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ABSTRACT. Although the spotted owl’s close association with old growth has been extensively
studied, it has been more difficult to identify and quantify the abundance of particular stand structures
associated with preferred owl foraging sites. Old-growth forests have a suite of characteristics that
distinguish them from younger forests but which also make it difficult to isolate individual structural
features important to the spotted owl. This study used an analysis of use-only sites in areas where
natural disturbance had created a gradient of old-growth structural characteristics. We used radio
telemetry data collected from reproducing owl pairs to locate sample stands and compute a relative
measure of owl-use intensity in-each stand. Snag volume and tree height class diversity (a measure
of canopy layering) were the stand structures significantly associated with owl foraging intensity.
Stands with 142 m3/ha of intact snags and a high diversity of tree heights had medium or high foraging
use by spotted owls. In these oid-growth stands, biological legacies (e.g., large trees and snags)
produced by past disturbance provide important forest structures associated with spotted owl foraging
use. For. Sci. 45(4):520-527.

Additional Key Words: 0Old growth, stand structure, radio telemetry, canopy structure, biological
legacies.

ABITAT PROTECTION FOR THE SPOTTED OWL (Strix
H occidentalis) has become an important goal of

forest management in many public forests of the
western United States. For the northern spotted owl, re-
search has provided information on the owl’s life history
and macrohabitat selection (i.e., preferred forest seral
stage) (Forsman et al. 1984, Carey et al. 1992); demo-
graphics (Forsman et al. 1996); diet (Forsman et al. 1984,
Forsman et al. 1991); home range size (Carey et al. 1990,
1992, Solis and Gutiérrez 1990, Carey and Peeler 1995),
and the effects of forest fragmentation on owl home range
size (Carey et al. 1992, Gutiérrez 1994, Carey and Peeler
1995). While the northern spotted owl’s close association

with old growth has been documented extensively (Forsman
et al. 1984, Gutiérrez and Carey 1985, Carey et al. 1990,
1992, Thomas et al. 1990), it has been more difficult for
managers to evaluate the relative habitat potential of
different stands. Mid- to late-seral forests, including old
growth, can be highly variable in structure and composi-
tion (Spies and Franklin 1991) producing stands that differ
in their habitat suitability for different species (Carey
1989). These differences can provide insights for develop-
ing prescriptions (e.g., retaining forest structures) to en-
hance the habitat potential of developing stands. Quanti-
tative measures of specific structures associated with owl
use, particularly for foraging areas because of their exten-
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sive size, could help foresters evaluate present and im-
prove potential future spotted ow! habitat under their
stewardship. -

Foraging habitat studies of the California, Mexican, and
northern spotted owl (Strix occidentalis occidentalis, s.o.
lucida, and s.0. caurina, respectively) have found an associa-
tion between owl-use areas and several stand characteristics
that typify old-growth forests, including high canopy clo-
sure, multiple vegetative strata, large tree size classes, and a
high volume of woody debris (Laymon 1988, Solis and
Gutiérrez 1990, Call et al. 1992, Ganey and Balda 1994).
These studies compared site characteristics at owl use to
random sites to assess how conditions at foraging sites
differed from the surrounding forest. It is difficult, however,
to 1solate particular structural attributes associated with for-
aging because conditions at owl use and random sites may be
markedly different (e.g., old-growth and young-managed
forests). Furthermore, it is hard to quantify forest structures
that influence foraging behavior because the use and poten-
tial habitat value of the random sites is unknown. To improve
our understanding of the habitat potential of different sites
requires a quantitative model comparing changes in stand
structure with different levels of foraging use at known
spotted owl sites.

This study examined how owl-use intensity varied across
arange of old-growth forest stand structures. Our objectives
were to identify individual forest structures associated with
foraging site use and to quantify levels at which changes in
structure were associated with changes in owl use-intensity.
Our purpose is to provide better information on specific stand
structural features associated with northern spotted owl for-
aging to assist in assessing use intensity of existing habitat
and improving silvicultural treatments which might create
future owl habitat. Forest structure, however, is probably
only one influence on forage site selection as local prey
abundance will be influenced by many factors, including a
site’s foraging history (Carey and Peeler 1995).

Study Areas

Sample stands were concentrated in three locales of Wash-
ington State, two areas on the west side of the Olympic
Peninsula near the town of Forks and near Lake Quinault, and
one in the North Cascade Range near Mt. Baker (Figure 1).
Stands in all three areas were predominantly old growth with
dominant trees 2 100 cm dbh and 2300 yr old, or wind or fire
disturbed stands with old-growth legacy structures.

The Olympic Peninsula sites were located in the Sitka
spruce (Picea sitchensis) and western hemlock (Tsuga
heterophylia) zones (Franklin and Dyrness 1988) at 200 to
700 m elevation. The sites were in a band of coastal rainforest
with year-round moderate temperatures and mean annual
precipitation of 280 cm. The most common plant association
was Sitka spruce/swordfern-oxalis (P. sitchensis/Polystichum
munitum-Oxalis oregana), although study sites were domi-
nated by western hemlock and western red cedar (Thuja
plicata) (Henderson et al. 1990).

On the Olympic Peninsula, many overstory trees in west-
aspect stands within 50 km of the Pacific Coast were signifi-
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Figure 1. Study site locations and the number of owl-pair
telemetry data sets used at Forks, Lake Quinault, and Baker Lake,
Washington. Radio telemetry locations and stand boundaries are
shown for one pair near Baker Lake. Stand A is a high use stand
(36% of the total selected telemetry locations), stand B is a
medium use stand (7%), and stand C is a low use stand (2%).

cantly affected by a 1921 storm with winds in excess of 250
km/hr (Henderson et al. 1990). Storm damage varied between
owl-use sites depending on distance from the coast, aspect,
slope, and soils. Some inland, leeward stands were unaf-
fected by the storm. This event leftalegacy of large-diameter,
tall snags, abundant coarse woody debris, and scattered large
trees with irregular crowns. In most stands it also released the
advanced regeneration of shade-tolerant species, such as
western hemlock, western redcedar, and silver fir (Abies
amabilis), which currently dominate the overstory.

The North Cascade sites were at 250 to 800 m elevation in
the Tsuga heterophylla zone (Franklin and Dyrness 1988) in
the western foothills of the Cascade Range. The dominant
plant association was western hemlock/sword fern-foam
flower (T. heterophylla/P. munitum-Tiarella trifoliata). The
vegetation in all stands was a mixture of Douglas-fir, western
hemlock, and western red cedar. Annual precipitation is
approximately 220 cm (Henderson and Peters 1985).

In the North Cascades, severe localized windstorms in
1911 and 1917 blew over some trees in owl-use stands near
Baker Lake. These stands had a few scattered large western
redcedar and Douglas-fir, but 50 to 70% of the overstory trees
were western hemlock and silver fir that were released
following the windstorm. In another area, east of Baker Lake,
a wildfire in 1865 killed approximately 65% of the trees in
what are presently owl-use stands (Henderson and Peters
1985). Remnant large Douglas-fir and western redcedar were
mixed with a few large, decayed snags and a younger cohort
of Douglas-fir and western hemlock. None of these stands has
been harvested, and all have multilayered canopies and high
levels of coarse woody debris.

Methods

Identifying particular structural attributes associated with
spotted owl foraging is difficult because old growth in the
Pacific Northwest has a suite of associated vegetative char-
acteristics that distinguish it from younger seral stages (i.e.,
large diameter trees, snags and logs, multilayered canopies,
diverse understory, etc.). An effective analysis must identify
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this array of old-growth attributes and distinguish how owl
foraging intensity changes with different levels of particular
stand structures. To increase the discriminant power of our
analysis, we imposed two conditions on our study design.
First, we identified a gradient of foraging use intensity from
radio telemetry data and avoided using absence or random
sites of unknown forage value. Second, to separate the
covariance of forest structures in old growth, owl telemetry
data sets were screened to select pairs using areas that
included a past disturbance (e.g., fire or windstorm) so as to
provide foraging sites with a gradient of old-growth at-
tributes. For example, a windstorm that blows down much of
a stand’s overstory reduces the number and size of dominant
trees and changes canopy structure while increasing snag and
coarse woody debris abundance. This variation provided a
range of stand structures to analyze against changes in owl-
use patterns.

In this microhabitat study, the forest stand, not the owl
pair, was the unit of analysis. Differences in stand structure
were compared against levels of owl use-intensity during
foraging. We assumed that different owl pairs would have
similar stand structure preferences although forest species
composition may vary (Carey et al. 1992, Carey and Peeler
1995). Studies using multiple owl pairs have found a consis-
tent macrohabitat association between different owl pairs and
old-growth forests (Forsman et al. 1984, Carey et al. 1990),
but differences in microhabitat structure use between pairs
was not tested explicitly.

Using Radio Telemetry Locations

Models of animal microhabitat are often developed by
comparing vegetation between sites where an animal has
been located (“presence”) and either random locations or
sites where the animal was not found (“absence”) (Noon
1986). This type of analysis is limited because the actual
habitat value of the absence or random sites is unknown
(Johnson 1981). An alternative method is only to analyze
presence sites and derive a measure of use-intensity based on
radio telemetry locations on reproducing animals (North and
Reynolds 1996).

To provide information on use patterns, we used three
guidelines to screen owl telemetry data sets. First, only owl
pairs with telemetry data of >1 yr (1644 months) were
selected to provide a better estimate of general use patterns
within a home range. Second, we selected owl pairs that had
ahistory of reproductive success to ensure selected sites were
capable of supporting reproduction. Third, owl-pair home
ranges were selected in which past fire and wind disturbance
had affected some of the owl-use sites providing a range of
stand structure. These disturbances produced a gradient of
old-growth characteristics by varying the abundance of dif-
ferent stand structures.

Using these criteria, we selected telemetry data for 11 owl
pairs in western Washington. Locations were screened to
select for foraging behavior, telemetry error, decrease
autocorrelation, and for stands of similar size. To select
probable foraging locations, night telemetry locations for
males and nonnesting season females were used. To reduce
telemetry error, only locations with a triangulation polygon
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of <2 ha were selected. To reduce autocorrelation between
telemetry locations (Swihart and Slade 1985), only locations
separated by > 72 hr were included in the analysis (Carey et
al. 1989). Tostandardize size of use-sites, telemetry locations
were plotted, and use stands were identified by boundaries on
aerial photos defined by clearcuts or distinct changes in stand
age and structure (i.e., adjacent young, managed forests).
Only stands between 40 and 80 ha (the dominant grain in
these managed landscapes) were included in the analysis
(Figure 1). Stands of this size in the study areas had a
relatively homogeneous structure. Telemetry data for each
owl pair were screened to meet these criteria and a subset of
locations was selected for use in the subsequent analysis.

We calculated owl use-intensity by using the number of
telemetry points in a stand as a percentage of the total number
of locations for each pair. This identified each stand with a
percentage of total telemetry locations ranging from 1 to
36%. A histogram of the number of stands for each percent-
age value was made indicating three general cluster patterns
in use-intensity: 1-2%, 3-9%, and 2 10%. These values
corresponded to the general pattern noted in telemetry loca-
tions within each owl home range. Ow!l use was very high
(stands with 2 10%) in a few selected stands with many visits,
whereas other sites had a moderate number of repeat visits
(3-9%) and a few stands had only 1-4 visits (1-2%). There
was no difference between mean distances from the core
activity area or nest site to foraging areas between low,
medium, and high use stands (ANOVA, P> 0.26). Using the
histogram groupings and this home-range use pattern, stands
with 1-2% of total telemetry points were assigned a low-use
intensity. Stands with 3-9% of total telemetry points were
given amedium-use intensity value and stands with > 10% of
the telemetry locations were assigned a high-use intensity
value. This selection process identified 43 stands with low,
medium, and high use values that were distributed widely
across the 11 owl home ranges.

Stand Structure Sampling

We sampled 172 randomly located plots in 43 stands 13
low use, 12 medium use, and 18 high use. We used a nested
circular plot design where the minimum vegetation structure
size sampled increased with plot size. This system provided
an effective means of sampling large, less common trees and
snags without oversampling small diameter structures. In a
pilot study of stand-level means for tree, snag, and log
variables, we found that variance stabilized at 3—4 plots per
stand. Although old growth is highly variable across its
geographic range, within the study area sample stands were
relatively homogeneous within their 40-80 ha area.

At each plot, we recorded aspect, slope, slope position,
elevation, canopy cover, distance to the nearest large opening
(i.e., clearcut, field, or urban area), and distance to the nearest
perennial water. In four 0.0004 ha plots, a string grid overlay
was used for ocular estimates of herb and shrub cover to the
nearest percent. In a 0.05 ha plot, all trees (species, dbh,
height, canopy class, crown form, cavities, and mistletoe
rating) and snags (species, dbh, height, decay class, and
number of cavities) 2 5 cm dbh were measured with diameter
tape and clinometer and classified by trained field techm-



cians. In a 0.1 ha plot, we measured all trees and snags = 50
cm dbh, all logs (large and small diameter, length, and decay
class), and crown dimensions of all trees (total height, height
to full crown, height to partial crown, arc of the partial crown
[degrees/360°], crown shape, and two crown diameters) to
calculate foliage volume. In a 0.2 ha plot, all snags 2 50 cm
dbh and all trees 2 80 cm dbh were measured. Measurement
variables of forest structure were calculated from the plot
data, standardized to per ha values, and averaged for the four
sample plots collected in each owl-use stand.

Variable Selection

Although there were many potential site variables given
the number of measurement categories describing each struc-
ture, only measurements of stand structure that previous
research suggests may be important to the owl were included
in the analysis. Results from habitat analyses for the northern,
California, and Mexican spotted owl were reviewed (Forsman
et al. 1984, Carey et al. 1990, Solis and Gutiérrez 1990, Call
etal. 1992, Ganey and Balda 1994) and six categories of stand
characteristics were developed: live trees, snags, logs, topo-
graphic characteristics, understory vegetation, and canopy
structure. For each of the 6 categories, measures of structure
for each of the 43 stands were calculated from plot data.

For live trees, basal area of all trees and large trees only
(dbh = 80 cm) were calculated because large diameter trees
are a distinguishing characteristic of old growth (Franklin et
al. 1981), and some studies have found higher basal area of
large trees in foraging sites compared torandom sites (Laymon
1988, Solis and Gutiérrez 1990, Call et al. 1992). The stan-
dard deviation of tree diameter is usually higher in structur-
ally complex stands, and in one study (Spies and Franklin
1991) was one of the best discriminants of old growth from
younger age stands. Stem density for all trees, large trees (2
80 cm), and subcanopy trees, classified as intermediate or
suppressed, was calculated because stands with fewer but
larger trees may provide better prey capture opportunities
than stands with a high density of understory trees (Forsman
et al. 1984).

For snags, we calculated basal area, volume, and volume
of intact snags (decay classes I-III). Snag volume was calcu-
lated using diameter, height, and an estimated top diameter
assuming a taper function of 1.2 cm per meter of height (Spies
and Franklin 1991). The volume of intact snags was analyzed
because decay class IV and V snags (Cline et al. 1980) are
usually unstable and may not provide secure cavity sites. The
volume of all logs, volume of big logs (small diameter 2 50
cm and length 2> 8 m) and density of big logs (no./ha) was
calculated. Foraging studies for the California (Laymon
1988, Call et al. 1992y and Mexican (Ganey and Balda 1994)
spotted owl have suggested owl-use stands have higher log
volumes than random comparison sites.

Two understory vegetation variables were included in the
analysis: total understory cover and the coefficient of varia-
tion of cover. High understory cover may limit the owl’s
ability to capture prey on the forest floor (Carey 1991). The
variability of shrub cover between the 0.0004 ha plots was
calculated because foraging success may increase in stands
with a mix of openings and cover (Carey 1995).

Canopy structure may play an importantrole in forage site
selection because of its potential to provide protection from
predators (Forsman et al. 1984), modify microclimate condi-
tions (Carey 1985), influence prey abundance, or facilitate
prey capture (Carey 1995). Canopy cover was measured
using the average of 10 moosehorn readings (a modified
funnel topped with a clear sighting grid with 100 points)
systematically collected at each plot. Total crown volume per
ha was estimated by summing the volume of canopy space
occupied by each tree in the 0.1 ha plot. Crown volume was
modeled as the sum of two solids for each tree (Van Pelt and
North 1996, in press), a sectioned cylinder for the partial
crown and one of four conic shapes (cone, cylinder, truncated
ellipse, or umbrella) for the full crown. The sum of the partial
and full crown volumes approximates the amount of canopy
space each tree crown occupies by treating each crown as a
simple solid. The model does not account for crown irregu-
larities or the lack of foliage inside the crown shell near the
tree bole.

Multilayer canopies are considered a distinguishing char-
acteristic of old-growth forests (Franklin et al. 1981), and
structural diversity may increase foraging success by provid-
ing low perches and sufficient openings for prey capture.
Canopy layering was measured by applying the Berger-
Parker index (d), a measure of evenness (Magurran 1988), to
seven height classes (2—4, 4-8, 8~16, 16-32, 3248, 48-64,
> 64 m) and five canopy classes assigned to each live tree
(North 1993). The index is calculated as

d=Np1a!/Npax
where N

rora 1S the total number of trees and N, is the
number of trees in the height or canopy class with the most
trees. High Berger-Parker index values indicate a greater
diversity (i.e., more evenness and less dominance) in tree
heights or canopy classes and provide a rough measure of
multilayering (see Carey et al. 1992 for a similar application
with four vegetation strata).

The number of cavities large enough for a squitrel den
(diameter 2 8 cm) observed from the ground was also tallied.
Although large, intact snags may be present in a stand, they
may not have excavated cavities. While this measure was an
effort to tally available cavities directly, it was prone to some
error when the surveyed snag or possible cavity could not be
observed clearly.

Analysis

The first step of the analysis evaluated the distribution of
each of the 25 variables for all stands using the Shapiro-Wilk
test. Nonnormal variables (P < 0.05, Zar 1984) were log- or
sine-transformed. Differences in structure variables between
use-intensity class were evaluated with ANOV A and Tukey’s
post-hoc analysis (SPSS 1996). Because the methods used to
screen telemetry and identify suitable stands reduced sample
size, the power of the ANOVA test was calculated to deter-
mine the precision of the analysis (Borenstein et al. 1997).

Following the ANOVA analysis, significant structure
variables were evaluated with multivariate analysis to exam-
ine interaction effects and determine the best predictors of
owl use-intensity. Before multivariate analysis, variables

Forest Science 45(4) 1999 523



were checked for multicollinearity, which is often a problem
in microhabitat analysis because different measures of struc-
ture are often highly correlated within the same macrohabitat
(c.g., old-growth stands with large diameter trees usually
have large snags and logs). However, using old growth in
which disturbance had produced variable stand conditions
helped reduce possible collinearity problems among struc-
ture variables. To test for collinearity, variables were as-
sessed against a threshold variance inflation factor (VIF) of
15 (Belsley et al. 1980, SPSS 1996).

Classifications of owl-use intensity were modeled against
selected structure variables using a classification and regres-
sion tree (CART) analysis. CART produces tree-based clas-
sifiers using binary recursive partitioning. Data are succes-
sively splitalong coordinate axes of the predictor variables so
as to maximize the difference between the response variable
in the left and right branches of the node (SYSTAT 1997).
Splitting stops when all the nodes are either pure in their
responses or contain too few observations to warrant further
splitting. CART uses maximum likelihood algorithms thatdo
not require an equal covariance structure between the inde-
pendent variables or multivariate normality, two conditions
required by discriminant and regression analyses rarely met
by ecological data (North and Reynolds 1996). CART mod-
els produce a dichotomous tree output, which shows a hier-
archical relation between the independent variables and indi-
cates threshold values at which classification of the depen-
dent variable (i.e., owl-use intensity) changes. A comparative
study found CART had equal or lower misclassification rates
than discriminant analysis and produced a more heuristic
model (LeMay et al. 1994).

Owlforaging use intensity was analyzed using the “twoing”
model of CART (Breiman et al. 1984). The pruning level for
the classification tree was set to stop splitting response nodes
at either a minimum proportion of 0.05, or five responses.
CART models are algorithm-based, making reliability diffi-
cult to assess without further testing. Without collecting a
new data set, model reliability was evaluated using a jack-
knifing procedure. Each stand was separated, one at a time,
from the other stands, and independently classified using
equations calculated from the 42 stands remaining in the
model.

Results

Of the 25 variables, 4 (overstory cover, distance to an
opening, distance to water, and total crown volume) were not
normally distributed and were log-transformed. Aspect was
transformed and compared using the Watson-Williams test
(Zar 1984). Because of the sample size, an explicit calcula-
tion of the trade-off between Type I and II errors was made.
To detect a “large” effect (0.4, cf. Cohen 1988) in foraging
use-intensity with a sample size of 12 (the number of stands
in the medium use or smallest category), an alpha of 0.1
produced a power of 0.7 (Borenstein et al. 1997).

Six stand attributes were significantly different by owl
use-intensity level (Table 1), the density of trees > 80 cm dbh,
snag basal area, snag volume, intact snag volume (decay
classes I-IIT), foliage volume, and diversity of tree height
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classes. The three snag variables were collinear (VIF 35-46)
Morrison etal. (1987, 1992) suggest keeping the variable that
is the most biologically meaningful or easiest to measure, and
discarding the other collinear variables before a multivariate
analysis. We selected snag volume because it is a more direct
measure of biomass than basal area and does not depend on
assumptions about use depending on decay condition.

The CART analysis selected two variables for classifying
different levels of owl-use intensity, snag volume, and tree
height class diversity (Figure 2). The first classification
division between low use and medium and high foraging use
sites was a snag volume of 142.1 m3/ha. A tree height class
diversity value of < 3.1 distinguished most medium-use from
high-use foraging stands. The jackknife test of the CART
analysis misclassified 6 of the 43 stands (14%), 4 medium
and 2 high foraging use stands.

Discussion

Our study focused on differences in foraging use in re-
sponse to variation in old-growth stand structure. To assess
long-term owl viability, forest managers need to know how
habitat differs among available old-growth stands, and the
future habitat potential of mature and managed stands. The
precision of our analysis (ot = 0.1, f = 0.7) was limited by a
sample size restricted to meeting criteria for identifying old-
growth stand structure. Starting with 11 owl pairs, each with
80-300 telemetry locations, telemetry and sample stands
were screened to meet conditions which provided a standard-
ized measure of owl-use intensity against a gradient of old-
growth conditions within the study areas. A study without
restrictions on stand disturbance history and which used
randomly selected “absence” sites would have a much larger
sample size and much “noisier” data. This study’s selection
criteria traded a large sample size for a highly specified data
set designed to separate the covariance of structural attributes
in old growth used by owls. Selecting sample areas where
disturbance has affected some of the stands could bias the
identification and quantification of stand structures because
fire and wind disturbance increase snag and coarse woody
debris volume, and reduce the number of large live trees.
However, comparing values in this study with a large re-
gional assessment of old-growth Douglas-fir (Table 2 in
Spies and Franklin 1991) found few significant differences.

Of the 25 stand structures examined, all of the snag
variables were significantly different between owl use-
intensity levels. In the CART analysis a snag volume
greater than 142.1 m3/ha was correlated with an increase
in foraging use from low to medium and high. In the study
areas, >70% of the snag volume was derived from large
snags (dbh >50 c¢m) rather than the small but numerous
suppressed and intermediate dead trees. The size of large
snags on medium and high foraging use areas averaged 86
cm dbh (SD = 15.4) and 24 m tall (SD = 14.3), with amean
density of 15/ha (SD = 4.6). Snag sizes were variable on
sample plots, but medium and high use areas often had
large rot-resistant snags (western redcedar or Douglas-fir)
resulting from the site’s past disturbance.



Table 1. Mean values and standard deviation (in parentheses) of structural attributes in foraging stands with low,
medium, and high owl-use intensity. Variables are grouped by six general site characteristics. Values with different

letter superscripts are significantly different at P< 0.1. (Tukey post-hoc ANOVA analysis).

Owl-use intensity

Stand Attributes Low (n=13) Medium (n=12) High (n=18)
Live Trees:
Basal area (m*ha) 65.5 (15.3) 755 (25.7) 75.9 (22.5)
Big tree basal area* 25.2 (14.1) 429 (29.8) 42.8 (28.2)
Standard deviation of dbh 25.2 29.2 30.2
Tree density (no./ha) 411.8 (83.5) 446.3 (140.2) 4253 (128.1)
Big tree density 26.5°(11.4) 33.8"% (11.1) 38.9°(13.7)
Sub-canopy tree density' 223.4(59.1) 280.9 (129) 267.7 (128.1)
Snags:
Basal area 89°(2.2) 17.9°(4.4) 21.9°(5.1)
Volume (m*/ha) 75.8°(45.2) 167° (45.2) 254.1° (94)
Volume of “intact”'! snags 69.6° (25.6) 120.7% (59.5) 215.2°(102.2)
Logs:
Volume 315.3 (136.6) 400.5 (194.5) 440.9 (142.6)
Volume of big logs® 142.7 (101) 217.2 (208.1) 228.6 (136.2)
Density of big logs 234 (16.4) 28.6 (10.7) 33.3(14.6)
Site Characteristics:
Distance to opening (m) 221.2(173.8) 308.6 (244.2) 222.2(119.6)
Distance to water (m) 127.89 118.48 151.81
(109.08) (140.15) (90.7)
Aspect 142°(47°) 125°(329) 153°(28°)
Elevation (m) 342 (53) 311 (67) 324 (62)
Understory Vegetation:
Total cover' (%) 83.9 (61.5) 572 (34.5) 60.6 (36.9)
Coefficient of variation of cover 72.7 79.5 824
Canopy:
Overstory cover (%) 92.6 (2.4) 93.6 (2) 92.8 (3.4)
Foliage volume (m*/ha) 77,262* (14,198) 92,532°(23,931) 106,699b (19,867)
Diversity of canopy classes” 2.4(0.6) 2.44(0.5) 23(0.3)
Diversity of height classes 24°(0.3) 2.8°(0.4) 3.4°(0.5)
Coefficient of variation of tree heights 435 50.2 51.7
Mistletoe rating® 2.0(1.4) 1.46 (0.9) 22(12)
Number of cavities 19.3 (9.8) 25.5(10.2) 27.7 (14.6)

* Big trees were defined as trees with dbh >80 cm

t Subcanopy trees were trees classed as intermediate or suppressed.

™t Intact snags were those assigned a decay class of |, Il, or lll (Cline et al. 1980).
Big logs were defined as having a diameter > 50 cm. and a length 28 m.

Understory cover included total herb and shrub cover up to 4 m high.
* Trees were visually assessed and categorized as one of five canopy classes: emergent, dominant, codominant, intermediate, or

suppressed.

8% values are the average Hawksworth rating on a scale of 0-6 (Hawkworth 1977).

The other feature of stand structure associated with forag-
ing use intensity was height class diversity. High use stands
had values greater than 3.1, which is a measure of how much
diversity there is between height classes for all trees within a
stand. For example, in high-use stands where height class
diversity averaged 3.4 (d) and mean density was 425.3 trees/
ha (n,) , the maximum number of trees (n_, ) in any one
of the six height categories would be 125/ha. As height class
diversity increases, the canopy is less dominated by trees of
similar height and heterogeneity increases. Stands with a
wide range of tree heights usually have a greater number of
foliage layers. In southwestern Oregon, Carey et al. (1992)
alsoidentified foliage height diversity as an important feature
of owl roost and foraging sites.

Snag volume could be important to ow! foraging sites
because it influences local prey abundance (Carey 1995).
Snags, particularly large intact snags, are likely to have
excavated cavities used by the northern flying squirrel
(Glaucomys sabrinus) (Carey 1991), astaple of the owl’s diet

in mesic forests (Forsman et al. 1984, Forsman et al. 1991).
Study results from experiments with cavity nesting boxes
(Witt 1991) suggest that the density of flying squirrels may be
influenced by cavity availability. Consequently, stands with
high snag volumes could provide the structures needed to
support higher prey populations for the owl. Although a
direct measure of cavity density was not significant in the
analysis, this may result from the limitations of a ground-
based census. Many cavities are probably obscured from
ground view, while some tallied observations probably in-
clude shallow holes started by woodpeckers which are not
cavities.

Spotted owl foraging success in mono-layer and multi-
layer stands has not been tested, so the potential role of a
diverse canopy structure is unknown. Hunting success should
be improved by stands with a canopy structure that facilitates
location and capture of prey. Generally, owls fly to a perch
and wait for prey (Forsman et al. 1984, Carey et al. 1989,
Guetterman et al. 1991). Good foraging conditions therefore
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Figure 2. The classification tree of owl-use intensity predicted
from snag volume and height class diversity. The dots represent
each of the 43 stands and are arranged in 3 vertical columns: low,
medium, and high use from left to right. The model was run
through 43 jackknife iterations, and final nodes indicate the
number of correct and incorrect model classifications for each
use level (e.g., 2 medium use stands were missclassified as low
use in the node on the left). Owl foraging use is higher in stands
with a snag volume > 142 m3/ha and a more diverse canopy
structure.

might be found in stands that are open enough for unob-
structed flight and yet provide spotted owls with perches at all
levels in the canopy. Stands with high tree height diversity
would have low perches available for hunting and yetenough
open space to facilitate sub-canopy flight and prey capture.

Atleast2 cautions should be noted when interpreting these
results. First, stand structures other than snag volume and tree
height class diversity should not be discounted, because
components of old growth are dynamically linked. Large-
diameter trees are needed first in a stand before high volume
snags are produced and these in turn become big coarse
woody debris pieces. A high diversity in tree heights is
usually found in stands with arange of tree diameter sizes and
amix of shade tolerant and intolerant species. Singular focus
on 1 or 2 stand characteristics could skew management from
considering the dynamics of a complex old-growth ecosys-
tem in their entirety. While there is variation in owl habitat
quality between different stands of late seral stage forest, old
growth is the defining forest condition consistently used by
spotted owls in western Washington (Thomas et al. 1990).

A second concern is that foraging microhabitat probably
differs in other regions. Diets and home range size vary
across the spotted owl’s range, indicating that microhabitat
structure may vary among regions. We do not know if stand
structures that are useful for differentiating forage use-inten-
sity in western Washington will be useful for similar in-
vestigations in other areas of the northern spotted owl’s
range. Certainly the changes in forest composition, structure,
and preybase found within the owl’s geographic distribution
suggest foraging stand structures will vary.

Although our results may be particular to these study sites,
this technique might help quantify foraging structures in
other areas where telemetry data on spotted owls have been
collected. In place of a presence/absence comparison, the
power to identify and quantify particular forest structures
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associated with owl foraging will be improved by restricting
the analysis to sites with established, repeated use. A gradient
of use intensity can then be calculated to compare across a
sample of stands with different forest structure. This ap-
proach does require telemetry datasets large enough to iden-
tify stands with repeated owl use even after reducing the
dataset to select for foraging locations in similar size stands.
Within the spotted owl’s range, however, an extensive re-
search effort has produced several large, multi-year telem-
etry datasets in areas with variable forest structure.

In our study area, stands with high use by owls typically
included many “legacies” (large trees and snags) that sur-
vived a fire or windstorm that destroyed much of the previous
stand. The survival of just a few dominant and co-dominant
trees from the original old-growth stand increased structural
heterogeneity and produced more height class diversity in the
regenerating stands. Large snags were created when tree tops
were snapped in early-century windstorms or rot-resistant
tree species were killed by fire. The carry-over of these large
structures into the regenerating stands may have produced
sufficient foraging habitat for the owl even though other
attributes of the stand were typical of younger forests. Old-
growth legacy structures in younger stands may improve
wildlife habitat quality for many late-seral associated spe-
cies. A series of studies in Pacific Northwest Douglas-fir
forests found few differences in wildlife density or diversity
between old-growth stands and mature stands that had post-
disturbance, old-growth legacies (Ruggiero et al. 1991).
Legacy structures, such as large trees and snags, may diver-
sify habitat conditions in young, regenerating stands and
eventually improve foraging conditions for future spotted
owl use.
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