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Evaluating the Efficacy of Protected Habitat
Areas for the California Spotted Owl Using
Long-Term Monitoring Data
William J. Berigan, R.J. Gutiérrez, and Douglas J. Tempel

The USDA Forest Service has adopted a management strategy for the California spotted owl (Strix occidentalis
occidentalis) in the Sierra Nevada that relies on protecting habitat (Protected Activity Centers [PAC]) around suspected
owl territory centers. We discuss the history of the PAC concept and evaluate its efficacy by comparing owl core areas
of use, derived from usage distributions based on long-term location data of territorial owls, with their associated PACs.
The average size of core areas used by spotted owls (334.7 ac; SE � 40.2; N � 29; 95% usage distribution for roost
and nest locations) was similar to the average PAC size (287.5 ac; SE � 4.3; N � 29; t � 1.16; P � 0.25; 28
df). The 50 and 90% usage distributions for owl use area were smaller than their corresponding PACs (t � 38.88,
P � 0.0001, and 28 df; t � 2.31, P � 0.03, and 28 df, respectively). The spatial overlap between owl core areas
of use and PACs was also high. The average proportions of each core area that coincided with a PAC area was 0.84,
0.70, and 0.61 for the 50, 90, and 95% usage distributions, respectively. Moreover, there were more owl locations
found inside (x� � 36.0; range, 8–76; SE � 2.96) than outside (x� � 6.9; range, 0–26; SE � 1.03) of PACs (t �
9.289; P � 0.0001; 68 df). We concluded that PACs, even though derived through an ad hoc but reasoned method,
appear to be a key element for conservation of California spotted owls because owls have used these areas over long
periods of time (up to 24 years). We also suggest that location data collected during long-term monitoring programs
may be useful for identifying core areas for habitat protection not only for spotted owls but also for other species.

Keywords: California spotted owl, core area estimation, long-term monitoring data, Protected Activity
Center, Strix occidentalis occidentalis, Sierra Nevada

T he spotted owl (Strix occidentalis)
has been a focal management spe-
cies in the western United States be-

cause of its association with mature and old-

growth forests (Gutiérrez et al. 1995). Two
subspecies (northern spotted owl [S. o. cau-
rina] and Mexican spotted owl [S. o. lucida])
have been listed as threatened under the US

Endangered Species Act, whereas the third
subspecies (California spotted owl [S. o. oc-
cidentalis]) was denied listing (US Depart-
ment of Interior 2006). The US Fish and
Wildlife Service strongly considered the “in-
adequacy of existing regulatory mecha-
nisms” when making its listing decisions for
both the northern and the Mexican spotted
owls (US Department of Interior 1990,
1993), whereas management strategies for
the California spotted owl were deemed
adequate (US Department of Interior
2006).

The USDA Forest Service’s manage-
ment strategy before the listing of the north-
ern spotted owl in 1990 consisted of a
network of conservation reserves (i.e., pro-
tecting habitat surrounding one to three owl
pairs separated by 6–12 mi throughout the
landscape). Because the US Fish and Wild-
life Service found this approach lacking as a
conservation strategy for the northern spot-
ted owl, the Forest Service and state agencies
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in California sponsored a technical assess-
ment to evaluate the status of the California
spotted owl and to make management rec-
ommendations (we hereafter refer to this
status review as “CASPO;” Verner et al.
1992). The CASPO team proposed an in-
terim conservation strategy for the Califor-
nia spotted owl. One element of this in-
terim strategy was the protection of core
habitat around each site occupied by Cal-
ifornia spotted owls (Verner et al. 1992).
Verner et al. (1992) referred to these core
habitat areas as Protected Activity Centers
(PAC).

To determine the size and configura-
tion of PACs, CASPO used the biological
concept of core area of use (Verner et al.
1992). Core areas of use are those areas
within an animal’s home range that receive
concentrated use and are often thought to
encompass critical components within a spe-
cies’ home range such as nest sites, refugia,
and foraging areas (Samuel et al. 1985,
Swindle et al. 1999). Generally, core areas
are identified using radiotelemetry (Bing-
ham and Noon 1997, Millspaugh and
Marzluff 2001), but the use of telemetry on
rare or endangered species may confer some
risk (Barron et al. 2010). Moreover, teleme-
try data for California spotted owls were
limited at the time, so CASPO incorporated
existing knowledge about owl locations, owl
selection of nesting, and roosting habitat
(i.e., forests having large trees and high can-
opy cover), and limited telemetry informa-
tion on habitat use into a novel, but uncer-
tain, approach to estimate a core area for
protection. They first identified the forest
stand that contained the nest or primary
roost of each known owl territory in the Si-
erra Nevada. Then, they calculated the size
of this stand plus all contiguous stands that
were shown by analysis to be preferentially
selected habitats (see Verner et al. 1992 for
definitions of preferentially selected habitat
types). On average, they estimated that these
ad hoc “core areas” were approximately 290
ac, which they increased to 300 ac for pur-
poses of defining a PAC. They then recom-
mended to the Forest Service that it use veg-
etation maps to identify the best contiguous
300 ac for protection around all known owl
nest or roost locations in the Sierra Nevada,
California, to serve as PACs for territorial
owls. No stand-altering activities, except
light underburning, would be permitted
within PACs. The PAC recommendation
became part of an interim conservation

strategy for the California spotted owl
(Verner et al. 1992).

The Forest Service has continued using
PACs to the present day, despite its original
intent as an interim management strategy.
The agency has delineated PACs around owl
nest or roost sites (one PAC per owl terri-
tory) by using aerial photography to identify
�300 ac of contiguous habitat for protec-
tion (USDA Forest Service 2004). The
CASPO strategy, like all owl conservation
strategies that protect specific areas, has been
contentious because of the constraints it
places on management flexibility (Collins et
al. 2010). To our knowledge, no one has
quantitatively evaluated whether PACs have
been effective at protecting the core habitat
areas that are actually used by owls.

In this article, we used long-term mon-
itoring data to examine whether PACs delin-
eated by the Forest Service in the early 1990s
were effective at protecting the core habitat
used by owls. We have been conducting sur-
veys to locate spotted owls in the central
Sierra Nevada since 1986 as part of a long-
term population monitoring study (Sea-
mans and Gutiérrez 2007, Blakesley et al.
2010). We estimated core areas of owl use by
using nest and roost location data from 1986
to 2009, which we presumed to encompass
critical core areas of owl habitat within an
owl’s territory. Our specific objectives were
to assess whether (1) the size of owl core
areas estimated using long-term monitoring
data were similar in size to PACs established
by managers and (2) whether these owl core
areas overlapped spatially with PACs delin-
eated using habitat maps.

Materials and Methods

Study Area
Our study area (133 mi2) was located in

the central Sierra Nevada near Georgetown,
California (120.5° W, 39.0° N). The area
was comprised of both public (62.5%) and
private lands (37.5%). We systematically
surveyed our entire contiguous area for spot-
ted owls each year from 1986 to 2009
(Blakesley et al. 2010). Our study area was
comprised primarily of conifer forest, but
hardwood forest was also present. Domi-
nant tree species included ponderosa pine
(Pinus ponderosa), sugar pine (Pinus lamber-
tiana), Douglas-fir (Pseudotsuga menziesii),
white fir (Abies concolor), incense cedar
(Calocedrus decurrens), and California black
oak (Quercus kelloggii). Elevations ranged
from 1,200 to 7,877 ft.

Spotted Owl Surveys
We completely surveyed the entire

study area using vocal lures from early April
to late August each year regardless of habitat
type or landownership (Forsman 1983). We
conducted both nighttime and daytime sur-
veys. We located owls at night primarily us-
ing permanent survey stations that we
placed throughout the entire study area to
obtain complete survey coverage of the area.
At least two independent surveys were con-
ducted at each calling station per year. If an
owl was detected during a night survey, we
followed up with daytime surveys to locate
nest and roost sites, assess reproduction, and
identify marked individuals. We typically
surveyed each territory three or more times,

Management and Policy Implications

We recommend that PACs should remain an integral feature of owl management strategies in the Sierra
Nevada because owls use these areas over long time periods. In addition, long-term monitoring of rare
and endangered species is now routinely conducted within many conservation programs (Franklin et al.
2004, Thompson 2004, Anthony et al. 2006). Thus, long-term monitoring may present an opportunity to
use location data gathered over many years to delineate core areas of use, and, hence, could be useful
for defining key areas for protection or special management for the species being monitored. Once
protected areas are delineated, long-term data can be used to adjust the boundaries of protected areas,
and, indeed, this has been done for some PACs by Forest Service biologists. For example, the PAC
boundaries were later adjusted at the five territories having the lowest proportion of owl locations inside
the original PAC boundary (see Discussion section). That is, Forest Service biologists used our data to make
an appropriate adaptive management response by reconfiguring the PAC. Hence, our analysis was a
conservative estimate of overlap because our analysis was based on original PAC delineation, not current
PAC delineation. Although it is likely that using long-term data to identify core areas of use will be most
useful for long-lived species, such as spotted owls, we think it may also be useful for other species that
have specialized habitat needs and that can be consistently detected when present within an area.
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and our detection probabilities on individual
surveys were �0.70 (Seamans and Gutiérrez
2007). Therefore, we likely detected most of
the territorial owls on the study area each year.

Location Data
For our analysis we only used those lo-

cations where we visually detected owls dur-
ing daylight or twilight hours because obser-
vations during these time periods indicated
that an owl was using a site for roosting or
nesting. In addition, California spotted owls
are often not as responsive during daylight
hours as are northern spotted owls (personal
observation), so we frequently located owls
shortly after sunset (i.e., civil twilight). Al-
though owls located at twilight could have
moved from their daytime location in re-
sponse to our vocalizations, they were un-
likely to be far from their daytime roosts
(Gutiérrez et al. 1995). Visually detected
owls often also exhibited territorial defense
vocalizations during twilight hours thus pro-
viding behavioral evidence for territory resi-
dency. We excluded vocal detections of owls
during daylight or twilight hours and all owl
detections (visual or vocal) at night because
of uncertainty about owl identity, the exact
location of responding owls, and whether
the location was near a roost or nest site.

From 1986 to 1995, we estimated loca-
tions to the nearest 109.4 yards (100 m) us-
ing compass, altimeter, and 1:24,000 topo-
graphic maps. From 1996–2001, we used
the same process to estimate locations to the
nearest 10.9 yd (10 meters). From 2002 to
2009, we estimated locations to the nearest
1.1 yd (1 m) using either a Garmin XL12 or
60CSx global positioning systems unit
(Garmin International, Inc., Olathe, Kan-
sas). We distinguished between twilight and
nocturnal detections by using a sunrise/sun-
set and twilight time calculator (Edwards
2001, US Naval Observatory 2007).

Estimation of Core Area Size
We considered owl locations to be in-

dependent if they were spaced at least 7 days
apart (Franklin et al. 1996). We used these
independent locations to estimate core areas
of use for roosting and nesting as one would
use telemetry location data to estimate an
individual animal’s space use. Therefore, we
used program Animal Space Use (Horne
and Garton 2007) to compare fixed and
adaptive kernel estimators based on our
combined diurnal and twilight locations.
We reiterate that we estimated core areas of
use within territories (i.e., part of the actively

defended portions of the home range; Burt
1943), which comprise only a portion of ac-
tual home ranges. Because kernel distribu-
tions can be greatly influenced by sample
size (Seaman et al. 1999), we maximized our
sample size by using all years of location data
to estimate the kernel distribution. We used
the likelihood cross-validation criterion to
select the estimator that best fit the data for
each owl territory (Horne and Garton
2006). We then used likelihood cross-vali-
dation as a smoothing parameter for kernel
generation (Horne and Garton 2006). We
estimated core areas using Home Range
Tools Version 1.1 for ArcGIS 9.2 (Ontario
Ministry of Natural Resources, Centre for
Northern Forest Ecosystem Research,
Thunder Bay, Ontario, Canada) (Rodgers
et al. 2005) because of its ability to generate
core areas as polygon shapefiles, which facil-
itated our comparison with PAC boundar-
ies. This also minimized data processing
time and potential data loss resulting from
converting data formats. Location data for
each territory were also rescaled within Home
Range Tools before kernel generation as rec-
ommended by Worton (1989) and Rodgers et
al. (2005). We estimated core areas for 50, 90,
and 95% usage distributions.

Comparison between Core Areas and
PACs

We obtained PAC boundary data from
the Forest Service, Region 5, GIS Clearing-
house (USDA Forest Service 2010); we used
the original delineation of PACs as our basis
of comparison. By design, a PAC was sup-
posed to be designated by the Forest Service
for every territorial owl (or pair of owls) de-
tected in the Sierra Nevada. Thus, there was
one PAC for every owl territory we moni-
tored during our study. We used a paired
sample t-test (Zar 1996) to compare the size
of owl core use areas with PACs. We ex-
cluded three owl territories where birds used
more than one PAC because it was unclear
which PAC should be used in the compari-
son. We compared the spatial overlap be-
tween owl core use areas and PACs by calcu-
lating the proportion of each core area that
coincided with a PAC boundary and each
PAC that coincided with a core area using
the Feature Density extension in ArcView
3.2 (Environmental Systems, Research In-
stitute, Redlands, CA) (Schaub 2004). Fi-
nally, we compared the number of locations
inside and outside of PACs using a two-
tailed paired t-test as a second measure of
concordance with owl use of these areas.

Results
We monitored owl nest and roost loca-

tions from 1986 through 2009. Over our
24-year study, we located 43 owl territories
on our study area that corresponded to
PACs established for owl conservation, of
which 38 yielded long-term data (see previ-
ous data). On average, these 38 territories
were occupied for 15.3 (range, 7–24 years)
years. We recorded an average of 43.1
(range, 14–78) daytime and twilight loca-
tions per territory. Although we were not
estimating home ranges of owls and we used
very long-term data, we only used territories
of owls for which we had �30 locations to
avoid bias from small sample sizes (Seaman
et al. 1999). Therefore, we did not use six
territories in our analysis because they did
not meet this standard. In addition, owls at
three territories used portions of two differ-
ent PACs over time, although typically only
one PAC was used during a single breeding
season. Thus, we excluded these owl territo-
ries because movement between two PACs
confounded comparisons. Therefore, we
were able to compare the size of areas used
by owls to PAC size at 29 sites and overlap
between owl core areas and PACs at 38
sites.

The average size of the 38 core areas
estimated from long-term owl location data
was 347.2 ac (range, 87.8–1026.9 ac; SE �
38.5), 237.5 ac (range, 68.6–639.4 ac;
SE � 24.4), and 50.7 ac (range, 12.7–169.6
ac; SE � 5.6) for the 95, 90, and 50% usage
distributions, respectively. The average size
of the 38 PACs that were designated to pro-
tect each of these owl sites was 282.3 ac
(range, 128.5–310.3 ac; SE � 5.6), and
PACs were comprised of an average of 1.6
patches of suitable habitat (range, 1–7). The
average size of the 29 owl core areas we used
for comparison of area size was 334.7 ac
(range, 108.3–910.2 ac; SE � 40.2), 227.3
ac (range, 87.8–639.4 ac; SE � 25.6), and
48.4 ac (range, 12.7–128.1 ac; SE � 5.6) for
the 95, 90, and 50% usage distributions.
The average size for the 29 corresponding
PACs was 287.5 ac (range, 199.7–310.3 ac;
SE � 4.3). We found no difference in size
between the 95% core areas of use and their
associated PACs (paired-sample two-tailed
t-test; t � 1.16, P � 0.25, and 28 df), but
both the 50 and 90% core areas of use were
smaller than PACs (t � 38.88, P � 0.0001,
and 28 df, and t � 2.31, P � 0.03, and 28
df, respectively).

The average proportion of PACs that
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overlapped with owl core areas of use (N �
29) was 0.13 (SE � 0.02), 0.49 (SE � 0.04),
and 0.60 (SE � 0.04) for the 50, 90, and
95% usage distributions, respectively. The
overlap was highest with the 95% usage dis-
tributions because they represented the larg-
est and most dispersed area of owl use. The
average proportion of owl core areas of use
that overlapped with PACs (N � 38) was
0.84 (SE � 0.04), 0.70 (SE � 0.04), and
0.61 (SE � 0.04) for the 50, 90, and 95%
usage distributions, respectively. The PAC

overlap was highest for the 50% usage dis-
tributions because they represented the
smallest (i.e., more concentrated) areas of
use and were most likely to be found within
the boundaries of a PAC (Figure 1). The
average number of owl locations was greater
inside (x� � 36.0; range, 8–76; SE � 2.96;
N � 34) than outside (x� � 6.9; range, 0–26;
SE � 1.03) of PACs (t � 9.289, P �
0.0001, and 68 df). On average, 83%
(range, 30–100%) of owl roost and nest lo-
cations were found inside the boundaries of

established PACs. In only one case did the
number of locations outside of a PAC exceed
the number of locations inside the PAC (see
the following Discussion and Management
Implications sections).

Discussion
We found very strong congruence be-

tween the size of California spotted owl core
areas estimated using long-term monitoring
data and PACs delineated by the Forest Ser-
vice using forest cover maps and criteria es-
tablished by CASPO (Verner et al. 1992).
We also found that in most cases (38 of 43
situations), owls detected in a location usu-
ally represented an owl territory that per-
sisted for several to many years, which sup-
ported the PAC strategy as a mechanism to
conserve nesting and roosting habitat of ter-
ritorial owls (Verner et al. 1992). In one sit-
uation less than 50% of the owl locations
were inside the original PAC boundary, and
in four other cases between 53 and 65% of
owl locations were inside the original PAC
boundaries. In all remaining cases, at least
69% of owl locations were inside the origi-
nal PAC boundaries. Although our owl
monitoring project was designed for other
purposes (i.e., primarily to estimate trends of
population vital rates; Franklin et al. 2004,
Blakesley et al. 2010), our long-term data for
owl locations had the potential to delineate
core areas for protection of this species’ nest-
ing and roosting habitat.

We found no significant size differences
between PACs and the 95% usage distribu-
tions of core areas; however, we observed
some discrepancies in spatial overlap be-
tween the two for several reasons. First,
adaptive kernel estimators infer the use of
areas adjacent to the actual locations (see
Figure 1), which may include areas of non-
use in some cases. For example, adjacent area
may contain private land or other cover
types not used by nesting owls (Gutiérrez
1994). Second, PACs were designed to pre-
serve the best available habitat where the
owls were originally detected and were then
managed largely as static entities by the For-
est Service. Although spotted owls exhibit a
high degree of nest site fidelity, they will oc-
casionally relocate territory centers in re-
sponse to mate replacement, nesting failure,
nest trees that fall, habitat changes, and in-
ter- and intraspecific competition. Third,
habitat types may be misidentified using aer-
ial photography during the PAC designation
process. Habitats that appear to be high
quality in a photo may not be for secondary

Figure 1. An example of the overlap between a spotted owl core area of use (50, 90, and
95% usage distributions estimated from long-term monitoring data) and its corresponding
PAC in the central Sierra Nevada, California. The solid dots are owl nest or roost locations
detected over time (in this case from 1986 to 2009). The nonshaded area in the PAC is an
area of unsuitable habitat.
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reasons (e.g., south-facing aspect, presence
of predators), and aerial photography often
reveals little about the structural complexity
of lower canopy layers, which is an impor-
tant component of spotted owl roosting
habitat (Gutiérrez et al. 1995).

PACs for the California spotted owl are
designed to protect areas used by owls for
nesting and roosting. We know from a wide
variety of spotted owl studies that owl home
ranges are much larger than PAC areas
(Gutiérrez et al. 1995, Bingham and Noon
1997, Williams et al. 2011), so we do not
infer that PACs serve all conservation func-
tions for spotted owls. Because we intention-
ally eliminated the use of nighttime loca-
tions in our kernel estimates, our core areas
do not include foraging locations in areas
more distant from nests and roosts. An alter-
native method to derive more comprehen-
sive protection for core areas of use would be
that of Bingham and Noon (1997). They
derived much larger core areas of use from
radiotelemetry data that included both for-
aging and roosting habitat. However, owls
use a greater variety of habitats and forest
conditions for foraging than for roosting
and nesting, so reserving much larger areas
for protection would be more difficult to jus-
tify based on habitat selection patterns (Wil-
liams et al. 2011). Importantly, the most con-
centrated areas of core use (i.e., the 50% usage
distributions) on our study area had a high de-
gree of spatial overlap with designated PACs.
Thus, we believe that PACs serve a critical
function for conserving key habitats used by
owls for nesting and roosting.
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