Trees and Logs Important
to Wildlife in the Interior
Columbia River Basin

Evelyn L. Bull, Catherine G. Parks, and Torolf R. Torgersen

Companion to General Technical Report
- PNW-GTR-390

Published by:

U.S. Department of Agriculture, Forest Service
Pacific Northwest Research Station |
General Technical.Report PNW-GTR-391

May 1997 '



INTRODUCTION

More than 80 species of birds, mammals, reptiles, and
amphibians use living trees with decay, trees with brooms,
hollow trees, snags, and logs in the interior Columbia River
basin. Animals use these structures for foraging, nesting,

- denning, roosting, and resting. Most notable of these wood-
using wildlife species are the primary cavity nesters, the
woodpeckers and nuthatches, that excavate nest cavities in
decayed wood in standing trees. Their vacated cavities are
subsequently used by many other birds and mammals.
About 25 percent of the bird species nesting in the northern
Rocky Mountain forests are cavity nesters (McClelland and
others 1979). Many of the primary and secondary cavity-
nesting birds eat forest insects and thus play an important
role in regulating their populations. Machmer and Steeger
(1995) provide a thorough review of the effect these birds
have in reducing numbers of tree-feeding insects.

Tree decay is an important ecological process affecting
wildlife habitat. Once begun, the decay process can take
hundreds of years as a tree dies, falls to the ground, and
decomposes into the forest floor. As it decays, the tree
supports many different wildlife groups that use it for
foraging substrate, for nesting, and for shelter. The group of
wood decomposers is diverse. It includes many arthropods,
but in this publication, we focus on decay fungi as the
primary organisms in decay. Decay fungi are an essential
resource to forest ecosystems in storing and retaining
nutrients and in soil development.

This publication provides managers with a description of
the ecological processes that create wildlife trees, snags, and
logs. It provides qualitative and quantitative information.on
five distinct structures: living trees with decay (such as
internal decay), hollow trees, trees with brooms (misshapen
branches), dead trees (snags), and down woody material
(logs). We describe the value of these structures to wildlife,
the decay or infection processes that produce each type of
structure, principles to help in selecting the best structures to
retain, and management-#mplications. Although this docu-
ment cannot prescribe the amount of landscape to manage

for a particular species or a specific, desired population size,
it does present information managers can use to make
informed decisions regarding the conservation and enhance-
ment of dead wood structures most valuable to wildlife.
Forest management practices that fail to properly manage
wood components may adversely affect wildlife, soil and
stream quality, and forest ecosystem functions.

The information included here applies to coniferous
forest lands in the interior Columbia River basin: the area
east of the crest of the Cascade Range in Oregon and
Washington, all of Idaho, and a portion of western Montana
(fig. 1). Tree species characteristic of high-elevation forests,
(such as whitebark pine [ Pinus albicaulis], alpine larch
[Larts:Ipallii], mountain hemlock [Tsuga mertensiana), and
Pacific silver fir [4bies amabilis]) are excluded because they
typically grow where active management for wildlife trees is
seldom needed; these areas are seldom logged. Most of the
tree species we deal with here are conifers, although black
cottonwood (Populus trichocarpa), quaking aspen (Populus
tremuloides), and paper birch (Betula papyrifera) are

Figure 1—The interior Columbia River basin.



Snag distribution—Snags can either be left in clusters or
scattered across the landscape, although where to retain them
depends largely on where they currently are. Typically,
snags are in clumps naturally because the agents of disease,
insects, fire, or flooding that kill many trees act in a localized
area. . Clusters of snags may be easier to protect during
management activities than snags evenly distributed across
the landscape. Worker safety is an issue when harvesting
adjacent to snags. Retaining snags in clusters, as well as the
live trees between the snags, keeps workers away from snags
and provides canopy cover for wildlife using the snags.

Two studies on woodpecker use of snag clusters reported
different results. No difference was found between woodpecker
use of snag clusters versus scattered soags in western Oregon
(Chambers 1997). In areas where stand-replacement fires had
burned in ponderosa pine/Douglas-fir stands in Idaho, Saab and
Dudley (1997) found that cavity nesters as a group select

1, clusters of snags for nest sites instead of evenly spaced trees.

7 /2 Most studies recommend managing snags in every 5- to
25:acre patch | 1995, Evans and Martens 1995).
Because Woodpeckers are territorial, only one pair of each
spemes occupies the same territory; therefore, to attain the

4 nesters, snags need to be distrib-

uted across. the la.ndsca €.
In addition, retaining snags on all aspects and on all posi-

tions of the slope ensures habitat availability for wildlife species
with different preferences. For example, pileated woodpeckers
tend to roost in draws during summer but roost higher on slopes
in winter (Bull and others 1992). Martens rest or travel in
riparian areas a third of the time in summer but only half that
often in winter; upper slopes are used half the time in winter but
only a third of the time in summer (Bull 1995).

1~ Retaining snags close to living trees provides cover for
cavity users. If snags are retained in the middle of a clearcut,
species like northern flickers, Lewis” woodpeckers, bluebirds,
and American kestrels (Falco sparverius) will use them for

nestmg, but most other woodpeckers will no‘tgﬁ-m open areas.

In many areas, fuel-wood cutters are likely to remove
%gs along roads. This potential problem can be remedied

- bymnot leaving snags in areas that are accessible to fuel-wood

cutters or by not counting snags left adjacent to accessible

roads toward the number retained for a particular stand.

In summary, wherever the objective is to provide viable
populations of primary and secondary cavity nesters, prudent
managers will provide large-diameter snags when available,
snags I a variety of structural classes, snags in every 5- to 25-
acre stand and in clusters if available, and snags on all slope
aspects and positions of the slope, and adjacent to green trees.

Snag densities—Limited information is available on
numbers of snags to retain for wildlife species in the interior
Columbia River basin (Bate 1995, Bull and Holthausen
1993, Dixon 1995, Evans and Martens 1995) (table 1). The
guide most widely used in the past, Thomas. thers

cker populations, but the number was

aEypothetical. untested model and did not include
anvszaesfarfom Three studies (Bate 1995, Bull and

(19?9). prsc:dbed the number of nest and roost trees to leave,

Holthausen 1993, Dixon 1995) conducted in eastern Oregon
have shown that retaining foraging Swucture is €Ssemt
addition T0 HesT amd TooST rees 1 managed landscapes. The
Thomas model provided only two roost trees per pair per
year, yet research has shown that individual pairs of pileated
woodpeckers and white-headed woodpeckers use consider-
ably more than two per year (Bull and others 1992, Dixon
1995). Radio-telemetry studies have shown that home range
sizes of pileated woodpeckers (Bull and Holthausen 1993),
white-headed woodpeckers (Dixon 1995), and three-toed and
black-backed woodpeckers (Goggans and others 1988) are
considerably larger than those used in the Thomas model.
Raphael and White (1984) found that the relation between
numbers of snags and cavity nesters is not linear, which was
assumed in the Thomas model. The substitution factor used
in the Thomas model is variable and largely a function of
snag density. Neitro and others (1985) thought allowing
substitution of snags that reduced the number retained was
not appropriate. The Thomas model did not take into

-account the habitat needs of some of the secondary cavity

nesters, like bats and brown creepers, that use such snag
features as loose bark. In addition, Bull and Holthausen
(1993) found lower densities of pileated woodpeckers in nine
study areas than predicted by Thomas and others (1979)
based on the number of snags present. The above studies
present new data suggesting that some of the assumptions
and ¢ data used Me T gomas model are not valid, and that the
pr e revised upward.

We know of only three studies in the interior Columbia
River basin that have calculated both the density of snags and
woodpeckers in managed and unmanaged Ia.ndscapes Bate
(1995) used six study areas in ponderosa pine stands and found L
wogdpecker abi redicted by har density, |
large green tree density. canopy height. and m DY
layers_OfF the nine study areas, only one represented a rela-
tively unmanaged forest with the number of snags that probably
approximated historical ones. In this stand, Bate found 3.8
snags greater than 10 inches d.b.h., and 60 percent were larger Lv
than 20 inches d.bh. These snag numbers supported 32.3
woodpeckers per 247 acres and represented the study area that
most likely supported viable populations of cavity nesters. .

Dixon (1995) found similar results in some of the same study
areas Bate used.

Another study relating woodpecker density to snag density - -
was conducted in northeastern Oregon (Bull and Holthausen b
1993). The two study areas that contained viable populations of
pileated woodpeckers had an average of 4.2 and 3.8 snags (10
inches or larger d.b.h.) per acre and 0.5 and 0.4 nesting pairs per
247 acres, respectively. The two study areas were in lightly
managed landscapes predominated by mixed-coniferous stands ~=-
with a high density of logs.

Evans and Martens (1995) recommended densities of
snags for retention on the Payette National Forest based on
their ecological value, encompassing soil health, seedling
regeneration, moisture retention, nutrient recycling, and
wildlife use (table 1). The numbers that they recommended
were derived from actual snag numbers identified during
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timber inventory and vegetation plots but were scaled down
to the lower ranges of the snag numbers for the recommenda-
tions and include snags 10 inches d.b.h. and larger.

Ideally, data would be available on the exact aumber of

snags réquired to support specific populations of primary and -

secondary cavity nesters. Unfo ely, kind of
_information is not availahle. We do know, however, that the
snag numbers presented by Thomas and others (1979) are’
not adequate to support the populations intended because of
. a lack of foraging strata and invalid assumptions used in the
*», ~ model. If management agencies have an objective to manage
“;  for viable populations of woodpeckers, providing numbers of
- : snags that have been shown to support viable populations in
~.. therecent studies would be prudent.

I Although snags are the key structure typica]iy focused on for%’

cavity nesters, realizing the importance of the forest surrounding

the snags also is essential. Some species like the pileated and
white-headed woodpeckers and American martens are associ-
ated with older forests. For white-headed woodpeckers, the

@ snags must be in association with large-diameter ponderosa

pines. For pileated woodpeckers and martens, logs, large-
diameter green trees, and a dense canopy are needed. Leaving
large-diameter snags or green trees in younger forests, also has
value as providing biological legacies. ‘

NIt Snag retention in burns—The above management implica-
tions apply to healthy green stands. With vast areas of Oregon,
Washington, and Idaho burned by wildfires in the 1990s, there
is much interest in determining numbers of snags to retain in
burned areas after harvesting. Saab and Dudley (1997) reported
that woodpeckers selected nest sites with snag densities greater
than those measured at random sites in ponderosa pine/Douglas-
fir forests with stand-replacing fires. From 10 to 14 snags per
acre were retained in burned stands that were harvested: about
38 to 42 snags per acre were in the unharvested burned stands.
Seven species of cavity nesters using the burned stands selected
nest sites with more than 20 snags per acre, where snags were -
distributed in clumps. Lewis’ and white-headed woodpeckers,
and American kestrels selected the largest, most heavily
decayed snags available for nesting. Evans and Martens (1995)
presented recommendations for numbers of snags to leave in
burned stands.

— Green tree replacements—Snags are a dynamic resource;
old snags fall and living trees die to become new snags.
Snag-dependent wildlife need a continuous supply of snags
Quer time. To_provide a continuum of snag habitar, fimre
snags must be planned for by leaving green wees 10 evenni-
ally become snags in managed stands. To determine the
number of green tree replacements, mformauononfaﬂ rawe
of staurding sAags, snag density, live Stemrdensity-armd
mortality rate of liv s is required. Various models have

\/been developed to calculate the number of green trees o
provide for recruitment when specific stand inventory
information is available (Bull and others 1980, Cimon 1983,
Schommer and others 1993). If snags are to be created by
killing green trees when the stand becomes snag deficient,
the number of green trees required is less because the
manager does not have to rely on natural mortality to replace

-

those snags that fall. Creating snags is costly, however, and

stands are seldom monitored to detﬁ‘rmjne when trees need to
be killed.

Snag Longevity

Snag longevity, or the amount of time a snag stands, is
essential information for managing the snag resource. The
length of time snags stand is a pri factor j ining the
number of green tree replacements needed to maintain a specific
snag density over time. Snag longevity is a function of many
factors including species, diameter and height, percentage of
heartwood, cause of death, soil type and moisture, forest type,
and prevalence of windstorms. Because so many factors
influence how long a snag stands, fall rates should be deter-
mined by species and size class on each management area,
Listed below are studies that report snag fall rates. When
possible, the amount of time when 50 percent of snags in a
particular study have fallen will be reported.

Several studies have reported fall rates of beetle-killed
pondefosa pine. Keen (1955) reported that 50 percent of the
ponderosa pines in southern Oregon and northeastern
California fell 9 to 10 years after death on pumice soils and 6
to 7 years after death on loam soils. The percentages of
snags that fell after 7 years by diagapter class, are presented

‘in the following tabulation:

Diameter class (inches) Percentage

10-18 75
20-28 65
30-38 50
40-48 35
> 50 30

Most of the beetle-killed ponderosa pines in Colorado fall
between 7 and 10 years after infestation (Schmid and others
1985). Trees were 7 to 22 inches d.b.h.

In northeastern Oregon, half the ponderosa pines less
than 10 inches d.b.h. fell 7 to 8 years after death and half
those 10 to 19 inches d.b.h. fell after 8 to 9 years (Bull
1983). Beetle-killed lodgepole pines have similar fall rates,
with half of those less than 10 inches d.b.h. falling within 6
to 7 years and half of those 10 inches and larger falling after
7 to 8 years (Bull 1983). In a second study in northeastern
Oregon (Bull and Partridge 1986), half of the ponderosa pine
snags less than 20 inches d.b.h. fell after 6 years; half of the
ponderosa pine snags 20 inches and larger fell after 9 years.

Beetle-killed spruce in Colorado stood much longer than
ponderosa pines reported in the studies above. Mielke (1950)
found that 84 percent of beetle-killed spruce remain standing
afier 25 years. Hinds and others (1965) found that 72 percent of
besile-killed spruce i din :

Fire-killed snags may or may not stand longer than
beetle-killed snags, depending on the area. Dahms (1949)
reporzed that a little over half the ponderosa pine snags are
down 10 years after a fire in central Oregon. In Montana,
nearly half of all lodgepole pine snags fall by the fifth season
(Lyorn 1977). In California, Kimmey (1955) described the
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breakup of a fire-killed stand, although specific fall rates
were not presented. In the fourth and fifth year after the fire,
many ponderosa and Jeffrey pine (Pinus jeffreyi) broke off at
the ground or up to 50 feet above the ground. By the fifth
year, the general breakup continued until only scattered
barkless snags and stubs remain.

In northeastern Oregon, different methods of killing
ponderosa pines were investigated (Bull 1996¢, Bull and
Partridge 1986). Trees that had been topped stand the
longest; half of those less than 20 inches d.b.h. are down
after 10 to 12 years; half of those 20 inches or larger are
down after 12 to 17 years. Half the trees injected with a
silvicide are down 7 years after treatment. Half the girdled
trees are down 9 years after treatment.

Fall rates of snags that have been created differ. Ponde-
rosa pines infected with dwarf mistletoe were frilled and
poisoned with an herbicide in the Southwest; after 10 years,
95 percent of those trees are down (Fairweather 1995).

All of these studies suggest that most ponderosa pine and
lodgepole pine that died from fire or beetles in the interior
Columbia River basin have fall rates of less than 10 years.
Small-diameter snags fall sooner than do larger ones.

Sampling Techniques

Knowledge of snag density is essential for managing
forest stands effectively, as well as for complying with
standards and guidelines. Various methods have been used
to determine snag densities: area-wide counts, fixed-radius
circular plots, variable-radius plots using prisms (Bull and
others 1990), and variable-strip transects (Bate and others, in
press). Total counts of snags over large areas are very time-
consuming but yield the most accurate density information.
Fixed-radius plots typically need to be at least 1 acre because
snags are usually scarce and variance is high. Many plots
are usually required to accurately estimate snag density.

Bate and others (in preparation) have developed a more
efficient method of sampling snags than either area-wide
counts or fixed-radius plots: data are collected from a pilot
sample transect and used in a computer program. The
program determines the optimal length and width of a strip
transect within a given area; the optimal size is that which
minimizes the cost and variance. The program then provides
the necessary sample size to obtain a snag density within the
desired statistical bounds. Transect lengths are either 164 or
328 feet; transect widths range from 33 to 131 feet. The

Table t==Density of snags reported or recommended in four areas;
numbers are snags per acre larger than 10 inches d.b.h. (unless
otherwise stated), and the percentages represent snags larger than 20

inches d.b.h.
Locality
Western Central  Northeast  North-centrat:.

Forest type |daho? Oregon?® Oregon® ldaho?
Ponderosa pine:

Open canopy® 1.6(75%)

Closed canopy’ 4.8(44%) 4(60%)
Mixed conifer: ‘

Open canopy 2.5(72%)

Closed canopy 9.0(39%) 3.8(29%) 10-48
Lodgepote pine:

- Open canopy -~ 45 - .

Closed canopy 7.7

Spruce/fir 9.5(21%)

2 Recommendations for snag densities selected from the lower ranges of snag
numbers on timber inventory plots and fixed-radius plots on the Payette National
Forest; different snag levels recommended for burned and unburned stands (Evans

and Martens 1995).

» Snag numbers based on variable-width transects conducted in an unmanaged stand Co
of old growth in central Oregon where woodcutting was prohibited (Bate 1995).

¢ Numbers based on density of snags in two 4,000-acre study areas'in northeastern

Oregon that supported viable numbers of pileated woodpeckers; areas had some

timber harvest but no woodcutting (Bull and Holthausen 1993).

d Densities based on timber inventory plots in unmanaged stands of large saw timber.
The snag density varied depending on what snags were included in the count. The 10
snags per acre included only snags 15 inches d.b.h. or larger and 50 feet or taller.
The 48 snags per acre included all snags 15 inches d.b.h. or larger of any height.

Western white pine snags were.not counted (Craig 1995).
o Stands with less than 30 percent canopy closure.
f Stands with more than 30 percent canopy closure.
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program also provides a “distribution index,” which is an
estimate of the percentage of the sampled landscape support-
ing target spags or trees.

Creating Wildlife Trees

In managed stands, retaining existing snags is the most
ecologically sound and economical approach to providing
wildlife trees. If stands are devoid of snags, however, an
option is to alter or kill living trees. Depending on the method
used, killing trees can be costly and may not produce the
desired decay conditions. Years may pass before the decay is
sufficiently advanced to promote cavity-nester excavations.

Bull and Partridge (1986) investigated six methods of
killing ponderosa pine. They determined that topping trees
with either a chainsaw or explosives produced snags that
stood the longest and received the greatest nest use by

Thousands of trees have been killed to create snags in the

interior Columbia River basin in the last 15 years. Few of
them have been monitored, however, to determine whether
long-lasting, quality snags were actually produced. Because
climate and decay organisms differ with area, results of
management activities, such as snag creation, must be
monitored to ensure that results warrant the cost of these -
treatments. We include a data form to monitor wildlife use of
created spags in appendix A.

v/
woodpeckers (figs. 48 and 49). In this study, girdling, fungal

inoculation, and beetles attracted by pheromones did not
consistently kill the tree. Trees killed by girdling or silvicides
fell over too quickly to provide wildlife nest trees.

In a study in New Mexico, all of the ponderosa pines
killed by girdling were used for foraging by woodpeckers.
Most of the trees greater than 16 inches d.b.h. were standing
after 7 years, and about 30 percent contained woodpecker nest
sites (Parks 1996b). Because the climate in the New Mexico
sites is drier than in the Oregon study area used by Bull and
Partridge (1986), basal decay of killed trees may have been.
less, so the trees stood longer.

Recent work by Parks and others (1996a, 1996b) docu-
ments a new method of inoculating live trees with decay
fungi. Six years after inoculation of 60 living western larch,
14 percent contained woodpecker cavities near the point of
inoculation. These trees may remain alive for decades with a
pocket of decay that woodpeckers can use for nesting. Trees
may be logged next to these trees without safety concerns, and
live trees are less likely than dead trees to be lost to fuel-wood
cutters. These preliminary results for western larch suggest
that inoculation produces desirable wildlife trees at a lesser
cost than killing trees to create snags.

A variety of wildlife tree structures can be created with a
chainsaw in standing, living trees. Trees can be topped
leaving a horizontal branch structure on which ospreys
(Pandion haliaetus) can build nests (fig. 50). A depression
can be cut into the top of a tree that has been topped to
produce a nest site for great gray owls (fig. 51). Artificial
cavities and hollows can be cut into standing and downed
trees (figs. 52, 53, and 54). Slits can be cut into trees to create
roosting habitat for bats (fig. 55). These techniques and
others are described by Brown (1996).

Three primary considerations in creating wildlife trees are
the target wildlife species for which the structure is being
created; the tree species, size of tree, and habitat locality most
likely to be used by the targeted wildlife species; and the
method of altering or killing trees that is most likely to
produce long-standing trees in a given geographic area.
Rainfall, snowfall, incidence of windstorms, and prevalent
decay organisms all must be considered.

Review
Ponderosa pine, western larch, quaking aspen, and paper
birch are favored tree species for nest sites of woodpeckers
in many areas in the interior Columbia River basin.
Large-diameter snags provide nest habitat for the greatest
variety of cavity nesters and stand longer than smaller
snags.
Snags can be classed into three structural classes that are a
simplified version of past decay class categories.
Snags should be provided in every 5- to 25-acre stand; in:
clusters 1f available, on all slope aspects and positions of
the slope, and adjacent to green trees.
Recent studies have shown that the snag model developed Qﬁ

by THomas amt-otrers t1979)did-not accarately predict
woodpecker abundance based on snag abundance. New
information suggests that foraging strata (snags and other N
structures) must be incorporated into any snag model, and
that snag numbers need to be revised upward.

Published data suggest that populations of cavity nesters
were viable in stands of ponderosa pine and mixed-eonifer
forests that contained about four snags per acre, a large 7}%{
component of old-growth stands, and abundant logs

Snags can-be retained over time by using models for green

tree replacements.

Snag longevity depends on cause of death, tree species,
diameter, height, amount of heartwood, geographic area,

and site conditions.

Creating snags and other wildlife structures can mitigate

the loss of natural habitat, but retaining existing structures

is most cost effective and ecologically sound.
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