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Abstract. During each breeding season between 1988 and 1992, nests and daytime roosts
were located for most territorial members of a contiguous population of Northern Spotted
Owls (Strix occidentalis caurina) in northwestern California. Using Landsat imagery, we
compared the amount of five land cover types, mature and old-growth forest fragmentation,
and seral stage heterogeneity within 800 m (200 ha) circular plots around nest, roost, and
random sites. This plot size was based on the observed spatial distribution of owl sites (one-
half the average nearest-neighbor distance between territory centers) within the study area.
Nest and roost sites were characterized by lower amounts of nonvegetated and herbaceous
land cover, and greater amounts of mature and old-growth coniferous forest which was less
fragmented than random sites. Mean amounts of mature and old-growth forest within 200
ha radius plots were 94.1 ha, 92.0 ha, and 71.8 for nest, roost, and random sites, respectively.
The area of other land cover types was similar between owl and random sites. All habitat
variables were similar at nest and roost sites. To evaluate the influence of spatial scale,
habitat variables around nest and random sites also were estimated within eight concentric
circular plots ranging from 800 to 3,600 m radii. Differences between nest and random sites
in the amount and fragmentation of mature and old-growth forest were significant (P <
0.01) out to 1,200 m. Differences in the amount of nonvegetated and herbaceous, and seral
stage heterogeneity were significant (P < 0.05) out to 1,200 m and 800 m, respectively.
These results indicate that spatial scale of sampling is important and will affect analytical
results. Our findings from the Klamath Physiographic Province of California were similar
to results from comparable studies in Oregon and Washington.
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INTRODUCTION

Northern Spotted Owl (Strix occidentalis cauri-
na) nest and roost sites typically are found at
locations that have complex forest structure
(Barrows 1981, Forsman et al. 1984, LaHaye
1988, Solis and Gutiérrez 1990). While complex
forest structure can occur in younger stands, in
the Pacific northwest it is most common in late
seral stage coniferous forests (i.e., mature and
old-growth; U.S.D.1. 1992). Not only are Spotted
Owl sites usually found within patches of late
seral stage forest (Blakesley et al. 1992), but stud-
ies in Oregon and Washington demonstrate that
Spotted Owl sites are surrounded by greater
amounts and less fragmented mature and old-
growth than random sites (Ripple et al. 1991a,
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Meyer et al. 1992, Lehmkuhl and Raphael 1993,
Johnson 1993).

Despite the evidence that Spotted Owls select
mature and old-growth forest at a variety of spa-
tial scales, the existence of this relationship in
the Klamath Physiographic Province of Califor-
nia has been questioned (California Forestry As-
sociation 1993). Therefore, we evaluated habitat
configuration around nest and roost sites in a
contiguous population of Northern Spotted Owls
within the Klamath Physiographic Province of
northwestern California. We compared the ar-
rangement and the amounts of different land
cover types around Spotted Owl nest and roost
sites (i.e., used sites), and random sites (i.e.,
available sites).

STUDY AREA

The 292 km? Willow Creek Study Area (WCSA)
consisted primarily of public lands, and was lo-
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TABLE 1. Definition of land cover classes used to map the Willow Creek Study Area, northwestern California,

1990.

Class

Definition

Water Water.

Nonvegetated and herbaceous

Total canopy closure < 30%. Greater than 50% of ground cover com-

prised of forbs, grass, rock, soil, and woody plants <2.5 cm dbh.

Brush

Total canopy closure < 30%. Greater than 50% of ground cover com-

prised of brush, conifer, and hardwood species ranging from 2.5 to

12.6 cm dbh.
Pole and medium conifer

Total canopy closure = 30%. More than 50% of conifer basal area com-

prised of trees ranging from 12.7 to 53.2 cm dbh.

Mature and old-growth

Total canopy closure = 30%. More than 50% of conifer basal area com-

prised of trees =53.3 cm dbh.

Hardwood

Total canopy closure = 30%. More than 80% of basal area comprised of

hardwood trees >12.6 cm dbh.

cated south of the town of Willow Creek, in
Humboldt County, California. Approximately
90% of the vegetation at the WCSA consisted of
Mixed Evergreen Forest (Kiichler 1977, Franklin
et al. 1990). The overstory consisted of Douglas-
fir (Pseudotsuga menziesii), with a midstory
dominated by tanoak (Lithocarpus densiflora),
Pacific madrone (Arbutus menziesii), canyon live
oak (Quercus chrysolepis), and other hardwoods.
Elevations above 1,200 m were dominated by
Klamath Montane Forest (Kiichler 1977), which
was characterized by white fir (4bies concolor),
incense cedar (Libocedrus decurrens), and pine
(Pinus spp.) associations. Scattered xeric sites,
mostly at lower elevations, consisted of Oregon
Oak Forest (Kiichler 1977), dominated by Ore-
gon white oak (Quercus garryana). Intensive tim-
ber harvesting, primarily clearcut logging, began
in the 1950s and along with natural environ-
mental conditions created a mosaic of succes-
sional vegetation.

The study area contained rugged, mountain-
ous terrain and three third-order drainages. Win-
ters were typically cool and wet, while summers
were hot and dry (Franklin et al. 1990). This area
was representative of the Klamath Physiographic
Province of the Northern Spotted Owl (Thomas
et al. 1990). Franklin et al. (1990) provided a
more detailed description of the study area.

METHODS

LAND COVER MAPPING

We used Landsat Thematic Mapper digital im-
agery to map land cover on the WCSA. Scene
5225218174, which was acquired by Landsat-5
on 1 May 1990, was chosen because it was cloud

free, and the acquisition date was near the mid-
point of the study period. Land cover data from
a single date was considered adequate because
only 2.1% of the study area was logged during
the study period (Hunter 1994). Each grid-cell
in the imagery was 25 m x 25 m (625 m?2); this
resolution was maintained during all phases of
analysis.

Our land cover classification represented seral
stages of coniferous forest (Table 1). These broad
classes represented cover types that were com-
parable to categories derived during previous owl
studies at WCSA (Franklin et al. 1990, Solis and
Gutiérrez 1990, Blakesley et al. 1992). Using more
narrowly defined land cover classes also would
have reduced the power and accuracy of our
comparisons of use versus availability (White
and Garrott 1986). Spectral similarities between
structurally similar seral stages of coniferous for-
est also limited our ability to differentiate be-
tween some seral stages (e.g., between mature
and old-growth). Within our study area, old-
growth stands had larger diameter trees than did
mature stands, however, mature and old-growth
stands were otherwise structurally similar (Solis
and Gutiérrez 1990). Due to the spatial resolu-
tion of the Landsat data, much of the surface
water within the study area was not mapped.
Therefore, we did not test for differences in the
area of water between owl and random sites.

Reference vegetation data were collected at 120
non-random plots. Plot locations were purposely
located in an attempt to encompass the full spec-
trum of vegetative and physiographic conditions
that existed on the study area. Hunter (1994)
provided a complete description of the variables
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and methods used at vegetation plots. Other ref-
erence data included a set of color 1:15,820 aerial
photographs acquired 25 June 1990, and per-
sonal knowledge of the study area. Reference data
were used during image classification to identify
clustering areas and to evaluate spectral classes.

The MicroImage (Version 4.0) software pack-
age (Terra-Mar Resource Information Services,
Inc., Mountain View, CA 94043) was used to
classify the Landsat imagery. We used a hybrid
approach to image classification, which com-
bined elements of both supervised and unsuper-
vised techniques (see Lillesand and Kiefer 1987:
687). Guided clustering (Walsh 1980, Fox et al.
1992) with the Euclidean distance algorithm was
used (Richards 1986) to develop spectral statis-
tics for known areas. These spectral classes with
the maximum likelihood classifier (Jensen 1986,
Lillesand and Kiefer 1987) were used to classify
a portion of the study area, which was then eval-
uated with reference data. Those spectral classes
which performed well in the classification were
retained. This was an iterative, trial-and-error
process of developing spectral classes and testing
their effectiveness. When spectral classes ade-
quately defined the target land cover classes while
maintaining low spectral variability, we used the
maximum likelihood algorithm for a full clas-
sification of the WCSA. Those scattered grid-
cells which remained unclassified were classified
with a supervised Euclidean distance classifier
(Jensen 1986). Following the final classification,
spectral classes were combined into their re-
spective land cover classes.

Random vegetation plots were located at points
(n = 55) distributed throughout the study area;
these data were used after image classification to
assess the accuracy of the final land cover map.
Random points were plotted on 1:24,000 topo-
graphic maps and located in the field using ter-
rain associations and altimeter readings in con-
Jjunction with at least one compass bearing and
distance estimate from a known location. Four
vegetation plots, each 25 m apart and arrayed in
a north-south oriented square pattern, were ar-
ranged around each of the random points. Data
for the four plots were pooled, and the land cover
at each random point was designated as belong-
ing to a specific class based on the criteria in
Table 1. The land cover class at each point was
compared to the predominate land cover in the
nine grid-cells (75 m x 75 m) around each cor-
responding point on the final land cover map.

FRANKLIN

This three by three grid-cell sampling unit was
used to reduce the differences between vegetation
plot data and mapped land cover which were due
to errors in coordinate accuracy of maps and
navigation errors resulting from locating plots in
the field. We estimated map accuracy by the per-
cent of agreement between the actual land cover
at random points and mapped land cover at cor-
responding random points (Story and Congalton
1986). Overall map accuracy of the final Landsat
classification was estimated to be 76.4%; the ac-
curacy of the mature and old-growth component
of the final map was estimated to be 83.6%. These
estimates of accuracy were probably underesti-
mates due to the influence of other sources of
error not associated with the classification (Con-
galton and Green 1993). The accuracy of our land
cover map was similar to those reported for other
Landsat mapping efforts in forested mountain-
ous terrain. For example, Fiorella and Ripple
(1993) had 78.3% overall map accuracy for their
forest successional stage map of a portion of the
Central Cascades Range of Oregon. Congalton et
al. (1993) reported a 82.3% overall map accuracy
for their old-growth map of National Forests and
Parks west of the Cascades in Oregon and Wash-
ington. Effects of classification errors on analyt-
ical results are unknown. Hunter (1994) provid-
ed additional information on the methods used
to map land cover and estimate accuracy.

LAND COVER ANALYSIS

The WCSA was the site of a long-term demo-
graphic study of Spotted Owls, in which the en-
tire area was intensively surveyed for owls each
year. As a result, the identity and locations of a
high percentage of territorial owls were known
(Franklin et al. 1990, Franklin 1992). For this
study, we used data collected from 1988 through
1992. During each breeding season (April to Au-
gust) during our study period, the entire WCSA
was surveyed for Spotted Owls by nighttime call-
ing. During daytime searches, roosting owls were
visually located and individually identified using
color bands (Franklin et al. 1990). Nests were
located while determining reproductive status.
Nest and roost locations were plotted on 1:24,000
topographic maps in the field using terrain as-
sociations and altimeter readings in conjunction
with at least one compass bearing and distance
estimate to a known location. Annual nest and
roost locations represented all known territorial
owls within the WCSA. Individual owls were



considered to belong to a specific territory when
they were repeatedly located in a given area. Field
methods followed Forsman (1983) and Franklin
et al. (1990).

We used program IDRISI (Eastman 1992), a
grid-based geographic information system (GIS),
to extract land cover data from the final land
cover map. We measured the area (ha) of each
land cover type, an index of the fragmentation
of mature and old-growth forest, and an index
of seral stage heterogeneity at nest, roost, and
random sites. We estimated the fragmentation
of mature and old-growth forest using a variation
of the fragmentation index introduced by Ripple
et al. (1991b). For each circular plot, we calcu-
lated the mean distance of each non-mature and
old-growth grid-cell from a grid-cell of mature
and old-growth. Higher mean values represented
higher levels of fragmentation. Lehmkuhl and
Raphael (1993) used a similar version of this
index to measure fragmentation around Spotted
Owl sites on the Olympic Peninsula, Washing-
ton. Using the proportions of each of the six land
cover types within plots, we calculated seral stage
heterogeneity using Simpson’s (1949) index of
diversity. This heterogeneity index was more
sensitive to the area of each land cover type pres-
ent than it was to the number of land cover types
present (Magurran 1988). We measured the area
of land cover types, and the indices of fragmen-
tation and heterogeneity within 800 m, 1,200 m,
1,600 m, 2,000 m, 2,400 m, 2,800 m, 3,200 m,
and 3,600 m radii concentric circular plots, which
with the GIS we used, corresponded to 200 ha,
451 ha, 803 ha, 1,255 ha, 1,807 ha, 2,461 ha,
3,217 ha, and 4,070 ha plot sizes, respectively.

Spotted Owls may repeatedly nest or roost in
the same general area, and commonly roost near
active nests. Spotted Owls also are often site te-
nacious over long periods of time (Forsman et
al. 1984). These behaviors may result in a lack
of independence among sites within a given ter-
ritory, both within a single year and between
years. As a result, for each territory where nest-
ing occurred during the study period, only one
nest site was selected randomly for analysis. We
also randomly selected one roost site from each
territory. In order to maintain independence be-
tween nest and roost sites, only roosts from years
in which no nesting occurred were considered.

In use versus availability studies such as ours,
the designation of which habitat components were
actually available to the organism could have
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considerable influence on the inference (Johnson
1980). Because there was markedly different flo-
ristic composition at higher elevations within the
WCSA, we eliminated from consideration four
random points which fell at elevations greater
than the maximum elevation (1,350 m) observed
at an owl nest or roost site during the study pe-
riod. Using this criterion, 50 random points were
selected for analysis. Thus, the population to
which we felt inferences could be made consisted
of territorial Spotted Owls on public lands in the
Klamath Province of northwestern California
below 1,350 m elevation.

Statistical tests on habitat variables were first
performed on data from circular plots that had
a radius most closely approximating one-half the
average nearest-neighbor distance between the
centers of Spotted Owl territories. We considered
this plot size to be biologically meaningful be-
cause it represented an estimate of territory spac-
ing within this contiguous population of owls. It
also served to reduce overlap between adjacent
plots. The selection of sites used to measure near-
est-neighbor distances between territory centers
was constrained by the problems of indepen-
dence discussed above. Therefore, we only mea-
sured distances between 1990 territory centers;
we chose this particular year because it was the
midpoint of the study period. The center of each
1990 territory was estimated by selecting a single
site from that year which best represented the
center of activity for that territory (Ganey 1991).
The order of priority for selecting this location
for each territory was: (1) nest site; (2) pair roost
site; (3) most frequently-used roost site; (4) fe-
male roost site; and (5) male roost site. We mea-
sured the nearest-neighbor distances between
these territory centers on 1:24,000 scale topo-
graphic maps.

We tested for differences between nest, roost,
and random one-half nearest-neighbor sized plots
using resampling-based, multiple testing proce-
dures in PROC MULTTEST in SAS (SAS In-
stitute 1992). In this procedure, we used ¢-tests
for means with the randomization option to re-
sample the data with replacement 1,000 times.
Use of the randomization option did not require
the assumption of an underlying population. We
tested all of the variables simultaneously using
the following a priori linear contrasts (tests): nest
versus random, roost versus random, nest versus
roost, and nest combined with roost versus ran-
dom. P-values resulting from the analysis were
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TABLE 2. Landscape characteristics within 800 m radius (200 ha) plots around Spotted Owl nest, roost, and

random sites, in northwestern California, 1988-1992.

Nest sites (n = 33)

Roost sites (n = 45) Random sites (n = 50)

Exact

Variable* Mean SD Mean SD Mean SD P-value
Land cover type (ha)
Nonvegetated and herb 9.2A 6.8 9.6A 7.7 17.0B 15.9 0.012
Brush 20.8 17.7 21.1 16.9 28.0 24.4 0.555
Pole and medium 233 9.7 26.1 12.2 25.2 13.8 1.000
Mature and old-growth 94.1A 26.2 92.0A 27.0 71.8B 28.1 0.003
Hardwood 53.0 18.6 51.6 19.3 57.6 20.9 0.841
Landscape indices
Fragmentation 26.3A 12.6 28.0A 16.5 39.7B 27.3 0.019
Heterogeneity 0.648 0.091 0.645 0.081 0.692 0.064 0.058

= Means sharing the same letter within a row did not differ (P < 0.05) based on multiple z-tests with adjusted P-values.

exact and adjusted for correlations between vari-
ables on the same plot and for correlations be-
tween tests. Essentially, this analysis was anal-
ogous to a one-way MANOVA without any un-
derlying distributional assumptions (Westfall and
Young 1993). For those habitat variables in which
test results suggested differences at this plot size,
nest and random data from each of'the additional
concentric circular plot sizes were compared with
Mann-Whitney tests (Zar 1974). The purpose of
this analysis was to estimate the plot size at which
habitat variables were no longer significant. In
addition, this analysis illustrated the gradient of
change in habitat characteristics with increasing
distance away from owl sites.

RESULTS

Between 1988 and 1992, 50 unique Spotted Owl
territories were identified within the WCSA. Of
the 70 nest sites and 306 roost sites located, 33
and 45 sites respectively, were randomly selected
for analysis. Forty unique territories were present
during 1990. The mean nearest-neighbor dis-
tance between 1990 Spotted Owl territory cen-
ters was 1,579 m (SD = 525, n = 40, range 540
to 3,400 m). Because one-half of this distance
was 790 m, we used the 800 m radius (200 ha)
plots to make initial comparisons in habitat char-
acteristics between nest, roost, and random sites.

There was less area of nonvegetated and her-
baceous cover in 200 ha plots around Spotted
Owl nest and roost sites than around random
sites, while nest and roost sites had similar areas
of nonvegetated and herbaceous (Table 2). Nest,
roost, and random sites did not differ with re-
spect to amount of brush, pole and medium co-

nifer forest, and hardwood forest (Table 2). Owls
used nest and roost sites that had more mature
and old-growth forest than was available
throughout the landscape, but nest and roost sites
had similar amounts of mature and old-growth
forest (Table 2). The area of mature and old-
growth forest within 200 ha plots ranged from
42.3 to 162.3 ha, 32.8 to 146.2 ha, and 8.4 to
136.5 ha around nest, roost, and random sites,
respectively. Mature and old-growth forest frag-
mentation also was lower around nest and roost
sites than around random sites (Table 2), with
nest and roost sites having similar levels of frag-
mentation (Table 2). Differences in seral stage
heterogeneity between nest, roost, and random
sites were not statistically significant at o = 0.05.
However, the observed P-value of 0.058 did not
strongly support the null hypothesis of no dif-
ference and heterogeneity at nest and roost sites
appeared lower than at random sites (Table 2).

Significant differences (P < 0.01) between nest
and random sites were present out to 1,200 m
for the amount and fragmentation of mature and
old-growth forest (Table 3). The amounts of non-
vegetated and herbaceous cover and seral stage
heterogeneity were different (P < 0.05) out to
1,200 m and 800 m, respectively (Table 3). The
precise distance at which habitat configuration
was no longer different between nest and random
sites was not determined.

Within the range of plot sizes that we estimated
habitat characteristics around owl sites, the per-
centage of nonvegetated and herbaceous in-
creased, while the percentage of mature and old-
growth forest decreased (Fig. 1). Levels of frag-
mentation and heterogeneity around owl sites
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TABLE 3. Mann-Whitney test statistics from comparisons of habitat characteristics within 8 concentric circular
plots around Spotted Owl nest and random sites in northwestern California, 1988-1992.

Plot radius (m)*

Variable® 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600
Nonveg & herb 2.02* 2.17* 1.79 1.60 1.52 1.54 1.55 1.70
Mature & old 3.39%* 2.79%* 2.02* 1.57 1.33 1.07 0.72 0.72
Fragmentation 3.09%* 2.75%* 1.85 1.38 1.18 0.84 0.86 0.88
Heterogeneity 2.29* 1.86 1.14 1.06 1.09 0.74 0.43 0.43

= 800 m, 1,200 m, 1,600 m, 2,000 m, 2,400 m, 2,800 m, 3,200 m, and 3,600 m radii plots correspond to 200 ha, 451 ha, 803 ha, 1,255 ha, 1,807

ha, 2,461 ha, 3,217 ha, and 4,070 ha plot sizes, respectively.

® Nonveg & herb—Nonvegetated, herbs, and woody plants < 2.5 cm dbh; Mature & old—=53.3 cm dbh conifers.

* P < 0.05; ** P < 0.01 for two-tailed tests.

both increased with increasing plot size (Fig. 2).
Like other measures of landscape pattern (Turner
et al. 1989), the heterogeneity index we used in-
creased with increasing plot size, even for ran-
dom plots (Fig. 2). Nevertheless, like the other
variables, heterogeneity at owl and random sites
converged rather that stabilizing at different lev-
els. This supports the inference that owl sites are
more homogeneous than random sites at smaller
spatial scales. These data illustrated the influence
spatial scale can have on estimates of habitat
characteristics.

DISCUSSION

We think the 200 ha plot was the most appro-
priate size for our comparisons because it was
based on the observed spatial distribution of owl
sites. Our analysis on the effects of different plot
sizes suggests that consideration of biologically-
derived spatial scale is important and will affect
analytical results.

We documented that Spotted Owls in the
Klamath Physiographic Province of California
nest and roost at sites with greater amounts of
mature and old-growth forest which are less frag-
mented than what was generally available on the
landscape. This pattern also has been docu-
mented in Oregon and Washington (Ripple et al.
1991a, Meyer et al. 1992, Lehmkuhl and Ra-
phael 1993). Spotted Owls in these more north-
ern areas, however, occupied sites with even
greater amounts of mature and old-growth than
our study. Several possible reasons exist to ex-
plain this difference. We examined a contiguous
population, in contrast to the other studies which
used individual owl sites throughout a much
larger landscape. If owl sites used in their anal-
yses were located in conjunction with timber sale
planning, they could have been biased towards
sites with greater amounts of older forest. An-

other possibility is a differential response of owls
to habitat configuration within the California
Klamath Province. Nevertheless, the general
patterns were similar.

Any response of Spotted Owl populations to
changes in habitat configuration could be delayed
due to the presence of non-territorial “floaters”
(Franklin 1992), and because they are site te-
nacious and have long lifespans (Forsman et al.
1984). Other factors also may make it difficult
to determine critical levels of habitat reduction
and fragmentation. In interior northwestern Cal-
ifornia, dusky-footed woodrats (Neotoma fus-
cipes) are the predominate food resource for the
Spotted Owl (Ward 1990), and are most abun-
dant in sapling/brushy poletimber, followed by
seedling/shrub and old-growth stands (Sakai and
Noon 1993). While mature and old-growth for-
ests are more open and thus may permit more
efficient foraging by Spotted Owls (U.S.D.1. 1992),
areas of early seral stage habitat may act as sources
for dispersing woodrats (Ward 1990, Sakai and
Noon 1993). The low significance level we ob-
served in the difference between seral stage het-
erogeneity at owl and random sites could be ev-
idence of these opposing influences on habitat
use. That is, the presence of untreated (no her-
bicide spraying or brush removal) regenerating
clearcuts (10-25 years old) may temporarily in-
crease local prey populations, delaying the effects
of reductions in nesting and roosting habitat. If
all cover types other than mature and old-growth
forest were of low value to owls, then differences
in seral stage heterogeneity should have been
more similar to differences in mature and old-
growth forest fragmentation. Meyer et al. (1992)
found, in contrast to old-growth fragmentation,
that none of their indices of seral stage hetero-
geneity (diversity, dominance, contagion, fractal
dimension, and patchiness) were different be-
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FIGURE 1. Percentage of area (mean + 1 SE) in nonvegetated and herbaceous, and in mature and old-growth
within eight concentric circular plots around Spotted Owl nest sites, and random sites in northwestern California,

1988-1992.

tween owl and random sites. Chavez-Le6n (1989)
also found that habitat interspersion was similar
between owl sites and surrounding areas.
Besides prey availability, landscape configu-
ration also may influence Spotted Owl habitat

use patterns in other ways. Given that Spotted
Owls have a relatively narrow thermal neutral
zone (Ganey et al. 1993), the selection for sites
within older, more dense stands may facilitate
thermoregulation (Barrows 1981). Microcli-
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Indices of fragmentation and heterogeneity (mean + 1 SE) within eight concentric circular plots

around Spotted Owl nest sites, and random sites in northwestern California, 1988-1992.

mates in mature and old-growth stands can be
influenced up to 250 m away from edges (Chen
etal. 1990), and evidence suggests that Northern
Spotted Owls select nest and roost sites averaging
>200 m from edges (Johnson 1993). Therefore,
owls may be using sites with more contiguous

mature and old-growth in order to reduce ther-
moregulatory costs. This influence may be less
important in younger stands with residual large
trees or in coastal areas which experience lower
summer temperatures. Potential nest structures
also would presumedly be more plentiful in areas
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with greater amounts of mature and old-growth
forest. Less fragmented nest and roost habitat
also may afford fewer contacts with competitors
and predators which favor more open habitats
such as Barred Owls (Strix varia), Great Horned
Owls (Bubo virginianus), Common Ravens (Cor-
vus corax), and Red-tailed Hawks (Buteo ja-
maicensis; U.S.D.I. 1992, Johnson 1993). It
should be noted that while we combined mature
and old-growth, our results do not necessarily
indicate that they are of equal quality as Spotted
Owl habitat.

Almost every aspect of Spotted Owl ecology
has been contested by biologists and special in-
terest groups. In a recent petition to de-list the
Northern Spotted Owl from its threatened status,
the California Forestry Association (1993) as-
serted that Spotted Owls in Northern California
are flexible in their habitat use patterns and fully
occupy conifer-dominated forests of all ages. Our
data suggests that such assertions may be incor-
rect for public lands in the Klamath Province in
California, and that occupancy by owls is sig-
nificantly influenced by the amount and distri-
bution of older forests within the landscape. Fur-
ther, the California Klamath Province owl pop-
ulation contributes significantly to the larger re-
gional owl population (Gutiérrez 1994). It is
therefore prudent to continue to base conser-
vation decisions on empirical information rather
than speculation.
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