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WITHIN-STAND NEST SITE SELECTION BY
SPOTTED OWLS IN THE EASTERN WASHINGTON CASCADES

JOSEPH B. BUCHANAN,' National Council of the Paper Industry for Air and Stream Improvement, 720 S.W. Fourth Street,
Corvallis, OR 97339, USA

LARRY L. IRWIN, National Council of the Paper Industry for Air and Stream Improvement, 720 S.W. Fourth Street, Corvallis,
OR 97339, USA

EDWIN L. McCUTCHEN,2 U.S. Forest Service, Wenatchee National Forest, P.O. Box 811, Wenatchee, WA 98801, USA

Abstract: We describe 83 nest sites (0.2-ha areas) of northern spotted owls (Strix occidentalis caurina) in
mixed conifer forests on the eastern slope of the Cascade Mountains, Washington. Approximately 74% of the
nest sites were in forests in intermediate stages of succession, and 27% were in old-growth forests (median
= 122 yr, range 54-700 yr). Most sites were naturally regenerated after fire, but 23% of the nest sites had
been partially harvested =40 years ago. We tested the hypothesis that habitat structure does not influence
nest site selection within forested stands, because such knowledge would aid conservation strategies that may
include silvicultural prescriptions for creating future habitat. We compared habitat characteristics at 62 nest
sites with those at 62 random sites within the same forest stands. Compared with random sites, spotted owl
nest sites had canopies of dominant and/or codominant and intermediate trees that were farther aboveground
(P = 0.02 and 0.07, respectively), more 35-60-cm-dbh (diam at breast height) Douglas-fir (Pseudotsuga
menziesii) trees (P = 0.03), greater basal area of Douglas-fir trees (P = 0.02), more 61-84-cm-dbh ponderosa
pine (Pinus ponderosa) trees (P = 0.03), greater live tree basal area (P = 0.09), greater basal area of Class
IV snags (broken snags with no branches and little bark; P < 0.001), less basal area of a group of relatively
uncommon conifer species (P = 0.02), fewer 10-34-cm-dbh uncommon conifer species (P = 0.08), and less
basal area of Class I and II snags (intact or nearly intact snags with branches and most bark remaining; P =
0.08 and 0.095, respectively). Volume of coarse woody debris (P > 0.13 in all decay classes) and percent
canopy closure (P = 0.45) did not differ between nest and random sites. Data support the hypothesis that
nest sites are selected as part of an antipredator strategy.
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Wildlife biologists and forest managers must
understand and predict how forestry practices
influence wildlife populations. Forest manage-
ment planning for northern spotted owls re-
quires detailed information on habitat structure
at nesting and roosting sites. Information on nest
sites from Douglas-fir/western hemlock (Tsuga
heterophylla) forests in western Oregon (Fors-
man et al. 1984) and northwestern California
(LaHaye 1988) indicates that spotted owls gen-
erally select sites within mature and old-growth
forests for nesting.

Despite considerable interest in spotted owl
ecology (Thomas et al. 1990, U.S. Dep. Inter.

! Present address: Washington Department of Fish
and Wildlife, 600 Capitol Way N., Olympia, WA
98501, USA.

2 Present address: Regional Office, Southwestern
Region, U.S. Forest Service, 517 Gold Avenue S.W.,
Albuquerque, NM 87102, USA.

1992), published descriptions of nest site char-
acteristics in mixed-conifer forests are limited
to about 10 nests on the eastern slope of the
Cascade Mountains in Oregon (Forsman et al.
1984; E. D. Forsman, U.S. For. Serv., Corvallis,
Oreg., pers. commun.). More information is
needed on nest site characteristics from this re-
gion because approximately 30% of known spot-
ted owl sites in Washington occur in the eastern
Cascade Mountains Province (Washington Dep.
Fish and Wildl., Olympia, unpubl. data).

Our objectives were to quantify habitat struc-
ture at spotted owl nest sites in mixed-conifer
forests and to test the null hypothesis that habitat
structure at nest sites was the same as that at
random sites within stands used for nesting. Such
comparisons may reveal structural details that
will support silvicultural prescriptions designed
to create future habitat. Further, comparisons
may help identify ultimate factors that influence
nest placement, such as nest predation (Martin
and Roper 1988).
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STUDY AREA

We conducted this study primarily in the We-
natchee National Forest (WNF) on the eastern
slope of the Cascade Mountains, Washington.
However, we also sampled 13 nests in forests
adjacent to WNF, including 9 on private lands,
2 on Yakama Nation tribal lands, 1 in Okanogan
National Forest, and 1 in North Cascades Na-
tional Park. The WNF contained a variety of
coniferous species in several vegetation associ-
ations that graded with elevation and moisture
from ponderosa pine associations at lower ele-
vations to grand fir (Abies grandis) and Douglas-
fir associations at mid-elevations (Franklin and
Dyrness 1973). Vegetation associations varied
with aspect, slope, elevation, disturbance his-
tory, and soil type (Cobb 1988).

Fires and silvicultural practices have influ-
enced the landscape in the eastern Cascades.
Prior to the onset of fire suppression after 1900,
relatively frequent (2-6/100 yr) ground fires
limited establishment of shade-tolerant species
such as Douglas- and grand fir (Agee and Ed-
monds 1992). Stands of these species became
established during lengthy fire intervals, but were
prone to destruction by catastrophic fire. Since
1900, these species have invaded ponderosa pine
stands (Antos and Habeck 1981, Agee and Ed-
monds 1992); grand fir has assumed codomi-
nance in many areas (Arno 1976, Antos and
Habeck 1981). The presuppression tendency for
destruction of grand fir forests by catastrophic
fire may partly explain the rather limited dis-
tribution of old-forest spotted owl habitat in the
region (Agee and Edmonds 1992).
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Until about 1950, most timber harvests in the
region were characterized by entries designed
to remove dominant ponderosa pines (Wellner
1984). Douglas-fir also was taken in these partial
harvests, and in most cases dominant trees were
removed in preference to smaller and/or mis-
tletoe-infected trees (Wellner 1984).

METHODS
Data Collection

We collected vegetational and topographic
data at 85 of 102 known spotted owl nests from
1988 to 1990. Data were incomplete for 2 sites.
Fledgling spotted owls were observed at 81 (95%)
of the nest sites. We defined a nest stand as
contiguous forest habitat that contained a spot-
ted owl nest site. We did not consider stands
younger than the stem exclusion stage (see be-
low) or open stands within the ponderosa pine
association to be part of the nest stand.

Using data from the first 2 years, we calcu-
lated minimum sample sizes that would provide
reliable estimates of 15 vegetational variables
(probability of 0.90 that the 95% CI would be
within 20% of the observed sample mean, fol-
lowing Mosher et al. 1987; Zar 1984:108). Elev-
en of 15 variables were estimated reliably with
9-23 samples, although 3 required 55-66 sam-
ples. Required sample size for reliable estimates
of snag density exceeded the total number of
nest sites we examined.

For each nest site we recorded elevation, slope
(using a clinometer), aspect, and topographic
position relative to ridges or valleys. We de-
scribed previous disturbances such as disease,
logging, or wildfire.

We described stand development at each site
on the basis of 4 physiognomic stages following
Oliver (1981). The stand initiation stage is the
establishment of the regenerating stand by an
even-aged cohort of trees and may last >40
years. During stem exclusion, the second stage,
the initial cohort occupies all available growing
space and prevents other trees from invading
the stand. This is followed by the understory
reinitiation stage, where shade-tolerant (or
moisture-limited) tree species begin to develop
=] strata in the understory. Forests of the old-
growth stage are characterized by uneven-aged
cohorts that result from perturbations of various
scale and intensity.

We used 2 plot arrays to sample habitat fea-
tures at nest sites because size and frequency of
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objects being measured influence plot size (Spies
and Franklin 1991). We used a 0.1-ha plot cen-
tered at the nest tree (Noon 1981, Mosher et al.
1987) for estimating stand age, tree height, snag
abundance, and dwarfmistletoe (Arceuthobium
douglasii) infestation. We used a clinometer to
determine tree and canopy height (height to the
lowest primary canopy) of each of 3 dominant
and/or codominant and 3 intermediate trees
(canopy positions defined by Spurr and Barnes
1980). We determined age of each of the 6
sample trees by counting growth rings from an
increment core extracted at breast height. We
also measured all snags =10 cm dbh and =2.4
m tall. We recorded species, decay class, dbh
(using a diam tape), and height (using a clinom-
eter) of each snag. We used definitions devel-
oped by Cline et al. (1980) to assign snags to 1
of 4 decay classes: (1) fully intact; (2) bole intact
or broken near top, some bark and branches
missing; (3) bole intact or broken near top, no
bark or branches remaining; and (4) bole broken
at or below midpoint, no bark or branches re-
maining, sapwood soft. The presence of mistle-
toe in each sample tree was rated as none, mod-
erate, or high infection in the upper, middle, or
lower third of the canopy (Hawksworth and
Wiens 1972).

We were occasionally unable to obtain an ad-
equate (n < 3) sample of dominant trees within
the 0.1-ha plot. For this reason we combined
dominant and codominant trees into 1 category
for sampling and analyses (22 sites) and non-
randomly selected trees for measurement. To
test whether trees we selected were represen-
tative of those at nest sites, we compared canopy
height, tree age, and mistletoe infection scores
between chosen and randomly selected domi-
nant and/or codominant and intermediate trees
at 15 sites and found no differences (t-tests; in
all cases P > 0.13).

We arranged 5 0.04-ha circular plots around
each nest tree: 1 centered at the nest tree, and
the adjacent 4 were tangential to the central
plot, arranged in each cardinal direction. In each
plot we tallied the number of conifer saplings
<10 cm dbh and >1.2 m tall, and we measured
dbh of all trees =10 cm dbh with a diameter
tape. We categorized downed logs according to
decay class and calculated volume within plot
boundaries from the length of each log and di-
ameter at each end. We modified definitions
developed by Sollins (1982) to assign logs to 1
of 4 decay classes: (1) fully intact; (2) bole intact
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or broken, some branches and bark missing; (3)
most branches and all bark missing; and (4) all
branches and bark missing, bole oval to flat and
collapsing. We ocularly estimated the number
of distinct canopy layers in each plot to provide
a general description of stand structure.

We estimated vegetational closure at nest sites
from black-and-white photographs taken within
1.2 m of plot center at each 0.04-ha plot (Chan
et al. 1986). We took vertical photos <1 m
aboveground with a camera equipped with an
8-mm f/2.8 fisheye lens, which provided a 180°
hemispherical view of the plot. We analyzed
percent vegetational closure from negatives us-
ing program FISHOUT (For. Sci. Dep., Oregon
State Univ., Corvallis; Chan et al. 1986). We
used the average value of the 5 canopy closure
estimates for the nest site. Because of a proce-
dural error we were able to compare canopy
closure at only 22 pairs of nest and random sites.

We collected habitat data at 62 random sites
within nest stands to evaluate habitat features
that may have influenced nest site selection at
the within-stand level. Thirteen stands con-
tained multiple nests. At these sites we randomly
selected 1 nest to pair with a random site. Most
(6 of 8) of the remaining nest site stands where
random sites were not sampled occurred at the
extreme northern and southern edges of our
study area, so we believe sampling was repre-
sentative of the region.

We restricted random sites to locations >68
m (to avoid duplication of nest site) and <400
m from the nest tree because we intended to
make comparisons at the within-stand level. We
determined each random site location by se-
lecting a distance and compass bearing from the
nest tree, using a random numbers table. None
of the random sites occurred within the nest site
sampling location. All random sites were tree-
centered. Habitat sampling procedures at ran-
dom sites were identical to those used at nest
sites.

Data Analysis

We compared habitat features between 62
pairs of nest and random sites, using the mean
from the 5 plots for all variables measured with-
in 0.04-ha plots. We used Bartlett’s test to esti-
mate whether variances were homoscedastic. We
then evaluated skewness and kurtosis using the
Shapiro-Wilk test (Shapiro and Wilk 1965). We
compared variables that met assumptions of ho-
moscedasticity and normality using paired-sam-
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ple t-tests. Variables that violated the assump-
tions were natural log-transformed (to meet
parametric assumptions) prior to paired-sample
parametric analysis or were analyzed untrans-
formed using the Wilcoxon paired-sample test
(Zar 1984).

We compared scores for categorical variables
using Chi-square analysis with Yates correction
for continuity when df = 1 (Zar 1984:48). For
comparisons of site aspect, we used Rayleigh’s
test (Batschelet 1981) to examine differences in
angular distribution, and we used the Watson-
Williams test to compare paired angular distri-
butions (Batschelet 1981). We used these tests
rather than Rao’s spacing test (Bergin 1991) be-
cause they are similarly robust and the distri-
butions were not polymodal. We arcsine-trans-
formed variables expressed as percentages (e.g.,
slope) to attain normal distribution prior to anal-
ysis. We used linear regression to evaluate re-
lationships between elevation and latitude and
between slope and elevation. We used SYSTAT
for regression and paired-sample analyses (Wil-
kinson 1988). We used a < 0.1 to denote sta-
tistical significance (Hinds 1984).

RESULTS
General Site Characteristics

The 83 nest sites were in mixed conifer stands
within grand fir, Douglas-fir, or western hem-
lock forest associations. The majority (57%) of
nest sites were in the understory reinitiation
phase of stand development, 27% were in old
growth, and 17% were in the stem exclusion
phase. Nest sites were 2.4-56.0 km east of the
Cascade Mountains’ crest at 381-1,463 m ele-
vation. Northern sites were lower in elevation
than southern ones, and there was an inverse
correlation between elevation at nest sites and
latitude (F = 24.8; 1, 81 df; P < 0.001).

Of the 83 nest sites, 78 (94%) were on slopes
(22 on top third, 22 on middle third, and 34 on
bottom third), 4 (5%) were on bottomland, and
1 (1%) was on a broad butte. Slope at nest sites
(41%) did not differ from that at random sites
(87%) (t = 1.62, P = 0.11) and was not correlated
with elevation (F = 1.6; 1, 60 df; P > 0.50). The
mean direction of slope exposure for all nest
sites was 20° (angular deviation = 75.2°), and
the distribution of site aspects was random (z =
1.58, P > 0.2). However, nest and random sites
differed in aspect angle (35 vs. 48°, respectively;
F = 17.54; 1, 120 df; P = 0.015) even though
nest and random sites were <400 m apart.

SPOTTED OWL NEST SITE SELECTION * Buchanan et al.
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Evidence of past fire was visible at 92% of 83
nest sites. We did not examine ages of fire scars
and were unable to determine how many nest
sites burned subsequent to fires that initiated the
current stands. However, fire scars at nearly all
sites were on older or residual trees, larger snags,
or logs.

Thirteen nest sites had been partially logged,
primarily by overstory removal about 1940-50.
Commercial firewood removal was evident at 2
nest sites, and residual downed logs at another
nest site suggested that trees may have been
felled as a firebreak. The proportions of nest
and random sites with a history of logging ac-
tivity (21 vs. 34%, respectively) did not differ
(x* = 1.836, 1 df, P = 0.5). Various levels of
logging had occurred at 46% of the nest stands
in the paired sample (i.e., evidence of logging
activity was noted at either nests or random
sites).

We observed root rot (primarily laminated
root rot caused by the fungus Phellinus wierii),
ranging from minor to extensive infestation, at
17 of 52 (33%) nest sites visited in 1988-89.
Dwarfmistletoe was present at equal propor-
tions of nest and random sites (78 and 77%,
respectively; x2 = 0.01, 1 df, P = 0.9), and oc-
curred at 84% of 83 nests.

Site Age

Ages of dominant and/or codominant and
intermediate trees did not differ between paired
nest and random sites (¢t = 0.09, 61 df, P = 0.9,
and t = 1.32, 61 df, P = 0.19, respectively; Fig.
1). Median ages of dominant and/or codomi-
nant trees were 131 and 132 years at nest and
random sites, respectively. Median age of dom-
inant and/or codominant trees at all nest sites
(n = 83) was 122 years (range 54-700). Median
ages of intermediate trees were 94 and 83 years
at nest and random sites, respectively. Of nest
sites <122 years, ages of dominant and/or co-
dominant trees (first quartile = 94 yr) and in-
termediate trees (first quartile = 81 yr) were
similar.

Vegetational Structure

Dominant and/or codominant trees at nest
sites were the same height as those at random
sites in nest stands, although height of inter-
mediate trees was greater at nest sites (Table 1).
Canopy heights of both dominant and/or co-
dominant and intermediate trees were greater
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at nest sites than at random sites. In paired com-
parisons between nest and random sites, there
were no differences in the rating of mistletoe
infestation at any canopy position (upper, mid-
dle, lower) in dominant and/or codominant
(Wilcoxon test, P > 0.30 in all cases) and in-
termediate (P > 0.45 in all cases) Douglas-fir
trees.

There were no differences in snag densities
between nest and random sites except that small
snags (10-34 cm dbh) were more abundant at
nest sites than at random sites (Table 2). We
found no differences in basal area of all snags
between nest sites and random sites. However,
basal area of class IV snags was greater at nest
sites, and basal area of hard snags (decay classes
I and II) was greater at random sites (Table 2).

Total basal area of all live trees at nest sites
was greater than at random sites (Table 3). Com-
parisons for each tree species revealed that only
Douglas-fir had a greater basal area at nest sites
than at random sites. Douglas-fir composed over
half of the basal area of live trees at nest (54%)
and random sites (51%) and ranged among sites
from a low to nearly exclusive proportion of live
tree basal area. Random sites had a greater basal
area of a combined group of less common co-
nifer species.

With 3 exceptions there were no differences
between nest and random sites in densities of 6
tree species and 2 combined species groupings
for each of 6 diameter classes (Table 4). There
were no differences in the abundance of small
(10-34 cm dbh) Douglas- and grand fir, the 2
most common species at nest sites (Table 4; ¢t =
1.43, P = 0.17). However, Douglas-fir trees of
the 35-60- and 61-84-cm size classes were more
abundant than grand firs (¢t = 3.63, P < 0.001,
and ¢t = 3.96, P < 0.001, respectively). In ad-
dition, Douglas-fir trees =85 cm dbh occurred
at more nest sites (19 sites, 32%) than grand firs
of the same size class (1 site, 2%; x2 = 16.4, 1
df, P < 0.001).

Sapling density of all species did not differ

SPOTTED OWL NEST SITE SELECTION ¢ Buchanan et al.
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Fig. 1. Mean age of dominant and/or codominant (top) and

intermediate trees (bottom) at 62 spotted owl nest and random
sites in the eastern Cascades, Washington, 1988-90.

between nest and random sites (¢t = —1.51, P =
0.14). Sapling density (n/ha) ranged from 1 to
1,245 (¥ = 397.5) and from 25 to 1,865 (& =
457.5) at nest and random sites, respectively.
The coefficient of variation of mean sapling
abundance among sites was >70% at nest and
random sites.

Analysis of photographs of vegetational cover
at 22 paired sites revealed no difference between
nest (£ = 75%, range 57-95%, SD = 10.61) and
random sites (X = 72%, SD = 8.55; ¢t = 0.71, P
= 0.45). The mean number of canopy layers in
0.04-ha plots was 1.7 for nest sites (n = 61, SD
= 0.43) and 1.65 for random sites (n = 61, SD
=048;t =11, P = 04).

There were no differences between nest and

Table 1. Paired-sample (t-test) comparisons of height (m) of dominant and/or codominant and intermediate trees at spotted
owl nest and random sites in the eastern Cascades, Washington, 1988-90 (n = 62).

Nest Random
Variable 4 SD Z SD P
Height of dominant/codominant 31.9 4.7 31.8 6.2 0.73
Height of intermediate 19.8 4.0 18.7 4.8 0.08
Canopy height of dominant 15.4 4.3 13.7 5.1 0.02
Canopy height of intermediate 10.0 3.7 8.8 4.1 0.07
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Table 2. Paired-sample (t-test, Wilcoxon test) comparisons of snag density (no./ha) by diameter class and basal area (m*/ha)
by decay class at spotted owl nest and random sites in the eastern Cascade Mountains, Washington, 1988-90 (n = 62).

Nest Random
Snag variable i SD z SD P

Size class®

10-34 47.52 48.02 33.00 31.02 0.08

35-60 9.39 11.76 13.73 19.17 0.36

61-84 2.27 4.84 3.56 6.72 0.27

85-110 1.48 3.56 0.79 3.75 0.29

>110 0.30 1.78 0.20 1.28 0.56

All size classes 60.86 51.18 51.38 40.51 0.39
Decay class®

1 0.43 0.24 0.77 1.01 0.08

11 0.27 0.70 0.40 0.59 0.095

111 0.06 0.20 0.14 0.38 0.43

v 0.49 1.10 0.14 0.83 <0.001

All decay classes 1.29 1.42 1.44 1.42 0.520

a dbh in cm.

b [ = fully intact; IT = bole intact or broken, some branches and bark missing; III = bole intact or broken near top, no bark or branches remaining;
1V = bole broken at or below midpoint, no bark or branches remaining, sapwood soft.

random sites in volume of downed wood of any
decay class (Table 5). All classes of downed wood
and snags at nest and random sites exhibited
considerable variation among the 5 sample plots;
the coefficient of variation among sites ranged
from 132 to 601% for snags and from 97 to 159%
for downed wood.

DISCUSSION
Determinants of Habitat Selection

We inferred habitat selection among spotted
owls within stands used for nesting by compar-
ing nest sites and random sites within stands.
We recognize that habitat structures that were
not different between nest and random sites in

our analyses (e.g., vegetational closure) might
influence habitat selection at stand or landscape
scales (Johnson 1980, Forsman et al. 1984, La-
LaHaye 1988). Carey (1985) listed several hy-
potheses that may explain the association be-
tween spotted owls and forests. Hypotheses that
might explain within-stand nest site selection
include factors that are associated with ther-
moregulatory benefits, optimal foraging effi-
ciency, or an antipredator strategy.

If prey abundance and/or availability influ-
enced nest site selection, habitat structures as-
sociated with prey should be more abundant at
nest sites than random sites. Large volumes of
snags and coarse woody debris have been as-
sociated with old-growth forests (Franklin et al.

Table 3. Paired-sample (t-test, Wilcoxon test) comparison of basal area (m?/ha) of live trees at spotted owl nest and random

sites in the eastern Cascades, Washington, 1988-90 (n = 62).

Nest Random
Species 4 SD 4 SD P

Douglas-fir 20.8 13.3 18.3 14.3 0.02
Grand fir 9.3 9.4 8.8 7.4 0.85
Ponderosa pine 3.4 4.8 2.7 4.7 0.24
Western hemlock 1.9 6.9 2.0 10.8 0.65
Western larch® 1.2 1.9 1.3 2.1 0.44
Western redcedar® 0.8 3.0 0.5 1.5 0.73
Othere 1.0 2.5 2.0 4.7 0.02
Hardwoods? 0.1 0.4 0.1 0.3 0.51

Total 38.5 15.5 35.8 17.8 0.087

2 Larix occidentalis.

b Thuja plicata.

< Species include lodgepole pine (Pinus contorta), Engelmann spruce (Picea engelmannii), western white pine (Pinus monticola), noble fir

(Abies procera), and Pacific silver fir (A. amabilis).

Species include big-leaf maple (Acer macrophyllum), Douglas maple (A. glabrum), vine maple (A. circinatum), red alder (Alnus rubra),
Columbia hawthorne (Crataegus columbiana), black cottonwood (Populus trichocarpa), and Scouler willow (Salix scouleriana).
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Table 4. Paired-sample (t-test, Wilcoxon test) comparison of mean tree densities (no./ha) by species and diameter class (dbh)
at spotted owl nest and random sites on the eastern slope of the Cascade Mountains, Washington, 1988-90 (n = 62).

Diameter class®

10-34 35-60 61-84 85-110 111-135
Species £ SD ) SD £ SD ) SD £ SD
Douglas-fir
Nest 115.0 142.3 49.0 46.8 15.5 16.8 2.0 3.8 0.5 2.8
Random 95.8 104.5 38.3 41.8 14.5 18.5 3.3 5.8 0.8 2.0
P 0.40 0.03 0.48 0.25 0.85
Grand fir
Nest 157.8 150.5 20.5 25.5 4.3 9.3 0.3 2.0 0
Random 144.0 129.8 19.5 21.5 3.5 6.0 0.08 0.8 0
P 0.80 0.60 0.93
Ponderosa pine
Nest 8.0 29.5 5.0 9.3 3.8 5.5 0.8 2.3 0.2 1.0
Random 4.3 9.3 3.8 13.8 3.0 7.3 0.8 2.0 0.2 0.8
P 0.50 0.61 0.03 0.48 0.56
Western larch
Nest 9.8 26.8 4.0 8.3 0.5 2.0 0.08 0.8 0
Random 7.0 16.5 3.5 5.8 1.0 3.3 0.18 1.0 0
P 0.72 0.82 0.41 0.56
Western redcedar
Nest 5.3 19.2 0.8 2.3 0.8 3.3 0.5 2.3 0
Random 4.3 12.5 2.0 7.8 0.18 1.0 0.18 1.0 0
P 0.73 0.37 0.48 0.59
Western hemlock
Nest 11.8 39.0 4.3 14.5 1.0 4.3 0.8 5.0 0.3 2.0
Random 10.5 36.8 2.3 9.0 1.3 8.5 0.5 4.5 0.3 2.0
P 0.64 0.15 0.95
Hardwoods®
Nest 5.0 15.2 0.2 0.9 0 0 0
Random 5.2 10.5 0.2 1.3 0 0 0
P 0.74
Other conifers
Nest 10.8 29.0 2.5 6.9 0.6 3.9 0 0
Random 21.2 53.9 2.8 8.6 0.3 1.2 0.2 0.9 0
P 0.075 0.59 0.48
2 dbh in cm.

b Species include big-leaf maple, Douglas maple, vine maple, red alder, Columbia hawthorne, black cottonwood, and Scouler willow.
¢ Species include lodgepole pine, Engelmann spruce, western white pine, noble fir, and Pacific silver fir.

1986) and with spotted owl nest sites west of the ~ den in cavities in large snags (Weigl and Osgood
Cascade Mountain crest (Gutiérrez 1985, 1974). Other small mammals are associated with
LaHaye 1988). Northern flying squirrels (Glau-  coarse woody debris on the forest floor (Maser
comys sabrinus), a major prey species for north- and Trappe 1984). In our study, densities of
ern spotted owls (Forsman et al. 1984), nest and  large snags and volumes of coarse woody debris

Table 5. Paired-sample (t-test, Wilcoxon test) comparison of downed wood volume (m*/ha + SD) according to decay class at
spotted owl nest and random sites on the eastern slope of the Cascade Mountains, Washington, 1988-90 (n = 62).

Nest Random
Decay class® k4 SD £ SD P
I 51.81 134.58 22.60 35.91 0.21
I 58.10 62.04 57.46 55.78 0.75
I 77.83 81.69 79.35 88.21 0.74
v 80.59 71.09 76.02 106.29 0.13
All classes 268.33 239.19 235.43 182.90 0.46

a1 = fully intact; II = bole intact or broken near top, some bark and branches missing; IIl = most branches and all bark missing; IV = all
branches and bark missing, bole oval to flat and collapsing.
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did not differ between nest and random sites.
Thus, our data suggest that food supplies or for-
aging efficiency may have little influence on
within-stand nest site selection.

We speculate that canopy height is important
to nest site selection by increasing the owls’ de-
tectability of predators. Spotted owls typically
nest in mistletoe-infected clumps of branches or
abandoned northern goshawk (Accipiter gen-
tilis) nests low in the canopy of dominant or
codominant trees (Buchanan et al. 1993) in areas
with a greater canopy height of dominant and/
or codominant trees. We believe this nest place-
ment provided protection from predators above
while maximizing visibility in the understory.
This may be important if open nests (particu-
larly goshawk nests) in this region are more vul-
nerable to predators than are cavity nests (Rick-
lefs 1969); however, our sample of cavity nests
was too small to adequately test for an associ-
ation between canopy position and nest type.
Spotted owls probably select nest sites to opti-
mize among various benefits associated with en-
ergy balance and predator avoidance (Newton
1979, Cody 1985).

Forest Dynamics

In the eastern Cascades, spotted owls nested
in a wide range of stand ages (54-700 yr) and
structures. Stands in the stem exclusion, under-
story reinitiation, and old-growth phases of suc-
cessional development often included ponder-
osa pine, Douglas-fir, and western larch as canopy
dominants, whereas grand fir occupied sup-
pressed, intermediate, and codominant canopy
positions. These attributes are functions of site
disturbance history and forest stand dynamics
(Oliver 1981, Larson 1986, Cobb 1988).

Stand dynamics and the resulting forest struc-
ture were influenced by wildfires at 89% of the
nest sites examined. Although we can make few
conclusions about the extent or intensity of fires,
>50% of the nest sites were <130 years old and
contained few or no residual trees, indicating
they were in pockets or stands previously de-
stroyed by wildfire. However, some sites con-
tained residuals that survived what were oth-
erwise stand-replacement fires. The abundance
of 10-60-cm diameter grand fir trees in the sub-
canopy is consistent with compositional and
structural changes in other mixed conifer forests
after the onset of fire suppression (Antos and
Habeck 1981). Research is needed to address
landscape changes associated with fire suppres-
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sion in mixed conifer forests and perhaps to
model the distribution and abundance of spot-
ted owls in pre- and postfire suppression eras.

In our study, approximately 46% of the nest
stands had been partially logged, 2 as recently
as 15 years prior to nesting, Most of these har-
vests, however, occurred >40 years prior to our
study. Intermediate and suppressed trees ex-
perience greater growth following partial har-
vests, and some understory reinitiation may oc-
cur at this time (Oliver 1981). Partial harvests
in the WNF may have helped to maintain some
Douglas-fir regeneration, but the most signifi-
cant effects of such overstory removal in an era
of fire suppression included promoting a dense
grand fir understory and perhaps the spread of
dwarfmistletoe.

Mistletoe is estimated to occur in 40% of all
stands east of the Cascade crest in Washington
(Knutson and Tinnin 1980). We observed
dwarfmistletoe at 70 of 83 sites. Although we
found no differences in mistletoe ratings be-
tween nest and random sites, we believe that
this is an important habitat feature at stand and
landscape levels because the adventitious growth
of branches resulting from mistletoe infection
are commonly used by spotted owls for nesting
substrate (Buchanan et al. 1993) and also may
be an important nesting substrate for northern
flying squirrels (Mowrey and Zasada 1984).

MANAGEMENT IMPLICATIONS

A history of disturbance (fire, forest patho-
gens, logging) resulted in variable nest site con-
ditions across the region. Despite this variability,
a single factor, fire suppression, is common to
the entire eastern Cascades Province. Since the
onset of fire suppression in the WNF, an ex-
tended fire-free interval has resulted in changes
in stand structure, species composition, and ef-
fects of forest pathogens (Agee and Edmonds
1992). Concomittant suppression of a natural
regime of frequent, low intensity ground fires
has increased the probability of large-scale or
stand-replacement fires because fuel levels and
structural continuity have been enhanced (Agee
and Edmonds 1992). Thus, management efforts
to control fire may have increased the amount
of suitable habitat in the landscape, but simul-
taneously resulted in a greater risk of habitat
loss due to catastrophic fire. Consequently, the
management dilemma, if this scenario is true,
is to derive a balance between conserving short-
and long-term habitat for owls while developing
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a more stable forest landscape that is less likely
to be adversely affected by pathogens and fire.
Judicious management experiments using pre-
scribed fire and innovative silvicultural tech-
niques may reduce risks of wildfire in mixed-
conifer forests while sustaining forest habitat
and spotted owl populations (Thomas et al. 1990).
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