a
wide range of stand values that typically overlap among
different-aged forests.

The accumulation and distribution of coarse woody debris
are affected by environment, disturbance, decay rates, and
topography (Harmon and others 1986). Wet sites typically
have greater amounts of coarse wood than do dry sites (Spies
and others 1988). Recruitment of coarse woody debris as
snags and logs often occurs in waves related to some event.
Stands with histories of hot or frequent fire can contain small
quantities of dead wood. Managed stands can inherit large
quantities of wood on the ground as slash. Low numbers of
large snags, and higher numbers of stumps are also carried
over. Decay progresses at different rates depending on spec-
ies, size, microclimate, and cause of mortality. Topography
affects accumulations and distributions by influencing storm
patterns, the direction of tree-fall, and the movement of
material by gravity. Such influences are important regardless
of stand age, and help explain similarities among different-
aged forests in certain features of coarse woody debris.

Our multiple components model provides forest managers
with a set of features that, in combination, are distinctive of
young, mature, and old-growth Douglas-fir/hardwood forests.
Together, these features act as a powerful tool for discrim-
inating among the forest age-classes. The models composed
of variables selected by analyses of individual forest com-
ponents can further assist managers in identifying important
features of each forest age-class. For example, the analysis
of the snag component showed that managed young forests
generally have higher sound-snag and rotten-snag densities
than does old growth. Old-growth forests, however, typically
have higher densities of large conifer snags > 40 cm in d.b.h.
and > 4 m long. As another example, analyses of the features
of the log component showed that managed young stands
and old growth generally have relatively high densities and
biomasses of logs >44 cm in diameter and > 4 m long, while
mature stands typically contain low quantities.

Testing our model with the validation data set and the jack-
knife classification helps confirm certain ideas about the
development of old-growth features. Age alone may be a
poor indicator of old-growth structure. Old-growth conditions
develop gradually, with the rate related to the environmental
conditions and the disturbance history of the stand (Spies
and Franklin 1988). Certain features of old growth, such as
a high density of very large trees, do appear on productive
sites before 200 years. Stands on sites that are poor at
producing large conifers may require much longer periods
or may never develop certain features commonly associated
with old growth. On managed sites, logging practices can
retain large conifers and hardwoods at densities more
characteristic of old growth than younger stands.
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Forest Definitions

We define young, mature, and old-growth Douglas-fir/
hardwood forests by using ranges of means observed in the
majority of the stands we sampled in each age-class. The
ranges, therefore, represent typical stand values and not
minimums or maximums. To provide the most thorough
descriptions, we included features beyond those selected by
our stepwise discriminant analyses. The major features we
used to define each forest age-class, such as tree densities for
dominant height- and diameter-classes, and total snag and
log densities, all exhibited standard errors that were < + 20
percent of the age-class mean. Other features, such as those
of seedling densities and understory cover, are more affected
by changes in microhabitat conditions and tend to show
greater variation.

Young Douglas-fir/hardwood forests

Canopy <40 m tall, singIe-tiered, total cover 65 to 80
percent.

Trees 12 to 40 m tall, conifers 105 to 525 per ha and hard-
woods 160 to 660 per ha. Dominant stems, conifers <45 cm
in d.b.h., 260 to 780 per ha; hardwoods <45 cm in d.b.h.,
225 to 1215 per ha. Stand basal area, 30 to 75 percent
hardwoods.

Saplings 1 to 8 m tall, conifers 150 to 450 per ha and hard-
woods 300 to 1200 per ha.

Seedlings <1 m tall, conifers 100 to 2500 per ha and hard-
wood seedlings or sprouts 1500 to 7000 per ha.

Understory cover > 8 m tall, conifers 2 to 10 percent and
hardwoods 5 to 20 percent.

Ground cover < 2 m tall, 10 to 25 percent. Moss and lichen
cover including epiphytes on the ground, 1 to 5 percent.

Snags > 10 cm in d.b.h., 45 to 135 per ha. Hardwood snags
20 to 60 percent of snag density. Large snags >40 cm in
d.b.h. and >4 m tall, 0.5 to 5 per ha.

Logs > 10 cm in diameter, 200 to 530 per ha. Hardwood logs
20 to 65 percent of log density. Large logs >44 cm in
diameter and > 4 m long, 7 to 48 per ha.

Biomass of snags and logs, 10 to 50 metric tons per ha.

Mature Douglas-fir/hardwood forests

Canopy <55 m tall, two-tiered but indistinct, total cover 65
to 80 percent.

Trees 12 to 40 m tall, conifers 60 to 215 per ha and hard-
woods 120 to 330 per ha; > 40 m tall, conifers 30 to 60 per
ha. Dominant stems, conifers 45 to 90 cm in d.b.h., 40 to 70
per ha: hardwoods <45 cm in d.b.h. 255 to 760 per ha. Stand
basal area, 15 to 45 percent hardwoods.

Saplings 1 to 8 m tall, conifers 50 to 400 per ha, and hard-
woods 30 to 1100 per ha.

Seedlings <1 m tall, conifers 250 to 1200 per ha and hard-
wood seedlings or sprouts 3000 to 9000 per ha.

Understory cover < 8 m tall, conifers 1 to 5 percent and
hardwoods 5 to 35 percent.

Ground cover <2 m tall, 5 to 55 percent. Moss and lichen
cover including epiphytes on the ground, 1 to 20 percent.

Snags 210 cm in d.b.h., 35 to 125 per ha. Hardwood snags
20 to 90 percent of snag density. Large snags > 40 cm in
d.b.h. and > 4 m tall, 0.5 to 4 per ha.

Logs > 10 cm in diameter, 225 to 385 per ha. Hardwood logs
45 to 75 percent of log density. Large logs >44 cm in
diameter and > 4 m long, 0.5 to 16 per ha.

Biomass of snags and logs, 5 to 30 metric tons per ha.

Old-growth Douglas-fir/hardwood forests

Canopy >55 m tall, two-tiered and well to defined, total
cover 65 to 80 percent.

Trees 12 to 40 m tall, conifers 15 to 55 per ha and hard-
woods 105 to 280 per ha; 240 m tall, conifers 35 to 50 per
ha. Dominant stems, conifers > 90 cm in d.b.h. 20 to 40 per
ha; hardwoods <45 cm in d.b.h. 425 to 690 per ha. Stand
basal area, 15 to 40 percent hardwoods.

Saplings 1 to 8 m tall, conifers 30 to 300 per ha and hard-
woods 650 to 1500 per ha.

Seedlings <1 m tall, conifers 150 to 1100 per ha and hard-
wood seedlings or sprouts 3500 to 9900 per ha.

Understory cover < 8 m tall, conifers 1 to 5 percent and
hardwoods 15 to 30 percent.

Ground cover <2 m tall, 10 to 65 percent. Moss and lichen
cover including epiphytes on the ground, 5 to 25 percent.

Snags > 10 cm in d.b.h., 20 to 40 per ha. Hardwood snags 15
to 75 percent of snag density. Large snags > 40 cm in d.b.h.
and > 4 m tall, 0.5 to 11 per ha.
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Logs > 10 cm in diameter, 215 to 385 per ha. Hardwood logs
20 to 55 percent of log density. Large logs >44 cm in diam-
eter and > 4 m long, 14 to 38 per ha.

Biomass of snags and logs, 10 to 110 metric tons per ha.

Old-growth Douglas-fir/hardwood forest overstories are
strongly two-tiered. The hardwoods attain maximum heights
roughly half the height of Douglas-fir and dominate the
lower tier. In the upper tier, Douglas-fir dominates as widely
spaced individuals or as groups of trees. Within the forest,
the prevalence of either tier shifts from place to place. Forest
openings with hardwood and conifer regeneration at various
stages add to the high spatial diversity.

In addition to the forest canopy, the hardwood element of
Douglas-fir/hardwood forest influences other forest com-
ponents. Hardwoods contribute importantly to snag and log
densities, but because of the smaller dimensions of hard-
woods, along with several other factors (such as different
climatic and disturbance regimes), snag and log biomasses
are low in comparison to Douglas-fir forests farther north
where other conifers share dominance. Densities of large
snags and large logs are also typically lower.

New Standards for Old-Growth Douglas-Fir/Hardwood
Forests

Our research indicates that the minimum standards prepared
by the Old-Growth Definition Task Group (1986) for old-
growth Douglas-fir/hardwood forests require revision (table
4). We introduce standards for some additional features not
included in the interim definition, but identified as key fea-
tures by our analyses. Along with new minimum standards,
we present average values + 95-percent confidence limits for
each key feature.

The most diagnostic feature of nonmanipulated old-growth
Douglas-fir/hardwood forests is the presence of large old
trees in densities adequate to form an upper tier that dom-
inates over a hardwood layer. Stands that fail to meet min-
imum standards for other features, such as those for large
snags and large logs can qualify as old growth. For example,
wet and mesic sites are more likely to exceed the minimum
values, and dry sites are more likely to approach or even
drop below the minimum criteria. We believe that the new
minimum standards will include the majority of old-growth
Douglas-fir/hardwood stands in northwest California and
southwest Oregon.

Table 4-Interim and new standards for old-growth Douglas-fir/hardwood forests in northwestern California and
southwestern Oregon

Stand Interim minimum standards from Old- New average standards + 95%
characteristic Growth Definition Task Group 1986a New minimum standards confidence limits

Live trees Douglas-fir and evergreen
hardwood (tanoak, Pacific
madrone, and canyon live
oak) associates (40 to 60
percent of canopy)

Douglas-fir and evergreen
hardwood associates
(e.g. tanoak, Pacific
madrone, and canyon live
oak), hardwoods account
for > 10 percent of the
total stand basal area

Basal area of hardwoods
average 30 + 5 percent
of the total stand basal area

Douglas-fir or sugar pine
> 15 per ha of trees >80 cm
in diameter or >200 years
old

Douglas-fir or minor
conifers (e.g. sugar
pine, Port-Orford-cedar,
iucense-cedar, or
redwood) > 14
per ha of trees > 90cm
diameter or >200 years
old

Douglas-fir or minor conifers
average 29 + 3 per ha of
trees > 90 cm in diameter
or >200 years old

Intermediate and small size- Intermediate and small size-
classes may be evergreen classes of hardwoods and
hardwoods or include a Douglas-fir, >lO percent
component of conifers (e.g., total cover of trees < 8 m tall,
Douglas-fir or white fir) may include minor conifers

Intermediate and small size-classes
with high numbers of hardwoods
and moderate numbers of
Douglas-fir or minor conifers,
small sires < 8 m tall average
25 + 5 percent cover of
hardwoods and 2 + 1 percent
cover of conifers
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Table tiontinued 

Stand Interim minimum standards from Old- Newaveragesmdardsf95% 
characteristic Growth Lkfintion Task Group 1986” New minimum standards confidence limits 

C-PY Diitinct two-tiered campy 
with an upper tier of 
Douglas-fir with trees 
reaching heights >40 m 
and a lower tier of 
cdfm and hardwoods 
<40mta!.landamtal 
canopy CoveI of >60 
percent 

conifers 2: 40 m tall average 
44 f 2 trees pa ha, conifas 
12 to 40 In tall average 39 f 15 
trees per ha, hardwwds 12 to 40 m 
tall average 221 f 43 trees per 
ha, and an average total canopy 
cover of 71 * 3 percent 

Conifer or hardwood snags 
>13 per ha that ax 210 
cm in diameter including 
>0.25 pa ha of conifer snags 
that are ~40 cm in diameter 
and>4mtaU 

Conifer or hardwood snags 210 cm 
diameter average 32 f 6 per ha 
including 5 f 2 per ha of 
conifer snags that are 240 cm 
diameter and 54 m tall 

Logs>22metrictom 
per ha including 5 
piecesperha>M)cmin 
diameter and >15 m long 

Logs>2.5meuictonsper 
ha including >l piece 
perha>44cmindiameter 
and 24 m long, of which 
9.25 piece per ha are 
>15 In long 

Logs average26f8meuictom 
per ha including 25 f 6 pieces 
per ha that are >44 cm in diameter 
and 24 m long, of which 5 f 2 
pieces per ha are >I5 m long 

The new minimum standards are intended to assist managers 
in identifying nonmanipulated and manipulated stands that 
contain key old-growth features. Additionally, the minimum 
standards can be used as guidelines for retaining features 
associated with old growth when manipulating stands. We 
view the mean values and 95 percent confidence limits as 
being mire appropriate for identifying optimal old-growth 
conditions. We also suggest that the new old-growth defini- 
tion be used to supplement the minimum and average stand- 
ards. The old-growth definition goes beyond the standards 
for large trees, snags, and logs in providing criteria for addi- 
tional understory features. The deftitions for young and 
matnre stands will also assist managers when making age- 
class comparisons over a wide range of stmcti features. 
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Abstract
We surveyed birds and small mammals in 45 forest stands
from southern Oregon, near Cave Junction, south into north-
ern California, near Branscomb. Over this 350-km distance,
we found 71 species of birds and 7 species of mammals that
were common enough for detailed analysis. Fourteen species
of birds and two mammals reached peak abundances in older
(mature and old-growth) forests; however, none appeared
limited to these forests. The species were: Allen’s humming-
bird, hairy woodpecker, pileated woodpecker, Hammond’s
flycatcher, western flycatcher, gray jay, chestnut-backed
chickadee, red-breasted nuthatch, brown creeper, winter wren,
golden-crowned kinglet, wrentit, hermit warbler, black-
headed grosbeak, Douglas’ squirrel, and the California

red-backed vole. In addition, about half of the species were
correlated with total conifer or hardwood stems. The abun-
dance of many species also differed among the three geo-
graphic regions we sampled. These differences could also be
associated with elevation because our northern stands tended
to be at higher elevations than were the southern stands. Our
community analysis of the birds showed separations between
different regions, and between the avian communities of
young forests and those of older (mature and old-growth)
forests. The mature and old-growth bird communities were
not readily separable from each other.

Introduction
The Douglas-fir forests of northwestern California are a
major source of timber products in the United States, with
almost half of the Nation’s timber supply contained in the
old-growth forests of the West (Society of American For-
esters Task Force 1983: 1). Clearcutting has been the pri-
mary method of harvesting timber in the region for the past
30 years. Morrison (1988) has documented the great reduc-
tion of old-growth timber in many forests of the Pacific
Northwest, which includes Washington, Oregon, and
northern California.
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Present management guidelines state that the USDA Forest
Service shall “maintain viable populations” of all vertebrates
found on each National Forest (National Forest Management
Act 1976, 16 U.S.C. 1600-1614), yet the impacts of the de-
cline of old-growth forests on vertebrate populations in north-
western California are uncertain, with only a few studies on
the subject (Hagar 1960, Raphael 1984, Raphael and others
1988). Our study’s goal is better understanding of the asso-
ciation patterns of flora and fauna across a chronosequence
of forests in the Northwest; it was conducted as a part of
research that extends north into Washington (Carey and
Spies, this volume; Ruggiero and Carey 1984).

We studied the relative abundance of small mammals and
diurnal birds along an age gradient of selected forest stands
in northwestern California and southwestern Oregon during
the summers of 1984 and 1985. We surveyed the entire di-
urnal avian community and trapped small mammals to deter-
mine if the relative abundance of each species differed be-
tween the stands, and to determine which habitat variables
correlated with the abundances of each species. We detected
23 small mammal species and 102 bird species over 2 years
of field work; in this paper, we concentrate on the more
common species.

Methods
Study Areas

We selected 45 principal study stands (table 1) in three re-
gions of northwestern California and southwestern Oregon to
represent a successional gradient typical of the Douglas-fir
communities (see frontispiece). We selected stands nonran-
domly based on accessibility by road, presence of a represent-
ative age-class of trees, and moderate topography. The stands
were conveniently divided into three geographical regions of
15 stands each (table 1): Cave Junction in the north, Willow
Creek in the central area, and Branscomb in the south. Stands
ranged in elevation from about 400 m to 1550 m, and most
were dominated by Douglas-fir in association with tanoak
and madrone. Six low-elevation plots had some redwood,
and four high-elevation stands in the Cave Junction region
were dominated by white fir.

Bird Counting Techniques

Diurnal birds were counted in 1984 and 1985 during the
breeding seasons from May to June. Each stand was visited
5 to 7 times each field season, with counts conducted over
the entire breeding season at the rate of about once per week
for each stand. We minimized observer bias by rotating ob-
servers at each stand. In 1984, we had 5 to 6 observers per
region, so each stand was usually counted once per observer.
During the 1985 field season, we had only 3 to 4 observers

in each region, so stands were usually visited on the average
of twice per observer. Counts were conducted on 12 fixed
stations placed 150 m apart at least 100 m from adjoining
habitat types. Observers counted at each station for 8 minutes,
recording horizontal distance to each bird seen or heard. All
counts were initiated within 15 minutes of official sunrise
and took approximately 3.5 hours to complete, to minimize
time-of-day bias.

We used the number of individuals detected per station as a
relative index of population abundance, which corrects for
differences in effort. We did not establish an arbitrary dis-
tance from the observer beyond which detection would be
excluded because the unit of analysis was the stand as a
whole, not individual stations within the stand. Double
registrations of an individual consequently would not affect
the conclusions. We include in this report only those species
that we recorded more than about 10 times during the survey
in abundances greater than or equal to a total of 0.001 birds
per station, which included all but the rarest species.

Mammal Trapping

For the mammalstudies, we included an additional two
stands at Butte Creek, near Dinsmore, California. A single
trapping-grid for snap and livetrapping was laid out in each
stand in a pattern of 12 rows with 12 trap stations per row.
Trap stations were placed at 15-m intervals in a 165-m x
165-m grid.

In 1984, two Museum Special snaptraps were placed at each
trap station within 1.5 m of the grid coordinate in all 47
stands. We trapped in six stands simultaneously (two in each
region) for 5 days (4 nights) until all stands were sampled
(July 3 to August 31). In 1985, a single Sherman livetrap
(7.6 cm x 8.9 cm x 22.0 cm) was used at the same stations in
43 of the stands, and we trapped again in six stands during
each 5-day session from July 9 to August 30. We did not
livetrap in four stands (two in Branscomb area and two in
Cave Junction area). We also used pitfall traps to sample
small mammal populations in all 47 stands during both 1984
and 1985. A pitfall grid consisted of six rows of six pitfall
traps per row spaced at 15-m intervals in each stand. Snap
and pitfall grids were usually separated by more than 100 m.
Traps were constructed from two No. 10 cans taped together
and sunk until the top was flush with the ground. A funnel
collar prevented animals from escaping. We propped a cedar
shake 3 to 4 cm above the opening of each pitfall trap to act
as a cover, and examined the traps at 5-day intervals for 50
days in October and November 1984, and for 30 days in
October 1985. In the analyses below, we used the number of
mammals captured, without standardizing the data for effort
(table 4). Total trap nights were adjusted for inoperative traps.
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Table l-List of study stands by region, with stand abbreviation, elevation, mean age, age-class, and mean density in stems per
1000 m2 of hardwood and conifer trees

Canopy trees Mean density of trees

1
Region Stand Elevation Age Age-class Hardwoods Conifers

Cave Junction
(AC)
(BP)
(CG)
(FR)
(GG)
(HC)
(HO)
(LG)
(LH)
(OC)
(PM)
(SK)
(TU)
(UH)
(WC)

Willow Creek
(BA)
(BE)
(BM)
(BR)
(CC)
(EB)
(FN)
(GR)
(HP)
(LE)
(LR)
(SF)
(SH)
(WR)

Branscomb
(AP)
(BT)
(DP)
(EC)
(EH)
(EX)
(FC)
(FP)
(HN)
(HT)
(MS)
(SC)
(SG)
(TM)
(WH)

Althouse Flat 427 107
Buck Peak 1366 60
California Gray Back 1556 265
Frog Pond 1439 196
Galagy Grove 1334 259
Happy Camp Road 1053 179
Holcomb Peak 1411 235
Little Grayback 1205 72
Left Hand 1362 96
Oregon Caves Road 872 192
Page Mountain 1519 204
Skag Hope 1305 267
Tunnel Site 624 65
Upper Horse 1502 91
Waters Creek 614 240

Bald Mountain East
Brannon Mountain
Beartooth Mountain
Brush Mountain
Cedar Creek
East Fork Big Creek
Fawn Prairie
Gray II
Hennessy Peak
Lord Ellis
Ladder Rock
South Fork
Sharber
Tish Tang
Waterman Ridge West

846 43 Young .862 0.701
750 236 Old .597 1.379

1144 327 Old .383 2.176
1050 116 Mature .420 1.773

665 347 Old .396 1.728
1134 246 Old .589 1.383
750 44 Young .983 .945
972 101 Mature .292 1.481
949 100 Mature .172 1.700
778 48 Young 1.366 1.024
805 319 Old .828 2.072
659 289 Old .470 1.291
747 283 Old .673 .932
680 204 Old .888 1.484
633 85 Mature 1.091 1.140

Alpine
Barnes
Darby
Elder Creek
Elkhorn Ridge Hydric
Elkhorn Ridge Xeric
Fox Creek
Fanny’s Place
Harwood’s Ninty
Homestead
Mud Springs
Skunk Creek
Standley Grove
Ten Mile
White House

444 210 Old .730 1.899
467 53 Young .357 .329
587 240 Old .317 1.021
555 155 Mature .402 2.361
518 137 Old .230 .603
518 140 Mature .487 .291
543 187 Old .576 1.757
445 122 Mature .375 1.372
695 118 Mature 1.010 .424
726 40 Young 1.071 1.300
689 70 Young .691 .678
529 291 Old .278 1.223
481 450 Old .082 3.555
445 241 Old .317 1.718
427 136 Mature .655 1.451

Mature
Young
Old
Mature
Old
Mature
Old
Young
Young
Mature
Old
Old
Young
Young
Old

0.531 1.890
.O34 .919
.ooo 1.352
.ooo 3.141
.ooo 2.639
.179 1.879
.042 3.235
.016 1.359
.O44 2.997
.316 1.157
.007 3.450
.011 3.890
.368 1.679
.013 1.581
.246 1.338
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Vegetation Sampling

Vegetation was quantified on each of the 12 bird-count sta-
tions in each stand. On the snap-livetrap grid we measured
16 plots overlaying the 144 trap stations. Nine vegetation
plots were also uniformly distributed among the 36 pitfall
stations. For this analysis, we used the mean number of all
hardwood and conifer stems greater than 50 cm in d.b.h.
within 15 m of each mammal-trapping station and 25 m for
bird observations. We reasoned that, for this study, individ-
ual plant species would be too detailed for our analysis.

Stand ages were based on data supplied by B. Bingham (pers.
comm.) from core samples of three to five dominant Douglas-
firs on each of three plots in each young and mature stand
(up to about 180 years). In old-growth stands, tree cores
could not always be taken because trees were so large and
had rotten cores; thus, some stand ages were estimated from
rings counted on stumps in adjacent clearcuts or beside near-
by roads, or they were based on ages provided by local
Forest Service offices.

We minimized the number of variables for the small mammal
community by comparing the capture rates associated with
logs that have fallen relatively recently, hard logs of decay-
classes 1 and 2 of Thomas (1979: 80), and soft logs of decay
classes 3 to 5.

Data Analysis

The objective of this analysis was to estimate how much
variation in bird abundance among stands could be explained
by stand age or geographical region, and whether abundance
was affected by interaction between stand age and region.
For most analyses, stand age was considered as a continuous
variable, and entered into calculations as a square-root trans-
formation. Region was considered a categorical variable. A
probability level of P < 0.05 was used to signify statistical
significance.

We considered that the bird counts, as discrete variables,
approximated normal distributions with means linear on the
independent variables and with equal variances.

A general linear model (GLM) in SAS (Freund and others
1986: 145) was used to compare relations between the abun-
dance of each bird species with stand age and region. This
comparison was treated as an analysis of covariance with

interaction between age and region, with region as the co-
variate. The interaction term determines if the relation (the
slope of the line describing the relation between age and
abundance) was statistically different among regions.

The SAS procedure “GLM,” produces two sets of statistics,
Type I and III Sums of Squares, which we used in construc-
ting table 2. If the interaction between age and region was
not significant, then we used the statistics from Type I (the
unadjusted treatment sums of squares), where age was entered
into the model after region. If the interaction term was sig-
nificant, then we used Type III (adjusted treatment sum of
squares), which takes into account the other variables before
calculating the effect of the variable under consideration. For
example, if an age and region interaction was significant,
then the statistic appearing in table 2 was the effect of age
after accounting for the effects of both region and the
interaction of age and region.

We also treated stand age as a classification variable when
separating the sites into young, mature, or old-growth, based
on a discriminant function analysis of vegetation data sam-
pled from the entire stand (Bingham and Sawyer, this vol-
ume). These classifications, based on vegetative structure
and composition, sometimes differed from stand age as
determined by counting tree rings. Bird abundances are
presented in table 2 according to the stand-age classifica-
tions of Bingham and Sawyer. A least-squares test (Freund
and others 1986) determined significant differences in bird
abundances between age-classes and regions.

We compared numbers of species and individuals detected
between years and habitat types by using Pearson product-
moment correlation coefficients.

Our analysis of the data aggregated the various stands ac-
cording to similarities in the abundance of bird species found
in each stand. For this, we used Ward’s method of cluster
analysis (SAS 1982: 423), but only for the commoner species,
which we defined as the 29 species with average abundances
greater than 0.1 birds per station in either 1984 or 1985
(table 3). We acknowledge that this analysis is only an
approximation because it is not based on actual densities, but
we believe that the figures were indicative of the relative
abundance of most species.
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Table Z-Comparison of the number of individuals of each bird or mammal species detected or captured per station in the three 
regions; the signitkmce (2’ c) of region alone as a contribution to a model; the number of individuals per station in young, mature, 
and old-growth stands; the significance of age alone as a contribution to a model; the significance of the interaction of age and 
region; and the amount of variance explained by the model (R ) 
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Results 
Bird Abundances 
Overall abundance patterns-Seventy-one bird species 
(table 3) were found in the study plots in both years in num- 
bers greater than 0.001 birds per station. The most abundant 
species was the hermit warbler, with over 1.7 birds per 
station in both years. The western flycatcher was next in 
abundance with more than 1.1 birds per station. 

Some birds began to reach tbe limit of their distributions 
within the geographic range of this study. For instance, blue 
grouse and gray jay were only found at Cave Junction in the 
north, and Hammond’s flycatcher was not found at Brans- 
comb in the south. These species could be found in areas we 
did not count to the north or south, but in limited numbers. 
They also probably were largely limited by the altitudinal 
gradient between study stands. The Cave Junction stands 
were generally at higher elevations and Branscomb tended 
to be lower. 

We divided the species into three groups: year-round res- 
idents, short-distance migrants (birds wintering in the United 
States), and long-distance migrants. More than half (59 per- 
cent) of the species were r&dents, 11 percent were. short-, 
and 30 percent long-distance migrants. By contrast, only 
42 percent of individuals (birds per station) were residents, 
6 percent short, and the majority (52 percent) long-distance 
migrants. 

Comparison between gears-We compared, by correlation, 
the abundance of each species between years in each stand to 
determine the concordance of the 2 years’ data. The closer 
the agreement between the 2 years, the greater the likelihood 
(but, by no means, certainty) that some aspect of the habitat 
was important in determining the abundance of that species 
at any sampling point. The less the agreement, the greater the 
likelihood that stochastic events in the population could be 
responsible for tbe abundance of the species. 
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(but, by no means, certainty) that some aspect of the habitat 
was important in determining the abundance of that species 
at any sampling point. The less the agreement, the greater the 
likelihood that stochastic events in the population could be 
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Table 3-Mean number of detections of each bird and rqammal species per station in 1984 and 1985, the linear correlation (RZ) 
between years and its sign, and the Linear correlation (R ) between the number of detections and the abundance of hardwood and 
conifer trees and its sign (significant correlations are indicated as: * - -P 5 .OS, ** = P S .Ol, and **I = P s .OOl) 

Y.%Z Tree type 

Species 
yfyyy’““,, “’ *-I 
ha+d (R% C”“if~~d1 

Turkey vulture 0.003 
Northern goshawk ,001 
Red-shouldered hawk ,000 
Red-tailed hawk ,007 
Blue grouse ,020 
California quail .Oll 
Mountain quail .I60 
Band-tailed pigeon ,007 
Mourning dove ,012 
Flammulated owl .oOl 
Northern pygmy-owl .019 
Anna’s hummingbird ,009 
Allen’s hummingbird ,027 
Acorn woodpecker ,055 
Red-breasted sapsucker ,023 
Downy woodpecker .OQl 
H+ woodpecker .061 
White-headed woodpecker ,001 
Nonhem flicker ,269 
P&Wed woodpecker ,136 
Olive-sided flycatcher ,041 
Western wood-pewee .045 
Hammond’s flycatcher .I54 
Dusky flycatcher ,015 
Western flycatcher 1.138 
Ash-throated flycatcher .005 
Gray jay ,005 
Steller’s jay ,791 
Scrub jay ,005 
America” crow ,002 
common rave” ,152 
Mountain chickadee ,014 
Chestnut-backed chickadee ,501 
Common bush& ,011 
Red-breasted nuthatch ,492 
White-breasted nuthatch ,010 
Bmwn creeper ,337 
Bewick’s wren ,001 
House we” ,001 
winter wren ,194 
Golden-crowned kinglet ,374 
Townsend’s solitaire .057 
Hermit thrush ,447 
Swainson’s thrush ,013 
America,, robin ,165 
Varied thrush ,020 
WLStit ,090 
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Hutton’s vireo ,109 
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Table 3-mntinued 

Ye= Tree tvw 
. 

Nashville warbler 
Yellow-rumped warbler 
Black-th. gray warble, 
Townsend’s warbler 
Hermit warble, 
MacGillivray’s warbler 
Wilson’s warbler 
Western tanager 
Black-headed grosbeak 
Lazuli bunting 
Rufous-sided towhee 
Fox sParrow 
Song sparrow 
Darkeyed junco 
Brown-headed cowbird 
Purple finch 
Red cmssbill 
Pine siskh 
Lesser goldfinch 
Evening grosbeak 
Chipmunks 
Douglas’ squirrel 
Western squirrel gray 

0.236 0.288 0.85 0.0001 
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Although the majority of species had similar detection rates 
between years, 15 (21 percent) species showed significant 
differences (table 3). Most of these were rare species that 
undoubtedly varied because of the low numbers that were 
detected; only five were fairly abundant, having detection 
rates in either year in excess of 0.01 birds per station. Com- 
mon species with abundances that changed significantly be- 
tween years were the northern pygmy-owl, common bushtit, 
hairy woodpecker, Swainson’s thrush, and Townsend’s war- 
bler. No common thread (such as food habits or foraging 
methods) unites these species; changes such as these are. to 
be expected in a study of several species. 

Geographic differences-Geographical variation in abun- 
dance is a pattern that overlies the species’ response to 
changes in the amount and suitability of its habitat. Even 
though the habitat may be suitable, factors that are related 
to geography (such as climate or competition with existing 
species) may preclude or severely limit the species’ presence, 
and mute its response to habitat. 

By comparing the average number of species recorded on 
the 15 stands making up each region (fig. l), we found that 
the northern Cave Junction stands averaged 37.3 species 
per stand, the Willow Creek stands averaged 32.4, and the 

Branscomb stands 32.6. The Cave Junction stands had sig- 
nificantly greater species richness than the southern stands 
(Duncan’s Multiple Range Test). 

We also found distinct patterns in the abundances of indi- 
vidual species in the northern and southern study sites. The 
majority of the species that showed differences between 
geographic regions were on a north-south cline (table 2). 
This cline was also of higher elevation with more tme fir in 
the north, and more hardwoods in the south (table 1). When 
region was the only significant variable selected in a GLM 
model, 12 species were more abundant in northern stands, 
and 14 were more abundant in southern stands. Among the 
species more abundant in either the north or the south were 
species with geographic affinities in either direction. Signif- 
icantly more common to the north were the more montane 
species, such as blue grouse, olive-sided flycatcher, dusky 
flycatcher, mountain chickadee, MacGillivray’s warbler, 
Nashville warbler, yellow-romped warbler, fox sparrow, pine 
siskin, and evening grosbeak. The brown-headed cowbird 
and Townsend’s warbler were also more abundant in the 
northern regions. More abundant southern species included 
turkey vulture, mountain quail, Anna’s hummingbird, north- 
ern flicker, Steller’s jay, scrub jay, common raven, American 
robin, Hutton’s video, solitary vireo, orange-crowned warbler, 
Wilson’s warbler, western tanager, and rufous-sided towhee. 



n= 1 5 1 5 1 5
20

Cave Wi l low Branscomb
J u n c t i o n  C r e e k

Figure  l-Comparison of the number  of bird species by region. The means,
standard errors, and ranges are  shown for stands in each region. Sample size
is shown below.

Few species showed other geographical patterns. Only two
species were more abundant at the central Willow Creek
stands: the lazuli bunting and hermit thrush. Only the west-
em wood-pewee was less abundant in these central stands
than in either the northern or southern stands.

Relation of abundance to stand age-By comparing the
average number of species recorded in a stand by stand age
(fig. 2), we found no difference among mature (33.5), young
(33.7),  and old-growth (34.7) forests (Duncan’s Multiple
Range Test). A correlation between stand age and average
number of species also showed no relation (r = 0.13; P =
0.132),  in contrast to results of Manuwal and Huff (1987),
who found an increase in richness in their old-growth stands.

Stand age was an important factor in the abundance of many
species in the community. For three species, the California
quail, hairy woodpecker, and pileated woodpecker (fig. 3),
age was selected as the sole significant contributor to our
model (table 2). The quail was found in younger forests, and
the two woodpeckers in greater numbers in older forests.
When we used stand age as a classification variable in a
separate analysis, three species (the hairy woodpecker,
western flycatcher, and brown creeper) were significantly
more abundant in old-growth forests than either the mature
or young stands. Except for their occurrence in modest
numbers in younger stands, these birds could be considered
old-growth species.

20

N . S .

n= 10 16 19

Young Mature Old-growth

Figure  2-Comparison  of the number  of bird species by age-class.  The
means, standard errors, and ranges are  shown for stands in each age-class.
Sample size is shown below.

For 17 species, or 24 percent of the 71 species total, both
stand age and region were selected in the linear model as
affecting the numbers of individuals recorded. The abun-
dances of four species (chestnut-backed chickadee, Ham-
mond’s flycatcher, red-breasted nuthatch, and wrentit) were
special in that they showed a consistent, positive relation
with age among all three regions. That is, the interaction
between age and abundance was not significantly different
between regions. These species, along with the two wood-
peckers mentioned above, showed the strongest affinity
between abundance and age of forest.

Eight of the 17 species’ abundances were positively related
to stand age, and occurred most commonly in older forests:
Allen’s hummingbird, western flycatcher (fig. 3), gray jay,
brown creeper (fig. 3), winter wren, golden-crowned kinglet,
hermit warbler (fig. 3), and black-headed grosbeak. Only
four species were more common in younger stands and also
had their numbers influenced by region: Townsend’s soli-
taire, varied thrush, warbling vireo, and black-throated gray
warbler. The red crossbill was influenced by both region and
stand age, but the effect of age was not clear. Although the
abundances of many species were influenced by geography,
these data showed that stand age was an important deter-
minant for a large proportion of the species.

Selection of Forest Types

Comparing the stands as to their recorded number of species
indicated that the richness of bird species was higher in
stands with more conifers (r = 0.28; P < 0.05) and lower in
stands with more hardwoods (r = -0.53; P c 0.001).
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The abundance of many species was strongly correlated 
with the number of conifer or hardwood txes in the plots 
(table 3). In many of these species, we expected a positive 
correlation with one type and a negative with the other. 
Fourteen species were positively associated with conifers, 
which was the commonest association: flammulated owl, 
Allen’s hummingbird, olive-sided flycatcher, western wood- 
pewee, Hammond’s flycatcher, gray jay, red-breasted nut- 
hatch, winter wren, golden-crowned kinglet, yellow-romped 
warbler, Townsend’s warbler, hermit warbler, pine siskin, 
and evening grosbeak. Three species apparently had a neg- 
ative association with conifers, but were not positively asso- 
iated with hardwoods: Steller’s jay, scrub jay, and black- 
tbroated gray warbler. Only seven species were positively 

associated with hardwoods: band-tailed pigeon, chestnut- 
backed chickadee, hermit thrush, varied thrush, Hutton’s 
vireo, warbling vireo, and black-headed grosbeak. Finally, 
eight species were negatively correlated with hardwoods, but 
were not positively associated with conifers: blue grouse, 
red-breasted sapsucker, dusky flycatcher, mountain chickadee, 
Townsend’s solitaire, MacGillivray’s warbler, fox sparrow, 
and dark-eyed junco. 

In all of these species, a more detailed, species-by-species 
analysis of habitat association patterns by plant species, as 
well as actual habitat use, is needed to determine the actual 
environmental factors that limit their distribution and 
abundance. 
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Table ‘l-Number of mammal captures by species and trapping technique within each study area’ (for each technique, significant 
differences among captures in each study area are indicated by different lettws after the totals) 

Technique 

Tmwbridge’s shrew 
Pacific shrew 
vagrant shrew 
Mash shrew 
Shrew-mole 
Coat mole 
Chipmunks 
Golden-mantled ground squirrel 
Northern flying squirrel 
Bow’s pocket gopher 
Deer mouse 
Pilion mouse 
Dusky-footed woo&at 
Bushy-tailed woodrat 
Western red-backed vole 
Red nee vole 
Califomia vole 
Long-tailed vole 
creeping vole 
Black rat 
Pacific jumping mouse 
EtIlIine 

Number of trap-night? 
Cave J”llCtiOll 
Willow Creek 
Branswmb 

349 296 
14 16 
- 1 
- 1 
11 21 
- 1 

2 

6 - 
5 

51 36 
1 1 

2 

341A - 186 A 
5 9 

1 - 5 

2 2 
1 
1 r 

- 

247 
3 

27 57 17 
: 6 2 3 

:- ,z -: 
1 I - 2 ; ; 
y- - : 
: 171 39 72 
’ 1 

2 T 7 
I- c_ 
; ’ 41 A 204R 159 B 
:113A 16 124B 
: 4 6 I8 I 

5 - - 

1 

‘- - - 
- - 5 

/-.’ 
:’ I T -: 8 
/_ - - 

.3 1 r 
3’ 

- 

43,200 7.263 
48,960 8,2R9 
48,960 7.815 

Bird Community Organization 
Using the number of individuals observed for each of the 
29 most-common species as an approximation of the com- 
position of the avian communities in a cluster analysis, we 
found some divisions (fig. 4). The divisions were largely 
geographical and probably depend on major vegetation types 
related to altitude. A secondary division occurred between 
the young stands and the combined group of mature and 
old-growth categories. No clear distinction could be made, 
judging from the bird community, between old-growth and 
mature communities. 

The first division was a separation of the younger Branscomb 
stands, which contained a great deal of chappxal. The second 
division was between the upper elevation Cave Junction 
stands that had a substantial amount of true fu, and the young 
Willow Creek stands. The third major separation was be- 
tween the Branscomb and Willow Creek stands with mature 

and old-growth being intermixed. The TU stand that Bingham 
(pers. comm.) classed as young did have some remnant old- 
growth trees, and the bird species associated with these trees 
apparently increased the stand’s similarity to the older stands. 

These patterns confirm the information from the individual 
species: that clear geographical separations are present, and 
that, although young forests differ from older forests, mature 
and old-growth forests are much alike. 

Mammal Abundance Comparisons 
Twenty-three species of small mammals were captured during 
the study, though several were represented by only a few 
individuals (table 4). The three techniques differed in their 
effectiveness for capturing different species of mammals. 
Six species or species groups had sufficient captures (X00 
individuals or more, by one or more of the trapping tech- 
niques) to permit intensive analyses. These we*e the western 
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Table S--Comparison of the correlationa between the abundance of small mammal captures and the age of the stand, amount of 
conifers, amount of hardwoods, and amount of hard and soft logs 

Species 

Snap traps 
Western red-backed vole 
Deer moue 
Pacific shrew 
Tmwbridge’s shrew 
Piiion rnO”X 

As 

0.350’ 
.171 
.236 

-.113 
-.248 

COnifer 

0.302 
-.I25 

,303 
,010 

-.462* 

Hardwood 

-0.163 
,114 
.333* 

-.222 
,369’ 

Hard log 

0.161 
,129 
,242 
,010 

-.048 

sofi log 

0.172 
-.129 

.497* 

.466* 
-.026 

red-backed vole, deer mouse, pilion mouse, Pacific shrew, 
Trowbridge’s shrew, and the combined chipmunk species. In 
addition, two squirrels and the chipmunks were counted 
during the bid counts. 

We captured most species of mammals in all three areas, and 
by all three techniques, with the exception of some of the 
mer species (table 4). We have discussed at length .the strong 
differences among the different capture methods (Taylor and 
others 1988). Among the mammals, the western red-backed 
vole had significantly fewer captures in the more southerly 
Branscomb region than in the central and northern regions. 
We have reported (Taylor and others 1988) that the vole’s 
abundance was significantly correlated with true firs found 
on 11 stands in the north and none in the south. The two 
mice species were significantly more abundant in the south 
than in the north. The shrews were equally common in all 
regions, and the sample sizes of other species, including the 
chipmunks, were perhaps tco small to demonstrate the effect 
of region. 

The western red-backed vole was the only captured spe- 
cies that had a significant positive association with the age of 
the forest stand (P < 0.05; table 5), which confirms previous 
studies (Raphael 1988, Raphael and Barrett 1984) in the 
Willow Creek area. Bird count data indicates that Douglas’ 
squirrel was also positively associated with stand age, and 
this greater abundance in older stands was consistent among 
the regions (table 2). The abundance of the chipmunk species 

and gray squirrel were related to repion. Chipmunks and 
Douglas’ squirrel were more common at Cave Junction, and 
the gray squirrel was more common at Branscomb. 

The phion mouse had the clearest association with hard- 
wood density and clearly lacked association with stands that 
included conifers (table 5), judging from captures in both 
snap and live traps. The Pacific shrew was positively asso- 
ciated with hardwoods and soft logs, and Trowbridge’s 
shrew was also positively associated with soft logs. The 
combined chipmunk species were positively associated with 
hardwoods, and negatively with conifers. 

Discussion 
Total species richness of birds in our stands is much higher 
than for stands discussed elsewhere in this volume that are 
lozated farther north in Oregon and Washington. We suspect 
this results from the much greater diversity of vegetation in 
our stands (Bingham and Sawyer, this volume) that resulted 
from a greater abundance of hardwood. Indeed, a few of our 
bid species showed a close association with hardwoods in 
general. A matter of concern is that present logging practices 
in our region are directed towards eliminating hardwoods as 
an important component of the commercial forests. As 
Raphael (1987) has shown, and our data reaffirm, the num- 
bers of many species would probably be greatly reduced if 
this strategy was successful. Perhaps fortunately for the 
wildlife, silviculture is an imperfect art and many harvested 
conifer stands are regenerating into stands with a high per- 
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Number of bird species

Figure 5--Number  of breeding  forest birds by geographic  region, (a) taken
from Blom (National Geographic  Society  [1987]),  and (b) Harris (1984).

centage of hardwoods. We are experiencing a permanent loss
of mature hardwoods, however, which may profoundly
affect some animal species.

Harris  (1984) points out that Pacific Northwest forests were
the richest in North America in terms of bird species, based
on MacArthur and Wilson’s data (1967) (reproduced in
fig. 5b). MacArthur and Wilson, however, were discussing
alI breeding birds, not just forest birds. Our recalculation of
the number of breeding forest birds (fig. 5a) showed that the
northeastern United States is the richest area in the North
America, with about 140 species, and the Rocky Mountain
area and the Pacific Northwest are tied at about 110 species
each.

Although the Pacific Northwest is not particularly rich in
forest-bird species, it does have many species endemic to the
area. A comparison (based on the range maps of the National
Geographic Society 1987) of the endemic species largely
confined to the four regions of figure 5a showed a striking
contrast. The Rocky Mountain area has no species confined
to that region’s forests. The northeastern region of the United

States has only the golden-winged warbler. Only the south-
east and the northwest have a significant number of endemic
forest birds. The southeast has six (red-cockaded woodpecker,
ivory-billed woodpecker, brown-headed nuthatch, Swainson’s
warbler, Bachman’s warbler, and Bachman’s sparrow) and
the northwest has seven (Vaux’s swift, rufous hummingbird,
white-headed woodpecker, red-breasted sapsucker, hermit
warbler, and chestnut-backed chickadee). That most of the
endemics in the southeast are now extinct, rare, or declining,
may not be irrelevant because that region’s old-growth forest
was essentially eliminated during the last century.

Many species in our study showed affiliations with stand age.
Three birds were significantly more abundant in old-growth
forests than either the young or mature stands: the hairy
woodpecker, western flycatcher, and brown creeper. Many
other birds were more common in the mature and old-growth
stands than in the young stands. For these species, older
forests are probably a preferred, but perhaps not required,
forest configuration. Age was a major factor only when the
difference between the young forests on the one hand, and
the combined mature and old-growth forests on the other is
considered. Between the two older categories, the species
composition was quite similar.

Raphael (1984,1987)  and Raphael and Barrett (1984) con-
ducted a study of forest birds and mammals and their stand-
age associations in one of our study regions near Willow
Creek, California. Raphael (1984),  compared stand age with
the abundance data from a single year for birds in the Willow
Creek area. He found 25 significant relations (see table 2).
Of the 25 species, our data agreed for 8 species, but dis-
agreed for 7 species. In these seven cases, Raphael (1984)
found a negative relation with stand age, and we found a
positive relation. We found no significant relation for the
remaining 10 species. We are not certain of the reason for
this disparity of results, although methods did vary because
our study covered a wider geographical range over a period
of 2 years, and Raphael’s (1984) study used 136 study plots
from a single year.

Of the mammals we studied, only the abundance of western
red-backed voles and Douglas’ squirrels were positively asso-
ciated with the age of the forest stand. Raphael (1988) found
both species associated with older stands. He found 10 mam-
mals that were positively correlated with stand age. Voles
had by far the strongest relation to stand age. Perhaps the
techniques we used did not adequately sample the larger
carnivores that he found associated with stand age.

The stands chosen to represent different age-classes occurred
naturally in the Cave Junction and Branscomb regions;.that
is, the young stands originated from fire or other catastrophic
events, rather than as the result of timber harvests, and often
were heterogeneous, with some structural and floristic com-
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portents that resembled old-growth stands. Scattered old trees
and abundant dead-and-down material were sometimes pre-
sent in young stands. These characteristics, which are usually
absent from young stands that originated from clearcut tim-
ber harvests, may be important factors that affect patterns of
bird abundance. Results from even-aged stands regenerating
from a clearcut may be very different. The cluster analysis
did, however, group the bird community of the natural,
young Branscomb stands with the young Willow Creek
stands that resulted from timber harvesting.

Our study area was fire-prevalent, and for that reason, it may
have been a poor area for examining species that become de-
pendent on old-growth stands. The stands in this southern
area of Douglas-fir are subject to drier conditions and more
frequent fires than their counterparts to the north. Many spe-
cies may have developed more flexibility in the southern
portion of the range of their habitat type.

When a species is more common in older forests, we cannot
make a statement about the species’ reliance on older stands
without information on the activities of that species in young-
er stands. The three bird species of significantly greater abun-
dance in old-growth forests (the hairy woodpecker, western
flycatcher, and brown creeper) are a case in point. Some
evidence (van Home 1983) indicates that a species’ density
is not necessarily correlated with habitat suitability. Thus,
although these three species do attain moderate numbers in
young and mature forests, those stands may include habitat
that is unsuitable for breeding.

By far the most common habitat association pattern we de-
tected was a positive association with conifers. The next most
common, perhaps the converse, was a lack of association
with hardwoods. Only seven bird and no mammal species
were positively correlated with hardwoods. The association
with conifers, both direct and indirect, might not be surpris-
ing given the conifer dominance of these forests. As we
have suggested above, however, greater abundance of hard-
wood could be a factor in the increased species richness of
the southern Douglas-fir forests. Raphael (1987) also found
some species strongly associated with tanoak, an important
hardwood species. This association included six positively
correlated (P < 0.05) species, some of which were in agree-
ment with our data. Raphael found one, the olive-sided fly-
catcher, positively correlated with tanoak, but our data in-
dicated a negative correlation with all hardwoods. He also
found the western flycatcher and hermit warbler positively
associated with hardwood, but we did not. Our results agreed
with Raphael’s for only three species: the hermit thrush,

varied thrush (only in the winter), and warbling vireo. The
differences quite likely result from our method of combining
all hardwood species, and Raphael’s concentration on tanoak.
They may, however, be related to the much larger geographic
region included in our study.

The strong geographic influence on patterns of species abun-
dance within our study area has important management im-
plications. We found that species abundances often differed
significantly between regions in their relation to age (the age-
region interaction shown in table 2); that is, in one region the
relation might be positive, in another negative, and in the
third, have no pattern. These differences are to be expected
because at the periphery of its range or habitat, a species is
most likely to be constrained to a narrower range of environ-
mental conditions than at the center. Land managers might
find that, to maintain a species in a given region, quite dif-
ferent strategies of land use from those used in other regions
might well be necessary.

Because many species’ abundances are related to stand age
and composition, further alterations of the landscape will
likely result in profound changes in the abundance patterns
of many of the species in the study area. This, however,
will probably not result in any extinctions in the foreseeable
future. For the great majority of the species in this study, the
pervasive influence of stand age and composition on pop-
ulation levels should warn us that close monitoring of some
species may be necessary. At the very least, periodic sam-
pling should be conducted to determine the population status
of species in the area.
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Abstract
Terrestrial and aquatic herpetofauna were sampled by three
methods, time-constrained searches, pitfall traps, and area-
constrained searches from 1984 to 1986 in northwestern
California and southwestern Oregon. The 54 terrestrial and
39 aquatic study sites were in Douglas-fir/hardwood forest
stands that ranged in age from 30 to 560 years. Results of
these surveys are presented in terms of species richness,
equitability, relative abundance, relative biomass, and
macrohabitat and microhabitat associations.

Although species richness did not differ among forest age-
classes, the composition of the herpetofauna was notably
different. Old and wet sites had proportionately more am-
phibian species, and young and dry sites had proportionately
more reptile species. Terrestrial salamanders were more abun-
dant on old-growth than on young sites. We also found that

structural components associated with older forests were the
best predictors of increased numbers of salamanders. Anal-
yses of microhabitat associations indicated that large, well-
decayed logs were the most heavily used woody debris,
though use of particular size- and decay-classes varied
among salamander species.

Harvesting forests without immediately affecting herpe-
tofauna is probably not possible; however, strategies can be
developed to minimize long-term adverse effects. We pro-
vide a summary of management recommendations designed
to assure long-term viablity of herpetofauna in areas subject
to logging.

Introduction
Old-growth forests are a unique and complex ecosystem
where many life forms occur in numbers disproportionate to
their occurrence in other parts of their range (Thomas and
others 1988), but the nature of the ecological dependencies
(Ruggiero and others 1988) between these species and the
ancient forest ecosystem are only beginning to be understood.
More knowledge about the spatial and temporal distributions
of species in old-growth and in younger natural and managed
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forests, and an understanding of habitat requirements and
ecological interdependencies are required to make sound
decisions that assure healthy forests in the future.

We describe the species composition and relative abundance
of members of the herpetofaunal assemblage in the southern
portion of the Douglas-fir region, with a focus on how pre-
sence and abundance are related to forest age and structural
aspects of the forest habitat.

Heatwole (1982), in a review of available literature on the
structure of temperate and tropical herpetofaunal assemblages,
noted how little is known about them and their relation to the
larger community of organisms that constitute a complete
ecosystem.

Pough (1980, 1983) outlined some of the unique adaptations
of herpetofauna that illuminate their critical role in ecosystem
dynamics and place them in a larger ecological context. Their
small body size and elongate body form, energetically unfea-
sible for endotherms, permits them to use space and exploit
food resources unavailable to other vertebrates. Their ecto-
thermic nature facilitates a life of low energy demand. They
are better suited than endotherms to periods of limited food,
water, or oxygen. Endotherms are generally viewed in terms
of the energy they consume, but reptiles and amphibians are
more realistically considered in terms of the biomass they
produce and make available to other trophic levels (Pough
1980: 104). These small vertebrates comprise an essential
trophic level in the ecosystem, where invertebrate biomass is
converted to vertebrate biomass far more efficiently than by
endothcrms. Pough, comparing the efficiency of secondary
production of endotherms and ectotherms, noted that the
“...net long-term conversion efficiencies of amphibians and
reptiles are many times greater than those of birds and
mammals. The ecological significance of this efficient
biomass production is enormous” (Pough 1980: 102).

Methods
Study Area

The study was conducted in Douglas-fir/hardwood forests
of the Klamath Mountains and Coast Range of northwestern
California and southwestern Oregon; the southern portion of
the Oregonian Province (Udvardy 1975). Fifty-four terrestrial
study sites, ranging in size from 21 to 150 ha, and 39 aquatic
study sites (15-m lengths of second- or third-order streams)
were sampled (see frontispiece and appendix table 9). For
site selection procedures see Bingharn and Sawyer (this vol-
ume). Forests at the terrestrial sites ranged in age from 40 to
450 years; forests at the aquatic sites ranged in age from 30
to 560 years.

Herpetofauna Sampling

Four methods were used to sample the species composi-
tion, abundance, and biomass of the herpetofauna; time-
constrained searches (timed searches), pitfall traps (pitfall),
area-constrained searches (area searches), and opportunistic
observations. These methods are described in more detail
elsewhere (Bury and Raphael 1983, Corn and Bury 1990,
Raphael and Rosenberg 1983, Welsh 1987). Timed searches
recorded the search effort of two to three persons while they
moved about the forest at random examining all microhabi-
tats encountered, raking through litter, turning rocks and logs,
tearing open decomposed logs, probing in vegetation, and so
on. The clock was stopped when animals were encountered
and while data were gathered. Our timed searches differed
from those of Corn and Bury (1990) in that we searched
seeps and springs in addition to rocks, logs, bark, and litter.
The pitfall method consisted of trap grids with 36 traps
spaced at 15-m intervals in a 6 x 6 arrangement. Traps were
made of two, number 10 tins taped together and buried with
the lip at the groundline and concealed by a cover of bark or
cedar shake propped above the ground.

Terrestrial sites were sampled with timed searches, pitfalls,
and opportunistic observations. We conducted four person-
hour timed searches on each of 54 sites from April to June
of 1984 and 1985, and on a subset of 30 sites from April to
May of 1986. Our combined effort for timed searches totaled
552 person-hours. We ran 36-trap pitfall grids on 49 sites in
October and November of 1984 for 50 nights and October of
1985, for 30 nights. The total pitfall effort equaled 141,120
trap-nights. Twenty-six amphibians and reptiles were re-
corded by opportunistic observation during sampling for
other vertebrate groups or while vegetation data were
collected.

Area searches were only done at aquatic sites. Our sampling
of aquatic habitats consisted of area-constrained searches of
39 second- or third-order streams (Strahler 1952) on or near
the terrestrial sites. We selected three 5-m reaches 1 to 3 m
wide along each stream by walking 50 m upstream from the
nearest trail or road access for the first reach, and 50 m from
the top of the previous reach for subsequent reaches. Stream
searches occurred during the summers of 1984 and 1985.
The method consisted of mapping each reach to scale in
order to plot captures, then methodically and sytematically
searching all substrates, with catch nets placed downstream
to capture dislodged animals.

Measurements of Forest Landscape, Structure, and
Composition

Forest age- and moisture-classes-Sites were grouped into
three forest age-classes: young, mature, and old-growth; and
old-growth sites were classified into three moisture-classes:
wet, mesic, and dry. Forest age was determined by tree
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coring, ring counts, and accessing structural characteristics
(Old-Growth Definition Task Group 1986). An average of
three Douglas-fir trees in the dominant size-class were cored
on each site (Bingham and Sawyer, this volume). Age of
trees on young sites ranged from 24 to 99 years, on mature
sites from 100 to 200, and on old-growth sites 7200 years.

Eight of the young forest stands that we sampled had been
logged, and three were naturally regenerated after fire. All
mature sites were unmanaged. Moisture classification of old-
growth terrestrial sites was based on mean percentage cover
values and the absolute constancy of particular shrub and
herb species (B. Bingham, pers. comm.). Only the old-growth
mesic sites were used for analysis of the terrestrial herpe-
tofauna relative to forest age-class.

Landscape and macrohabitat variables-We use the term
landscape to describe variables that incorporated a broad
spatial scale (for example, elevation and distance from the
coast). We used the term macrohabitat for aspects of forest
structure and composition in general proximity to where
animals were sampled.

Plant species composition, structural features, and forest age
on terrestrial sites were gathered from three to five, 0.l-ha
circular plots in accordance with the methods described in
detail in Spies and others (1988) and Bingham and Sawyer
(this volume). All dead and down woody material with a
diameter 210 cm was measured. Values were averaged
among plots at each site and the means used to represent
that variable for the entire site. These data are reported as
macrohabitat associations.

Microhabitat variables-with each timed-search capture
we recorded type of substrate, vertical postion relative to
that substrate, the width and length of substrate objects (for
example, rocks, logs, or bark slabs), and the decay state of
logs and snags under 5 categories of decay from sound to
rotten (Maser and others 1979). Decay-class 1 was defined
as a newly fallen tree with intact bark, limbs, and twigs.
Decay-class 2 logs were sagging slightly, had intact bark,
with some large branches, but no twigs. Decay-class 3 logs
were sagging near the ground, with sloughing bark and no
large branches. Decay-class 4 logs were completely on the
ground, had little or no bark, and the wood was punky.
Decay-class 5 logs are well-decayed with soft, powdery
wood and massive invasion of roots and seedlings.

We estimated relative abundance of downed woody mate-
rial by size (based on surface area) and decay-class for our
sites by pooling data across vegetation sampling plots with-
in the same stands sampled for herpetofauna (data from
B. Bingham). These estimates included only woody material,

not bark, and were calculated separately for hardwood and
conifer species. These aspects of the habitat are reported as
microhabitat associations, and the data are presented as
frequencies of occurrence.

Sites Used for Analyses of Landscape and Habitat
Parameters

We used data from 42 terrestrial forest sites to compare
species richness, species equitability, relative biomass,
relative abundance by forest age- and moisture-class, and
structural aspects of habitat use. We omitted nine higher-
elevation, white fir-dominated sites and three sites on
serpentine soils because they differed greatly from our
remaining sites (appendix table 9). The high-elevation
sites were at the upper limit of the range of Douglas-fir
and contained a depauperate herpetofauna; the three ser-
pentine sites were open, dry, and brushy with abundant
lizards, characteristic of early successional clearcuts. Of the
42 sites, half occurred in the Coast Range (coastal area) and
half were inland in the Klamath/Siskiyou Mountains (inland
area) (appendix table 9). Differences in species numbers and
relative abundance of the total herpetofauna, salamanders,
frogs, and reptiles, among forest age- and moisture-classes,
were analyzed by geographic area (coastal vs. inland). Al-
though the coastal and inland sets of sites also showed a
latitudinal gradient, most of the species we examined range
across this gradient, therefore, we assumed no effect.

We used 39 stream sites for analyses of the aquatic herpe-
tofauna relative to forest age and habitat variables (appendix
table 9). Captures from all three reaches on each stream were
totaled for this analysis.

Statistical Methods

No significant differences were found between years for num-
bers of captures per site for either the pitfall or timed-search
data (Welsh and Lind 1988) so we combined years for these
data. Comparisons of mean species richness among forest
age-classes were based on the combined pitfall and timed-
search data. We used mass data taken during pitfall sampling
to compare biomass among forest age- and moisture-classes.
In all other analyses of terrestrial herpetofauna we used data
from the timed searches.

We tested the null hypotheses of equality of animal (or spe-
cies) abundance and biomass among forest age- and moisture-
classes by geographic area (coastal and inland), and a lack of
association between numbers of animals and habitat variables.

We used a 2-factor analysis of variance (ANOVA) to test for
differences in species numbers and relative abundance of
higher taxa (orders) among age- and moisture-classes in each
area (Dixon 1985:BMDP, 2V). Analysis of the relation of
individual species to forest age- and moisture-classes were
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restricted to those that were found on at least one-third of
sites. We incorporated results from an earlier analysis of
these data where relationships with forest age- and
moisture-classes within and among coastal and inland areas
were examined using one-way analysis of variance followed
by multiple comparisons (Welsh and Lind 1988). Two
species were restricted primarily to either our coastal
(California slender salamander) or inland area (Del Norte
salamander); their relations to habitat were analyzed only
within the appropriate area.

We used Jaccard’s similarity coefficient to compare species
composition among forest age- and moisture-classes (Sneath
and Sokal 1973: 131):

Sj= a ,
a + b + c

in which, for any two classes, a = number of species in
common, b = number of species in the first class only, and
c = number of species in the second class only.

Mean biomass for the most common species and higher taxa
is reported by forest age-class (coastal and inland areas com-
bined), based on combined fall pitfall samplings from 1984
and 1985-a total of 115,200 trap-nights. We have no way
of estimating the actual area sampled by our pitfall grids;
however, we assumed that they sampled the same area on all
sites regardless of slope or topography. We emphasize that
these are not density data. We recognize that many species
are not effectively sampled by pitfalls (for example, snakes,
clouded salamanders, and treefrogs) and we do not assume,
even for those species sampled effectively, that all individ-
uals in the grid area were captured. We present these data as
relative biomass. We used a l-factor analysis of variance
(ANOVA) to test for differences in biomass among forest
age- and moisture-classes (Dixon 1985:BMDP, IV).

Correlation and all-possible-subsets regression analysis were
used to examine the relationships of the herpetofauna to for-
est vegetation, structure, and landscape characteristics (Dixon
1985: BMDP, 9R; Neter and others 1989). Forest age and
geographic area (distance from coast) were included as con-
tinuous variables in this analysis. We analyzed a total of 36
biologically relevant variables relative to captures per person-
hour (timed search) of salamanders (all species combined),
reptiles (all species of lizards and snakes combined), and the
four most abundant species of salamander. We selected the
36 variables from an independently derived data set of over
60 measures of forest structure and composition (Bingham
and Sawyer, this volume) that we judged biologically rele-
vant to the herpetofauna, and that reduced redundancy (such
as selecting hardwood log volume over hardwood log

weight). All-possible-subsets regression was performed on
subsets of 15 variables that were most highly correlated with
each species or species group but that were not highly inter-
correlated (R < 0.80). For each species or group, we report
the best univariate and multivariate models with up to five
variables, based on maximum adjusted R2.

Chi-square goodness-of-fit tests were used to examine the
relation between the size, type, and decay-class of downed
wood available and the microhabitat associations of the total
herpetofauna and selected salamander species.

We emphasize that our inferences are drawn from obser-
vations and not experimental manipulations. Although our
results are described in the context of hypothesis-testing,
our study was primarily exploratory. Because the total
number of sites we sampled in each age- or moisture-class
was small, we caution against broad inferences. We report
actual P-values for our analyses so that readers may judge
the level of significance of any particular test result. For
purposes of discussion, we use alpha level < 0.05 to indicate
significance.

Results and Discussion
Composition of the Herpetofauna

We captured 6419 individuals by all sampling methods
combined from the 54 terrestrial and 39 aquatic sites; 97.6
percent were amphibians and 2.4 percent reptiles (table 1).
Most captures (88.1 percent) were salamanders, clearly the
dominant group among the forest herpetofauna of this region.
Bury and Corn (1987), using pitfall/drift-fence arrays in sim-
ilar forested habitats in the Oregon and Washington Cascades,
also found salamanders to comprise a high proportion (51.9
percent) of the herpetofauna. Their data also indicated a high
proportion of frogs (42.5 percent) but most of these captures
resulted from intercepting groups of dispersing young-of-the-
year at a few stands. Using these data to estimate the relative
abundance of frogs in the Cascade forests would probably
give inflated values, although we would expect frogs are
probably more abundant there than here because of the
higher and more consistent precipitation in Oregon and
Washington.

We suspect that our sampling regime probably underesti-
mated the reptile component of the herpetofauna because of
timing. The timed searches were performed in early to mid-
spring, and the pitfalls were run in mid- to late fall corre-
sponding with the fall rains. Both periods would favor the
capture of amphibians, but are, respectively, early and late
for the best reptile sampling. Combining total captures from
our timed-search and pitfall data, we found 2.4 percent were
reptiles. Bury and Corn (1987) ran their arrays from late
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Table 1-A comparison of numbers of captures by order for
herpetofauna collected by 4 sampling methods in Douglas-fir/
hardwood forests of northwestern California and southwestern
Oregon from 1984 to 1986

Taxa

mature stands is a result of these sites being generally closer
to ponds and streams than other sites. This proximity to
riparian areas tended to increase the number of species
(particularly amphibians) detected relative to sites farther
from water.

Method
Sala- All

manders Frogs Lizards Snakes Turtles species

Pitfall traps
Time-

constrained
searches

Area-
constrained
aquatic
searches

Opportunistic
observations

1580 48 13 1 0 1642

3156 49 95 29 0 3329

914 508 0 0 0 1422

8 4 4 9 1 26

All methods
combined

Percentage
of total

5658 609 112 39 1 6419

88.1 9.5 1.7 0.6 <0.01 100

May through the dry summer months and into the fall; they
reported 5.6 percent of captures were reptiles. Also, they
used funnel traps with their pitfall arrays, which significantly
increased their capture of snakes.

Relations of the Herpetofauna to Forest Age, Moisture,
and Geographic Area

Species richness and species similarity-Combining all
methods, we found 31 species, 16 reptiles and 15 amphibians,
on the 54 terrestrial and 39 aquatic sites (table 2); the number
of species per site ranged from 1 to 13.

I Analysis (ANOVA) of numbers of terrestrial species among
geographic areas and forest age- and moisture-classes for 42
terrestrial sites (appendix table 9) indicated no significant
differences in species richness among age- or moisture-
classes, but a significant difference between coastal and
inland areas and a significant interaction effect between
forest age and area (table 3). We found greater species rich-
ness in the Coast Range, Four of the five species detected in
the coastal area but not inland (four snakes species) are
known to occur in the vicinity of our inland sites. Only the
fifth species, the arboreal salamander, has not been reported
from this part of California (Stebbins 1985). Consequently,
differences in geographic areas do not appear to reflect true
biogeographic differences but are probably best explained as
an artifact of the difficulty of sampling for snakes (Welsh
1987, Welsh and Lind 1988). The significant interaction
effect between forest age and area results from detecting
more species in the mature age-class in the coastal area only.
We consider that the greater richness found on the coastal

Although we did not find significant differences in species
richness among forest age- or moisture-classes, we did find
notable differences in species composition. Using presence-
absence data, we calculated Jaccard’s similarity index for 10
randomly selected sites in each forest age-class. These results
(table 4) indicated higher similarity among species for the
mature and old-growth sites and lower similarity between the
young sites and both of the older age-classes.

These differences among age-classes are attributable to the
loss, after logging, of certain amphibian species that occur in
the older age-classes and the addition of several lizard spe-
cies that prefer the open, drier, and warmer areas resulting
from clearcut logging. Bury and Corn (1988a), Raphael
(1988c), and Raphael and Marcot (1986) also found more
lizards in early successional stages after timber harvest.

Using the similarity index for four randomly selected sites in
each moisture-class indicated lowest similarities between the
wet and dry sites. Differences in species composition among
moisture-classes are also attributable to amphibian species
being replaced by reptile species on the relatively more xeric
and generally more open old-growth dry sites (table 4).

Species equitability-We examined species evenness or
equitability by plotting the numbers of captures for the 10
most abundant species vs. species rank, with data (timed-
search) from 10 sites in each forest age-class (only the mesic
sites from the old-growth set). We ranked the species from
most to least abundant along the x-axis. Results indicated
that the herpetofaunal assemblage of this area, like other
herpetofaunal communities both temperate and tropical
(Scott 1982), is dominated by a few species and hence dis-
plays low equitability (fig. la). We found little difference
among forest age-classes. A similar analysis for four ran-
domly selected sites in each old-growth moisture-class
indicated no apparent differences (fig. lb).

Relative abundance-Analysis (ANOVA) of the number of
captures (timed-search data-total herpetofauna) by geographic
area and forest age- and moisture-class indicated significant
differences in total numbers of individuals among forest
age-classes (table 3). In a previous analysis of the same data,
we found that these differences were significant only between
the young and the old-growth sites (old > young, P < 0.05:
Welsh and Lind 1988) but not between the two older age-
classes.
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Table Z-Total captures from all sampling methods and summary of analyses of relative abundance by forest age-class of 
herpetofaunal species in Douglas-fir/hardwood forests of northwestern California and southwestern Oregon 

Species 
SZZElpltig 

method(s)” 

Fmes and toads 
T%led frog 
western toad’ 
Pacific treefrog 
Footbill yellow-legged frog 
Red-legged frog’ 

Salamanders 
Northwestern salamandd 
Pacific giant salamander 
Olympic salamander 
Roughs!& newt 
Del Norte s&ma,,de# 
EIlSatilIe 
Black salamander 
Clouded salamander 
Arboreal salamandera 
California slender salamanderf 

Turtles 
Western pond tonle’ 

Lizards 
Western fence lizards 
Sagebrush lizardg 
Westem skid? 
Southern alligator lizard’ 
Northern alligator lizard 

SllakeS 
Robber boa’ 
Sharptail snake’ 

Ringneck snake’ 
RaCera 
California mountain kioesnakoa 
common garter makee - 
Western terremiial garter mkee 
Western aquatic garter snakeC 
Northwestern garter snake’ 
Western rattlesnakea 

AC.PF.TC.OP 
PF,TC 
TC,PF,OP 
PF,AC 
OP 

PF,TC,OP 
AC,PF,TC 
TC,AC,OP,PF 
TC,PF,AC 
TC,PF 
TC,PF 
TC,PF,AC 
TC.PF.OP 
PF’ 
TC,PF 

OP 

TC,PF,OP 
TC, 
TC,PF 

~:,PF.OP 

TC 
TC.OP 
TC 
TC.OP 
TC 
TC 
TC 
TC 
TC,PF 
OP 

Mean relative abundance 
among forest age-classes”. c 

0.001 A 

-.366 
,392 

,254 B 
,001 B 
,377 
,016 B 
,036 
,701 
,495 

-.014 

-.239 
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Table 3-F-statistics and P-values from Z-factor analyrs of 
variance of species richness (timed-search and pitfall data) and 
relative abundance of higher taxa of herpetofauna (timed-search 
data) by forest age- and moisture-class in coastal and inland 
areas 

Total number 
of species 1.48 12.83 3.36 0.75 0.50 2.98 

cw (.001) C.05) (.49) (.49) cw 

Tolal helpe- 
tofauna” 3.33 .oo 2.42 1.14 0.85 

co3 (.99) (.W (.30) (.45) 

A” da- 
tM”dUS” 3.08 28 .13 2.24 Lo7 .84 

(.04) WN VW C.14) (.32) (.45) 

A” frogs 1.01 1.48 2.84 7.41 2.33 7.72 
C.38) (-23) CW cow (.15) ww 

A” reptiles 2.68 2.87 .56 2.88 .81 1.76 
(.09) WI) (.57) (.09) (.38) W) 

Table 4-Jaccard similarity index values” for species of herpe- 
tofauna in 3 age-classes and 3 moisture-classes of Douglas-tirl 
hardwood forest 

Age-class YOUFIg Old growth 

Mature 
Old-growth 
Total number 

of species 

Moisture-class 

0.54 
.48 

16 (.62)b 

Old-wet 

0.71 

21 (.62) 

Old-mesic 

15 (.73) 

Old-drv 

Old-mesic 
Old-dry 
Total number 

of species 

.64 

.50 .67 

10 (.80) 13 (.69) 17 (.59) 

Species rank 

1 2 3 4 5 5 7 8 9 10 

Species rank 

Salamanders (timed-search data, all species combined) 
showed a significant difference among age-classes (table 3), 
also occurring in greater numbers on old-growth forest sites 
(old > young, P < 0.05: Welsh and Lind 1988). Of the eight 
species of salamanders sampled in sufficient numbers for 
statistical analyses, half were significantly more abundant 
on old-growth forest sites: Olympic salamander, Del Norte 
salamander, ensatina, and California slender salamander 
(table 2). 
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Although this analysis failed to detect significant differences 
among moisture-classes for the total herpetofauna or sala- 
manders (table 3), in a previous analysis of these data, using 
the Games and Howell modification of the Tukey test, we 
found significant differences between the mesic and dry cat- 
egories for both of these groupings (Welsh and Lind 1988). 

Frogs detected by terrestrial sampling (timed-search data, 
all species combined) were not significantly more abundanr 
in any forest age-class (table 3). We did find significant 
moisture-class effects and moisture-class and area interaction 
effects, however, these. results reflect the fact that terrestrial 
annrans (mostly Pacific treefrogs) were significantly more 
abundant on our mesic sites within the Coast Range (mesic > 
wet, P = 0.02: Welsh and Lind 1988). This result may be due 
to the fact that the mesic sites were generally closer to appro- 
priate breeding habitat for treefrogs. Terrestrial anurans were 
absent from most of our inland sites, probably because the 
inland area is drier than the coastal area. These climatic dif- 
ferences between areas probably account for rhe significant 
interaction effect between moisture-class and area indicated 
for frogs (table 3). 

The forest age-class analysis did not yield significant rela- 
tions for species of terrestrially sampled frogs (table 2). Inta- 
preting our results for the abundance of frogs and aquatic- 
breeding salamanders relative to forest age- and moisture- 
class is confounded because we did not gather data on dis- 
tances from our forest sites to suitable breeding habitat for 
these species. Proximity of breeding habitat is probably the 
single most important factor in determining the presence and 
relative abundance of these species. Bury and Corn (1988a) 
reported marked increases in numbers of these amphibians 
on sites near appropriate breeding habitat, regardless of 
forest age or moisture-class. 

Our aquatic sampling (area searches) detected two species of 
frogs, the foothill yellow-legged frog and the tailed frog. The 
tailed frog was significantly more abundant in streams asso- 
ciated with old-growth forests (table 2). 

Reptiles as a group did not appear to be significantly in- 
fluenced by geographic area, forest age, or forest moisture 
(table 3). but our samples were small for these taxa. 

The only reptile species for which we had adequate numbers 
to compare abundances among forest age-classes was the 
northern alligator lizard. It was detected in similar numbers 
in all forest age-classes (table 2). 

Table S-Mean relative biomass, in grams, from pitfall sampling 
in different age- and moisture-classes of Douglas-fir/hardwood 
fwests In northwestern California and southwestern Oregon 

i145.60 - 

Mean biomass-We found a pattern of increasing biomass 
of terrestrial amphibian species from young to old-growth 
forest age-classes (table 5). Because of high variances among 
sites within both age- and moisture-classes, however, analysis 
(l-factor ANOVA) indicated only one species, the California 
slender salamander, to have significantly higher biomass on 
older stands (F = 6.99, P = 0.009). 

Ensatina accounted for 67 percent of the relative biomass 
(all sites combined) followed by the Pacific giant salamand- 
er at 16 percent. Some notable differences were found in 
some species’ relative contributions to abundance and 
biomass. The Pacific giant salamander had low mean rela- 
tive abundance (0.182/1000 trap-nights), but its mean bio- 
mass exceeded that of the more abundant California slender 
salamander (1.23/1000 trap-nights) and the Del Norte 
salamander (3.65/1000 trap-nights) in most forest age- and 
moisture-classes (table 5). These two smaller salamanders 
accounted for 1 percent and 9 percent of the biomass, 
respectively. 
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Differences between the Coast Range and the Klamath
Mountains-Although we consider the difference in mean
number of species between coastal and inland areas (table 3)
to be an artifact of sampling difficulties rather than a re-
flection of true biogeographical differences, we did find
some evidence of real differences between these areas. For
example, we found significantly more black salamanders and
a pattern of higher abundance for many other species in the
Coast Range, although differences were not statistically sig-
nificant for the other species (Welsh and Lind 1988). We
think that the explanation for these results lies in differences
in the suitability of habitats for the herpetofauna. Progressing
from the influences of the Pacific Ocean eastward toward
interior California is a pronounced environmental gradient
characterized by high precipitation, both rain and fog, and
mild temperatures along the coast, to lower precipitation and
more extreme temperatures-both highs and lows-farther
inland (Kahrl 1979:5, 13). Conditions along the coast create
more suitable conditions for forest-dwelling herpetofauna,
particularly amphibians, than do conditions inland. This
climatic gradient may have affected the number of species
(table 3), the increasingly patchy distribution of their popula-
tions, and their relative abundance (see below). For example,
we found the black salamander on 43 percent of coastal
stands versus 19 percent of inland stands (also see Lynch
1981). Either actual densities of individuals of many but not
all species are greater in coastal areas, or more equable
coastal habitats tend to increase the likelihood of detection of
individuals and of less-common species because of more
accessible retreats (near or on surface vs. subsurface cover).

Forest Landscape and Habitat Structure: Macrohabitat
Associations

Herpetofaunal abundances (timed-search data) were related
to macrohabitat characteristics of the forest by using cor-
relation and regression analyses for 36 variables (table 6).
We report the five “best” single predictor-variables of animal
abundance, and the best multivariate models (up to five vari-
ables) for the most common species of salamanders and for
salamanders and reptiles as a whole (table 7).

Salamanders-As a group, salamanders were significantly
related to macrohabitat variables associated with late-succes-
sional stages of the forest (table 7): increasing densities of
large trees, particularly hardwoods, and large snags, and a
decreasing density of small conifers. Also of importance in
predicting salamander numbers were landscape variables
(table 6) indicative of relative moisture in the habitat-
distance from coast (negative correlation) and presence of
seeps. The third type of variable that entered into our pre-
dictive models for salamanders were ground layer variables:
percentage cover of rock, a significant indicator of protective
cover, and percentage vegetation cover from 0 to 0.5 m high.

Table 6-Macrobabitat variables used for multiple regression
analysis

Landscape variables
Forest age (years)
Elevation (m)
Solar (KgCal/cm2[Langleys]/year)
Presence of streams
Presence of seeps
Distance from coast

Tree variables
Small conifers (all tree variables are stems/ha)
Large conifers (>80 cm diameter at breast height [d.b.h.])
Small hardwoods
Large hardwoods (>50 cm d.b.h.)
Small trees
Large trees
Basal area conifers (m2/ha)
Basal area hardwoods
Total basal area
Conifer importance (number of stems + basal area)
Hardwood importance
Canopy cover (ocular percentage cover estimate; mean of 3-5

200 m2 plots/stand)

Coarse woody debris variables
Large snags (>50 cm d.b.h. & >4.5 m tall)
Small snags
Large conifer logs (>50 cm diameter & >15 m long; pieces/ha)
Small conifer logs
Small hardwood logs
Large logs
Small logs
Large-log weight (metric tons/ha)
Small-log weight
Conifer-log volume (m3/ha)
Hardwood-log volume
Sound-log volume
Decayed-log volume
All-log volume

Ground layer variables
Litter depth (mm; average of 36-60 profiles/stand)
Rock (ocular percentage-cover estimate; mean of 3-5 200 m2

plots/stand)
Ferns (ocular percentage-cover estimate; mean of 3-5 200 m2

plots/stand)
0-.5 m vegetation cover (ocular percentage-cover estimate; mean

of 3-5 200 m2 plots/stand)

Vegetation cover was negatively correlated with salamander
abundance, but this may be a sampling artifact. Given equal
search time on otherwise comparable sites (timed-search
method), the site with the thicker understory might yield
fewer salamanders because of increased difficulty in finding
obscured cover materials (Welsh and Lind 1988).
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Table 7-Results of multlple regression analysis for abundance of selected herpetofauna (tbnedsearch data) relative to macro- 
habitat variables (the 5 best Angle variables and the best multivariate models are given) 

Variables in model 
R’ 

C” (4.) F P 



Table 7-mntlnued 

Variables in model Ca 
R= 

(adi) 

Ensatina-We caphred more ensatina, by both timed search 
and pitfalls than any other species (table 2; Welsh and Lind 
1988). Significant relationships with large-tree and large- 
hardwood densities (positive correlations) and small conifers 
(negative correlation) (table 7) are consistent with signifi- 
candy higher abundances of ensatina on old-growth sites 
(table 2). Also significant in our predictive models for this 
species are variables indicative of protective cover: density 
of small hardwood logs @ositive correlation), and vegetation 
cover fmm 0 to 0.5 m tall (negative correlation-see expla- 
nation above, under salamanders). Presence of seeps, pos- 
sibly an indication of relatively moister soils, was also im- 
portant for ensatina. Previously (Welsh and Lind 1988), we 
found significantly more ensatina in the inland area. The 
appearance here in two of OUT models of a positive COT- 
relation with “distance from coast” (table 7) is consistent 
with OUT earlier result. This finding contrasts with the nega- 
tive correlation for salamanders as a whole (table 7). Despite 
its ubiquity in the moist, cool forests of the Pacific Northwest 
and in contrast to other native salamanders, ensatina appears 
to have greater tolerance of the higher temperatures and 
lower moisture that are characteristic of interior forested 
areas of northern California. This tolerance is further evi- 
denced by its distribution in other parts of California, par- 
ticularly the Sierra Nevada, and the mountains of southern 
California (Stebbins 1985). 

Del Norte salamander-This species was found primarily 
on sites in the Klamath/Siskyou mountains, and a subset of 
sites within their geographic range was used in the analysis 
(a = 18). Del None salamander abundance varied positively 
with forest age, basal area of hardwoods, and large trees, and 
negatively with small conifers (table 7). a pattern indicative 
of late-successional forest. Percentage cover of rock was also 
important. This species was always found on sites with rocky 
soils, and most captures occurred in direct association with 
rock or under woody debris in contact with rock. The reason 
for the addition of two negatively correlated variables des- 
cribing downed woody material in the multivariate models 
for this species (table 7) is not clear. 

California slender salamander--This species was found 
primarily on sites in the Coast Range, and a subset of sites 
within their geographic range was used in the analysis (n = 
21). The greatest amount of variation in numbers was ac- 
counted for by the landscape variables of elevation and 
distance from coast (negative correlations; table 7). A single 
cover variable-percentage cover of rock-and several 
variables indicating late-successional forest also proved 
to be significant. Significance of the late-sucessional forest 
variables is consistent with earlier analyses that found the 
slender salamander to ouxn in greater abundance on old- 
growth sites (table 2; Welsh and Lind 1988). 
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- 
Litter Rock Bark 

Substrate 

Logs 

We performed a second multiple regression on the slender 
salamander data to determine the importance of forest struc- 
tural factors apart from the overriding factors of elevation and 
distance from coast (table 7). The second analysis brought 
in additional variables that covaried positively with late- 
successional forest, such as forest age and large hardwoods, 
but these variables were not significant. The cover variable 
sound-log volume and the presence of seeps were significant 
in oar second multivariable model, however. Bingham and 
Sawyer (this volume) found sound-log volume to be greater 
on old growth than young or mature sites, and the positive 
correlation with abundance of slender salamanders once 
again indicates an association with older forests. The negative 
correlation with presence of seeps is difficult to explain and 
may be spurious. 

Clouded salamander-Our analysis of data for this species 
indicated an association with cool, moist forest with positive 
correlations with increasing canopy cover and presence of 
seeps. Its abundance was also related to decayed woody de- 
bris (significant positive correlations with small-log weight, 
decayed-log volume, and small conifer logs). The remaining 
variables entering models are consistent with these asscci- 
ations (table 7). The low adjusted R2 for our best model 
(0.331) explained less than half the variation in abundance, 
however. 

Species 

Reptiles--Our analysis of reptiles is based on a total sample 
of 151 captures of 15 species, including both snakes and liz- 
ards (table 2). Lumping such a diverse array of species has 
obvious shortcomings, but it offers an informative contrast 
to macrohabitat use by the salamanders which dominate the 
forest helpetofauna of this region. Five significant variables 
entered the model; reptile abundance was negatively cor- 
related with all of them (table 7). Collectively, high values 
of these variables indicated cool, moist, late-successional 
forests--clearly not optimal habitat for most reptiles. Addi- 
tional variables that entered the regression models were also 
indicative of late-successional forests and negatively cor- 
related with reptile abundance. The only variable that 
showed a positive correlation with reptile abundance was 
“solar,” a measure of incident radiation (Frank and Lee 
19&f, as would be expected with a group of heliothermic 
species. The adjusted R2 for our best model (0.270) indicated 
these variables explained little of the observed variation in 
reptile abundance. 

Forest Landscape and Habitat Structure: Microhabitat 
Associations 

Substrates-We analyzed all timed-search captures by sub- 
strate, combining them into four categories (fig. 2). Of 2769 
total captures, 87.5 percent were associated with dead, woody 
plant material-logs, snags, and bark. We analyzed the distr- 
butions of the five most commonly captured salamanders 
relative to these substrate categories (fig. 3). Ninety-nine 
percent of clouded salamanders, 89 percent of slender sala- 
manders, 93 percent of ensatina, and 90 percent of roughskin 
newts were captured in association with dead, woody plant 
material. The slender salamander was more commonly en- 
countered in the litter layer, and the Del None salamander 
more commonly captured among rocks, than any of the other 
salamander species (fig. 3). 

406 



Table S-Results (P-values) of cbl-square analyses comparing logs where salamanders WEE captured to the distributions of logs in 
different size- and decay-classes0 

Hcrrington (1988) reported the Del Norte salamander as 
essentially restricted to talus habitat. We concur that rocky 
habitats are important for this species (see macrohabitat 
section, above), but we believe some clarilication is war- 
ranted. All of our captures for the Del Norte salamander 
occurred on sites with talus, rock outcrops, or rocky soils. 
Within these areas, however, we also found (his species 
using downed woody debris for cover. Sixty-two percent 
of our captures were associated with such material (fig. 3), 
and 5 percent were within decayed logs. 

We have almost no knowledge of the importance of below- 
surface habitat use for forest salamanders (N. Scott, pers. 
comm.): however, our data indicate that large numbers of 
salamanders use the subsurface, surface, and above-surface 
habitats provided by downed woody debris. Similar results 
from other studies in comparable habitats (Aubry and others 
1988; Bury and Corn 1988~~ Corn and Bury, this volume b) 
support the conclusion that these habitat features are prob- 
ably essential for many species of forest salamanders. 

Size of woody debris cover--The highest capture rates of all 
species combined were in the smallest and the next two lag- 
er size-classes of both conifer and hardwood logs (fig. 4). 
Captures were significantly lower than expected in several of 
the intermediate size-classes and did not vary from expected 
captures in others (table 8). The most abundant downed 
woody materials on our sites were. pieces in the 0.5. to 1-m’ 
size-class (fig. 4), but the frequency of captures of herpeto- 
fauna for this size-class was significantly less than expected 
(table 8). Although we captured salamanders in the largest 
size-classes of both conifers and hardwoods, the independent 
data set from which we derived our expected values lacked 
sufficient numbers of logs in these classes to allow for 
statistical tests (fig. 4, table 8). 

The slender salamander and ensatina occurred in patterns sim- 
ilar to that described for the total herpetofauna (table 8). The 
clouded salamander, however, apparently chooses the larger 
classes (table S), particularly of conifer logs (fig. 4), consist- 
ent with the findings of Corn and Bury (this volume b). The 





Del Norte salamander occurred more often than expected
under the smallest size-class of both hardwood and conifer
debris, less than expected in intermediate conifer debris, and
showed no deviation from expected in large conifer and all
other hardwood classes (table 8).

Decay-class of woody debris-Our estimates for the amount
of downed woody material (logs and branches-snags were
not included) by decay-class indicated a nearly normal
distribution from sound to rotten, with more conifer than
hardwood pieces (fig. 5). Decay-class 3, characterized by
logs with bark exfoliating and heartwood beginning to rot,
contained the most pieces. In contrast, captures of the total
herpetofauna by decay-class indicated significantly more
captures than expected for class 4 conifer and class 4 and 5
hardwood logs, and fewer captures than expected in class 1,
2,3, and 5 conifer logs, and class 1,2, and 3 hardwood logs
(table 8).

The slender salamander and ensatina occurred in patterns sim-
ilar to those of the total herpetofauna with two differences.
Both occurred as expected in class 5 conifer logs, and the
slender salamander also occurred as expected in class 3 and
5 hardwood logs (table 8). The clouded salamander showed a
strong preference for conifer logs (82 percent of all captures;
fig. 5), and was captured more often than expected in decay
class 3 (table 8). The Del Norte salamander was captured
more often than expected under class 4 and 5 hardwood and
class 4 conifer logs, and significantly less often in associa-
tion with many of the sound-log classes (table 8).

Conclusions
Although we found 31 species of amphibians and reptiles
over the course of this study, with 1 to 13 species per site,
the herpetofauna of the region demonstrated low equitability,
being dominated by a few species of salamanders. Species
richness did not differ by forest age- or moisture-class, but
species composition did. Several species of amphibian were
rare or absent from young sites, while reptiles were relatively
more abundant on these sites and on the old-growth dry sites.

We captured over 6400 individuals, of which 97.6 percent
were amphibians, with salamanders comprising 88.1 percent.
Terrestrial salamanders were more plentiful on old-growth
sites, with four of eight species sampled at greater than in-
cidental levels, significantly more abundant on these sites.
Concurrently, we found greater relative biomass of am-
phibians on old-growth mesic sites and greater relative
biomass of reptiles on young and dry sites.

We found that structural components (multiple regression
analysis; macrohabitat variables) associated with older
forests (Franklin and Spies, this volume) were the best
predictors of increased numbers of salamanders.

Our analysis of microhabitat associations indicated that large,
well-decayed logs, both hardwood and conifer, were the most
heavily used downed woody debris. We found that the pat-
tern of use of woody debris varied considerably, both in size-
and decay-class, by species of salamander.

Nineteen of the 31 species we detected were captured at
incidental levels (table 2). Some of these species may be
considered secondary elements of the forest herpetofauna-
for example, the sagebrush lizard that invades open areas
subsequent to harvesting. Others, however, were captured
rarely, either because they were uncommon or because we
lacked adequate methods to sample them-for example,
snakes. We know little about these species’ life histories,
their relation with the forest environment, what constitutes a
viable population, or how these populations respond to the
conversion of old-growth forests to young, managed stands.

Management Strategies To Maintain a Viable
Herpetofauna
An increasing body of evidence from research in forested
habitats indicates a change in herpetofaunal species compo-
sition, reduction of numbers of species, and reduced abun-
dance within species after logging (Bennett and others 1980;
Blymer and McGinnes 1977; Buhlmann and others 1988;
Bury 1983; Bury and Corn 1988a, 1988b; Bury and Martin
1973; Corn and Bury 1989; Enge: and Marion 1986; Gordon
and others 1962; Herrington and Larsen 1985; Pough and
others 1987; Ramotnik and Scott 1988; Welsh and Lind
1988). Forests cannot be harvested without affecting the
herpetofauna, but we believe that it is possible to reduce
long-term adverse effects. Area-specific strategies can be
developed that take into account the natural history of local
species of reptiles and amphibians and the particular habitat
requirements of these species. With this knowledge, the
timing and potential effects of harvest activities can be
modified to ensure minimal impact and thus maintain the
long-term viability of the herpetofauna.

Based on data reported here and previously (Welsh and Lind
1988) for northwestern California and southwestern Oregon
and summarizing ideas presented by other authors cited
above, we propose a four-part strategy to ensure the long-
term viability of all elements of the local herpetofauna in
areas subjected to logging.

Avoid riparian zones-Riparian zones are often the most
species-rich (for all wildlife, not just herpetofauna), and their
protection with no-cut buffer zones could maintain source
populations and corridors for gene flow that would promote
rapid repopulation once regeneration has created suitable
habitat in harvested upland areas (see Bury and Corn 1988b
Bury and others, this volume b; Gilbert and Allwine, this
volume c).
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Protect special habitats-Protecting special habitats in-
cludes springs, seeps, and other headwater habitats; large
rock outcrops; talus slopes; ponds, and unique patches of
habitat that are critical to certain highly sensitive species
(for example, the red-legged frog, Olympic salamander,
tailed frog, and Del Norte salamander) (see also Bury 1988;
Bury and Corn 1988b; Bury and others, this volume a, b;
Corn and Bury 1989; Gilbert and Allwine, this volume c;
Herrington 1988).

Provide microhabitat-For forest herpetofauna, providing
microhabitat means managing for downed woody debris.
Almost all species of forest herpetofauna use woody debris
at some stage, and many species use it throughout their
existence, for cover, foraging, or nesting. After logging,
an abundant amount of woody debris should be left, in all
sizes and decay-classes, including both hardwoods and
conifers when present, to facilitate the recovery of the ter-
restrial herpetofauna and other small vertebrates (see also
Aubry and others 1988; Bury and others, this volume a;
Corn and Bury, this volume b). The simplest approach is to
leave all downed woody debris that was present before
harvesting.

Minimize direct Bogging effects--Restricting tractor log-
ging would minimize compaction of the soil, and cable log-
ging in winter would have far less effect on hibernating
herpetofauna (Ramotnik and Scott 1988). As much canopy
as possible should be left to prevent drying of the soil and
alteration of understory vegetation.
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Appendix
Table  9-Study  sites in mixed evergreen  forests of northwestern  California  and southwestern  Oregon (sites marked  with
an asterisk were included for total capture counts but  omitted  from further analvse-ee  text)

Sites
Age-

ClaSSO

Moisp-
class ’ c Location

countly,
state

Elevation
(4

Terrestrial:
Jnland-

Little Greyback
Tunnel
Waterman Ridge
*Buck Peak
Althouse
Brush Mountain
Gray
Hennessey Peak
Oregon Caves
Shelterwood
*Left Hand
*Upper Horse
Beartooth Mountain
Brannon East
Cedar Creek
*California Greyback
*Frog Pond
*Holcomb Peak
*Serpentine Wet
Big Creek-East
Clouded
Ladder Rock
spotted Owl
Tish Tang
Sharber
*Galleghy Grove
*Page Mountain
*Serpentine Mesic
*Skag Hope
Ham Camp
South Fork
Waters Creek
*Serpentine Dry

coastal-
Bald Mountain
Barnes Thirty
Fawn Prairie
Homestead
Lord Ellis
Mud Springs
Seed Tree
Shelterwood Leave
Elder Creek
Elkhom Xeric
Fanny’s Place
Harwood’s 90
White House
Old Growth
Skunk Creek
Standley Grove
Alpine
Elkhom Hydric
Fox Creek
Ten Mile Creek
Darby’s Place
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Y
Y
Y

li

iti
M
M
M
M

E
0
0
0

:
0

:
0
0

:

:
0

iii
0
0
0

Y
Y
Y

y’

::
Y
M
M

M”
M

:
0
0
0
0
0
0

M
M
M

ii
M
M
M

ii
M

“w
W

:
W
W
W
M

ii
M
M

M”
M
M
M
D
D
D
D

M
M

z
M

iti
M

E

M”
M

r
W
M
M
M
M
D

T39S,R6W,S8
T18N,R4E,S3&4
T7N,RSE,S  15
T39S,R6W,S33
T40S,R8W,S3
T6N,RSE,S  18
T5N,R6E,S4&5
T5N,R6E,S8&9
T39S,R6W,S31
TlN,R4E,S34
T40S,R6W,S23
T40S,R6W,S16
T6N,R7E,S34
T6N,R4E,S 13&24
T7N,R5E,S30
T19N.R6E.S32
T41S,‘R7W.S14
T39S,R6W.S9
T41S,R9W,S4
T6N,R7E,S36
TlS,R4E,S2
T8N,R6E,S32
TlS,R4E,S2&3
T8N,R5E,S35
T6N,R6E,S7
T41S.R7W,S8.9,17,18
T4lS,R7W,S8
T38S,R9W,S25
T41S,R7W,S7
T40S,R7W,S29&30
T6N,R6E,S3 1
T36S,R7W,S28.29,32,33
T38S,R8W,S29

T6N,R3E,S 17&20 Hum&IA
T22N,R16W,S29&32 Me&A
T7N,RZE,S25 Hum,CA
TZlN,R16W,S13&24 Men,CA
T6N,R3E,S8&17 Hum,CA
T21N,R15W,S13&24 Men,CA
Tl4N,RlE,S21&22 Del,CA
T14N,RlE,S27 De&CA
T22N,R16W,S28 Men,CA
T22N,R16W.S17 Men,CA
T22N,R16W,SZl Men,CA
T21N,Rl5W,S23 Men,C A
T22N,R16W,SZl Men,CA
T14N,RlE,S21&28 Del,CA
T22N,R16W,S29 Men,CA
T2lN,R16W,S26 Men,CA
T22N,R16W,S20&21 Men,CA
T22N,R16W,S17 Me& A
T22N,R16W,S21&22 Men,CA
T22N,R16W,S15&16 Men,CA
T18N,R13W,SlKrZ Me&A

Jos,OR 1205
Del,CA 624
Hum,CA 633
Jos,OR 1366
Jos,OR 427
Hum,CA 1050
Tri,CA 972
Tri,CA 949
Jos,OR 872
Hum,CA 1022
Jos,OR 1362
Jos,OR 1502
Tri,CA 1144
Hum,CA 750
Hum,CA 665
Del,CA 1556
Jos,Or 1539
Jos,OR 1411
Jos,OR 549
Tri,CA 1134
Hum,CA 961
Hum,CA 805
Hum,CA 981
Hum,CA 680
Tri,CA 747
Jos,OR 1334
Jos,OR 1519
Jos,OR 527
Jos,OR 1305
Jos,OR 1053
Tri,CA 659
Jos,OR 614
Jos,OR 544

846
467
750
726
778
689
120
120
555
518
445
695
427

5;;
481

zz
543
445
587



Table 9-continued

Sites
Age-
classa

Moistye-
class  ’ c Location

coung,
State

Elevation
(4

Aquatic:
Annnon-North
Barnwell  Creek
Bybee Creek
Coon Creek
Four Mile Creek
Hawkins  Tributary
Kenny  Creek
Sixteen  Gulch
Sugar  Creek
AlthouseMain
Ahhouse-West
Bolan  Creek
Chamberlin  Creek
Days  Gully
Lefthand  Creek
Limestone  Creek
McKinley  Creek-Upper
Page  Creek
Barney Creek
Big Creek-East
Big Creek-Main
Brannon  Creek
Butte Creek
Campbell Creek
Cedar  Creek
Elder  Creek
Elk Creek
Elkhorn Creek-Upper
Elkhom  Creek-Lower
Fox Creek
Frog Pond  Creek
Happy  Camp Creek
High Prairie
Horse Liito-East
Little Creek
Little Greyback Crk.
McKinley  Creek-Lower
Paralyze-Canyon
Skunk  Creek

Y

;
Y
Y

::
Y

iti

iti
M
M
M
M

iti
0
0

:
0
0
0
0
0
0

TSN,RSE,Sll Hum,CA
T22N,R16W,S21 Men,CA
T19N.R5E,S33 Del,CA
T7N,RSE,S15&16 Hurn,CA
T6N,R5E,S20 Hum,CA
T6N,R6E,S15&16 Tri,CA
T21N,R16W.S14&15 Me&A
T18N,R15W,S31 Men.CA
T22N,R16W,S29&32 Me@  A
T41S,R7W,Sll Jos,OR
T41S.R7W,S16 Jos,OR
T40S.R6W,S3  1 Jos,OR
T18N,R15W,S27&28 Men,CA
T38S,R9W.S25&36 Jos,OR
T40S,R6W,S23 Jos,OR
T40S,R6W,S21 Jos,OR
T22N,R16W,S21 Men,C A
T41S,R8W,S2 Jos,OR
T5N,R5E,S32 Hum,CA
T6N,R7E,S36 Tri,CA
T6N.R7E,S24 Tri,CA
T6NvR4E.S  13&24 Hum.CA
TlS,R4E,S2&3 Hum,CA
T7N,R4E,S23 Hum,CA
l7N,R6E,S26 Hum,CA
T22N.R16W,S34 Men,CA
T40S,R5W.S12 Jos,OR
T22N.R16W,S17 Men,CA
T22N,R16W,S17 Men,CA
T22N,R16W,S21&22 Men,CA
T41S.R7W,S14 Jos,OR
T40S,R7W,S29&30 Jos,OR
T14N,RlE.S21&28 Del,CA
T7N.R7E,S7 Hum,CA
T40S.R5W,S6 Jos.OR
T39S.R6W,S8 Jos;OR
T22N,R16W,S21 Me&A
T22N,R16W.S34 Men,CA
T22N.R16W.S29 Men,CA

549
427
671
213
671
488
472
171
466

1341
1158
975
244
526

1361
1067
445
561
823

1133
1067
750
980
884

1006
533

1463
518
518
543

1539
1053

53
1280
1402
1205

ttz
529

l Ageclass:  Y - young,  M - mature,  0 - old.
Moisture-class:  W - wet. M - mesic, D - dry.

i Aquatic  sites were not assigned  a moistureclass.
County,  State:  Del - Del None,  CA, Hum  - Humboldt,  CA;  Jos - Josephine,  OR,  Men - Mendocmo,  CA, Tn - Trinity,  CA.
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Abstract
One objective of wildlife management programs in National
.Forests is maintaining diversity, often thought of as the num-
ber of species or “species richness.” Regional (multistand or
landscape) species diversity varies in relation to species rich-
ness within stands and by similarity of species composition
among stands. To evaluate numbers of species of terrestrial
vertebrates in Douglas-fir forests of various ages in north-
western California, I systematically sampled at 166 sites
representing clearcut (<20 years old) through old-growth
(>250 years) forest. Mean numbers of mammalian species
differed among seral stages and was lowest in mid-aged
stands. Reptilian species richness declined with stand age.
Amphibian and avian species richness did not differ among
stages. Mean similarity values of all taxa did not differ
significantly when sites within stages or sites among stages

were compared. Thus, landscape-wide species richness was
independent of the arrangement of seral stages. These results
suggest that maximizing population sizes of selected species
is a more useful management objective than maximizing
species diversity.

Introduction
The National Forest Management Act of 1976 made main-
taining biological diversity a prime consideration in multiple-
use management of National Forests. Thus, what has been
termed “biodiversity” is now a major national issue, as evi-
denced by the National Biological Diversity Conservation
and Environmental Research Act (H.R. 4335) brought before
the 100th Congress in 1988. An important, but by no means
the only component of biological diversity is species richness,
the total number of species in a given system. Conservation
strategies for maintaining biodiversity have ranged between
two extremes: managing only for threatened or endangered
species and managing whole ecosystems or communities
(Scott and others 1987, 1988). Managing to maintain species
richness falls under the latter strategy; it is now one of the
major goals of USDA Forest Service wildlife management
programs (Salwasser and Tappeiner 1981, Siderits and Radke
1977, Thomas 1982).
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Managing Douglas-fir forests of the Pacific Northwest is
under intense scrutiny because of conflicts between logging
and preservation of remaining old-growth stands (The Wild-
erness Society 1988, Thomas and others 1988). Part of this
concern centers on the importance of old-growth forest to
biological diversity (Harris 1984, Norse and others 1986).
This paper reports the results of a study designed, in part, to
investigate the contribution of old-growth forest to local and
regional species diversity in northwestern California.

Methods
Study Area

Sites were within a 3900-km2 area encompassing parts of the
Klamath, Six-Rivers, and Shasta-Trinity National Forests in
northwestern California. Forest cover-classified as Douglas-
fir (Mayer and Laudenslayer 1988)-is described elsewhere
(Raphael 1988a). Criteria for site selection included elevation
from 400 to 1300 m, road access, freedom from scheduled
timber harvest over the 3 years of sampling, location on
National Forest land, relatively homogeneous forest cover,
and absence of major confounding features such as streams,
meadows >l ha, and rock outcrops. In addition, sites were
selected to fill an array of stand sizes and age-classes
(Raphael 1984).

Stand Classification

Sites were classified into four seral stages based on years
since cutting or an index of stand age. Clearcut sites (n = 20)
were <20 years old, young sites (n = 37) were 50 to 150
years old, mature sites (n = 56) were 150 to 250 years old,
and old-growth sites (n = 53) were >250 years old. The age
index was calculated with a weighted average of estimated
ages of all softwood trees <90 cm in diameter at breast
height (d.b.h.) counted on four 0.04-ha circular plots and
softwoods > 90 cm counted on one 0.50-ha plot on each site.
The average was weighted by multiplying the estimated age
of each tree by its basal area, summing the products over all
trees, and dividing the sum by total basal area. In this way,
the numerous small trees had less influence on stand age
than if each tree was counted regardless of diameter. Tree
age was estimated from diameter at breast height, based on
extensive tree-ring counts on file in District offices. Details
of vegetation sampling methods and vegetation characteristics
of each stage are reported elsewhere (Raphael 1988c).

Vertebrate Sampling

Vertebrate sampling methods are described elsewhere
(Raphael 1984, 1988c; Raphael and Barrett 1984; Raphael
and Mamot 1986; Raphael and Rosenberg 1983; Raphael
and others 1986; Rosenberg and Raphael 1986; Taylor and
Raphael 1988). Field sampling took place from September
1981 through September 1983. A standardized series of

techniques was used on each site. Sampling stations were
located at or around the center of a site and were separated
from adjacent sites by at least 360 m. Birds were counted
at each site (only in the three oldest seral stages) in variable-
radius circular plots (12 lo-minute counts in each site, sea-
son, and year), insectivores and other small mammals were
trapped at each site in pitfalls (10 2-gallon buckets per site,
2 x 5 grid, 20-m spacing, run continuously), and larger mam-
mals were detected at each site by using a single smoked-
aluminum station deployed in August and September 1981-
83. In addition, subsets of sites in each seral stage were
more intensively sampled by area- and time-constrained
searches for reptiles and amphibians (0.12 ha per site in
1981,4 person-hours per site in 1982, 1983), livetrap grids
for small mammals (usually 100 25-cm Sherman traps per
site, 10 x 10 grid, 20-m spacing, operated 5 nights in July
1981-83), and drift fence arrays for snakes (two 5-gallon
buckets, connected by a 7.6-m x 50-cm fence with two
20- x 76-cm cylindrical funnel traps on each side of the
fence center).

Data Analysis

Species richness-All observations were reduced to the
presence or absence of each vertebrate species at each site,
pooled over all years of study (1981-83). A matrix of 166
rows (= sites) and 218 columns (= species, including sep-
arate entries for birds in spring and winter) was constructed
so that each cell (combination of site and species) contained
a 1 if the species had been detected at that site or a 0 if it
had not. Based on stand age, each site was also classified
into one of four seral stages for calculating species richness
in each seral stage. Total species richness in a stage was
calculated by summing numbers of species detected at any
site within each stage. Mean species richness by stage was
calculated by counting all species occurrences for each site,
then calculating mean counts per site within each stage.

Species accumulation curves were computed to evaluate the
effects of sample size (numbers of sites) on species richness.
A bootstrap procedure (Efron 1982) was used to generate
pseudosamples of increasing numbers of sites from 1 to 50.
At any particular sample size y, a site (row) was randomly
drawn from the site-by-species matrix. Data were stored,
then replaced, and a new row was randomly drawn and data
were accumulated. This process was repeated y times, accu-
mulated cell values > 1 were recoded to 1, and cells were
summed across all species to calculate species richness. The
entire cycle was repeated for a desired number of pseudo-
replications, usually 500. The mean and standard deviation
were calculated over all pseudoreplicates and a standard
error of the mean was calculated (which equals standard
deviation under bootstrap theory).
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Mean species richness was plotted against number of sites
for various combinations of taxa and seral stages. Nonlinear
regression (SPSS/PC+,  Version 3.0, Norusis 1988) was used
to estimate parameters of the species-area curve S = CA’,
where S was species richness, A was the number of sites
sampled, and C and z were regression parameters (Connor
and McCoy 1979, Higgs and Usher 1980, Usher 1985).
Equality of regression parameters was tested among curves
for each age-class using Extra Sum of Squares (Draper and
Smith 1966: 67).

Species similarity-To compare occurrences of species be-
tween sites or groups of sites, I computed Jaccard’s index of
similarity,

a
RI= 100 9

a + b + c

where a was the number of species present at both i and j, b
was the number present at site i only, and c was the number
at site j only (Pielou  1984: 57). This index has many desir-
able properties (see Bloom 1981, Huhta  1979, Wolda 1981):
it is easy to interpret (the index value is the percentage of
species common to both sites), it takes no account of spe-
cies absent from both sites (presence data are unambiguous,
whereas absence could mean the species could not survive at
the site or it was absent merely by chance), and it is metric
(similarity values behave like distances in Euclidian space).

Similarities were computed between all possible pairs of
plots and then sorted into site-by-site comparisons within
each age-class and comparisons across age-classes. Means
and standard errors were calculated for each grouping. I also
computed similarities for each within and between age-class
comparison using a bootstrap procedure in which a site was
randomly drawn, replaced, and compared with another ran-
domly drawn site. Similarity was computed, and a mean and
standard error were computed over the total number of
pseudoreplications used in an analysis (usually 200). To
evaluate the effects of sample size (number of sites) or
similarity, I used bootstrap procedures based on increasing
numbers of subsets of sites from two to the maximum
number of sites in an age-class.

All bootstrap analyses were conducted with a PC-based
FORTRAN program, available on request (Raphael and
Brink, documentation on file ).

Table l-Total  numbers of species detected  in 4 age-classes of
Douglas-fir forest. northwestern  California, 1981-83

Age-class”

Group

Amphibians
Reptiles

Breeding birdsWintering birds
Mammals

Clearcut

9
12

FE
26

Young Mature. Old-growth  Total

12 11 10 12
13 13 11 16

77 83 7944 45 47 z:
28 33 29 38

NA = not available (see Marcot 1984).
,a Age-classes  and number  of sites sampled  were clearcut stands (<20 years,
n = 20); young stands (~150  years, R = 37 for amphibians,  reptiles, and
mammals; n = 27 for birds); mature stands (~250 years, n = 56);  and
old-growth stands (>250,  n = 53).

Results
Species Richness

Observers detected 167 vertebrate species over all sites and
years. Recorded numbers of species varied within species
groups among age-classes (table l), but these values are
difficult to interpret because of differences in sampling effort
(number of sites) among age-classes. A more meaningful
measure is mean species richness (fig. l), the average number
of species detected per site in each age-class.

Number of amphibian species averaged 2.7 species per site;
means did not differ among age-classes (Welch’s F = 0.22,
P= 0.89, fig. 1). Numbers of reptilian species averaged 2.6
species per site and varied among age-classes (Welch’s F =
25.6, P c 0.01, fig. l), declining from youngest to oldest
sites. Multiple comparisons of means (Dunnett’s (1980) Ts,
P c 0.05) showed significantly more species in clearcut,
fewer in old growth, and no difference between young and
mature sites. An average of 10.8 mammalian species were
detected at each site, and mean numbers of species varied
among age-classes (Welch’s F = 9.1, P c 0.01). Lowest
mean numbers were detected in clearcuts and young stands;
means were significantly greater in mature and old-growth
stands (Dunnett’s 13, P= 0.05). Numbers of breeding avian
species averaged 32.3 species per site; means did not differ
among age-classes (F =0.13, P= 0.88). Avian species rich-
ness averaged 15.0 species per site in winter, and means also
did not differ among age-classes (F = 0.96, P= 0.39).

In comparing differences between age-classes, I found large
numbers of species that were infrequently detected. Of 218
vertebrates (including birds in two seasons), 88 (40 percent)
were observed on 5 percent or fewer sites (fig. 2). Thus, es-
timated species richness at any particular site was influenced
by chance occurrence of rare species. To alleviate this prob-
lem, I calculated species accumulation curves across suc-
cessively larger sets of sites within each age-class (fig. 3).
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For each species group, curves differed among age-classes 
(table 2). Extra sums-of-squares analyses for each species 
group rejected hypotheses of similar regression curves among 
age-classes (table 3). These analyses showed that, for each 
species group, C, z, or both differed significantly among two 
or more age-classes. Thus, rates that species accumulated as 
numbers of sites increased differed among at least two age 
C1aS.W. 

A more direct comparison, however, was to test differences 
in mean species richness at larger numbers of sites, illustrated 
for n = 10 sites (fig. 4). Means and standard errors were de- 
rived from a sample of 500 pseudoreplications of sites rep- 
resenting each age-class. For each species group, 95-percent 
confidence intervals around the mean for any age-class over- 
lapped the means of each other age-class. This pattern held 
for each sample size tested up to the maximum number of 
sites. 
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Table 2-Regression parameters from nonlinear model relating
species richnessa to numbers of sites among age-classes of
Douglas-fir forest, northwestern California

Group
Age-
classb

Parameter (SE)a

C Z r 2

Amphibians Clearcut 3.31 (0.15) 0.31 (0.02) 0.96
Young 3.76 (0.12) 0.29 (0.01) 0.97
Mature 4.70 (O.19)

4.79 (0.20)
0.21 (O.01) 0.90

Old growth 0.20 (0.01) 0.91

Reptiles Clearcut 4.32 (0.05) 0.30 (0.00) 1.00
Young 3.97 (0.07) 0.29 (0.01) 0.99
Mature 3.69 (0.08) 0.29 (0.01) 0.98
Old growth 2.80 (0.10) 0.34 (0.01) 0.97

Breeding birdsc Young 34.69 (1.20) 0.22 (0.01) 0.98
Mature 35.33 (0.81) 0.20 (0.01) 0.99
Old growth 34.01 (0.53) 0.19 (0.01) 0.99

Wintering birdsc Young 17.70 (0.55) 0.25 (0.01) 0.99
Mature 18.72 (0.81) 0.23 (0.01) 0.97
Old growth 18.61 (0.71) 0.22 (0.0l) 0.97

Mammals Clearcut 11.82 (0.42) 0.24 (0.01) 0.95
Young 12.93 (0.33) 0.20 (0.01) 0.96
Mature 15.10 (0.27) 0.18 (0.01) 0.97
Old growth 14.14 (0.16) 0.16 (0.01) 0.96

a S = CAz, where S was number of species and A is number of sites in
sample. A varied from 1 to 20, 37, 56, or 53 in clearcuts, young, mature,
or old growth, respectively.

See table 1 for description of age-classes.
c Birds were not sampled in clearcut stands.

Table J-Results of analyses testing equality of nonlinear regres-
sion lines relating species richness to numbers of sites in different
age-classes of Douglas-fir forests, northwestern California (see
fig. 3)

Group F-ratio

Amphibians 25.46
Reptiles 223.56
Breeding birds 96.48
Wintering birds 3.21
Mammals 103.91

d f P

6,156 <O.OOl
6,156 <O.OOl
4,130 <O.OOl
4,130 <O.OlO
6,156 <O.OOl

Inspection of the species-area curves (fig. 3) showed that 20
to 25 sites were required to include at least 90 percent of all
species sampled in any age-class. Given a z-value (equivalent
to slope coefficient) of about 0.25 (average from table 2), 10
sites would be expected to include about 79 percent and 67
percent of the species that would be expected in 25 and 50
sites, respectively.

Species Similarity

How did species composition differ among age-classes? Spe-
cies similarity (Jaccard coefficients) averaged 42 percent for
amphibians, 37 percent for reptiles, 60 percent for breeding

birds, 54 percent for wintering birds, and 44 percent for mam-
mals between randomly drawn pairs of sites, regardless of
age-class. Mean similarity between sites within age-classes
and between age-classes was strikingly similar within species
groups, especially considering the wide confidence intervals
about each mean (fig. 5). Pairs of sites within age-classes
were just as likely to share species as pairs of sites between
age-classes.

As in analyses of species richness, Jaccard’s measure of
species similarity was sensitive to the presence of rare
species. Therefore, examining similarity based on larger
subsets of sites to offset the influence of rare species had
more meaning. As larger numbers of sites were included
in samples, between-age-class similarity increased for each
species group (fig. 6). At larger sample sizes, regression
curves predicted nearly equal similarity values among age
comparisons for breeding birds, wintering birds, and am-
phibians. Similarity of reptilian faunas between age-classes
tended to converge at sample sizes >lO sites. Similarity of
mammalian fauna was consistently lower in clearcut vs.
older age-class comparisons than in other comparisons
(fig. 6). Bootstrapped estimates of mean similarity, how-
ever, had large standard errors, and none of the between-
class comparisons could be considered statistically sig-
nificant, as is evident when 95-percent confidence intervals
are plotted around mean values, illustrated for samples of
10 sites (fig. 7).

Discussion
Species richness (alpha diversity) of birds and amphibians
did not vary significantly among age-classes of Douglas-fir
forest, especially when the effects of rare species were re-
duced by pooling sites. Reptilian species richness did vary;
more species occurred in younger than in older stands.
Slightly more mammalian species were found in older than
in younger stands.

Total species diversity did not vary much between age-
classes. Species similarity (beta diversity) did not vary
significantly for any species group, whether comparing
sites within age-classes or sites among age-classes. These
observations of similar alpha and beta diversities among
age-classes led to a conclusion that as area (number of sites)
increased, species accumulated at nearly the same rate
regardless of age-class. In other words, landscapes com-
posed entirely of clearcuts, old-growth, young forest, or
any combination of ages would support similar numbers
of vertebrate species. I demonstrated this for amphibians,
reptiles, and mammals that I sampled in all four age-classes
by comparing species accumulation curves derived for each
age-class with the curve derived by randomly drawing sites
without regard to age-class (fig. 8). At n = 10 sites, mean
species richness (+ 95-percent C.I., experimentwise) varied
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from 32 k 8.2 (age-class 1) to 40 k 9.2 (all age-classes). 
Thus, confidence intervals overlapped means for all com- 
parisons, indicating insufficient evidence that means differed 
significantly. 

Do these results suggest that all old growth could be elim- 
inated without negative effects on biodiversity? The answer 
is yes, but only if the number of species is all that counts. As 
shown elsewhere in these proceedings and by other analyses 
of these data (Raphael 1988~. Raphael and others 1988), a 
substantial proportion of species are significantly more abun- 
dant in certain age-classes. Loss of preferred age-classes may 
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reduce the population viability of these species. Species rich- 
ness is only one component of biodiversity and, for terresnial 
vertebrates of Douglas-fir forests in northwestern California, 
species richness is not a sensitive indicator of habitat value. 
Results of my analyses indicate that species richness is in- 
dependent of age-class, yet other analyses reported in this 
volume indicate that the abundance of certain species is quite 
dependent on age-class. For this reason, I agree with con- 
clusions of Samson and Knopf (1982) and suggest that spe- 
cies richness should not be used as a basis for allocating 
distributions of land base among age-classes. Rather, I sug- 
gest that such decisions should be based on more sensitive, 
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Figure 8-Accumulation  of amphibian, reptilian, and mammalian species
with increasing  numbers of sites for each of four  age-classes  and for all
age-classes  combined  from Douglas-fir  forests of northwestern  California.

abundance-based measures. Raphael and Hof (unpubl. data),
for example, suggest a MAXMIN approach by use of linear-
programming techniques to compute the optimum mix of
age-classes to maximize the minimum population sixes of
all species of interest. If probabilities of population viability
can be maximized, then probabilities of extinction can be
minimized and species richness will be maintained.
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Abstract
The richness and abundance of birds, small mammals, and
amphibians in the community-study stands of Douglas-fir
in southern Washington were examined in relation to their
surrounding landscapes. We also compared landscape pat-
terns with the Franklin and Forman (1987) model of forest-
landscape dynamics. Forest and nonforest habitats in 2025-ha
landscapes were mapped around the center of old-growth
study stands from current forest-type maps and aerial photo-
graphs. Map data were analyzed with geographic information

1 Now supervisory wildlife biologist, Rocky Mountain Forest and Range
Experiment Station, Laramie, Wyoming 82070.

2 Now research assistant, School of Forestry, Northern Arizona University,
Flagstaff, Arizona 86011.

systems. Vertebrate richness and abundance in study stands
and their relation to landscape variables were analyzed at
four scales: stand area and configuration, the habitat com-
position of the stand’s neighborhood, the habitat composition
of the entire 2025-ha landscape, and relative to indices of
landscape pattern. Correlations indicated that landscape
variables were weakly (R2 < 0.15) associated with richness
and abundance in young to old stands. Regression models
suggested that bird richness increased from conventional
edge effects associated with clearcut logging in the surround-
ing landscape. Bird abundance was highest in large old
stands in clearcut landscapes, suggesting that logging
displaced birds, which were then packed into remaining old
stands. Packing also was implicated as one explanation for
amphibian abundance, but elevation proved the strongest
influence. Mammal richness and abundance showed little
relation to landscape variables. A source-sink phenomenon
between young and old forest was suggested by the higher
abundance of cavity-nesting birds and the greater mammal
richness in young stands surrounded by old growth. We
concluded that fragmentation probably has not yet reached
the critical threshold that would initiate a decline in biotic
diversity, and the opportunity remains for pro-active
management.
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Introduction
Forest fragmentation is the loss of late-successional forest
habitats to timber harvest or other disturbances, and the iso-
lation of remaining forest patches and wildlife populations.
Legal mandates for public land-management agencies, and
popular sentiment favoring the protection of threatened or
endangered species and maintaining populations of other spe-
cies has generated interest in the effects of forest fragmenta-
tion on biotic diversity (Lehmkuhl and Ruggiero, this vol-
ume; Nelson and Salwasser 1983; Nelson and others 1983;
Salwasser and others 1984). Management and research on
forest fragmentation have been guided by studies that de-
scribe the effects of habitat isolation in the context of island
biogeographic theories of vertebrate extinction and coloniza-
tion on oceanic and land-bridge islands (Diamond 1972,
1984, Faaborg 1979, MacArthur and Wilson 1967, Simberloff
1974, Terborgh 1974, Wilcox 1978) and on habitat islands
in terrestrial landscapes (Brown 1971,1978, Forman and
others 1976, Freemark and Merriam 1986, Galli and others
1976, Soule and others 1988, Van Dorp and Opdam 1987,
Whitcomb and others 1977, Whitcomb and others 1981; also
see Biological Journal of the Linnean Society 1986, volume
28). Extinction and colonization on habitat islands, however,
may be only one of many biotic or environmental processes
that determine biotic diversity in fragmented forest landscapes
(Haila 1986, Haila and Jarvinen 1981, Simberloff and Abele
1982, Williamson 1981). Population viability theory (see
Soule 1986 and papers in Soule and Wilcox 1980) and land-
scape ecology, with its emphasis on patch structure, context,
and edge or boundary effects (Forman and Godron 1986,
Urban and others 1987) have expanded the theoretical basis
for studying the effects of fragmentation on biotic diversity
(Lehmkuhl and Ruggiero, this volume).

The loss and fragmentation of old-growth Douglas-fir forest
in the Pacific Northwest that results from clearcut logging
exemplifies forest fragmentation. During the last 40 years,
logging in Oregon and Washington has converted 80 to 90
percent of the original mature and old-growth forest into a
mosaic of early and late-successional forest (Harris 1984,
Meslow and others 1981, Spies and Franklin 1988). Similar
cutting in coastal northern California has accomplished the
same transformation in about 50 percent of the original forest
there (Rosenberg and Raphael 1986). The situation varies
within the region, however. Fragmentation of industrial for-
est is a minor issue because high harvest rates have resulted
in the near-complete conversion of old forests to plantations
(Spies and Franklin 1988), and the practice of cutting square-
mile blocks leaves few forest fragments. Fragmentation, how-
ever, is a critical issue on public forest lands where much of
the remaining pristine forest in the region is located because
the more conservative harvest rates and the prevailing prac-
tice of staggered-set clearcutting of small patches have

resulted in a high degree of fragmentation in the remaining
forest habitats and wildlife populations (Franklin and Forman
1987; Harris 1984; Lehmkuhl and Ruggiero, this volume).

Research on wildlife in fragmented landscapes has been
conducted largely in areas of relatively simple patch dynam-
ics such as woodlots in agricultural landscapes and mountain-
top habitat islands. Managed forests differ from woodlots or
mountaintop islands in several respects, however. Pattern in a
managed forest is spatially dynamic. Undisturbed forest ini-
tially forms the matrix (rather than the patch, as with wood-
lots) until a threshold is reached where disturbed area exceeds
forest area (Franklin and Forman 1987, Verner 1986). Pattern
in a managed forest is also temporally dynamic. Boundaries
between the forest and clearcuts initially are distinct, but
with secondary succession, boundaries later become increas-
ingly ambiguous (Rosenberg and Raphael 1986). Only a few
studies in northern California (Raphael 1984, Rosenberg and
Raphael 1986) have examined the effects of fragmentation in
such dynamic managed-forest landscapes. The need for more
research is critical.

Our research has analyzed the effects that forest fragmenta-
tion and spatial patterns of habitat availability have on wild-
life diversity and abundance in western Oregon and Washing-
ton. The goals of our research were to extend the interpreta-
tion of data on the old-growth vertebrate community (this
volume) beyond the stand to include the context of the land-
scape, to examine pattern in managed-forest landscapes and
advance the theory of forest landscape dynamics, and to
assess the impact of current forest management practices.
Our analysis was guided by four basic questions about the
richness and abundance of birds, small mammals, and am-
phibians. Each question addressed a succeeding, higher,
landscape-scale of analysis:

Do species richness and abundance decline with decreas-
ing area of community-study stands as predicted by
insular ecology theory? How does the length of stand
edge affect richness and abundance?

How do the proportions of habitats immediately adjacent
to the community-study stands (the neighborhood con-
text) affect species richness and abundance?

How does the habitat composition of the entire landscape
(the landscape context) affect species richness and abun-
dance in the community-study stands?

Can variations in species richness and abundance in the
community-study stands be associated with indices of
landscape pattern that convey properties of dominance,
point diversity, and patch shape (fractal dimension)?
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Table 1-Cross-tabulation of sample stands by
age-classes assigned by Spies and Franklin (SF)
(this volume) and the types assigned for this study
through aerial photograph interpretation and
ground-truthing

Photo interpreted typesa

Ages Young Mature Old-growth

Young 90 (9)
Mature 20 (2)
Old-growth --

10(1) -
80 (8)

7 (2) 93 (26)

a SF values are percentages of types correctly typed by
photo interpretation.
b Number of stands are in parenthesis.

Our paper is more of a progress report than a presentation of
final results. We present results for the southern Washington
Cascades province; similar studies in the Oregon Cascade
and Coast Range provinces are still in progress.

Methods
Mapping Procedures

Study landscapes were circular 2025-ha areas around the 45
community-study stands of old growth in the southern Wash-
ington Cascade Range. We defined landscapes by drawing a
circle of radius 2.54 km from the center of the stand. Forest
stands 24 ha and nonforest stands >0.4 ha initially were
mapped and typed, from Forest Service Total Resource In-
ventory (TRI) maps, as homogeneous forest patches with
similar crown diameters and canopy closure. We then up-
dated and corrected the maps by examining color aerial
photographs taken during 1982, by consulting with field
personnel, and by conducting field reconnaissance. We
digitized, managed, and analyzed map data with vector and
raster geographic information systems (GIS) for personal
computers.

Random samples of 14 percent (N = 171) of the mapped
forest polygons and 6 percent (N = 76) of the nonforest
polygons were ground-truthed to assess the accuracy of types
determined from the TRI maps and photo-interpretation.
Field crews visually truthed nonforest sites and examined
forested stands with plotless sampling techniques to estimate
tree frequencies, densities, and basal areas in five diameter-
classes (sapling < 13 cm d.b.h, pole 14-25 cm d.b.h, small
sawtimber 26-51 cm d.b.h, large sawtimber 52-81 cm d.b.h,
and old-growth >81 cm d.b.h with a multistory canopy).
They also estimated the extent of multistory canopy, number
of snags, and canopy closure. Ground-truthing determined
that nonforest types concurred with 95 percent of the mapped
types. Misclassification was much greater with the forested
types, however. An initial comparison of mapped and ground-
truthed forest types (on the basis of measured basal areas in

Table 2-Habitat types mapped in the southern Washington
Cascade Range for landscape-scale studies of old-growth
communities

Nonforest types Forest types

(1) Nonvegetated
(2) Human habitation
(3) Agriculture
(4) Water
(5) Rock
(6) Wetland
(7) Grassland
(8) Subalpine meadow
(9) Brush

(10) Clearcut
(11) Clearcut-forb
(12) Clearcut-shrub
(13) Sapling-pole, d.b.h. 0-25 cm trees
(13.1) Clearcut-sapling
(13.2) Clearcut-pole
(13.3) Natural pole
(14) Young, d.b.h. 26-51 cm trees
(15) Mature, d.b.h. 52-81 cm trees
(16) Old growth, d.b.h. (>81 cm

and multistory canopy)
(17) Hardwood-conifer
(18) Hardwood
(19) Riparian
(20) Special feature

the five diameter-classes that were used to map the stands)
showed only 68 percent concurrence between mapped types
and ground-truthed types. This percentage was unacceptable,
so we first reclassified mapped stands by grouping the
ground-truth plots with k-means clustering (Wilkinson 1988).
Cluster groups and types were initially assigned to truthed
stands from photo interpretation, and then cross-tabulated to
determine which mapped types characterized each cluster.
This procedure formed the basis for reassigning all of the
original mapped types to one of four new forest types that
were defined (through cluster anlaysis) by the dominant tree
diameter-classes. The new forest types were sapling-pole,
young, mature, and old-growth types. The forest types as-
signed to the community-study stands by this method cor-
responded very well (90 percent) to the age-classes assigned
by Spies and Franklin (this volume) on the basis of incre-
ment coring (table 1). These were the only stands in the
landscapes for which age data were available. Old-growth
stands showed the highest consistency with Spies and
Franklin’s classification, followed by young stands, and
mature stands.

Map Variables
Community-Study Stand Variables

We determined the elevation, age, area, perimeter, and shore-
line edge index (Patton 1975) for each community-study
stand. The proportion of clearcut area, old-growth forest
area, and late-successional forest (types 14, 15, 16, 17, and
19 in table 2) area were calculated for a 400-m buffer zone
around the periphery of the stand. Four-hundred meters was
chosen as a likely limit of edge effects (Wilcove and others
1986). Habitat patches within the study stand, such as
clearcuts, were included in the buffer zone.
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Landscape Variables

We characterized the composition of each 2025ha land-
scape by the area of clearcuts, old-growth forest, and late-
successional forest. Landscape pattern was measured with
several indices proposed by O’Neill and others (1988) as
standard measures of landscape pattern. We measured
dominance of habitat types as the deviation from maximum
evenness according to the equation,

D = loge (n) + E (Pi loge Pi)

where Pi equals the proportion of the ith habitat type and n is
the total number of types in a particular landscape. The high-
est possible value was slightly less than loge(20) = 3.

We measured point diversity not as contagion per O’Neill
and others (1988), but with a raster GIS algorithm for meas-
uring map diversity. The GIS scanned the map and deter-
mined for each 0.25-ha grid cell the total number of cells of
different habitat types within a 150-m radius or “window.”
The mean of this frequency distribution was used as an index
of point diversity, an inverse measure of contagion. High
point diversity indicated a complex landscape pattern.

We calculated the fractal dimension as two times the slope
of log(perimeter) over log(area) of all the habitat polygons in
a landscape (Lovejoy 1982, O’Neill and others 1988). This
index measured the complexity of polygon shapes within a
range of 1 to 2. An index of 1 indicated very regular polygon
shapes, such as a circle or square, whereas an index of 2 in-
dicated highly complex polygon boundaries. A disturbance
index was calculated as the ratio of clearcut area to late-
successional forest area (O’Neill and others 1988). Indices
less than one indicated relatively more forest than clearcut.

Vertebrate Data

We analyzed the common data set used for the cross-province
analyses of bird (Huff and Raley, this volume), small mam-
mal (Aubry and others, this volume), and amphibian (Bury
and others, this volume a) communities. Bird occurrence was
based on those individuals observed within a 50-m variable-
circular-plot radius and observed on 2 or more of an average
6 sample-days per stand. Only smaIl mammal and amphibian
pitfall-data taken during autumn were analyzed. Average
daily detections rather than density estimates were used to
measure wildlife use. Sampling effort was the same for each
stand, regardless of area, and between years.

Richness and abundance were analyzed separately for each
taxon. We calculated species richness as the total number of
species detected in the community-study sample-stand at
each landscape’s center. Total abundance in a taxon or func-
tional group was calculated as the sum of average daily
detections for all species in that group. Species richness and

abundance from 1984 and 1985 were averaged for the
analysis. Associations of individual species’ abundance
with landscape variables were examined for those species
occurring in > 10 percent of the stands in either year.

Analytical Procedure

We visually screened the dependent variables of vertebrate
species richness and total abundance for normality by exam-
ining the frequency distributions with fitted normal curves
and testing with the Kolmogorov-Smimov test (Wilkinson
1988). The log of total abundance was used to approximate a
normal frequency distribution. We examined the linearity of
dependent-variable responses to independent map variables
by fitting smoothed curves to scatterplots (Wilkinson 1988).
We did not observe nonlinear responses requiring data
transformations.

The univariate associations of species richness and abun-
dance with stand, stand-buffer, landscape-composition, and
landscape-pattern variables were analyzed by partial correla-
tion holding stand elevation and age constant to separate nat-
ural from human-caused fragmentation effects as was done
by Rosenberg and Raphael (1986). We used stepwise regres-
sion with an enter and removal P-value of 0.15 (Wilkinson
1988) as a multivariate exploratory technique to select a sub-
set of variables that explained the most variation (highest R2)
in species richness or abundance. Stepwise regression is
often criticized as too dependent on the correlation structure
of the independent variables, but we found few strong corre-
lations between dissimilar variables that would complicate
the interpretation of stepwise regressions. Moreover, selected
variables were not later removed from any of the models, so
little ambiguity existed in the selection of the “best” set of
variables.

The significance of stepwise regression models was tested
with probabilities adjusted for stepwise regression (Wilkinson
1979 in Tabachnick and Fidel1 1983). Assumptions for re-
gression were valid for all models: we found residuals to be
normally distributed and homoscedastic from an examination
of the probability plots of residuals and by plotting residuals
against expected values (Wilkinson 1988). No outliers for
regression models were detected from an examination of
leverage statistics and standardized residuals (Sokal and
Rohlf 1981). We were liberal in noting the significance of
statistical relationships at P < 0.10 in tables, but generally
were conservative in interpreting and discussing relationships
that were significant only at P < 0.05.

Lines were fitted to data in scatterplot figures by the Lowess
algorithm. Lowess smoothing is useful for examining rela-
tions between variables because it does not presuppose the
shape of the function, but calculates predicted Y values from
a weighted average of nearby Y values (Wilkinson 1988).
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Table 3-Summary statistics for sample stand and landscape
variables used in landscape-scale analysis of vertebrate com-
munity patterns in the southern Washington Cascade Range

Variable

summary statistics

Std
Min Max Mean error

Sample stand
Area (ha)
Perimeter (km)
Edge index
Elevation (m)
Age

Stand buffer proportions
Clearcut
Old-growth
Late-successional

forest

51.0 1,689.0
3.0 65.6

121.0 550.0
404.0 1,218.0

55.0 730.0

0 0.61
.006 .55

.16 .94

Landscape composition (ha)
Clearcut 0 .48
Old-growth .03 .86
Late-successional

forest .39 .99

Landscape pattern indices
Fractal
Dominance
Point diversity
Disturbance

1.09 1.27
.33 1.66

1.14 2.06
0 1.22

488.0 49.6
25.0 1.9

322.0 11.8
762.0 31.4
297.0 30.0

0.15 0.026
.19 .020

.47 .025

.13 .018

.31 .025

.77 .017

1.20 .0056
.93 .036

1.72 .026
.20 ,035

Species-area curves, however, were fitted with straight lines
to conform to the theoretical distribution (MacArthur and
Wilson 1967, Wilcox 1980).

Results
Landscape Characteristics

Community-study stands-Community-study stand-areas
ranged from 51 ha to 1690 ha, with a mean of 488 ha
(table 3). Old-growth stands were generally larger (mean of
546 ha) than young (mean of 486 ha) or mature (mean of
352 ha) stands (table 3), but the differences were not signifi-
cant by analysis of variance (P < 0.05). The mean proportion
of clearcut in stand buffers was 15 percent, ranging from 0 to
60 percent. Young and mature sample stands averaged no
more than 9 percent clearcut area in their buffers, but old-
growth stands averaged 20 percent clearcut.

Composition of Landscapes

Clearcut area ranged from 0 to 48 percent of the total land-
scape area (table 3), but most landscapes had relatively small
amounts of clcarcut area (<15 percent) (fig, 1A). Old-growth
area was more normally distributed (fig. lB), with an aver-

age of  31 percent old-growth (table 3). Late-successional for-
est area was generally less variable (fig. 1C) than old-growth
with most landscapes comprised of 70 to 90 percent late-
successional forest. Late-successional forest and clearcut
areas showed a strong reciprocal relationship (fig. 2), which
conforms to Franklin and Forman’s (1987) checkerboard
model of forest-landscape dynamics under a clearcutting
regime. The relation indicated a 50-percent cutover threshold
where dominance of the landscape matrix switches from for-
est to clearcut habitats. Most landscapes remained well under
this 50 percent threshold, where forest-clearcut edge reaches
an apex. The relation was much different with respect to
old growth. The regression of old-growth area against the
clearcut proportion was not significantly different than zero
(fig. 2). Residual variation around the regression line was
consistently high, within the observed range of 0 to 50 per-
cent clearcut.

Patch Sizes

Over 90 percent of the clearcut patches were <30 ha, with a
few very large cuts on private lands of up to 150 ha. Old-
growth patch size was extremely skewed toward small stands
(fig. 3). Despite their greater number, the cumulative area of
patches < 10 ha accounted for only 4 percent of the summed
old-growth area for all landscapes, and patches < 20 ha totaled
about 10 percent of the old-growth area. Most old-growth
patches were < 50 ha, but the maximum patch-size was 1741
ha. Late-successional forest generally occurred as larger
patches (fig. 3). Late-successional patches < 10 ha accounted
for only 0.5 percent of the summed area for all landscapes,
and patches < 20 ha totaled 0.8 percent.

As the proportion of clearcut area in a landscape increased,
clearcut patch-size initially increased slightly, but then re-
mained nearly constant (fig. 4A). Old-growth patch-size
increased rapidly up to about 10 percent cutover, then de-
creased steadily to the 50 percent clearcut point, the maxi-
mum observed in our landscapes (fig. 4B). The linear
trend was not significant by regression (P = 0.33). Late-
successional forest patch-sizes showed a small initial increase
up to about 8 percent cutover, then a steady decline in patch
size as with old growth (fig. 4C). The linear trend was signif-
icant by regression (P = 0.009), but with low explained
variation (R2 = 0.14).

Pattern Indices

Patch shapes were not complex as measured by the fractal
index (table 3). Within the possible range of 1 to 2, our maxi-
mum index value was 1.27. Fractal dimension showed a
strong negative correlation (r = -0.72) with clearcut area: the
complexity of patch boundaries decreased as the number of
regular-shaped clearcuts increased. Dominance indices
suggested low habitat dominance in most landscapes, with a
mean of 0.93 and a maximum value little more than half the
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theoretical maximum of 3 (table 3). Landscapes showed little 
habitat point diversity at the scale of 12 ha patches: the maxi- 
mum possible index was 20 habitat-type transitions, whereas 
our landscapes had a maximum of 2.1 transitions and an 
average of 1.7 transitions in a 12-ha area. The disturbance 
index, the ratio of clearcut to late-successional forest, showed 
a relatively low amount of disturbance (table 3). Clearcuts in 
the majority of the landscapes were less than 40 percent the 
area of late-successional forest, with a mean of 20 percent. 

Landscape-Vertebrate Relationships 
Species Richness 
All sample stands-Partial correlations, holding stand elcva- 
tion and age constant, revealed few significant or suong 
relations between species richness and landscape variables 

a Old-growth forest 

0.0 0.2 0.4 0.6 0.8 1.0 

Clearcut (proportion) 

(table 4). Correlations were mostly weak (R2 S 0.37), in- 
dicating <I4 percent shared variation. The strongest rela- 
tions were with bid and amphibian species richness. Bird 
richness was positively associated with the proportion of 
cleaxut area within the buffer, and negatively correlated with 
the amount of late-successional forest in the buffer. Arnphib- 
ian richness was most strongly correlated with the dominance 
index, indicating association with relatively homogeneous 
landscapes. Small mammal richness was not even weakly 
associated with any landscape variable. 

We graphically examined four questions about the relation of 
species richness to landscape variables: 

l Does richness increase with the size of the sample stand? 

l Is richness in young stands greater when surrounded by 
old growth (may richness in young stands be “subsidized” 
by adjacent old forest)? 

l Does richness increase from local edge effects in stands 
that have a clearcut buffer area? 

l Does richness increase from landscape edge effects in 
stands located in clearcut landscapes? 

Island biogeographic theory predicts a positive relation be- 
tween species richness and stand area, but species-area 
curves revealed no significant relation between stand area 
and richness (fig. 5). Richness in young stands increased, as 
hypothesized, with the area of old growth in the neighbor- 
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hood, in a significant linear relation (P = 0.085; R2 = 0.36) 
only for small mammals (fig. 6B). An opposite relation was 
evident for birds and amphibians (fig. 6A, 6C). A linear 
regressiqn model for birds was significant (P = 0.006). but 
weak (R = 0.16). The line fitted to the amphibian data 
indicated a slight negative relation up to a threshold of 30 
percent old growth, beyond which richness declined rapidly. 
A linear model was not significant. 

Clearcut area in the buffer of sample stands of all ages was 
positively but weakly associated with bird richness (fig. 7A) 
The linear regression model was si@ficant (P = 0.006), 
but with low explained variation (R = 0.162). A similar 
relation was indicated for bird richness and the total area of 
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Table 4-Partial mrrelations (stand age and elevation constant) 
of bird, small mammal, and amphibian species richness and 
abundance with landscape variables 

clearcut in the landscape (fig. SA), but it was not significant 
(P = 0.107). Both relations showed little change in bird rich- 
ness up to about 18 percent clearcut, then a rising trend in 
richness with increasing clearcut area. The similarity of 
responses to clearcut area at both scales may be due to the 
moderate correlation between clearcut in the buffer and land- 
scape (R’ = 0.78). No associations between small mammal 
richness and clearcuts in the buffer (fig. 7B) or landscape 
(fig. 8B) were observed. Amphibian richness initially de- 
creased as clearcut area in the buffer (fig. 7C) and landscape 
(fig. SC) approached 15 percent, but beyond that percentage, 
richness increased steadily. The relations were weak, how- 
ever, as suggested by the large residual variation. Linear 
regression models were not significant. 

Stepwise regression models including stand age and eleva- 
tion were consistent with the results of partial correlation and 
were significant for birds and amphibians (table 5). Bird 
richness was best predicted as a positive function of stand 
area and clearcut area in the buffer zone, and a negative 
function of elevation and old-growth area in the landscape. 
These variables accounted for 37 percent (R’) of the vtia- 
tion in bird richness. The model for amphibian richness was 
most-strongly influenced by a negative elevation gradient, 
but positively influenced by habitat dominance (table 5). 
The amphibian model was the strongest of the three taxa 
(R2 = 0.56). 
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Old-growth sample stands-The associations between land- 
scape variables and bird richness in the sample stands classi- 
fied as old growth were consistent with stepwise regression 
models for all stands (table 6). Bird richness increased with 
landscape disturbance at neighborhood and landscape scales 
as indicated by a positive correlation with clearcut area in 
buffer zones and landscapes, and a negative correlation with 
fractal dimension. Bird richness in old-growth stands also 
showed a negative relation to elevation. In contrast to previ- 
ous analyses with data from all stands, small mammal rich- 
ness in old-growth stands was associated with complex patch 
shapes (fractal dimension). As with the regression model for 
all stands, amphibian richness in old-growth stands had a 
strong negative correlation with elevation. 

Species Abundance 

All sample staqds-Vertebrate abundance was weakly asso- 
ciated through partial correlation with few landscape variables 
(table 4). As with bird richness in the regression model, bird 
abundance was negatively associated with old growth in the 
landscape. Small mammal abundance was correlated with 
habitat dominance. Amphibian abundance was not signif- 
icantly correlated with any variable. 

Stepwise regression suggested a model of bird abundance 
increasing with age and size of stands, with old growth in the 
immediate bulfer, and with increasing clearcut area and de- 
creasing old-growth area in the landscape (table 5). Stepwise 
regression was not able to select a statistically significant 
model of small mammal abundance. The amphibian-abun- 
dance model indicated a strong positive influence of habitat 
dominance, and negative influences of complex patch shape 
(fractal index), old-growth area in the landscape, and 
elevation. 

Old-growth sample stands-Spearman correlations of bird 
abundance in old-growth sample stands contradicted the 
regression model for all stand ages by suggesting a negative 
relation with stand area (table 6). The negative associations 
of bird abundance with old-growth area in the landscape and 
with habitat dominance, however, were consistent with the 
regression model. Small mammal abundance in old-growth 
stands surprisingly showed some relatively strong COT- 
relations not evident in previous statistics: abundance was 
negatively associated with clearcut area in the landscape (and 
its related disturbance index), and was positively associated 
with habitat dominance. Amphibian abundance in old stands 
declined with elevation as in the regression model, but also 
with complex patch shapes in the landscape (fractal index); 
abundance also increased with clearcut area in the stand 
buffer. 
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Table S-Contribution of landscape variables to squared multiple R (R' change) in stepwise regressions of 
vertebrate richness and log. (abundance) with stand and landscape variables (alpha to enter and remove in 
rerression = 0.15) 

Sd%%Sd 

variables 

Model R2 
Regression P 

Stand buffer composition 
Clewcut 
Old growth 
Late successional forest 

Landscape composition 
Clearcut 
Old growth 
Late successional forest 

Landscape pattern indices 
FrtXtal 
DOminance 
Point diversity 
Disturbance 

Richness Abundance 

Table 6Speannan correlations of bird, small mammal, and amphibian species richness and 
abundance in old-growth stands with landscape variables 

Species richness Abundance 

Sample stand 
Area 
P&II&T 
Edge index 
EkVtXiO” 

Stand buffer composition 
Clearcut 
Old growth 
Late successional 
forest 

Landscape composition 
Clearcut 
Old gmwth 
Late successional forest 

2 
0 
0 

1 
1 
0 

1 
3 
0 

1 
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Table 6-continued

Landscape pattern indices
Fractal
Dominance
Point diversity
Disturbance

Species richness Abundance

Birds Mammals Amphibians Birds Mammals Amphibians

-.44*** .41*** -.29* -.03 -.10 -.40***
-03 -.20* .15 -.33** .42*** .19
.08 .16 -.03 .39** -.14 -.14
.29* -.22 -.09 .28* -.37** .OO

* P < 0.10; ** P < 0.05; *** P < 0.01; **** P < 0.001.

Individual bird species-Few strong associations between
the abundance of 22 bird species and landscape variables
were revealed by partial correlation (table 7). Most correla-
tions were < 0.50, indicating a weak association with less
than 25 percent shared variation. Moreover, the number of
significant correlations may not be different than expected by
chance alone (P < 0.10). Dark-eyed juncos were the only
species that showed an association with stand-scale variables:
abundance increased with stand area, perimeter, and edge,
which were all somewhat collinear. Red-breasted nuthatches
and rufous hummingbirds were associated with clearcuts in
the buffer and negatively associated with complex patch-
shapes measured by the fractal index. Consistent with these
neighborhood relations, red-breasted nuthatches increased
with clearcut area in the landscape. Rufous hummingbirds
however, were positively correlated with old-growth area in
the landscape.

The abundance of winter wrens was associated with undis-
turbed buffer zones: abundance decreased with clearcut area
and increased with late-successional-forest area in stand
buffers. Their abundance was not associated with the whole-
landscape variables. Black-throated gray warbler abundance
showed a very strong negative correlation with late-succes-
sional forest in stand buffer-zones. The combined abundance
of hermit and Townsend’s warblers was similarly associated
with young forest: abundance decreased with old-growth area
at the buffer and landscape scales. Hermit and Townsend’s
warblers were grouped into one functional species because
hybridization in southern Washington made them indistin-
guishable in the field (see Manuwal, this volume).

Cavity-nesting birds-Several abundance relations were
graphically examined for cavity-nesting birds (hairy wood-
pecker, red-breasted nuthatch, chestnut-backed chickadee,
brown creeper) based on the hypothesis that these birds
would be negatively affected by the loss of vertical structural
diversity from clearcut logging and snag-reduction policies in
remaining forest stands (Manuwal, this volume).

Our questions were:

l Does abundance increase with the size of the sample
stand?

l Is abundance in young stands greater when surrounded
by old growth (may abundance in young stands be subsi-
dized by adjacent old forest)?

l Is abundance less in stands that have a clearcut neighbor-
hood (buffer zone)?

l Is abundance less in stands embedded in a clearcut
landscape?

Cavity-nesting bird abundance showed no significant relation
to stand area (fig. 9A). Abundance increased with clearcut
area in the buffer in a weak (R2 = 0.102), but significant
(P = 0.033), linear relationship (fig. 9B). The linear relation
between abundance and total clearcut area (fig. 9D) was not
significant (P = 0.127), however. The hypothesis that abun-
dance is higher in young stands surrounded by old growth is
supported (fig. 9C) with a significant linear regression (P =
0.011) and high R = 0.76, if the apparent outlier in the top
left comer is deleted.

Individual small mammal species-Some strong partial
correlations were found between individual small mammal
species’ abundance and stand or landscape variables, but
these correlations could have occurred by chance (P < 0.10)
(table 8). The creeping vole was the only species showing an
association with stand variables: abundance was negatively
correlated with stand perimeter and the edge index. Northern
flying squirrels and marsh shrews both were negatively
associated with late-successional forest in the buffer zones,
but the water shrew was very strongly associated with late-
successional forest in the buffer. Marsh shrew abundance
also was positively correlated with landscape clearcut area
and the disturbance index, and negatively associated with
late-successional-forest area. Ermine were associated with
high point diversity.
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Table ‘I--Partial correlation coefficients (stand age and elevation constant) of bird species’ abundance with landscape variables 
(data for 1984 and 1985 were combined) 

RRCR 
CBCH 
DEm 
EVGR= 
GCKI 
GFUA 
HAFL’ 
HAWOc 
HETH’ 
HETO 
PISS 
RDN” 
RUHU’ 

.27 -.13 .16 
-.16 -.18 39 
-.,6 -.14 .w 
.,I .06 .2O 
.m .36 -.28 

-.21 .I7 -.,I 
.24 -03 .19 

-0.34 15 
-.04 8 
43 88 
-.lS 91 
33 83 

-3l 12 
.Ol 92 
.O4 64 

-.I6 23 
.O7 26 
.I6 39 
.10 78 
30 31 
.19 72 
.I6 31 

-.04 22 
.2O 17 
.rn 87 

-.a7 84 
.02 9 
.2O 24 

46 91 

N 

Individual amphibian species-A few significant partial- 
correlations were strong enough to be unlikely due to chance 
(table 8). Amphibians responded more strongly to stand-scale 
variables and more weakly to neighborhood- and landscape- 
scale variables than birds or small mammals. Abundance of 
the western redback salamander was associated with more 
variables than other species: abundance was positively COT- 
related with stand arca and the associated variables of peri- 
meter and edge, and negatively associated with old growth in 
the buffer. The abundance of western redback salamanders 
was also correlated with habitat dominance. The abundance 
of tailed frogs was negatively correlated with stand edge and 
complex patch-shapes represented by the fractal index. 

Pond-breeding amphibians-We hypothesized that the 
abundance of pond-breeding amphibians (northwestern sala- 
mander, roughskin newt, red-legged frog, Cascades frog) 
would decline with fragmentation as a result of the increased 
isolation of subpopulations and postbrceding dispersal mortal. 
ity in clearcut barriers. The abundance-area. relationship was 
not significantly different from zero (fig. 10A). Abundance 

appeared to increase with clearcut area in the buffer zone, 
but the linear relation was not significant. Abundance also 
was not associated with clearcut area in the landscape in a 
significant linear fashion. Abundance in young stands, how- 
ever, showed a strong negative relation to buffer-zone old- 
growth, with a significant linear regression model (P S 0.05; 
R2 = 0.55). 

Discussion 
Limitations of the Data Set 

The stand-scale vertebrate data set is limited in several ways 
for a landscape-scale analysis. The criterion that study stands 
be larger than 40 ha restricted the examination of species- 
area relations to relatively large stands, where the effects of 
size may be less important. Rosenberg and Raphael (1986) 
found that forest stands ~20 ha in northern California had 
less than the full complement of species. The minimum-size 
criterion also may have resulted in the selection of landscapes 
with less fragmentation than might have occurred had selec- 
tion been unconstrained. 
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Sampling bias for relatively large stands may have excluded 
highly fragmented areas from the analysis, resulting in con- 
servative estimates of fragmentation. Study landscapes on 
National Forest land ranged from 0 to 48 percent clearcut, 
with most landscapes less than 30 percent cutover. The mean 
cutover percentage was 16 percent. The mean percentage 
cutover for the entire Forest, based on data from the TRI 
database (G. Gmelich, unpubl. data), was also 16 percent, 
with a range of 14 to 19 percent cutover by Ranger District. 
The similarity of the means may be misleading, however, 
because Forest-wide estimates are averages made for a larger 
Disbict scale of measurement. Proper comparison requires 
estimates from a random sample of 2025ha landscapes 
across the Forest, which is a project beyond the scope of 
our study. 

The vertebmte sampling design also had limitations for de- 
tecting uncommon and medium- to large-bodied species that 
may be most influenced by fragmentation (Diamond 1984; 
Lehmkuhl and Ruggiem, this volume: Pimm and others 1988; 
Terborgh and Winter 1980). The nine species suggested by 
Rosenberg and Raphael (1986) as most sensitive to fragmen- 
tation are all uncommon with medium-to-large body-size for 
their taxa: we examined data for only three of these species. 
Also, sampling area for vertebrates was constant in all stands 
so that large stands had relatively less area sampled than 
small stands. An attempt was made to distribute the sampling 
effort throughout the stand, but our sampling in large stands 
with high habitat-heterogeneity and associated heterogeneous 
species distributions may not have detected all of the species 
present (Robbins and others 1989). Thus, species-area rela- 
tions may be more underestimated by the relatively smaller 
sampling areas in large stands than in small stands (Wilcox 

Table &Partial correlation coefficients (stand age and elevation constant) of small mammal and amphibian species’ abundance with 
landxape variables (data for 1984 and 1985 were combined) 

COLMOC 
MASHC 
Maw 
WASH= 
TRSH 
VASHS 

N 

56 

.03 -18 -.ll -.18 83 
-.14 .47 -3 -.a 6 

.oo 20 -.I” -..I5 87 
~06 .,I -28 -.03 21 
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Table &--(continued) 

Amphibian/ 
hWSA 
TLFR 
ENS.4 
RBSA” 
RLF’R’ 
CAFF 
RASP= 
RSNE= 

.n .,3 -.08 -.,2 43 
-.2@’ 49 .*o .0367 
-.03 2, .02 .07 69 

.26 .st** -.04 -.23 20 

.09 .m .,6 .,4 33 

.22 47 3, .I6 9 

.w .32 -.02 -.24 2s 
-.23 .32* -45 -.29’ 34 

1980). Finally, interpretations of abundance in young or 
mature stands was constrained by sample sizes less than half 
(n = 11) the number of old-growth stands (n = 26). 

Despite these limitations, we believe our studies provide 
valuable insight for examining the effects of landscape con- 
text on vertebrate richness and abundance in the community- 
study stands. 

Landscape Dynamics 
Habitat-Area Relations 
The reciprocal relation of late-successional forest and clex- 
cut areas in the landscape conformed to the Franklin and 
Forman (1987) checkerboard model: the composition of the 
landscape mat& switched from late-successional forest to 
clearcut at 50 percent cutover (fig. 1). The model did not 
hold for old-growth and clearcut areas, however: clearcut 
area exceeded old-growth area earlier in the harvest regime 
when the landscape was 30 percent cutover. Timber harvest 
apparently was not restricted to old-growth stands, and the 
amount of clearcutting in an area did not indicate the loss of 
old-growth forest, but rather the loss of late-successional for- 
est. The 30.percent cutover threshold means that old-growth 
patches and populations of closely associated species will be 
isolated more rapidly than will late-successional forest 
patches and animals as cutting continues. 

Area (hectare) 

Old-growth (proportion) Clearcut (proportion) 



Patch Size

Clearcut patch size conformed to the Franklin-Forman model
by remaining constant up to 50 percent cutover, except for a
small anomalous increase in patch-size up to 10 percent cut-
over. Individual clearcuts had not coalesced into larger clear-
cuts within the areas sampled: this pattern follows from the
standard procedure of not locating new cuts immediately
adjacent to existing ones. Old-growth and late-successional-
forest patch-sizes, however, did not conform to the model:
patch-size decreased linearly instead of remaining constant
within the range of 0 to 30 percent cutover as predicted by
Franklin and Forman.

Franklin and Forman described forest patch-size as remaining
constant during the initial stages of fragmentation, although
patches become “increasingly porous” with progressive clear-
cutting. This rationale for calculating patch-size ignores the
fact that forest patch-size as measured by area will always
decline with conversion of some part of the patch to clearcut.
An absolute loss of habitat occurs, a reduction in the habitat
“core area” (Temple 1986) devoid of edge effects, and a
decline in the connectivity of remaining forest, however
contiguous the external boundaries of the patch may be.

Landscape-Vertebrate Relationships
Importance of Landscape Scale

Birds, small mammals, and amphibians responded differently
to the three scales of analysis. Birds were influenced by
stand, neighborhood, and whole-landscape variables. Stand
area, primarily a function of fragmentation, was an important
influence on bird abundance, and, to a lesser extent, on rich-
ness. Stand elevation and stand age (variables that are not
influenced by fragmentation) also had strong effects on bird
richness and abundance, respectively. Larger-scale factors of
neighborhood and landscape proportions of clearcut or forest
also strongly influenced bird richness and abundance. The
richness and abundance of small mammals and amphibians
in sampled stands was closely associated with few stand or
landscape variables related to fragmentation. Elevation also
was an important determinant of amphibian richness and
abundance. Habitat features are likely to be important deter-
minants of variations in the richness and abundance of birds,
small mammals, and amphibians that are not explained by
landscape features.

The landscape indices alone had little power for predicting
vertebrate richness or abundance. Dominance did show some
significant relation to small mammal abundance and am-
phibian richness and abundance, and the fractal dimension
was associated with bird and small mammal richness in
old-growth stands. These relations were relatively weak,
however. We believe that these variables alone would have
little utility as indices for management in tracking trends in
richness or abundance. They will have some value, however,

in providing information on the spatial characteristics of the
whole landscape to support the interpretation of other more
specific variables describing habitat composition. The fractal
index, for example, was most strongly correlated with
clearcut area and may be a useful index of logging dis-
turbance, although the correlation was only moderately
strong (r = 0.60).

Response of Species to Fragmentation

Bird richness showed a clear response to fragmentation. Rich-
ness in all stands was associated with clearcutting in the
immediate neighborhood of the stand, and also in old-growth
stands with clearcuts in the landscape. These phenomena
were not entirely unexpected: they conform to the conven-
tional edge-effect of richness increasing with disturbance
from the influx of early successional and edge species
(Leopold 1933, Raphael and Barrett 1984, Raphael and others
1988, Rosenberg and Raphael 1986, Verner 1986). Among
the four generalist species well represented in the data set
(American robin, black-throated gray warbler, dark-eyed
junco, and rufous hummingbird), however, only rufous
hummingbird abundance showed a clear correlation with
clearcuts in the surrounding area. Black-throated gray warbler
abundance had a negative relation with late-successional
forest in the buffer, which can be construed as a preference
for young forest as found by Huff and Raley (this volume).
If the edge effect drives bird richness, we would expect
future studies to show bird richness to peak at 50 percent
cutover, when the areas of late-successional forest and
clearcuts are equal and edge length peaks.

The regression model predicted high bird abundance in old,
large, stands surrounded by old growth in the buffer zone,
and in landscapes with a high proportion of clearcut area and
a low proportion of old-growth area. Similar results were
found in old-growth stands where abundance increased with
the reduction of surrounding old-growth and late-successional
forest, and with the addition of more clearcuts in the land-
scape. We believe this phenomenon is a result of the conven-
tional edge effects described earlier and the “packing”
(Rosenberg and Raphael 1986, Whitcomb and others 1981)
of late-successional-forest birds displaced from adjacent
logged forest into remaining old-growth stands. Abundance
data for red-breasted nuthatches and pine siskins, two com-
mon birds normally associated with late-successional forest
habitats (Huff and Raley, this volume), support our packing
hypothesis with greater abundance in stands surrounded by
clearcuts.

The pattern of associations that indicate packing were not
entirely clear for all forest birds, however. The common
winter wren was more abundant in stands surrounded by late-
successional forest with few clearcuts. Negative correlations
between the abundance of black-throated gray warblers,
hermit-Townsend’s warblers, and western flycatchers and

440



old-growth or late-successional forest surrounding the stand
might be construed to support packing, but are probably a
consequence of these birds’ affinities for younger stands
(Huff and Raley, this volume) rather than a negative response
to clearcutting.

Small mammal richness and abundance, and the abundance
of individual small mammal species, showed little response
to fragmentation. Marsh shrews were more abundant in
stands in disturbed landscapes with relatively more clearcut
than in late-successional forest. Water shrews, however,
showed a strong association with late-successional forest in
the neighborhood of stands.

Amphibian richness and abundance were mainly influenced
by stand-scale variables, primarily elevation, but also showed
an affinity for landscapes with high habitat-dominance. In-
terpreting the relation to habitat dominance in terms of habi-
tat components is difficult, except to say that dominance was
moderately correlated (r = 0.68) with late-successional forest
in the landscape. That relation is somewhat contradicted,
however, by the negative correlation between amphibian
abundance and old growth (a component of late-successional
forest) in the landscape.

A somewhat weaker packing-effect than seen with birds
could be inferred for amphibian abundance by a negative
association with old growth in the buffer, as indicated by
partial correlation and regression, and the positive correlation
between abundance in old-growth stands and surrounding
clearcut area. The western redback salamander was the only
species with an abundance consistent with that pattern,
showing a positive correlation with stand size and a negative
correlation with old growth in the buffer zone. The negative
association with buffer old growth, however, is consistent
with its greater abundance in young rather than old stands
(Aubry and Hall, this volume). No strong relation were
found for other amphibian species.

Management Implications

The greater richness of birds in stands situated in clearcut
landscapes does not mean that clearcutting is the preferred
practice to maintain biotic diversity on forest lands. The
increase in species diversity is caused by the influx of gen-
eralist species adapted to human-disturbed landscapes. Gener-
alist species will likely persist in forest landscapes regardless
of management practices, but late-seral species will decline
with conversion of late-successional forest to early seral
stages. Increasing local diversity by adding generalist species
is less important than maintaining the quality of biotic diver-
sity regionally through retention of specialist or endemic
species (Murphy 1989, Samson and Knopf 1982, Van Horne
1983, Verner 1986).

Why did we not detect strong relations between species rich-
ness or abundance and habitat fragmentation? An optimistic
assessment is that we have not yet reached the threshold of
fragmentation where populations begin to decline. Rosenberg
and Raphael (1986) made a similar assessment of the situa-
tion in northern California. Models of vertebrate response to
fragmentation suggest that species diversity will begin to
decline when 50 to 75 percent of the landscape is cutover
(Franklin and Forman 1987, McLellan and others 1986)
within a short enough period that late-successional forest will
not have been replaced by succession. Our study areas and
much of the Western public forest lands have not yet reached
that stage of fragmentation. Other interpretations, however,
suggest various processes operating beyond the scope of our
study to mask the potentially negative effects of fragmenta-
tion on biotic diversity.

The packing displayed by birds and amphibians suggests that
some animals associated with late-successional forest are at
artificially high populations in some stands. Whitcomb and
others (1981) found that populations of forest birds packed
into remnant patches were later greatly reduced or eliminated
from those areas. This finding has important implications for
interpreting ecological research, monitoring populations, and
assessing habitat relations.

A lag in resident-species population decline after isolation
caused by fragmentation may further complicate interpreta-
tions of abundance. Populations of long-lived species may
not show instantaneous responses to isolation because the
relaxation time may be long (Shaffer 1981). A source-and-
sink effect suggested by higher small mammal richness and
the abundance of cavity-nesting birds in young stands sur-
rounded by old-growth may also confound evaluation of
habitat use and the effects of patch size and isolation. Our
results suggest that the value of early-successional com-
munities as wildlife habitat may be overestimated where
adjacent habitats are possible sources of immigrants. The
same relation may occur between small sink-patches and
large source-patches of the same habitat. Populations may
appear high in sink-patches, but net reproduction is negative
and the population is maintained only through immigration
from nearby sources (Pulliam 1988, Van Home 1983). A
related process is the “rescue effect” (Brown and Kodric-
Brown 1977), in which immigrants from large, viable habitat
patches rescue declining or extirpated populations in inter-
mittently viable patches and present a false impression of
viability.
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Finally, extinctions caused by fragmentation are influenced
by stochastic demographic, environmental, and genetic proc-
esses (Gilpin and Soule 1986, Shaffer 1981) that may not
have been active during the study period. Long-term studies
are necessary to account for all these unpredictable controls
on population viability.

The prudent manager will realize that fragmentation-that
is, habitat loss and isolation of remaining fragments-will
nearly reduce the populations of species associated with late-
successional forest and possibly result in their extirpation.
Declining population trends are evident in some areas for
forest birds (Jarvinen and Vaisanen 1978, Raphael and others
1988), and for small mammals and amphibians (Raphael
1988). The ability of populations that have been reduced by
habitat loss to cope with the effects of habitat isolation is
determined by the life history and population structural

characteristics of the species, and by the success of land
managers in implementing low-fragmentation alternatives to
current logging practices and managing the landscape as an
interacting network of habitats. The absence of strong
negative responses to forest fragmentation in our study
optimistically suggests that we have not yet reached the
threshold of decline for most vertebrates, and still have the
management opportunity to ensure the integrity of vertebrate
communities in Pacific Northwest Douglas-fir forests.
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The issue that has provided the greatest impetus for research
on wildlife habitat relationships on Federal lands has been
concern about preserving biological diversity-that is main-
taining viable populations of native plants and animals. Some
animals, like wolves, grizzlies, and spotted owls, have ex-
citing and dramatic natural histories and charismatic appeal
to the general public, so we hear a lot about them. But the
statutes and regulations that guide public land management
clearly direct land managers to maintain viable populations
of all native species as efforts are made to preserve, and
sometimes enhance, biological diversity.

To maintain viable populations, the kinds, amounts, and
arrangements of environments necessary for populations to
survive over long periods-not just for the next few years-
must be met. The knowledge that these environments are
essential comes from ecological theory and applied research
in plant and animal ecology, including wildlife habitat

studies. The many different terms commonly used in dis-
cussions about habitat relationships are important because
they influence the way we think about very complex
ecological interactions.

One frequently used term that has been the focus of attention
ever since the importance of old-growth Douglas-fir forests
to wildlife emerged as an issue is “dependency” (Carey
1984). The term is uncommon in the literature of ecology
and wildlife management, and no definition of dependency
or explicit practical criteria for determining whether a popu-
lation is dependent on a particular environment had been
published until recently (Ruggiero and others 1988). The
concept of dependency involves an extremely complex and
dynamic array of ecological interactions. Ecology is defined
as “ . ..the scientific study of interactions that determine the
distribution and abundance of organisms” (Krebs 1985).
Because studying dependencies also includes studying the
interactions that determine the distribution and abundance
of organisms, the Krebs’ definition (and common sense)
suggests that the concept of dependency includes virtually
all aspects of ecology. I find this realization rather sobering,
yet in spite of its implications, the terms dependent and
dependency are used freely and rather casually by the media,
in political debate, and in discussions among biologists about
wildlife and old growth. This broad usage has, I believe, led
to some confusion about the nature of wildlife habitat
relationships.
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Most people define dependency in fairly simple terms-a
habitat or habitat element that is required for a population to
exist. But given the complexity of ecological systems, such
requirements are not always recognizable. Ecological re-
quirements are not necessarily the same across the entire
geographic range of a species. Most important, ecological
requirements may change over time as environmental con-
ditions change. Because requirements can change over time,
the focus of research should not only be on the features of
the environment that are required for a population to exist
under a given set of conditions, but also on the requirements
necessary for the population to persist over time under vary-
ing environmental conditions. The profound difference be-
tween existence and persistence must be clearly recognized.

Ecological dependency describes the relationship between a
population and the environment or environments required for
its persistence. Populations will persist only if sufficient
kinds, amounts, and patterns of environments are available to
meet the biological needs of individuals within populations
and if these environments provide sufficient resources to
sustain populations over time as environmental, genetic, and
demographic conditions fluctuate (Ruggiero and others 1988).

Population persistence is likely to involve complex and often
subtle interactions that may vary over time (season, year, or
longer) or with chance events that may affect environments
and populations in dramatic ways. So, although all organisms
in some way depend on the environment in which they exist,
dependency is best thought of as an ecological concept rather
than as a precisely or readily measurable state of nature. The
term “ecological dependency” emphasizes the dynamic and
interactive nature of the concept in both space and time. Dis-
cussions about wildlife habitat in general and about depend-
ency in particular sometimes fail to consider this perspective.
I am convinced that meaningful scientific and political dis-
cussions about maintaining viable wildlife populations require
that participants understand the concept of ecological de-
pendency, and then come to grips with some very real prob-
lems with the way people generally think about dependency.
This understanding will mean sharing a common perspective
about ecological requirements.

As a further example, when the ecological requirements of
wildlife are assessed, populations should be the focus rather
than individuals or species. The concepts of dependency and
population viability both focus on the issue of population
persistence (Ruggiero and others 1988, Shaffer 1981). Yet
observations of one or a few individuals are too often gen-
eralized to the species or to the population scale of biological
organization. The debate over whether spotted owls depend
on old growth is a good illustration of how focusing on
individuals can confuse the issue and lead to misunder-
standings about habitat requirements. Anecdotes about
individual owls observed in unusual environments do not
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adequately represent the behavior of the population in select-
ing habitat. Statistical analyses determine when enough in-
dividuals from a population have been observed to reliably
estimate the mean and variance associated with a particular
attribute. Until a population has been studied in this way,
how well the behavior of one or more individuals reflects the
ecological requirements of the population to be maintained is
unknown. Thus, questions about dependency must address
population attributes, not the attributes of individuals. A
similar danger exists in overgeneralizing about the ecological
requirements of populations based on broad observations of a
species, which can happen when discrete, ecologically mean-
ingful populations are not identified. It can also result in
confusion about population versus species attributes and
about ecotypic variation within species.

The concept of ecotypes has been around for a long time, but
its importance is sometimes overlooked. Ecotypes are popu-
lations adapted to a set of local conditions-in other words,
populations of a particular species that are adapted to some
part of the species’ geographic range (Odum 1971). Defining
populations too broadly can result in generalizations about
ecological requirements that fail to meet the needs of locally
adapted populations. Simply because a given species exists
as a set of ecotypes across a range of environments does not
mean that any given ecotype is equally plastic and can
quickly “adapt” to drastically altered environments. Adap-
tations exhibited by one ecotype cannot be assumed to be
within the range of genetic potential of another ecotype. The
spotted owl serves once again as a practical example: the
habitat associations and ecological requirements of the
northern spotted owl must not be confused with those of its
southern relatives.

When wildlife habitat requirements are being assessed,
degrees of association should be recognized, rather than two
simple states of naturedependent or not dependent. Some
species and some environments may have no association at
all. Others may have an exclusive association, and the species
will occur in only that one environment. Answering questions
about dependency at these extremes is relatively easy. But at
what point along a gradient of increasing association a popu-
lation becomes dependent on some habitat is not known.
When a population is substantially more abundant in a given
habitat than in any other-when it is “closely associated”
with that habitat-it should be assumed to require that
habitat for long-term persistence.

Such close associations can be inferred from patterns of spe-
cies abundance (for example, when a population is abundant
in old growth but rarely found in younger forests), from
measures of how well a population reproduces in a particular
habitat, and from observations of when the habitat is used
(for example, in instances where a population reaches its
highest reproductive attainment in a particular habitat or



when the habitat is selected during a critical period). But
intensive study of individual species is required to determine
how various amounts and arrangements of the habitat in
question will influence the probability of population per-
sistence. For example, although the loss of old growth would
be expected to result in a significant decline in numbers of a
closely associated population, predictions cannot be more
precise until intensive studies are conducted to better under-
stand why the population exhibits a close association with
old growth.

Nevertheless, a close association with a habitat should be
interpreted to indicate ecological requirements for persist-
ence. This condition must be accepted as indicating depend-
ency unless more intensive research supports a different in-
terpretation. Equivocating and insisting on “absolute proof
of dependency before committing to the appropriate man-
agement actions is inappropriate. The scientists who provide
research results and the managers who use those results
must recognize that such absolute knowledge is usually not
attainable.

One of the major accomplishments of the studies reported
in this volume is that they have identified species that are
closely associated with old-growth Douglas-fir forests (see
Ruggiero and others, this volume, for a summary). The
principal limitation in these studies is that without additional
research, recommendations for managing most of these
species cannot be very precise. In addition, several species
were found to be more abundant in old-growth than in young
and mature forests, but still occurred in high numbers in
earlier stages of unmanaged forests. We remain uncertain to
what extent this group would be affected by eliminating old
growth.

Although old-growth forests are unique and potentially
critical components of Western Hemlock Zone ecosystems,
a related but broader issue is emerging. This new issue is
about managed versus natural or unmanaged forest land-
scapes, and the importance of all developmental stages of
unmanaged forests in meeting the ecological needs of
wildlife.

Under certain conditions, undisturbed Douglas-fir-dominated
forests can occupy a site for over 1000 years and are in old-
growth condition for 80 percent or more of their lifespan
(Spies and Franklin 1988). But 80 years is a common
rotation age for managed forests in the Pacific Northwest.

How will wildlife respond as the predominant forest type
shifts toward these younger, generally less complex forests?
Will short-rotation landscapes containing islands of dedicated
old growth be better for late-successional wildlife than land-
scapes managed on a 250-year rotation, but largely devoid of
older forests? Such questions are unlikely to be answered in
our lifetimes. Society should, therefore, be conservative and
recognize the inherent uncertainty in any long-term manage-
ment strategy. A range of options should be considered for
meeting the needs of late-successional forest wildlife, in-
cluding retaining the largest remaining old-growth tracts
within some suitable managed forest matrix (Thomas and
others 1988).

The research results presented in this volume demonstrate
the ecological diversity found in all developmental stages of
unmanaged forests, and establish their importance as wildlife
habitat. These results provide a place to start in designing
managed landscapes that will provide maximum benefits to
wildlife species associated with late-successional forests.

Ecology is a young science. Questions related to maintaining
viable populations push this developing science to its limits,
and many problems need to be solved before most of these
questions can be answered. These problems will not be
solved by politicians or lawyers or economists: nor will
solutions be found on the pages of the Harvard Business
Review or by applying corporate models for risk assessment.
Rather, these problems will be solved only by ecologists and
through a significant and sustained commitment of time and
money in the conduct of scientific research. In the meantime,
ecologists should continue to give decision-makers the very
best information they can; they should offer interpretations
and judgments as part of their professional responsibility;
and rather than apologizing for their uncertainty, they should
stress the substantial body of ecological understanding upon
which they base their opinions.

Although the problems are extremely complex, the most
important tools for meeting these challenges are not
multivariate analyses nor sophisticated research methods.
The most important tools are the creativity, intuition, and
judgment of our best ecologists, And to the extent that
society demands solutions to ecological problems, these
tools must suffice, and those who possess them must have
a seat at the decision-making table. 0
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Introduction
This book contains the most comprehensive and detailed
research information ever reported for wildlife habitat rela-
tionships in the Pacific Northwest, and it is likely that the
scope and intensity of this research program (see Carey and
Spies, this volume) will not soon be duplicated. The results
reported here represent the best information currently avail-
able for evaluating the effects of land management decisions
on wildlife and vegetation and for identifying the most pro-
ductive avenues for new research.

The primary objective of the Old-Growth Forest Wildlife
Habitat Program was to identify wildlife and plant species
that depend upon or find optimal habitat in old-growth
Douglas-fir forests (Carey and Spies, this volume). The

purpose of this paper is to summarize in tabular form the
major patterns of association among forest age-classes for all
wildlife and plant species that were adequately studied in at
least one physiographic province during this research effort.
The information contained in the following matrices was
provided by the scientists responsible for collecting, ana-
lyzing, and interpreting the data. These designations result
from statistical analyses, review of pertinent literature, and
the professional judgments of the principal investigators.
Unlike similar compendia of wildlife habitat relationships,
the information in this chapter is derived primarily from
actual field research in the geographic areas listed, and the
interpretation of research findings has been done by the
scientists who conducted the studies. Detailed descriptions of
research methods, data analyses, and interpretive rationales
can all be found elsewhere in this volume (see also Carey
and Ruggiero, in press).

Wildlife habitat relationships are dynamic, especially over
long periods of time, and such relationships are generally
not reducible to “obligatory vs. non-obligatory” associations
(Ruggiero and others 1988). A species’ ecological and bio-
logical requirements may change as a function of its repro-
ductive status, age, and environment, and habitat associations
can change accordingly. Moreover, habitat requirements can
be subtle and difficult to detect, and can be based upon or
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modified by interactions with other species (Simberloff 1983). Further research is urgently needed on at least the following
When available information is limited to general patterns of species or species groups: the Larch Mountain salamander,
species’ abundances derived from extensive community sam- Siskiyou Mountains salamander, Van Dyke’s salamander,
pling, precise descriptions of each species’ habitat require- spotted frog, Keen’s myotis, white-footed vole, carnivores
ments are difficult. Even after intensive autecological study, (especially the marten), accipiter hawks (especially the
habitat relationships may not be precisely definable. goshawk), and numerous nonvascular plant species.

Nature of the Data
Some attributes of the data upon which this summary in-
formation is based should be kept in mind. First, the study
stands were preferentially selected to represent a wide range
of site conditions occurring in young, mature, and old-growth
Douglas-fir forests across a broad geographic area (Carey
and Spies, this volume). Consequently, the statistical vari-
ation within each age-class makes detecting significant
differences among age-classes difficult. In other words, such
a selection process is expected to result in greater variation
and fewer statistically significant differences in measured
parameters among age-classes than if the stands had been
selected randomly; these results are therefore conservative.
Conversely, ecologically important differences may exist
in the absence of statistical significance (see Connor and
Simberloff 1986). Thus, we recommend careful consideration
of these caveats when interpreting results that fail to demon-
strate statistically significant relationships, especially for
those species that have been designated as “associated” with
a particular age-class (see Summary Matrices).

Second, the influence of stand size and surrounding habitats
(stand context) on species’ abundances within old-growth
study stands was largely uncontrolled. Old-growth stands
varied considerably in size. Although the old-growth study
stands were relatively large-78 percent were larger than
100 ha-they were often irregularly shaped and located in
various contexts within landscapes containing on average
only about 25 percent old growth (J. Lehmkuhl, pers. comm.).

Lastly, the survey techniques used were designed to sample
the broadest possible assemblage of species within a com-
munity. As a result, relatively few data were collected on
rare or highly vagile species. Thus, for certain species of
special interest or concern to forest managers, such as the red
tree vole and pileated woodpecker, the ability to evaluate
observed patterns of abundance or occurrence was limited by
small sample sizes. More intensive research will be neces-
sary to generate adequate information on the habitat rela-
tionships of these species. Other species were either not
effectively sampled with our techniques (for example, highly
mobile avian and mammalian predators) or were so locally
distributed (for example, Larch Mountain salamanders) that
insufficient data were collected for any conclusions about
their habitat associations to be made. Lack of information,
however, should not be equated with a lack of concern about
the potential effects of forest management on these species.

Structural Diversity in Naturally Regenerated
Forests
Virtually all of the study stands were naturally regenerated
after wildfires. Consequently, these results do not apply to
intensively managed forest stands. Because some structural
or vegetative components of stands, such as large snags,
logs, and live trees, generally survive even catastrophic
wildfires, such components often carry over from the pre-
ceding mature or old-growth stand to the new, young stand
(Spies and others 1988, Spies and Franklin 1988). Intensively
managed forest stands, which generally lack such components
(Spies and Cline 1988), may not provide suitable habitat for
wildlife associated with these features.

Because of these carryover components and variation in
establishment patterns, naturally regenerated Douglas-fir
stands can be structurally diverse, even in the younger age-
classes (Spies and Franklin, this volume). Moreover, the
regional pattern of natural disturbances typically created
forest mosaics where stands of different ages resulting from
a varied history of disturbance were interspersed with rela-
tively old, undisturbed forest (Agee, this volume; Spies and
Franklin 1988). This process created widespread habitat con-
ditions that consisted either of late-successional forests or
younger forests containing structural or vegetative character-
istics of late-successional forests. The structural diversity of
naturally regenerated young stands and an interspersed pat-
tern of disturbance probably interacted to maintain high
ecological diversity in natural landscapes (Hansen and
others, in press).

Given that presettlement landscapes in this region were
composed of a wide variety of vegetative conditions, in-
cluding large expanses of suitable habitat for species adapted
to late stages of forest development, some species would
logically have become adapted to structurally diverse forests
(Thomas and others 1988). Current forest management
practices have resulted in extensive simplification of stand
structures (Spies and Cline 1988) and fragmentation of
natural forests (Lehmkuhl and Ruggiero, this volume;
Morrison 1988). Although young plantations that have
already been established for timber production can be
modified to improve their habitat capability (Spies and
others, in press), the ecological values of new approaches to
harvesting remaining late-successional forests (Franklin
1989) have not yet been evaluated through field research.
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Alternative silvicultural strategies may be needed to maintain
populations of species adapted to structurally diverse stands
or to unfragmented forest conditions. Perhaps such species
can be maintained by aggregating disturbances at the land-
scape scale and leaving various components of harvested
stands to add complexity and important functional elements
to managed stands and landscapes (Franklin 1989). The
results presented here suggest that such a scenario imitates
natural disturbance regimes more closely than traditional
silvicultural practices and is more compatible with the goal
of maintaining biological diversity. The extent to which such
alternative management strategies could functionally replace
extensive blocks of relatively undisturbed late-successional
habitat is unknown, however.

Summary Matrices

The designations listed in the following matrices are
intended to summarize the results of the studies reported in
this book. These designations therefore reflect comparisons
of indices to abundance among old-growth (200-730 yr),
mature (80-195), and young (35-79) age-classes of unman-
aged, naturally regenerated, closed-canopy forests in the
Douglas-Fir/ Western Hemlock Zone of western Oregon and
Washington and northwestern California (Franklin and
Dyrness 1973). Although a large percentage of the species
listed are primarily forest-dwelling species that occur most
commonly in the forest zone we studied, many also occur in
other forest types or in precanopy seral stages of Douglas-fir/
western hemlock forest. Consequently, because some species
may have closer associations with other habitats not con-
sidered here, these designations should be viewed with
caution-they only reflect relative differences in patterns of
abundance among the three seral stages of unmanaged forest
we studied. The following designations represent the oper-
ational definitions used by the principal investigators to
assign degrees of association among age-classes for each
species.

* Closely Associated. A species was designated as “closely
associated” with a seral stage if it was found to be sig-
nificantly more abundant (based on statistical signifi-
cance levels set by each investigator) in that seral stage
compared to the other seral stages, or if it is known to
occur almost exclusively in that seral stage.

+ Associated. A species was designated as “associated”
with a seral stage if it was found to be numerically
more abundant in that stage compared to the other seral
stages. [Note: some species were also designated as
associated with old growth if they were determined to
require one or more habitat features that are charac-
teristic of that seral stage, such as very large diameter
logs, snags, or broken-top live trees.]

P Present. A species was designated as “present” in a seral
stage if it occurred in that seral stage in numbers lower
than or equal to those found in the other seral stages.

? Unknown. A species was designated as “unknown”
across all seral stages in a given geographic area if the
species was not studied or the data collected were
insufficient for any designations to be made.

/ A species was designated with a diagonal slash across all
seral stages if it does not occur in the geographic area
sampled.

For species designated as closely associated with old growth,
we predict that a significant reduction in old growth would
result in a marked decline in the population numbers of those
species. The extent to which such a decline would threaten
the persistence of each population will depend on various
environmental, demographic, and stochastic factors. The
consequences of a significant loss of old-growth habitat on
the population viability of species designated as associated
with old growth, are unknown.

The principal investigators that provided the designations
shown here are as follows: diurnal forest birds: Andrew B.
Carey (Oregon Coast Range), Frederick F. Gilbert (Oregon
Cascade Range), David A. Manuwal (Southern Washington
Cascade Range), Mark H. Huff (Regional Analyses for
Oregon and Washington; Southern Washington Cascade
Range-Winter), Richard W. Lundquist and Jina M. Mariani
(Southern Washington Cascade Range-Snag-Dependent
Birds), C. John Ralph (northern California and southern
Oregon); small mammals: Paul Stephen Corn and R. Bruce
Bury (Oregon Coast Range), Frederick F. Gilbert (Oregon
Cascade Range), Stephen D. West (Southern Washington
Cascade Range); Keith B. Aubry (Regional Analyses for
Oregon and Washington), C. John Ralph (northern California
and southern Oregon); bats: Donald W. Thomas (Oregon
Coast Range; Southern Washington Cascade Range);
amphibians: R. Bruce Bury and Paul Stephen Corn
(Oregon Coast Range; Regional Analyses for Oregon and
Washington), Frederick F. Gilbert (Oregon Cascade Range),
Keith B. Aubry (Southern Washington Cascade Range),
Hartwell H. Welsh, Jr., and Amy J. Lind (northern California
and southern Oregon); vascular plants: Thomas A. Spies
(Oregon and Washington) and Bruce B. Bingham (northern
California and southern Oregon); hypogeous fungi: Daniel
L. Luoma (Oregon Cascade Range).
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For birds, mammals, amphibians, and reptiles, all species for
which data collected were sufficient for analyses in at least
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one province are included. For vascular plants, only those
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species showing an association with a particular age-class in
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at least one province are included. Hypogeous fungi were
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only studied in the Oregon Cascade Range. Because sampling
many stimulating and insightful discussions. 0

for hypogeous fungi was not as intensive nor extensive as for
other taxa, the likelihood of not detecting the presence of a
species within a particular age-class was high. For this
reason, dashes were used in the matrix for hypogeous fungi
to indicate that the species was not detected in forests of that
age-class.
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Introduction
The objectives of this paper are to describe the application of
results from the Old-Growth Forest Wildlife Habitat Program
to forest management in the Pacific Northwest Region of the
Forest Service, and to identify needed research on old-growth
Douglas-fir forests.

The analysis of vertebrate community data presented in this
book was designed primarily to identify vertebrate species
associated with old growth and to describe habitat features
that may account for observed patterns of association. While
it does not lend itself to precise predictions about the effects
of management on those species, it could and should play an
important and immediate role in implementing Forest Plans.
Information presented here allows, for the first time, the
development of a reliable and scientifically defensible list of
vertebrate species associated with old-growth Douglas-fir

forests. All of these species should be carefully considered
when allocations for late-seral habitat on the National Forests
are actually implemented. Information on the habitat asso-
ciations of these species will help managers make better
decisions about the types of forests to include in old-growth
management areas, and how best to provide critical habitat
features, such as large snags and down wood, in managed
stands. Information on the effects of forest fragmentation on
wildlife will enable managers to make better decisions about
the sequence and spatial arrangement of management
activities scheduled in Forest Plans.

During the time this information is being used to help guide
the implementation of Forest Plans, it should also be eval-
uated to see if amendments to Plans are appropriate. Amend-
ments will be appropriate if these results, and other new
research and monitoring information, indicate that the Plans
will not meet objectives for wildlife habitat, including
maintaining viable populations within diverse communities.
Recognizing that absolute knowledge is not attainable, man-
agers must make reasonable judgments about the viability of
species based on existing information. Amendments may
also be made for other reasons, such as the identification of
new issues or unexpected effects from implementing Forest
Plans. Experience from other Regions of the Forest Service
suggests that such amendments may be fairly common and
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serve to keep the Plans up to date between major revisions.
Finally, this information (along with other new findings from
monitoring and continued research) will be used to revise
Forest Plans either after 10 years or sooner.

Goals, Objectives, and Legal Requirements for
Old Growth
For old-growth research information to be applied to manage-
ment, the goals, objectives, and legal requirements for old
growth must be understood. Goals for old-growth manage-
ment on National Forests include providing recreation,
esthetic experiences, and opportunities for scientific study;
maintaining water quality; producing high-quality wood
products; maintaining biological diversity and long-term
productivity; and providing wildlife habitat. The specific
goals for wildlife habitat management are established in the
National Forest Management Act of 1976 and pursuant
regulations (36 CFR 219.19 and 219.27). They are:

. Manage “to maintain viable populations of existing
native and desired non-native vertebrate species in the
planning area;”

. “...establish objectives for the maintenance and
improvement of habitat for management indicator
species” selected during the planning process; and

. “...provide for diversity of plant and animal
communities...in order to meet overall multiple-use
objectives.”

Information presented here can eventually help managers
address all three of these mandates. Results of the
community studies provide the initial scientific basis for
determining whether viability is a concern for any of the
species demonstrated to be closely associated with old
growth. The results will also allow managers to do a better
job of selecting management indicator species for future
amendments and revisions of Forest Plans. Although using
indicator species in forest planning has been controversial,
we believe that all species found to be closely associated
with old growth should be considered in the management
process. Results from these studies will provide information
on how to establish and meet objectives for such species.
Finally, these results will help to answer questions about
biological diversity. A fundamental aspect of managing for
diversity of plant and animal communities is to provide for
persistence of the full array of seral stages in all forest types.
To ensure that we have identified all significant types and
stages, forest (and especially, old-growth) classifications
should be based on both plant and wildlife communities.
Information presented here will be fundamental to
developing these classifications.

Information Needed From Old-Growth
Research
To develop very specific objectives for management, devise
alternative actions that could meet those objectives, and
evaluate the effectiveness of such alternatives, very specific
information about old-growth habitats and associated species
is required. Some specific questions that must be addressed
include:

. What species occur in old-growth forests, and how con-
sistent and close is their association with old growth?

. What stand attributes are associated with each species?
Can species be classified according to sets of stand
attributes? What is the effect on species of different
amounts and patterns of these attributes in unmanaged
and managed stands?

. What amounts and patterns of old-growth forests should
be provided across the landscape to maintain viable and
well-distributed populations of old-growth-associated
species? What sizes and shapes of old-growth stands are
best for providing for old-growth species? What kinds
and patterns of edges adversely affect old-growth forest
habitat conditions, and how can such effects be miti-
gated? How is dispersal affected by different forest
conditions and the juxtaposition of those conditions?

. What forest management activities (for example, roads,
recreation, hunting, timber production) can take place in
or near old-growth stands and still be compatible with
maintaining adequate habitat for old-growth-associated
species? What is the effect of various rotation lengths on
old-growth attributes in managed stands? How suitable
are stands where elements of old growth (for example,
large snags and logs) are maintained, but the surrounding
stand is modified by timber harvest? Can old-growth
conditions be created in areas currently lacking old-
growth forest habitats?

Research information available in this book goes a long way
toward answering the first set of questions and provides
some information on the second. Ongoing research, especially
at the landscape (multi-stand) scale, will provide additional
insights into the second and third set of questions. Autecol-
ogical studies will provide better information on the rela-
tionship of old-growth species to their environment, and
proposed manipulative experiments will directly test the
effects of habitat type, edge, size, and configuration on
population and community response.

Answers to the fourth set of questions may be inferred from
correlations between habitat attributes and abundances of
old-growth species. We believe, however, that providing
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old-growth conditions or attributes in managed stands and
landscapes as a means of increasing the viability of old-
growth wildlife populations should be treated as a working
hypothesis that needs to be tested empirically. Experimental
forests may be ideal settings for testing how well we can
create old-growth systems through management, and whether
or not old-growth species will persist if provided with old-
growth components in habitats modified by timber harvesting.

Developing Information From Research Into
Needed Tools and Evaluation Procedures
Once basic information on the ecology and biology of old-
growth forests is available from research, it must be assim-
ilated by managers to guide specific management prescrip-
tions. Ultimately, the information must be incorporated into
existing administrative procedures and policies for assessing
and planning old-growth forest management. This process
entails developing the research information into classification
and inventory systems, particularly on the abundance and
distribution of old-growth forest types and associated wildlife
species; summaries of habitat conditions or attributes asso-
ciated with old-growth wildlife species; summaries of demo-
graphics of old growth-associated species; and models
depicting the response of wildlife populations to habitat
conditions at both stand and landscape scales.

Forest Service wildlife biologists at both Forests and Districts
will use the information and assessment procedures in daily
operational tasks. These tasks include assessing the effects of
proposed forest management activities, and identifying activi-
ties consistent with conserving old-growth resources. In addi-
tion, specialists in related disciplines-specifically, fisheries
biologists, silviculturists, botanists, ecologists, and landscape
architects-must also play central roles. They would help
bring old-growth evaluation tools and information to the
forefront of multiple-resource planning. Educating specialists
and managers alike should be part of the development and
application of old-growth research information.

Classification Systems

Applying old-growth information to habitat management
requires a system of classifying habitats and wildlife com-
munities. Five major objectives and uses define the need for
habitat and community classification systems: to reliably
predict the successional development of habitats and related
changes in wildlife communities; to identify forest conditions
with which specific sets of old-growth-dependent wildlife
species may be associated; to predict responses of habitat
conditions and wildlife populations to management activities;
to serve as precursors to inventories and monitoring; and to
provide a basis for planning and implementing both research

and management activities. In particular, predicting succes-
sional development is important for projecting future habitat
conditions and response by vegetation and wildlife commu-
nities to proposed management activities.

Plant community classifications-Classifications of old-
growth forest types should be based on the ecological char-
acteristics of climax or subclimax forest stands and their
successional states. The objective is to array ecological forest
types along a successional gradient. Successional stages can
be inferred from studies on vegetation structure across an age
gradient (chronosequence) of young, mature, and old-growth
forests. A classification of old-growth habitats may build on
the Franklin and Spies (this volume) approach of an index of
“old-growthness,” much as Raphael and Barrett (1984) devel-
oped multivariate correlations of vegetation conditions with
stand age in old-growth forests in northwestern California.
An old-growth index would describe the degree to which a
forest stand, given its dominant plant species and its age,
provides various attributes associated with increasing stand
age and successional development. These attributes in turn
can be related to use by wildlife species. An old-growth index
of this type encourages the view of late-successional forests
as developmental gradients rather than as discrete types.

Forest habitat conditions associated with each wildlife
species and community can be further analyzed to produce a
classification of old-growth forest habitats. Several analytical
techniques may prove useful. For example, a hierarchical
clustering algorithm (see Gauch and Whittaker 1981, Hill
and others 1975) applied to the vegetation data from each
stand may help identify sets of stands with unique conditions.
This approach, however, may merely serve to mirror the
criteria that were used originally to select the study stands.
Other techniques with which a vegetation classification could
be developed include discriminant function analysis and
various ordination techniques, such as principal component
analysis (see Hill and Gauch 1980, Kantrud and Kologiski
1982, Whittaker 1987).

These classification techniques rely on analysis of vegetation
data alone. An old-growth habitat classification could also be
developed by correlating the abundance of wildlife species
with various old-growth forest attributes. One useful ap-
proach is canonical correlation analysis (Gauch 1973,
Goldstein and Grigal 1972, Smith 1981), in which variation
in the vegetation data is explained through correlations with
variation in wildlife abundance data. Conversely, canonical
correlation could be used to explain variation in wildlife
data, given the vegetation data (see McIntire 1978). Results
of canonical correlation analysis are sometimes difficult to
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interpret, however, and the procedure requires many samples
(study stands) relative to the number of variables (vegetation
and wildlife attributes of each stand) (Pimentel 1979, Smith
1981). Also, like other ordination techniques, canonical cor-
relation analysis does not produce a classification per se, al-
though component scores can be ordinated along the canon-
ical vectors and a classification of sites (or species) can be
derived (see Noy-Meir 1973).

Care must be taken to avoid errors when interpreting results
of multivariate analyses (Garsd 1984, Rexstad and others
1988, Wilson 1981). Errors may result from spurious cor-
relations, inadequate sample sizes, and violations of assump-
tions of normality, linearity, and independence of the data.

Ideally, old-growth habitat classifications would be based
on variables found in forest inventory information used by
Ranger Districts and National Forests. Forest inventories
currently available include Total Resource Inventory (TRI)
data bases and ongoing updates to Vegetative Resource
Surveys (VRS). Results of Mature and Overmature (MOM)
inventories are reported elsewhere in this volume by Marcot
and others. A first step will be to determine if TRI, VRS, and
MOM data bases contain the necessary habitat variables for
use in an old-growth habitat classification system, and if the
data have acceptable precision and resolution (scale). At
present, the kinds, accuracy, and precision of data bases on
old-growth forest habitats vary among National Forests and
Districts. Old-growth classification strategies should be
flexible enough to be useful in the short term with data bases
of varying resolution and accuracy. They should also help
identify additional inventory needs in the longer term-that
is, define new variables or refine existing variables to greater
precision or resolution.

Wildlife community classifications-The objective in de-
veloping wildlife community classifications is to identify
wildlife guilds and species assemblages that are associated
with various forest types and successional stages. A wildlife
community classification would identify sets of species
associated with specific old-growth conditions and stages,
which could be done by producing classifications of species
occurring in various successional stages or along gradients of
various habitat attributes. Analysis techniques include cluster-
ing algorithms, as discussed above. One approach might be
to apply gradient analyses on the abundance of each wildlife
species, guild, or assemblage for various habitat attributes.
Analytical techniques may include ordinations and various
multivariate methods that produce mathematical models of
species distribution or abundance as functions of habitat
conditions.

We anticipate that both classification and gradient approaches
will prove useful. Classifications would reveal which groups
of wildlife species are likely to be associated with specific

sets of habitat conditions. Various species groups may over-
lap. Gradient analyses may provide information on how the
relative abundances of species or species groups change
along various environmental gradients, such as stand develop-
ment, elevation, latitude, or moisture regime in old-growth
forests (see Smith and MacMahon 1981).

Specifically, what is needed is a test of how well wildlife
species can be classified based on various gradients asso-
ciated with old-growth forests. Clustering or ordination
techniques may be used to test further associations of
wildlife species, guilds, or assemblages with unmanaged
forest age-classes, moisture-classes, and especially old-
growthness gradients and indices. For the latter, a much
better understanding of the contribution to wildlife species
presence and abundance from old-growth attributes in
younger stands is needed, particularly in intensively man-
aged, even-aged stands. One approach might be to use scatter
diagrams, simple correlations, stepwise multiple linear
regression, logistic regression, and discriminant function
analysis to predict the presence or abundance of wildlife
species as a function of old-growth stand attributes in young
unmanaged forests. Prediction variables may include density
of large snags, large logs, large-diameter live trees, and high
foliage volumes. Then, the models would be applied to
young managed forests, to help identify the kinds and
amounts of late-successional forest conditions that might
provide for old-growth wildlife species.

Inventories

Inventories are required to apply predictive models of old-
growth habitats and species. Although uses of inventory data
will vary, basic guidelines for inventories should be rigor-
ously standardized among National Forests.

Habitat-The main objective of producing inventories of
old-growth forest habitats is to provide reliable information
on location, distribution, and amount of old-growth and
younger forests that contain old-growth attributes, such as
large live trees, large snags, and large logs. Appropriate
sampling and inventory techniques should be applied to
various forest types at stand, landscape, and National Forest
scales, and under several standards of reliability.

Habitat inventories should ultimately provide vegetation
class-specific and stand-specific data on vegetation structures
and flora. Inventories on all National Forests must be con-
ducted by supplementing remotely sensed data with field
surveys. Identifying which old-growth habitat attributes to
sample will come from analysis of both community and
species-specific old-growth research data.

Ongoing VRS and MOM inventories on National Forests in
Washington and Oregon (Marcot and others, this volume) are
currently scheduled for completion by 1994. The MOM
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inventory will include data on structures of late-successional
forest stands for each plant association. Once entered into a
geographic information system, these data can provide infor-
mation on the distribution and extent of stand conditions
specified by the user. Such specifications could include, for
example, the quantitative “ecological” definitions of old
growth advanced by the Old-Growth Definition Task Group
(1986). They may also include definitions of stands corre-
sponding to quantitative descriptions of habitat for wildlife
species or species groups associated with various forest con-
ditions. Forest inventory data must be accessible to Ranger
Districts to help in planning and executing projects in an
integrated approach to resource management (Chalk and
others 1984).

Wildlife species-Inventories of selected wildlife species
associated with late-successional forests are also needed.
Such species include those identified in this volume as
“closely associated” with old-growth conditions (table 1;
see also Ruggiero and others, this volume).

Other species classified as “associated” with old growth,
which are expected to decline in a managed forest landscape,
may also need to be inventoried. These include cavity-nesting
birds (Lundquist and Mariani, this volume; Manuwal, this

I volume), birds associated with old-growth forests during
winter (Huff and others, this volume), some amphibians
(Aubry and Hall, this volume; Bury and others, this volume),
and vertebrate species sensitive to edges and other landscape
patterns created by forest management activities. Also of
interest are species recognized by administrative or legal
directives, and keystone species whose functions in late-
successional forest ecosystems affect the presence and abun-
dance of other plant and animal species (table l), such as
mycophagous small mammals and prey species for spotted
owls.

Developing inventories of the distribution, abundance, and
L trends of populations for each of these species--especially

those that are wide-ranging, rare, or secretive-is a formi-
dable and expensive task (see Franzreb 1977, Raphael and

I
Rosenberg 1983, Ratermann and Brode 1983). Complete
censuses of all of these species (table 1) will never be pos-
sible because of the huge investments of time and money
required for even one species in a small area. Sample
surveys, however, can determine distributions, relative
abundances, and population trends. Sampling could be
undertaken among physiographic provinces, National
Forests, or any given land allocation. Validated models of
habitat relationships could be used to identify appropriate
habitats to inventory within such strata.

/

Table I-Categories of species that may require extensive
inventories or additional study

Species closely associated with old-growth conditions in
one or more physiographic provinces

Northern spotted owl
Vaux’s swift
Marbled murrelet
Hairy woodpecker
Red-breasted sapsucker
Brown creeper
Western flycatcher
Big brown bat
Fringed myotis
Long-legged myotis
Silver-haired bat
Shrew-mole
Red tree vole
Olympic salamander
Northwestern salamander
Del Norte salamander
Roughskin newt
Tailed frog

Species associated with old-growth forests that may suffer
declines in managed forest landscapes

Cavity-nesting birds
Birds and mammals closely associated with late-

successional forests during winter
Chestnut-backed chickadee
Red-breasted nuthatch
Red crossbill
Gray jay
Douglas’ squirrel

Species associated with interior late-successional forest
conditions

Keystone species
Selected prey species of the spotted owl

Northern flying squirrel
Mycophagous mammals
Insectivorous birds, especially those preying on

forest insect pests

Species with special administrative or legal status
Old-growth indicator species

Northern spotted owl
Pileated woodpecker
Marten

Rare, threatened, endangered, or sensitive species
Northern spotted owl
Northern goshawk
Great gray owl
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In addition to sampling habitats for the presence and distri-
bution of late-successional forest wildlife species, appropriate
techniques may need to be developed for estimating the ab-
solute abundance and reproductive attainment of certain
species. Substantial progress has been made on region-wide
inventories of northern spotted owls, although at high cost
(O’Halloran and others, this volume). Similarly, survey
protocols are being developed for determining the distri-
bution and relative abundance of marbled murrelets at inland
sites (Nelson, this volume; Paton and Ralph, this volume).
No reliable methods for assessing the reproductive success
or absolute abundance of marbled murrelets are currently
available, however. Such intensive efforts to gather data on
the absolute abundance and reproductive success of other
wildlife species associated with late-successional forests may
be initiated only for those species that are listed (or proposed
to be listed) by the U.S. Fish and Wildlife Service as
threatened or endangered.

Information on Wildlife Habitat Relationships

Understanding habitat relationships of old-growth wildlife
species is crucial to predicting their responses to present and
future habitat conditions in managed landscapes. Habitat
relationships should be evaluated throughout the geographic
range in which each species occurs, and for each habitat that
may be used for various life-history functions, such as
feeding, resting, reproduction, migration, or dispersal.

Habitat relationships information can be used to predict the
abundance of wildlife species in various structural or succes-
sional stages of late-successional or other forest types. Infor-
mation on the habitat relationships of old-growth-associated
species should include specific habitat elements associated
with the species’ presence, variation in abundance and repro-
ductive success, and other life-history traits. Applying such
information for each species would help identify the range of
occurrence of various habitat elements in the landscape-
density, size, and quality of habitats-and effects on species’
presence and abundance. Of particular concern are the effects
on wildlife population sizes and trends of fragmenting old-
growth forests. Fragmentation greatly changes spacing, size,
shape, context, and amount of edge of old growth in the
landscape.

Managers need to understand to what degree different vege-
tation structures and species assemblages (at both stand and
landscape scales) provide for viability of each old-growth
wildlife species. Integral to this understanding is predicting
stand and landscape conditions that result from management
activities by all land owners throughout each species’ range.
To help develop such predictions, researchers and managers
need to know what stand and landscape attributes to track.
The old-growth research results presented in this volume

represent the first step toward developing information for
such uses. To use such information, we also need to test how
well variation in species presence, abundance, survival,
reproductive success, and long-term population viability can
be predicted by using existing habitat data or that which can
be collected through typical forest inventory procedures.

One main objective is to produce area-analysis models for
assessing cumulative effects on late-successional forest wild-
life species from management activities at both the stand and
landscape scale. Such analyses may initially be useful only
for predicting the presence of various species. Ongoing
studies of landscape-scale patterns (Lehmkuhl and others,
this volume) will provide essential information for this
purpose.

In such models, attributes would be defined along gradients
rather than by discrete stand age-classes. An example would
be a discriminant function equation that estimates the prob-
ability that a species is present based on habitat conditions.
The equation would discriminate between stand conditions
with which the species’ presence is highly likely and those
with which it is highly unlikely. Of course, species’ presence
is not simply a function of habitat: historical factors, random
catastrophic events, and barriers to colonization are also
important determinants.

Predictive species models developed from the old-growth
research data should be validated, especially against an
independent data set. Where additional data sets are lacking,
predictive models can be developed with cross-validation
techniques, such as bootstrap or jackknife analyses (Meyer
and others 1986, Solow 1989). In such tests, the robustness
of the models are assessed by developing prediction equations
or correlations from multiple, randomly chosen subsets of the
data base and testing how values of the model parameters
vary. Cross-validation also entails testing the predictions of
a model derived from a portion of a data base against a
complementary portion not used to develop the model.

Demography Information

Finding through field inventories that a wildlife species is
present in a particular area, or predicting its presence by a
habitat capability model, does not ensure that existing habitat
conditions or landscape patterns will provide for either
reproductive success or long-term population viability (Van
Home 1983). Empirical information on demographic
parameters is critical for making such determinations. Such
expensive and time-consuming studies, however, will likely
be conducted on only a few species of key scientific,
administrative, or social concern, such as spotted owls and
their prey.
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Priorities among species may need to be set for these studies.
Forest species with a high priority for demographic studies
may include those that are associated with late-successional
forests; have restricted or disjunct ranges and small popu-
lation sizes; or that are known or suspected to have suffered
recent population declines, especially those resulting from
management activities. Forest-scale inventories may need to
be conducted to determine which species associated with
late-successional forests would fall into these priority
categories.

Advisor or Prescription Models

To aid resource managers, advisor or prescription models can
be built to help evaluate old-growth habitat conditions at
stand and landscape scales and to recommend appropriate
courses of action to meet specified management objectives
(Marcot and others 1988). Such models may include expert
systems, in which knowledge bases of if-then rules represent
expert assessments of habitat conditions (Marcot 1986). An
example is the expert system developed for guiding habitat
management for black-tailed deer in coastal British Columbia
(McNay and others 1987).

Advisory models are used to assess habitat conditions for
various species and to set priorities and guide management
prescriptions. At a landscape scale, they can also be used to
guide cumulative effects analysis. That such models be eval-
uated through peer review and validated with independent
empirical data is critical, however (Marcot 1987). Also, such
models should not be used to make decisions, but merely to
provide information. For example, an expert systems model
could be designed to advise on priorities for retention or
silvicultural treatment of late-successional forest stands in a
given landscape. Especially if tied to a geographic infor-
mation system to visualize stand conditions and habitat patch
patterns, such a decision-aiding tool would provide a con-
sistent and reliable means of interpreting old-growth forest
conditions for wildlife.

Development of these models is several years away. Key
information still needs to be gathered or developed to
produce prediction equations at stand and landscape scales
and expert advice on habitat and species’ responses to
various management presciptions. Inventories of vegetative
conditions at the stand scale need to be conducted or refined.
Regardless of whether such an advisory system is produced
in the form of a model per se, or as an evaluation process for
resource managers to follow, a thorough understanding of
species-habitat relationships is needed to guide such
prescriptions.

Further Research Needs
We consider further research needs to fall into five basic
categories: autecological studies, studies on developmental
patterns in old-growth forests, landscape studies, research on
inventory and monitoring techniques, and studies on the
effects of management activities and natural disturbances
such as fire.

The team that planned the research reported in this book has
identified autecological studies as the next phase of research
after the community studies (Research Work Unit Descrip-
tion on file at the Forestry Sciences Laboratory in Olympia,
Washington). The results presented in this volume will go a
long way towards identifying species for which autecological
study is needed. In addition, researchers and managers can
work together to identify priorities for other species that
were not included in the sampling design for the community
studies reported here. The species presented in table 1 should
all be considered candidates for more detailed study. Auteco-
logical studies must be conducted over a wide range of stand
conditions so that the effects of various stand conditions can
be adequately evaluated. Such studies may sometimes require
manipulation of existing stands to simulate conditions likely
to exist in the managed stands of the future.

Further information on developmental patterns in old-growth
forests is essential to providing full understanding of options
for managing old growth. Many areas currently contain
forests that have some of the characteristics of old growth
but fail to meet all criteria for ecological old growth (see
Franklin and Spies, this volume; Morrison 1988; Old-Growth
Definition Task Group 1986). We need to fully understand
developmental patterns in older forests so that we better
predict their future characteristics.

Landscape ecology studies must focus on two essential
questions. The first is how fragmentation affects old-growth
forest conditions. How the integrity of old-growth habitats
can be maintained at the landscape scale must be understood.
Research is needed to determine how well adjacent stands of
different ages and structures act to buffer the effects of frag-
mentation on old-growth stands. Some of this research is
already being conducted by Forest Service scientists in the
Pacific Northwest. The second essential question at the
landscape scale concerns the effects of various amounts and
patterns of old growth and other forest types on populations
of wildlife species that are associated with old growth. Such
studies must focus (to the extent possible) on long-term
rather than short-term effects on species. Although these
studies are likely to prove very difficult and expensive, they
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offer the only real means of evaluating management hypoth-
eses about landscape conditions that will sustain species’
viability over time. These studies must include demographic
measures of the species being investigated. They must also
be designed to look at a broad array of landscape conditions.
The careful setting of priorities of species to be studied at the
landscape scale, and of needed standards of reliability, will
be critical because of the expense and time required for such
studies.

The third category of studies needed are those directed at
developing more effective inventory and monitoring tech-
niques for both old-growth habitats and wildlife species
associated with those habitats. Such inventories are time
consuming and expensive, but management plans cannot be
properly implemented without site-specific knowledge of
habitats and species. In addition to more efficient techniques,
evaluation systems that would set priorities among stands for
species-specific inventories would be useful. Inventories
could then be conducted in those habitats that are most likely
to support species of interest.

Finally, studies are needed on the effects of management
and of natural disturbance on old-growth conditions. Studies
of management techniques should ask what techniques are
useful to retain elements of old-growth forests in newly
regenerated stands; accelerate the development of these
characteristics in young, unmanaged stands; and accelerate
the development of these characteristics in stands that have
already come under management. Studies of natural disturb-
ances should address questions about the frequency, size, and
intensity of natural disturbances and the ways in which they
may be influenced by various stand and landscape
characteristics.

Conclusions
The information presented in this volume provides clear
evidence about species’ associations with old-growth forests.
That information should be further analyzed to provide a
better understanding of the stand characteristics associated
with each of these species. Community-scale analyses of this
data set has provided information on the diversity of
old-growth forest communities and associated wildlife
communities. This information will allow managers to make
more-informed decisions about which stands to include in
old-growth management areas. Such information can be
applied directly in implementing Forest Plans. A
combination of further analysis of this information and
collection of additional data will elucidate how different
amounts and patterns of old-growth stands will affect the
species that are most closely associated with them. Such
analyses will also play a role in determining if amendments
to Forest Plans are needed.

It is vitally important that the research and management
branches of the Forest Service work closely together to
further develop this information and identify priorities for
needed information. Although we acknowledge that
additional information is always desirable, we urge resource
managers to make the best possible use of the results
presented here. A cooperative effort between researchers and
managers is currently underway to make this information
more readily accessible to potential users. The products of
this effort should provide essential tools to managers faced
with tough decisions about maintaining old-growth forest
conditions in a multiple-use context. q
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This volume presents the results of research conducted under
the auspices of the Forest Service’s Old-Growth Forest Wild-
life Habitat Program. At least another 100 papers have been
prepared from research conducted by or funded by the Pro-
gram; more are to come. Some of these papers are published,
some in press, and some undergoing review. A vast amount
of data was gathered by the Old-Growth Program. Such a
comprehensive, detailed data set on animal communities
related to the successional or structural stages in Douglas-fir
forests of western Oregon and Washington is unlikely ever to
be collected again.

New evidence and insights about the relationships (or lack
thereof) of a myriad of wildlife species to Douglas-fir forests
in western Oregon and Washington has been presented in
this volume. And, more specifically, the degree of associ-
ation between many wildlife species and old-growth forests,
as compared to earlier stages of forest development, has been
extensively examined.

In my introductory paper (Thomas, this volume), I suggested
that the research reported here would be used to formulate an
answer to an overriding question-do old-growth Douglas-fir
forests represent unique wildlife habitat compared to other
forested environments? In my opinion, the answer to this
question is yes. The papers included here have shown that
many wildlife species in Douglas-fir forests occur in greater
abundances in old-growth than in young or mature forest
stages, and that several wildlife species are closely associated
with old growth.

The studies reported here, however, dealt with a compar-
ison of wildlife and habitat relationships across a spectrum of
unmanaged forest conditions in young, mature, and old-
growth stands (and sometimes, in clearcuts). The stands
examined in these studies were naturally regenerated, usually
after fire, and had not been silviculturally treated during their
development. Such stands are not likely to contain commu-
nities representative of those in managed stands that have
been subject to site preparation, planting with spacing to
selected stock of selected species, thinning to predetermined
spacing, control of competing vegetation, and so on.

Intuition tells me (and I submit that for scientists to offer
intuition and opinion is acceptable, provided they are
identified as such) that fully managed stands are apt to be
more simplified in structure than unmanaged stands. And,
in turn, managed stands would be expected to support
simplified plant and animal communities compared to
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unmanaged stands of similar age. The comparisons of animal
communities across the spectrum of unmanaged successional
stages reported here must not be uncritically assumed to
apply to managed stands or forested landscapes of the future.

Information presented on habitat features in these succes-
sional stages typically showed a carryover of some of the
ecological attributes of the preceding old-growth stand in
younger stands. Such attributes include large, down woody
material, large snags, and some large living trees, all of
which provide important habitat for wildlife (Thomas 1979).
Do these carryover attributes influence the habitat quality of
the young and mature stands studied? That seems likely.

Initiating wildlife studies in intensively managed stands will
be critical, regardless of the limitations on available study
sites. Obviously, locating fully managed stands much older
than 60 to 80 years will be impossible. In most areas, only
fully managed stands of 50 years of age or less will be avail-
able for study. Stands that are studied should be as large as
possible, however, to accommodate the broadest array of
wildlife species that might occur there. Comparisons of
wildlife densities in younger managed stands with those in
unmanaged stands of the same age will be required to
adequately evaluate the quality of wildlife habitat provided
in managed forests. Such studies are necessary to determine
if, as several authors have suggested, simplication of forest
structure and tree species composition in managed stands is
indeed reflected in simplication of the attendant animal
community.

Any research effort usually ends with the researchers’
cautioning against inappropriate use of the data presented or
the conclusions drawn, and identifying additional needed
research. There is no final truth in ecological research--only
better and better approximations of what passes as truth; and
there are no final questions-only better and more specific
questions whose answers put us closer to truth. Managers
will, of course, use the research to guide management in
spite of the researchers’ cautions; they have no other choice.

Today’s forest planning procedures rely heavily on the use of
linear mathematical models that consider the effect of several
variables and their interactions to predict outcomes of various
biological processes-say timber production or population
sizes of a wildlife species. The data that goes into these
models are seldom precise, and the interactions between the
variables considered are even less perfectly understood. Such
models were not intended by their developers to provide
precise information. Rather, they were intended to provide
indications of the direction of change, rough estimates of the
magnitude of expected change, and the time frames sur-
rounding such change.

Unfortunately, because the predictions of these models are
numbers that have been used to guide management alloca-
tions, some have taken the results to be more precise than is
justified. Political conflict over the allocation of resources
results in political demands for more and more precision,
whether or not more precision is possible. The models are
then, sometimes, “tweaked” over and over to satisfy demands
for greater accuracy and “politically correct” decisions. Such
continued tweaking often only provides an illusion of
precision that produces increasingly unwarranted faith in
what finally appears on the computer printouts. Such events
make monitoring the results of management applications (as
required by law and regulations, and promised in the Forest
Plans) so very critical. Only adequate monitoring can enable
the necessary mid-course corrections in management activ-
ities to be made if the models have produced projections that
are out of line with reality-whether too high or too low. All
concerned have a vested interest in ensuring that adequate
monitoring is carried out. And that means adequate design
and resources to get the job done.

The biology of certain wildlife populations and wildlife
habitat relationships are not conducive to precise estimates,
no matter how much they are studied. The precision of such
estimates can only become marginally better regardless of
how politically desirable that may be. The answer will
always involve a mean and be qualified with confidence
intervals. Year-to-year perturbations in number will occur
that are unrelated to habitat. Extremes or exceptions will
always tempt those who long for a different answer than that
indicated by the mean. Collecting enough data to determine
long-term trends associated with habitat quality and quantity
will be difficult and expensive. But good monitoring will
require that.

The political process is not yet attuned to dealing with
science as part of that process. When land-use decisions
are to be made that have large-scale economic, social, and
political impacts, individuals who stand to lose from those
decisions typically demand unreasonable degrees of certainty
in the information on which those decisions are based. All
concerned need to recognize that the provision of a degree
of certainty adequate to satisfy those whose welfare is
threatened by the result is not likely to be attained. This
problem is exacerbated when the decision criteria involve
biological systems that are dynamic and highly variable.
When is the information base adequate to support emotionally
laden, economically explosive decisions so that all parties
will be satisfied? The answer, likely, is never,
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In addition, scientists do not seem well suited by training or
inclination to deal with the political process. Some biologists
dwell on qualification of extant data and lean toward empha-
sizing uncertainty and the need for more information.
Although they are quite correct, scientists also need to be
cognizant that the world marches on, regardless of the state
of knowledge. So the scientific community, while imparting
the caution that science demands, needs to emphasize the
considerable knowledge that is available, rely on extant
theory, and contribute in whatever way they can to forest
planning and management.

Decision-makers in land management agencies are usually
not biological scientists. That may be fortunate. Some say
that scientists think too much, feel too little, and have inade-
quate appreciation for economics and politics. Biologists
should recognize that biological considerations are only part
of any political land-use decision-making process-including
any resulting legal proceedings. Such recognition implies
some degree of sympathy, if not empathy, for those who
must ultimately make land-use decisions. Those decision-
makers must consider the law, policy, public desire, political
pressures, economics, politics, and budgetary direction from
Congress, as well as any biological considerations. To
pretend otherwise is both naive and foolish.

In the United States, the management of old-growth forests
in the Pacific Northwest, and the political events that sur-
round this issue, could emerge as the most significant natural
resource issue of this century. The ultimate resolution of this
controversy will set the tone for natural resource manage-
ment in the first half of the 21st century. What lies ahead?
Intensified conflict? Total preservation? Management for
old-growth habitat features? Emergence of a “new” forestry?
Compromise? Changes in law? Abandonment of multiple-use
concepts in favor of dedication of land to various uses?
Other actions? Who knows?

Certainly there is much more to understand about the
ecological aspects of this issue. Given the huge potential
economic and social impacts of land-use decisions on
managing old growth, support seems likely to be available
for additional ecological studies. But it is critical, now, for
the scientific community to step back and carefully examine
our ecological knowledge of old-growth forests. At what

questions should new research on old growth be directed?
How much more of the limited funds available for wildlife
and forest ecology research should be shifted to the old-
growth arena? Perhaps the questions and approaches that
would emerge from debate within the scientific community
would differ markedly from the “hot issues” that may be
targeted by the political and congressional appropriations
processes. These issues may well be settled, one way or
the other, before adequate research can be conducted and
brought to bear on them. The scientific community and those
in the research arena must be careful not to be used inap-
propriately in the fight over old-growth management. The
scientific community should not take part in premature
actions predicated on inadequate understanding, nor in the
use of research as a means of delaying management decisions
where adequate information exists to justify action.

Undoubtedly, hot-issue research on potentially threatened
and endangered species will be given increased funding. But,
at the same time, scientists and managers should strive to
ensure that additional research on the community ecology of
managed and unmanaged forests goes on simultaneously-
perhaps as part of the hot-issue research. For therein lies the
information of more lasting scientific and political value as
the old-growth issue evolves to encompass the broader issues
to be faced by forest managers over the next decades.
Foremost among these will be the need to determine the size
and spacing of old-growth stands within managed forest
landscapes that will provide for the “maintenance of viable
populations of native species...well-distributed” throughout
public lands.

The results presented in this volume have moved us a bit
closer to truth. The challenge, now, is to synthesize this
information so that it may be incorporated into decision-
making processes, political debates, and legal proceedings on
the management of old-growth forests.

As a last word, I am reminded of the admonitions of several
who philosophize about ecology, mixed together here in para-
phrase. There is no final ecological truth. All knowledge is a
current approximation, and each addition to that knowledge
is but a small, incremental step toward understanding. For
not only are ecosystems more complex than we think-they
are more complex than we can think. 0
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