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Abstract. We examined habitat use patterns at two spatial scales among six radio-tagged 
California Spotted Owls (Strix occidentalis occidentalis) in the Sierra Nevada. Foraging owls 
selected macrohabitats composed of larger trees (> 52 cm dbh) with canopy closures of 40% 
and greater. Owls used forests composed of medium trees (28-52 cm dbh) and habitats with 
less than 40% canopy closure, which is less frequently than expected. Fewer than 2% of 
telemetry locations occurred in clearcut/shrub/plantation habitat which represented 30% of 
available habitat. Foraging owls used microhabitats that were characterized by multiple 
vegetative strata, large tree size classes, high tree basal areas and woody debris. The median 
100% minimum convex polygon home-range was 1.439 ha (n = 5, June to December. 1987). 
Telemetry locations were statistically independent when separated by five days. E&mat& 
of minimum convex polygon and modified minimum convex polygon size based on statis- 
tically independent telemetry data were significantly smaller than estimates based on con- 
tinuous and single-observation monitoring. 

Key words: California Spotted Owl; Strix occidentalis occidentalis; Sierra Nevada: home- 
range size: habitat selection; foraging. 

INTRODUCTION 

The Northern Spotted Owl (Strix occidentalis 
caurina) has been studied intensively in an effort 
to understand its ecology and its relationship to 
commercially valuable forests of the Pacific 
Northwest (Forsman 1976, Forsman et al. 1984, 
Gutitrrez 1985, Carey et al. 1990, Franklin et 
al. 1990, Solis and Gutitrrez 1990). Because of 
extensive loss of habitat, the Northern Spotted 
Owl has been declared a threatened species (USDI 
1990). 

California Spotted Owls (S. o. occident&) also 
occur in late-successional forests in the Sierra 
Nevada (Laymon 1988, Bias and Gutierrez 1992). 
However, their habitat needs are poorly under- 
stood. Therefore, we studied this subspecies in 
an intensively managed forest in the Sierra Ne- 
vada. Our objectives were: (1) to quantify habitat 
attributes, (2) to compare foraging sites with ran- 
dom sites, and (3) to estimate home-range size. 

STUDY AREA AND METHODS 

The study area was located in the Tahoe National 
Forest, Sierra County, California. The area was 
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approximately 110 km2, ranging from 670 m to 
1,585 m in elevation. The climate was typical of 
the western Sierra Nevada with dry, hot sum- 
mers and wet, cold winters (Elford 1975). The 
area was bounded to the north by the North Yuba 
River and to the south by a prominent ridge 
(Pliocene Ridge). The east and west boundaries 
were prominent stream courses and Highway 49, 
respectively. Two-thirds of the area was com- 
posed of habitat having O-39% canopy closure 
resulting primarily from fire and logging. Twen- 
ty-one percent of the area was composed of less 
affected (e.g., firewood and selective cut) and un- 
managed forests while approximately 12% was 
composed of large trees with high canopy closure. 
The study area included an extensive network of 
logging access roads that we used for radio-track- 
ing. 

Lower-elevation, north-facing slopes were 
dominated by Douglas-fir (Pseudotsuga men- 
ziesii), while Ponderosa pine (Pinus ponderosa) 
was dominant on xeric sites. Higher elevation 
areas were dominated by white fir (Abies con- 
color) (Rundel et al. 1988). Subdominant species 
were sugar pine (Pinus lambertiana), incense ce- 
dar (Calocedrus decurrens), and black oak (Quer- 
cus kelloggii). The understory was predomi- 
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nantly tan-oak (Lithocarpus densijlorus), Pacific 
dogwood (Corms sp.) and chinquapin (Castan- 
opsis chrysophylla). Portions of the study area 
were being clearcut logged during the course of 
this study. 

RADIO-TELEMETRY 

We located three adjacent owl territories on the 
Downieville Ranger District, following methods 
of Forsman (1983) and Franklin et al. (1990). 
Sex and age of the owls were determined by voice 
(Forsman 1976) and plumage characteristics 
(Forsman 198 l), respectively. We captured owls 
using a noose pole (Forsman 1983). Each bird 
was banded with a U.S. Fish and Wildlife Service 
leg band and outfitted with a radio transmitter 
(Telonics, Mesa, Arizona, MOD 070 configura- 
tion). Transmitters were attached using a back- 
pack harness made of tubular, teflon ribbon; the 
total package weighed 26 grams (4% of average 
body mass). Signals were monitored using Te- 
lonics hand-held receivers and “H” antennae. 
Signal bearings were measured with a hand-held 
compass. 

We used the strongest signal method (Springer 
1979) to estimate three or more bearings to a 
radio-tagged owl. Bearings were immediately 
plotted on 1:24,000-scale topographic maps, with 
the resulting polygon describing the intersection 
of the three bearings; the center of the polygon 
was the estimated location of the owl. If the poly- 
gon exceeded 1 ha, it was rejected and additional 
bearings were taken until a more precise location 
was estimated (Solis and Gutierrez 1990). We 
did not quantify telemetry accuracy. However, 
because of the many access roads we were always 
less than 0.5 km from the owls and frequently 
~200 m from the birds. Each night we randomly 
selected the order in which the owls would be 
monitored. Once an owl was located, we moni- 
tored its movements continuously for approxi- 
mately three hours beginning one-half hour be- 
fore sunset. Then the next randomly selected owl 
was monitored for three hours, and so on until 
approximately one-half hour after sunrise. 
Movements were inferred from a noticeable drop 
in transmitter signal strength and pulse frequen- 
cy (Solis 1983, Ganey and Balda 1989). We 
scheduled monitoring sessions for ten days se- 
quentially followed by a four day break. We con- 
sidered 1 February to 1 October the breeding 
season and the remainder of the year the non- 
breeding season (following Solis 1983). 

MACROHABITAT ANALYSIS 

We delineated macrohabitat polygons (i.e., hab- 
itat patches) based on the diameter at breast height 
(dbh; Dilworth 198 1) and crown closure of dom- 
inant trees. Where possible we visually verified 
habitat types and boundaries. Tree size catego- 
ries included: (1) clearcut-shrub-plantation (C/ 
S/P, O-12.6 cm dbh), (2) small trees (12.7-27.7 
cm dbh), (3) medium trees (27.8-53.1 cm dbh), 
and (4) large trees (53.2+ cm dbh). Crown clo- 
sure categories included (1) O-39%, (2) 40-69%, 
and (3) 70% or more (unpubl. data, USDA Forest 
Service timber type maps). 

We used the methods of Neu et al. (1974) to 
test the hypothesis that Spotted Owls used mac- 
rohabitat types in proportion to their availabil- 
ity. Only one randomly selected point per night 
for each owl was used in this analysis. Nighttime 
locations were considered foraging sites and in- 
cluded only those locations greater than 100 m 
from a habitat polygon boundary to account for 
telemetry error (Solis 1983). We then quantified 
all available habitat that was greater than 100 m 
from any habitat polygon boundaries within the 
study area and also within each home-range. 
Thus, we could compare the proportion of ob- 
served habitat use with the proportion of avail- 
able habitat within each home-range (100% min- 
imum convex polygon, MCP) and within a 
broader landscape (defined by the study area 
boundary). We also compared the distribution 
of available habitat within the study area as well 
as within all of the owl home-ranges (MCP) using 
a Chi-square test. The amount of time (minutes) 
owls spent in different habitat types was com- 
pared using a one-way Kruskal-Wallis nonpara- 
metric Analysis of Variance (Steel and Torrie 
1980544). We used times from continuous mon- 
itoring data and conducted separate analyses for 
habitat classified by tree-size, canopy closure and 
by season. 

MICROHABITAT ANALYSIS 

We measured 0.04 ha and variable circular veg- 
etation plots at both foraging and random lo- 
cations to estimate 54 habitat variables. Foraging 
locations were randomly selected from the te- 
lemetry data (approximately 40 locations from 
each owl; one location per owl per night). Ran- 
dom plots were selected from the set ofuniversal 
Transverse Mercator coordinates within the study 
area. Each plot was marked on 1:24,000-scale 
topographic maps and located using a compass 
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and altimeter. We used a line intercept transect 
(Mueller-Dombois and Ellenberg 1974) to esti- 
mate coverage ofwoody debris, shrubs and small 
trees (< lo-cm dbh). We used a 20-factor basal 
area prism to estimate basal area of conifers, 
hardwoods, and snags (Dilworth 198 1). We mea- 
sured diameter at breast height (dbh), average 
height and the condition of all trees (i.e., state of 
vigor) that were tallied using the prism. Sampling 
protocol followed Solis (1983) LaHaye (1988) 
and Bias and Gutierrez (1989). Call (1990) pre- 
sented a complete description of our variables 
and measurement techniques. 

We assessed normality of habitat variables us- 
ing skewness, kurtosis and probability plots and 
we used logarithmic, arcsine and square root 
transformations (Sokal and Rohlf 1987:218) to 
normalize variables. Because inclusion of many 
variables, particularly those that are correlated, 
can decrease the interpretability of the DFA (Ste- 
vens 1986; Williams 1982,1983)andcanreduce 
the ability to correctly classify plots (Ludwig and 
Reynolds 1988), we reduced the number of vari- 
ables in our analysis as follows. We compared 
vegetation variables between foraging and ran- 
dom sites using Mann-Whitney U tests and re- 
tained only variables that were significantly dif- 
ferent (P < 0.00 1). We then examined correlated 
variables (r = 0.6) and retained those that would 
be simplest to measure using remote sensing or 
in the field. We used a stepwise discriminant 
function analysis (DFA, Dixon et al. 1990:339) 
to distinguish between owl foraging and random 
plots during the breeding, nonbreeding and 
pooled seasons. Equality of group covariance 
matrices was tested using Box’s A4 statistic (Nie 
et al. 1975:460). We used cross-validation to 
evaluate model stability by withholding a ran- 
domly selected 25% subsample of plots for re- 
classification and repeating this 20 times (Capen 
et al. 1986). We examined frequency of variable 
loading and mean structure coefficients (Wil- 
liams 1983) to predict the relative importance of 
each variable. Percent correct classifications were 
calculated for the data used to formulate the DFA 
equation and the 25% subsample (independent 
plots) (Capen et al. 1986, LaHaye 1988). Signif- 
icance of classification rates was tested using 
Cohen’s Kappa statistic (Titus et al. 1984). 

HOME-RANGE ANALYSIS 

We estimated Spotted Owl home-range size with 
the minimum convex polygon (MCP; Hayne 

1949) modified minimum convex polygon 
(MMCP; Harvey and Barbour 1965) and 95% 
adaptive kernel (AK, Worton 1989; J. Baldwin, 
pers. comm, Pacific Southwest Forest and Range 
Experiment Station, Berkeley, CA). We estimat- 
ed combined home-ranges for owl pairs by com- 
puting separate MCPs for each member and sub- 
tracting overlap between home-ranges. 

Continuous monitoring data included all lo- 
cations from every night. We also simulated less 
intensive monitoring efforts by randomly select- 
ing subsets of locations. We separated the first 
subset of observations by a minimum of one 
night and the second subset by two nights. This 
progression was continued until the seventh sub- 
set, which had seven nights between observa- 
tions. The first subset (one night between obser- 
vations) was defined as single-observation 
monitoring. We then estimated the number of 
days needed between observations for the telem- 
etry data to be statistically independent by cal- 
culating Schoener’s t2/rZ index for each of these 
data sets (Schoener 198 1; Swihart and Slade 
1985a, 1985b; Carey et al. 1989). We defined the 
minimum time to statistical independence as the 
number of nights needed between observations 
for a majority of the data sets to have nonsig- 
nificant tZ/rZ values (Carey et al. 1989). Addi- 
tionally, we estimated the minimum time needed 
between locations to meet the assumptions of 
bivariate uniform and bivariate normal distri- 
butions (Cramer-von Mises goodness-of-fit test, 
Samuel and Garton 1985). Home-range size es- 
timates were compared between models and 
sampling intensities using a Kruskal-Wallis 
ANOVA. 

Adaptive kernel estimates were generated us- 
ing program Home Range (J. Baldwin, unpubl. 
software). The program Home Range (Ackerman 
et al. 1989) was used to calculate MCPs and to 
conduct tests for independence. We manually 
identified vertices for MMCP home-ranges be- 
fore calculating area within the polygons. 

RESULTS 

RADIO-TELEMETRY 

We radio-marked both adult members of two 
pairs; one of which produced one fledgling. We 
also marked two additional unpaired females (one 
subadult, one adult). One of these latter trans- 
mitters was damaged by the bird and we did not 
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TABLE 1. Habitat selection by six California Spotted Owls in the Sierra Nevada, 1987. Selection evaluated 
using Chi-square test with Bonferroni inequalities (Neu et al. 1974). 

Owl/Habitat type 

Available habitat sampled Available habitat sampled 
from individual MCP from study area 

Bre.& Nonbreed Pooled Breed Nonbreed Pooled 

Williamson male (n = 69) 
Medium tree@ -1c -1 -1 -1 -1 
Large trees +1 +1 +1 +1 +1 

Williamson female (n = 55) 
Medium trees 

: 
-1 -1 0 -1 

Large trees +1 +1 0 +1 
Humbug male (n = 64) 

Medium trees 0 +1 +1 -1 +1 
Large trees 0 -1 -1 +1 -1 

Humbug female (n = 61) 
Medium trees -1 -1 -1 -1 -1 
Large trees +1 +1 +1 +1 +1 

Grant 27 (n = 28) 
Medium trees 0 -1 
Large trees 0 +1 

Grant 30 (n = 26) 
Medium trees 0 0 
Large trees 0 0 

All owls (n = 303) 
Medium trees -1 -1 
Large trees +1 +1 

All owls (n = 170) 
Canopy closure 40-69% 0 +1 
Canopy closure 70 +% 0 -1 

All owls (n = 214) 
Canopy closure O-39% -1 -1 
Canopy closure 40-69% +1 +1 
Canopy closure 70+% +1 +1 
a Breed = breeding season (1 Fell Ott); Nonbreed = nonbreeding season (1 Ott-1 Feb); Pooled = data from both seasons. 
b Medium trees = 27.8-53.1 cm dbh; large trees = 53.2+ cm dbh. 
L 0 = use of habitat equal to expected, -I = use of habitat less than expected, + I = use of habitat greater than expected. 

-1 
+1 

0 
0 

+1 
-1 

-1 
+1 

-1 
+1 

0 
0 

-1 
+1 
+1 

use data from it in our home-range analysis be- 
cause the erratic signal resulted in intermittent 
locations. We estimated 1,3 17 radio locations 
(104-32 1 locations per owl) over a period of 154 
days (14 June-9 December) involving 938 hours 
of continuous monitoring. 

MACROHABITAT USE 

Two percent of telemetry locations occurred in 
clearcut-shrub-plantation (C/S/P) habitat, 4 1% 
in habitats characterized by medium-sized trees, 
and 57% in habitat with large-sized trees. Twen- 
ty-two percent, 54% and 24% of telemetry lo- 
cations occurred in habitats with O-39%, 40-69%, 
and 70% or more canopy closure, respectively. 
We did not include small-sized trees or C/S/P in 

any analyses of habitat selection because ob- 
served frequencies were too small for Chi-square 
tests. In addition, we had an insufficient sample 
size to test canopy closure selection for individ- 
ual owls. 

Owl habitat use within the study area was not 
random. Owls used forests with large trees more 
than expected (Table 1, x2 = 22.6 1, df = 1, P < 
0.005). Owls used forests having 40-69% and 
70% or more canopy closure more than expected, 
while they used forests with O-39% closure less 
than expected (x2 = 212.49, df = 2, P < 0.005). 
Owl home-ranges had less C/S/P and more me- 
dium trees than expected while the quantity of 
large trees was equal to availability (x2 = 53.6, 
df = 2, P < 0.001). The home-ranges also en- 
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TABLE 2. Characteristics of California Spotted Owl habitat used by six radio-tagged owls in the Sierra Nevada, 
California, 1987. Only variables that were used in the discriminant function analysis are reported. 

Plot variable 

Breeding Nonbreeding 
(n = 157) (n = 100) 

Mea” Sl? Mea” SD 

Pooled 
(n = 257) 

Me”” SD 

Random plots 
(n = 359) 

Mea” SD 

Conifer BA 
Hardwood basal area (BA)” 
Mature tree BA 
Mature tree condition 
Mature tree dbh 
Medium tree BA 
Medium tree condition 
Number vegetative strata’ 
Old-growth trees BAd 
Old-growth tree conditione 
Old-growth tree dbh 
Percent canopy closure’ 
Percent herbaceous ground coverg 
Percent large woody debris 
Percent small woody debrish 
Percent tree < IO-cm dbb 
Snag BA 

40.7* 20.4 30.3 15.4 36.4 19.2 22.6 17.6 
6.7* 9.3 2.9 5.7 5.2 8.3 3.3 1.3 

18.4* 12.4 13.0 10.3 16.1 11.8 7.9 10.2 
1.4* 1.0 1.1 0.7 1.3 0.9 0.7 0.9 

62.6 21.5 61.2 23.8 62.2 22.3 61.2 50.7 
13.3 10.2 9.7 8.8 11.8 9.7 8.2 10.0 

1.5* 1.1 1.1 0.9 1.3 1.0 0.8 1.0 
3.7 0.1 3.7 0.5 3.7 0.5 3.0 0.9 
8.2 8.3 8.1 8.3 1.5 7.8 3.1 5.9 
1.4* 1.5 0.8 0.9 1.2 1.4 0.5 1.0 

19.6 54.9 74.2 57.4 71.4 56.0 38.8 55.2 
95.1* 7.5 86.8 14.3 91.9 11.5 69.6 33.0 

4.5* 7.0 2.0 5.0 3.6 6.5 7.6 13.6 
2.6 3.4 4.1 8.3 3.2 5.9 1.6 3.0 
4.8* 3.6 7.2 5.8 5.1 4.7 4.5 4.7 

20.8 22.2 26.7 20.1 23.1 21.6 17.4 20.5 
4.4 6.4 2.9 4.5 3.8 5.7 1.7 3.4 

1 Standard deviation. 
h Basal areas estimated wth 20-factor basal area prism and converted to m’/ha. 
L Number of distmct vegetative strata. 
Cl Diameter classes: old-growth (290.0 cm dbh), mature (52.5-89.9 cm dbh), medium (27.5-52.4 cm dbh), and small (12.5-27.3 cm dbh). Height 

measured with clinometer. 
c Condition classes based on Maser et al. (1979:EO). Stand condition was average condition of all live trees and snags. Lower values represent higher 

tree vigor. 
(Estimated with concave densitometer. 
8 Estimated with IO 65-cm’ quadrats along line-intercept. 
h Small woody debris z30.0.cm d”uneter at large end and greater than 2.5 cm at small end. Large woody debris >30.0 cm at small end. 

Line-intercept variables measured with 23-m fiberglass tape and expressed as a percentage of cover. 
*Variable sgnilicantly different between seasons (P < 0.001). 

closed more forest with 70% or more canopy 
closure, while the amount of habitat with O-39% 
and 40-69% canopy closure was equivalent to 
what was available within the study area (xz = 
8.78, df = 2, P < 0.02). 

The average time (minutes) that the owls spent 
in a foraging location was not influenced by tree 
size (H = 1.8, df = 1, n = 465, P = 0.18) or 
canopy closure (H = 1.2, df = 1, IZ = 281, P = 
0.54). However, during the nonbreeding season 
owls spent more time (K = 55.6 min, SD = 70.1) 
at foraging locations compared to foraging time 
during the breeding season (X = 40.6, SD = 42.9, 
H = 12.8, df = 1, n = 758, P = 0.0004). 

MICROHABITAT CHARACTERISTICS 

We measured 3 59 random and 25 7 foraging plots 
(areas used by six owls), which provided an es- 
timate within 95% ofthe mean for most variables 
with 85% and 90% confidence, respectively. Most 
variables were not normally distributed and 
transformations failed to normalize them. Of the 
54 initial variables, 29 were significantly different 
between foraging and random plots (P < 0.001). 

We selected 14 of these variables (Y < 0.6; Table 
2) for separate discriminant function analyses 
(DFA) for the breeding season and pooled sea- 
sons data. We found fewer differences between 
random and foraging plots during the nonbreed- 
ing season, so we limited this DFA to six vari- 
ables. 

We inferred from the univariate tests that owls 
were selecting habitats with complex stand char- 
acteristics relative to random sites (Table 2). 
Breeding season habitat had greater canopy clo- 
sure, higher conifer and hardwood basal areas 
and lower tree vigor compared to nonbreeding 
season habitat (Table 2). 

The DFA analysis indicated that the number 
of vegetative strata, large-tree basal areas, and 
canopy closure were the most important vari- 
ables for discriminating foraging and random 
plots (Table 3). These variables loaded most of- 
ten and had high structure coefficients. The per- 
cent correct classification rate for plot types based 
on the DFAs was greater than expected by chance 
for jackknife and independent estimates (Table 
4). 
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TABLE 5. Home-range size estimates (ha) for five radio-tagged California Spotted Owls in the Sierra Nevada, 
California, 1987. 

NUIV 

100% MCP 100% modllied MCP 95% adaptive kernel 

Cant” Sin& Uncor” Cont Single 
Unique 

UIV3X Cont Single UIK0r dates 

Ff 244 1,439 1,222 737 1,037 895 317 1,319 1,038 1,007 111 
F 250 2,228 2,197 2,040 1,376 1,007 782 1,597 1,869 2,217 101 
F 104 1,070 941 687 447 435 78 600 957 1,141 46 
M 242 1,719 1,646 1,180 1,514 1,213 537 1,628 1,511 1,592 100 
M 321 1,142 922 558 968 534 150 941 1,037 626 115 

Mean 1,520 1,386 1,040 1,068 817 373 1,217 1,282 1,317 
*Total number of estimated telemetry locations. 
b Estimated from continuous monitonng data. 
c Estimated from a single observatmn per mght. 
u Estimated from statistically uncorrelated data (five days between observations). 
e Number of nights each owl was located. 
’ (F)emale, (M)ale. 

and large-sized trees were nearly identical when 
available habitats were sampled from the entire 
study area (second-order selection, Johnson 1980) 
and from within individual home-ranges (third- 
order selection). However, the owls clearly dem- 
onstrated a strong second-order selection by us- 
ing young successional stages less than expected. 

The apparent lack of habitat selection indi- 
cated by the amount of time (minutes) spent in 
each habitat type may have been an artifact of 
our sampling methods. On average we were only 
able to monitor owls for 43 min per location 
which may have been an insufficient period of 
time to detect differences reflected by the other 
analyses. Alternatively, Spotted Owls may have 
a fixed search time independent of habitat use 
after which point the owls choose to move to a 
new location if no prey has been captured. Owls 
also moved less frequently during the nonbreed- 
ing season which may reflect conservation of en- 
ergy during periods of decreased temperature and 
increased precipitation. This also may indicate 
changes in search times when there are seasonal 
changes in prey availability. 

Our discriminant function analyses (DFA) were 
consistent with observations that Spotted Owls 
select forests with complex structure (LaHaye 
1988, Solis and GutiCrrez 1990, Bias and Gu- 
tiCrrez 1992). Our DFA indicated that the num- 
ber of vegetative strata, high old-growth and ma- 
ture tree basal area, and high canopy closure were 
the most important distinguishing characteristics 
of forest stands used by the owls. Franklin et al. 
(198 1) showed that these features were charac- 
teristic of late-successional conifer forests. 

The Spotted Owls that we studied appeared to 
have selected habitats with different character- 

istics during the breeding and nonbreeding sea- 
son. This observation was supported by a change 
in habitat selection at the macro-level by two 
owls, and the differences found using both uni- 
variate and multivariate methods. Seasonal shifts 
in home-range size have been reported for Spot- 
ted Owls (Forsman et al. 1984, Laymon 1988, 
Sisco 1990) and may represent seasonal changes 
in habitat requirements. Seasonal habitat selec- 
tion may be due to changing prey availability, 
predation vulnerability, and thermoregulation 
needs (Barrows and Barrows 1978, Forsman et 
al. 1984). 

California Spotted Owls monitored in our study 
have home-ranges similar in size to those of 
Northern Spotted Owls (Forsman et al. 1984, 
1,545 ? 270 ha, y1= 12; Carey et al. 1990, 1,580 
f 285 ha, IZ = 9) and larger home-ranges than 
the Mexican Spotted Owl (S. o. lucida, Ganey 
and Balda 1989,648 + 89 ha, n = 8). These large 
home-ranges relative to other Strix owls 
(Southern 1970, Nicholls and Warner 1972, Nero 
1980) present a challenge to forest wildlife man- 
agers developing habitat conservation plans 
(Thomas et al. 1990). 

We estimated that radio-telemetry locations 
should be separated by a minimum of five days 
to be statistically independent and to meet as- 
sumptions of univariate and bivariate normality. 
Carey et al. (1989) presented similar results for 
Northern Spotted Owls. We found that the 
MMCP model produced smaller home-range es- 
timates which was expected given the amount of 
area that can be excluded using this model (Har- 
vey and Barbour 1965). Our original analysis of 
sampling intensity indicated no significant dif- 
ference between estimates from continuous, sin- 
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gle-observation and uncorrelated data. However, 
statistical home-range models, such as the adap- 
tive kernel (AK), tend to produce larger estimates 
with smaller sample sizes (Worton 1989). There- 
fore, inclusion of this model in the analysis ob- 
scured obvious differences between home-range 
estimates for continuous and non-correlated data 
when we used the two polygon models. Collect- 
ing statistically independent data during short 
duration studies will probably lead to underes- 
timating home-range size with nonstatistical 
models because of the reduced sample size in- 
herent in this kind of sampling method (Bekoff 
and Mech 1984). 

The data used in the DFAs were not normally 
distributed and had heterogeneous variance/co- 
variance matrices. The heterogeneity is partic- 
ularly important because it can distort the 
discriminant transformations and render classi- 
fication functions invalid (Williams 1982). How- 
ever, we limited our analysis to ranking the rel- 
ative importance of variables known through 
univariate analysis to be different between 
groups-rather than to produce predictive mod- 
els of owl habitat. Thus, we do not believe that 
the failure to meet this assumption affected our 
conclusion. We emphasize that the variables used 
in the analysis were correlated with owl foraging 
habitat and were not expected, necessarily, to be 
the actual features that the owls selected. 

A more problematic assumption for all of the 
analyses was that observations were independent 
both in terms of replication and temporal sep- 
aration (Steel and Torrie 1980, Stevens 1986). 
We evaluated habitat data from six owls with 
sampling once every night. Our analysis of time 
to statistical independence suggested that five days 
were needed between observations. However, this 
statistical index is based on relative spatial po- 
sition (Schoener 1981) and may not reflect bio- 
logical independence. We chose to include more 
data (sampled every day) with the caveat that 
our results do not reflect a population estimate. 
Thus, our results should not be used to develop 
strict habitat management guidelines or be ex- 
trapolated to a regional scale. We also emphasize 
that management guidelines should include ef- 
fects of various landscape configurations on pop- 
ulation demography, which we did not address 
here. However, our data do suggest that the owls 
we studied have ecological requirements similar 
to those of Northern Spotted Owls. This infor- 
mation should be incorporated with work by oth- 

er investigators to develop habitat-management 
guidelines for the Sierra Nevadan population. 
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