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ABSTRACT:  I studied home range and habitat selection of radio-marked adult 

California spotted owls (Strix occidentalis occidentalis) occupying 14 territories, 

randomly selected from among the breeding population of owls in the central Sierra 

Nevada, California from June–October, 2006. I used model selection to select the most 

parsimonious home-range estimator for individual owls. Based on the most parsimonious 

home-range estimators mean home-range size was 555 ha (SE = 100). Home-range size 

was positively correlated with the amount of vegetation class fragmentation within home 

ranges as well as the amount of habitat having medium to large-sized coniferous trees and 

≥40% canopy cover adjacent to roost sites. I used resource selection ratios to test if owls 

used vegetation classes disproportionate to their availability. Spotted owls used home 

ranges that contained a large proportion of mature coniferous forest, although use of 

mature conifer forest within these home ranges was not disproportionate to availability. I 

used logistic regression to estimate a resource selection function (RSF) for spotted owl 

foraging habitat selection. The relative probability of selection was correlated with 

vegetation classes, patch size, and their interaction. Owls showed highest selection rates 

for small patches (<10 ha) of habitat having mature coniferous forest with 40–70% 

canopy cover and large patches (>10 ha) of pole-sized coniferous forest.  The selection of 

home ranges with mature forests and of pole-sized forests for foraging sites suggested 

that habitat selection by owls is scale-dependent with each scale reflecting selection that 

meets different biological requirements. 
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INTRODUCTION 

Habitat selection and home-range characteristics of spotted owls (Strix occidentalis) have 

been studied intensively because of the owl’s association with economically valuable old-

growth and mature forests (Verner et al. 1992, Gutiérrez et al. 1995, Anthony et al. 

2006).  Management of California spotted owls (S. o. occidentalis) has been predicated 

on identifying and protecting their primary habitat (Verner et al. 1992, U.S. Forest 

Service 2004).  Such management has been controversial because there is incomplete 

knowledge of habitat and home-range use patterns of this subspecies.  For example, much 

effort has been devoted to identifying California spotted owl nest and roost habitat 

selection patterns (Bias and Gutiérrez 1992, LaHaye et al. 1997, Moen and Gutiérrez 

1997, Bond et al. 2004, Chatfield 2005); yet much less is known about their foraging 

habitat selection (Laymon 1988, Call et al. 1992, Zabel et al. 1992). Thus, focusing 

strictly on nesting and roosting habitat selection may result in a limited view of habitat 

used by owls (Thomas et al. 1990, Ganey et al. 2003) because spotted owls appear to use 

a greater variety of habitats for foraging than for nesting and roosting (Call et al. 1992, 

Ganey and Dick 1995).  In addition, their home ranges may change or expand after the 

breeding season with concomitant potential expansion of habitat use (Gutiérrez et al. 

1995).  The management of spotted owls has always relied on data collected by 

“convenience” sampling (i.e., a non-random sampling; Anderson 2001). To date, no 

study of spotted owls based on a random selection of spotted owls from a large 

population has been conducted because of logistical constraints (mainly the difficulty of 

access to monitoring locations and travel time between territories). While convenience 

samples provide useful information, particularly when they are replicated (Gutiérrez 
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2008), it is difficult to know how habitat use of owls estimated from a convenience 

sample differs from the owl population as a whole. These differences may have a 

substantial impact on how management plans and decisions are made. In contrast, 

information from a random sample of owls can be extrapolated to the population from 

which the sample was drawn (Williams 1978). 

I studied California spotted owl home range and foraging habitat selection based 

on a random sample of owls from the entire central Sierra Nevada, California. I 

conducted my study during a non-breeding year so my results provide 1 sample of habitat 

use when owls are not restricted by demands of raising offspring.  Therefore, my results 

may compliment the more prevalent studies of owl habitat selection conducted during 

years of successful breeding.   My main objectives were to (1) estimate home-range size 

of California spotted owls in the central Sierra Nevada; (2) estimate which habitat 

characteristics were associated with differences in home-range size; (3) estimate second 

order (home-range) habitat selection based on vegetation class selection by owls relative 

to the entire study area; and (4) estimate third order (foraging) habitat selection based on 

foraging locations of owls within their home range. 

 

STUDY AREA 

My study area (3,188 km2) was located on the Eldorado and Tahoe National Forests, the 

western boundary of which was 16 km northeast of Georgetown, California, and 

consisted of the area within the boundaries of the Forest Hill, Georgetown, Pacific, and 

Placerville Ranger Districts (Figure 1).  This area was the site of a long-term study of 

California spotted owl demography (Seamans et al. 2001, Seamans et al. 2007). The 
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study area had cold, wet winters and hot, dry summers. The topography was mountainous 

and was bisected by steep river drainages; elevation ranged from 233 to 3,041 m. The 

vegetation was typical of Sierran mixed-conifer montane forests and was dominated by 

ponderosa pine (Pinus ponderosa), white fir (Abies concolor), Douglas-fir (Pseudotsuga 

menziesii), sugar pine (Pinus lambertiana), incense cedar (Calocedrus decurrens), black 

oak (Quercus kellogii), and, at higher elevations, red fir (Abies magnifica) (Küchler 1977, 

Bias and Gutiérrez 1992, Moen and Gutiérrez 1997). Factors that have influenced the 

vegetation were aspect, climate, edaphic conditions, and elevation, which have resulted in 

diverse forest types (Franklin et al. 2004). The distribution and structure of vegetation in 

the Sierra Nevada were primarily shaped by fire (i.e., natural fire return intervals in the 

area were relatively frequent; Skinner and Chang 1996).  Vegetation also has been 

affected by logging and grazing by livestock (McKelvey and Johnston 1992). Logging 

harvest techniques have varied from individual tree selection to clear felling in the central 

Sierra Nevada. Livestock grazing has been reduced from intense during the 1800s to 

relatively low levels today. The impact of fire, diverse logging techniques, and grazing, 

among other disturbances, has led to a complex mosaic of vegetation types, seral stages, 

and stand structures throughout the Sierra Nevada (Franklin et al. 2004). Public and 

private land comprised about 74% and 26% of the study area, respectively, often 

distributed in a “checkerboard pattern.”  
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METHODS 

Selection of Owls  

When I began my study, a random sample of owl territories from among known owls 

within the study area had already been selected during 2005 as part of an experimental 

study to evaluate the impacts of logging on owls (Gutiérrez et al. 2008).  These owls had 

been selected using a strict random sampling regime (Gutiérrez et al. 2008) and were 

selected from a list of all known owl territories in the study area (n =  146) compiled from 

all sources of information (Eldorado Study Area databases, U.S. Forest Service [USFS] 

records, California Fish Game spotted owl database).  Owl territories were precluded 

from selection if they did not meet the following criteria: (1) owl territories having 

recent, concurrent, or scheduled harvest within the time of study because harvest would 

have introduced a serious confounding effect to the experiment (Gutiérrez et al. 2008); 

(2) territories must have at least 220 hectares of suitable habitat because the experiment 

(Gutiérrez et al. 2008) could remove up to 120 hectares of habitat, which would reduce 

suitable habitat post treatment within such territories below management guidelines for 

habitat protection; (3) areas selected must have area control (i.e., areas with a high 

proportion of private land increased risk of confounding disturbance events by private 

landowners); (4) the territory must be in topography feasible for logging, and (5) other 

constraints were not associated with the territory that would preclude its inclusion in the 

sample (e.g., legal or research [owl a study subject of another study] constraints). Once 

territories were identified that satisfied these criteria, they were placed in the sampling 

pool.  Following this selection procedure, 12 territories were randomly selected, 

representing a maximum of 24 (paired) owls, the maximum number considered feasible 
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to monitor given available funding. Following the random selection of owl territories, we 

surveyed the territories to locate birds following the methods described by Forsman 

(1983).  If either a pair of owls was not present or logging treatment of the site was not 

feasible (i.e., slope too steep [note this was criterion number 4 above, but two sites were 

selected a priori that were not feasible to log upon field inspection]), we randomly 

selected a replacement site. 

 

Capture and Radio-Telemetry   

In 2006 we relocated owls identified in 2005 by using vocal surveys described by 

Forsman (1983). Briefly, this consisted of imitating owl calls from predetermined call 

points and listening for an owl’s response and watching for approaching owls.  Once 

owls were located, we determined their sex by voice (Forsman et al. 1984), their age 

(first-year subadult, second-year subadult, adult) by plumage characteristics (Forsman 

1981), and their pair status by roosting habits (if owls were observed roosting with 

another owl of the opposite sex).  We attempted to capture and mark all adult owls that 

were located on the selected study territories between 1 April–26 June 2006. We captured 

owls using noose and snare poles (Forsman (1983) and marked captured owls with a 

locking U.S. Geological Survey aluminum band on one leg and a uniquely-colored plastic 

band and tab on the other (Franklin et al. 1996) and fitted each captured owl with a 

backpack radio-transmitter (Holohil Systems Ltd. Model RI–2C, Ontario, Canada) 

secured with Teflon® coated Kevlar ribbon. The total mass of the radio transmitters 

(including harness) was 14.4–15.4 g, which was <3.0 % of the adult body mass of a male 

spotted owl (566 g; Gutiérrez et al. 1995). Transmitter life was predicted to be 24 months.   
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To triangulate on an owl’s signal, we took compass readings based on signal 

strength and quality at ≥3 monitoring stations that were >160 m apart. We developed 

procedures a priori to data collection to improve owl (transmitter) location estimates. We 

selected monitoring stations as close to the potential owl locations as possible, selected 

monitoring stations that allowed differences among monitoring angles of the 3 recorded 

bearings to be as close to 60º as possible, and rejected triangles resulting from bearings 

subjectively determined by individual observers as being too large by taking new 

bearings to reduce the size of the triangle resulting from in intersection of 3 signal 

bearings. We also conducted extensive blind tests to estimate bearing error of locations 

by placing transmitters at locations unknown to technicians within several owl territories, 

and having technicians “triangulate” on these transmitters.  The absolute bearing error of 

the naïve observers was 7.2 °, which we used to estimate quality of owl locations. 

To estimate owl locations, we triangulated signal locations with handheld 

directional 3-element Yagi antennae and R–1000 hand–held receivers (Communication 

Specialists Inc., Orange, CA). We triangulated from precisely located permanent stations 

marked using a Trimble Pathfinder Global Positioning Unit (GPS; Trimble Navigation 

Limited, Sunnyvale, CA) capable of ±3 m accuracy. We immediately plotted compass 

bearings on a 1:15,000-scale topographic map at each station. We accepted a location 

when we achieved intersecting lines from 3 consecutive bearings collected within <30 

minutes. After we obtained a location we paused for 10 minutes then repeated the 

process.  Each location was later analyzed using LOAS software version 4.0b (Ecological 

Software Solutions, Urnäsch, Switzerland) using the arithmetic mean estimator to 

calculated the 95% confidence ellipse of the locations for use in habitat selection 
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analyses.  The 95% confidence ellipse was calculated by including the mean surveyor 

bearing error derived from field tests (see above), distance between surveyor and owl, 

and difference of the change of bearing angles among the 3 stations. Only locations with 

confidence ellipses <5 ha were considered “usable” and included in analyses.  

We created a complete spectrum of monitoring periods by using 3 hour 

contiguous time segments for each owl and randomizing the night and time each segment 

would begin. The logistics of travel between owl territories precluded a completely 

randomized temporal sampling design, so we stratified owls within groups of owls to be 

monitored by one technician based on the relative location of the first owl to nearby owls.  

By utilizing a stratified random sample, in conjunction with a fixed study period, and 

individual owls as the sampling unit we obviated concerns regarding autocorrelation with 

respect to inferences pertaining to my study period (Swihart and Slade 1985, Swihart and 

Slade 1986, Swihart and Slade 1997, de Solla et al. 1999, Otis and White 1999, Fieberg 

2007).  Monitoring periods ranged from one-half hour before sunset to one-half hour after 

sunrise.  Additionally, we randomly assigned observers to monitoring periods. Each 

observer was randomly assigned to survey 2 owls per night, except for territories too 

remote to allow adequate travel time to another territory, in which case the observer 

monitored 1 owl for 6 hours. We monitored owls for 4 consecutive nights, followed by 3 

nights with no monitoring.  If we were unable to locate owls because we did not detect a 

signal or the signal was so faint that we could not adequately determine a direction, we 

searched adjacent areas by driving with a vehicle having RA–5A omni–directional 

antennae (Telonics Mesa, AZ) mounted on the roof until we found a better monitoring 

area or the monitoring period for that owl ended. If we were unable to locate owls for an 
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extended period of time (>2 weeks), we attempted to locate them using a fixed-wing 

airplane with two wing–mounted directional antennas. At the conclusion of the study we 

recaptured all owls to remove transmitters.  

 

Habitat Mapping 

I used a Geographical Information System (GIS; ArcINFO version 9.2, ESRI 2007) for 

mapping. I created a vegetation classification map for the area within every owl home 

range, as well as 2,161 polygons circumscribing random locations throughout the study 

area because existing USFS vegetation maps in the study area were less than 60% 

accurate (M. Bond, unpublished data, cited in Chatfield 2005). I used 8 vegetation land-

cover classes (hereafter, vegetation classes) that were consistent with the California 

Wildlife Habitat Relationships (CWHR) system, which assigns a habitat type (deciduous 

forest, coniferous forest, water), size class (pole, medium, mature), and canopy cover 

(low, medium, high) to a vegetation class (Table 1; Mayer and Laudenslayer 1988).  I 

used a multi-resolution seamless image database (MrSID) of aerial photographs taken in 

2005 capable of <1 m resolution interfaced with the GIS to digitize vegetation classes 

into polygons (vegetation patches). Minimum mapping unit (mmu) = 0.5 ha. I created a 

vegetation classification map for every owl home range by delineating polygons of the 

different vegetation classes within the boundaries of the owl’s home range. In cases 

where I wanted the vegetation map to be independent of the home-range size (e.g., core 

area size [see habitat metrics below]) so that habitat metrics used to predict home-range 

size would not be dependent on the home-range size, I delineated polygons beyond the 

home-range boundary.  I characterized vegetation at the study area scale by randomly 
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sampling 2,161 points (which was the maximum number of points I could adequately 

map given the resources available) within the study area and digitized polygons 

circumscribing the contiguous area with the same vegetation class at the point. If two 

random points fell in the same polygon, I randomly selected another point that fell within 

an unclassified area (sampled without replacement). I used polygons (versus points or 

buffers) to determine available vegetation classes so I could compare estimates of 

available vegetation patch size to used vegetation patch size (ranges = 0.5–5,549, and 

0.5–714 ha, respectively). I assessed the accuracy of the vegetation map by randomly 

selecting 161 points (which was the maximum number of sites I could visit given the 

resources available) from the 2,161 random polygons across the study area and directly 

sampling vegetation at these points. At each of the 161 random locations I visually 

estimated the dominant species composition, dominant size class (i.e., DBH), and average 

% canopy closure of 0.5 ha plots and classified them to 1 of the 8 vegetation classes, 

naïve to which vegetation class they were assigned using the GIS.  I estimated the 

classification accuracy from agreement (%) between the 161 on-site vegetation 

classification and measurements and the remote GIS classifications. Overall map 

classification accuracy averaged 84% with Kappa Index = 80% and user’s and producer’s 

accuracy for individual cover classes ranging from 67 to 100% and from 50 to 100%, 

respectively (Table 2). The Kappa Index is an adjusted estimate of the accuracy that 

included the number of correct classifications that may have occurred by chance (Foody 

1992). User’s accuracy is an estimate of the map’s representation of the true vegetation 

classes. Producer’s accuracy is an estimate of the efficacy of mapping a specific 

geographic region (Story and Congalton 1986).  
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Habitat Metrics 

I calculated a set of habitat metrics (Table 3) for each spotted owl home range and 

associated foraging sites using my vegetation map. I then used these metrics as variables 

in statistical models to investigate home range and habitat selection (see below).  These 

habitat metrics were only a subset of spotted owl habitats (sensu Hall et al. 1997), but 

represented characteristics thought to be important in previous studies of spotted owls.   

Home Range.—  I estimated each habitat metric independently for each home 

range, and I estimated habitat metrics of the study area independent of home ranges. I 

calculated the proportions (PROP) of each vegetation class within each home range (used 

habitat) and across the entire study area (available habitat, see mapping above). I 

estimated the habitat heterogeneity by calculating the number of patches per area (PPA) 

in spotted owl home ranges by dividing total number of vegetation patches by the area of 

the home range. I estimated the average elevation (AVGELEV), standard deviation of 

elevation (STDEVELEV), and average slope (AVGSLP) of the study area and the owl 

home ranges from 10,000 and 1,000 random points across the study area and within home 

ranges, respectively. I chose 10,000 and 1,000 random points because I assumed these 

numbers of points adequately represented the area within their respective categories. I 

checked the validity of this assumption by inspecting a plot of mean values of habitat 

metrics as a function of sample size; the plot indicated that means for each habitat metric 

stabilized (i.e., variation was minimized) at sample sizes smaller than I used, suggesting 

my sample sizes were sufficient. I estimated the core area (CORE) of an owl home range 

by summing the area of all the vegetation patches of vegetation class 4, 5, 6, or 7 
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(medium- and mature-sized conifer vegetation with medium and high canopy closure; 

Table 1) that were immediately adjacent to the vegetation patch in which a roost site was 

located (following Verner et al. 1992). If an owl was observed using more than 1 roost 

site in different vegetation patches, I selected the vegetation patch that contained the 

highest number of roost sites. In the case that an owl roosted in ≥2 different vegetation 

patches an equal amount I selected the patch that was nearest to the home-range centroid 

(estimated center of the home range). This estimated CORE was similar to methods used 

to delineate Protected Activity Centers (PACs) in the Sierra Nevada, California (U.S. 

Forest Service 2004). I estimated the amount of edge per area (EDGEPA) of home ranges 

by summing the total perimeter distance of each vegetation patch and dividing by home-

range area.  

Habitat Selection. — I estimated habitat selection metrics differently than home-

range metrics. I estimated habitat selection metrics at the sample point (either a random 

location or an owl telemetry location, except for perimeter [PERIM] and area [AREA], 

which were estimated using the vegetation patch in which the sample point fell), whereas 

I calculated the home-range metrics from vegetation patches rather than from sample 

points. Vegetation class (VEGCLASS) was a factor having categorical values from 1 to 7 

(Table 1); I removed “VEGTYPE” 8 from analysis of third-order (foraging) selection 

because spotted owls are not known to forage over standing water. I estimated elevation 

(ELEV), slope (SLOPE), aspect (ASPECT), distance to water (DISTWATER), and 

distance to roads (DISTROAD) of owl locations using the GIS.  I created separate 

correlation matrices of habitat metrics for home range and habitat selection to eliminate 
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metrics that were highly correlated (>70%). When 2 metrics were highly correlated I 

retained the one that I felt was most biologically interpretable or relevant to management. 

 

Home Range 

Home-range estimation.—I defined seasonal foraging home range as the area used by 

owls during their nightly activities (Burt 1943) between June–October. Studies of spotted 

owl breeding-season home range usually end after juveniles have fledged (usually in 

August–September); however, during 2006 none of the owls on my study area 

successfully nested.  Thus, I continued monitoring owls through October or until a 

scheduled logging treatment occurred within their territory. I estimated spotted owl 

home-range sizes using the 100% Minimum Convex Polygon (MCP), adaptive-kernel 

density estimator, and fixed-kernel density estimator.  I included all spotted owl locations 

with an error ellipse ≤5 ha. I chose 5 ha because the point estimates of locations omitted 

due to the error ellipse being >5 ha fell into each vegetation class proportionate to that 

vegetation class’s abundance (i.e., owl locations in certain vegetations type were not 

omitted significantly more often than would be expected based on that vegetation class’s 

abundance).  I calculated the 100% MCP using Hawth’s Analysis Tools for ArcGIS. 

MCP has been criticized because of its sensitivity to (1) the number of location estimates 

(Bekoff and Mech 1984, Harris et al 1990), (2) the sampling duration (Swihart and Slade 

1985), (3) the sampling strategy (Börger et al. 2006), and (4) the influence of outliers 

(Seaman et al. 1999, Laver and Kelly 2008) and for these reasons, several authors 

(Börger et al. 2006, Laver and Kelly 2008) have recommended that the MCP not to be 

used at all. However, because of its use across nearly all spotted owl home-range studies, 
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I calculated it for comparison to other California spotted owl home-range studies 

(Laymon 1988, Call 1990, Call et al. 1992, Zabel et al. 1992). I calculated the 95% 

isopleths of the adaptive-kernel and fixed- kernel density estimators using Home-range 

Tools for ArcGIS (Rodgers et al. 2005). I used Animal Space Use 1.2 Beta (Horne and 

Garton 2007) to calculate the likelihood-cross-validation (CVh) smoothing parameter for 

the fixed- and adaptive-kernel estimates.  I used CVh as the smoothing parameter (Horne 

and Garton 2006a) because it produced home-range estimates with better fit and less 

variability than other smoothing parameters (i.e., least-squares cross-validation) in 

simulation studies (Horne and Garton 2006a). In addition, I calculated 3 other home-

range models (1 mode bivariate normal, 2 mode bivariate circle, and 2 mode bivariate 

normal) for inclusion in the home-range model suite (Table 4). I omitted the MCP from 

the home-range model suite because it was not provided as an option in the program I 

used (Animal Space Use 1.2 Beta). I selected the most parsimonious home-range model 

for each owl by applying information-theoretic model selection to spotted owl location 

data (Horne and Garton 2006b) in program Animal Space Use 1.2 Beta (Horne and 

Garton 2007). Animal Space Use 1.2 Beta (Horne and Garton 2007) calculated the 

relative expected Kullback-Leibler (KL) distance of the 5 different home-range models 

by applying the likelihood cross-validation criterion to location data (CVC; Stone 1974).  

I used CVC because the number of model parameters is not explicit, and, therefore, could 

be used on non-parametric home-range models (i.e., kernel models).  The relative support 

for each home-range model was estimated by the difference in CVC (ΔCVCj) between 

each model and the model with the lowest CVC value. I used only the estimate of the 

home-range size from the most parsimonious home-range model for analyses of variation 
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in home-range size because I assumed these home-range models gave the best estimate of 

owl home ranges given my data (Horne and Garton 2006b).  I assessed the assumption of 

normality of home-range estimates by comparing the home-range size distribution of 

owls to a normal distribution using the Kolmogorov-Smirnov test (Pardo-Igúzquiza and 

Dowd 2004); the test was not significant indicating that the assumption of normality was 

not violated. One of my objectives was to estimate which habitat metrics were associated 

with differences in home-range size of spotted owls. I examined these relationships using 

model selection under an information-theoretic framework. I assumed that smaller home 

ranges represented more desirable habitat conditions or configurations than larger home 

ranges because the higher the quality of the habitat, the shorter the distance the owl 

would need to travel to meet its requirements (McNab 1963, Zabel et al. 1995).   

Correlates of home-range size.—I first developed verbal hypotheses based on 

spotted owl literature that might explain variation in spotted owl home-range size. I also 

considered a no-effects (null) model (model 1). I hypothesized that spotted owls having a 

larger proportion of mature forest within their estimated home range would have a 

smaller total home-range size because they are purportedly habitat specialists that 

specialize on old growth and mature forests (model 2; Forsman et al. 1984, Carey et al. 

1990, Gutiérrez et al. 1992). I hypothesized that spotted owls with larger core areas will 

have smaller resulting home ranges because large areas of potential spotted owl habitat in 

close proximity will reduce the need to travel within a home range (model 3; McNab 

1963, Zabel et al. 1995).  I hypothesized that owls having a high proportion of potential 

habitat for foraging, nesting, and roosting (medium to mature sized conifer forest with 

>40% canopy cover [vegetation class 4, 5, 6, or 7, Table 1]; Gutiérrez et al. 1992) would 
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have smaller home ranges than owls having lower proportions of these habitats (model 4) 

because the owls with small proportions of potential habitat would require larger home 

ranges to encompass the same amount of potential habitat. Model 4 differs from model 3 

in that it includes the proportion of vegetation class 4, 5, 6, and 7 across the entire home 

range whereas model 3 only includes the amount of vegetation class 4, 5, 6, or 7 adjacent 

to roost sites. I hypothesized that spotted owls having higher habitat heterogeneity (PPA) 

will have larger home ranges because fragmentation would increase separation of suitable 

habitat (model 5; Solis 1983, Carey et al. 1992). I hypothesized that males and females 

may have different home-range sizes; pair status may affect home-range sizes; and that 

sex may only affect the home-range size depending on the pair status (models 6, 7, and 8, 

respectively) because of division of duties between the sexes, sexual dimorphism 

(females are larger), and single birds may explore more within a territory. I hypothesized 

that home-range size may be associated with topography (average elevation, the standard 

deviation of elevation, and the slope [models 9, 10, 11, respectively]; Irwin et al. 2004).   

I hypothesized that home-range size may increase proportionate to elevation because 

northern flying squirrels (Glaucomys sabrinus) are the dominant prey base at higher 

elevations and occurred at low density relative to other owl prey at lower elevations 

(Carey et al. 1992, Rosenberg and Anthony 1992, Zabel et al. 1995).  Thus, spotted owls 

would need larger home ranges to find sufficient prey when relying on flying squirrels. 

Spotted owls that prey primarily on wood rats (Neotoma fuscipes) have been 

hypothesized to use edges whereas spotted owls that prey on flying squirrels would use 

interior forests (model 12; Zabel et al. 1995).    
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From these verbal models, I created a suite of a priori statistical hypotheses 

expressed as candidate models (Table 5). I used Akaike’s Information Criterion adjusted 

for small sample sizes (AICc; Burnham and Anderson 2002:66) to evaluate model 

likelihood. I addressed model uncertainty in selecting the best model by calculating 

model weights (wi; Burnham and Anderson 2002:75). My sampling unit was the 

individual owl.  My response variable was total home-range size (in ha).  My independent 

variables included the habitat metrics described above and in Table 3. Of these variables, 

categorical variables were divided into the following categories: vegetation class 

(1,2,3,4,5,6,7; Table 1), sex (male or female), and pair status (paired or unpaired).  

 

Habitat Selection Analysis 

I examined resource selection by comparing used habitat to available habitat at 2 spatial 

scales (Johnson’s [1980] second and third order selection). I used 2 spatial scales to 

estimate which vegetation characteristics of the study area were associated with the owl’s 

home range and which habitat characteristics of the owl’s home range were associated 

with foraging activity.  

Second order (home range) selection.— I used Manly’s (Manly 2002) habitat 

selection ratios combined with Bonferonni simultaneous confidence intervals to examine 

if spotted owl home ranges contained a disproportionate amount of certain vegetation 

classes (resources) relative to that resource’s availability. I used habitat selection ratios 

because they are a simplified case of resource selection functions (RSF) in which each 

resource unit is classified into 1 of several distinct categories; in this case vegetation 

classifications (Manly 2002). I defined used resources as the proportion of each 
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vegetation class in each spotted owl’s home range.  I estimated available resources by 

selecting 2,161 random locations within the study area and digitizing a polygon around 

the contiguous area of the same vegetation surrounding that point (see “Mapping” 

above). I then compared the proportion of vegetation categories used by each owl to the 

proportion of available vegetation categories within the study area (Thomas and Taylor’s 

[1990] Design 2 analysis; Manly’s [2002] sampling protocol A; Table 6). I calculated the 

RSF, the variance of this estimator, and the simultaneous confidence intervals using the 

“adehabitat” package (Calenge 2006) for program R (Version 2.7.2; R Development Core 

Team 2008) 

Third-order selection.— I examined third-order resource selection by examining 

the use and availability of habitat features at locations within the home range.  For third-

order habitat selection I defined used resources as points that spotted owls used and were 

observed being used based on telemetry. I estimated available habitat by randomly 

sampling 3 times as many locations within each owl’s home range as I had used 

(telemetry) locations for each owl (Manly’s [2002] sampling protocol A). I used the 

multiplier of 3 because it provided the best estimate of available habitat without 

introducing a “contamination rate” that would bias the parameter estimates (Johnson et 

al. 2006). I examined whether spotted owls were using edge sites of any vegetation class 

by comparing the distance-to-edge distributions between used sites and 30 random sites 

in each used vegetation patch for each vegetation class using the Kolmogorov-Smirnov 

test.  

I developed verbal hypotheses to examine the correlation between habitat metrics 

and owl use at this scale as above. I included a no-effects (null) model (model 1, Table 
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7). I hypothesized that certain vegetation classes would be selected as foraging sites over 

others (model 2) because different vegetation classes may provide different foraging 

opportunities (e.g., prey availability, forest structure).  Of the different vegetation classes, 

I hypothesized that owls would select coniferous forest with trees >28 cm and canopy 

cover >40% (vegetation classes 4, 5, 6, and 7) more frequently than other classes because 

these classes were identified as “potential spotted owl habitat” (model 3; Gutiérrez et al. 

1992).  Because of spotted owls association with old growth and mature-sized tree classes 

(Gutiérrez et al. 1995), I hypothesized that owls would select vegetation classes with 

large trees more often than smaller tree classes (model 4).  Call et al. (1992) found that 

owls in this area, in general, selected areas with higher canopy cover, and therefore I 

included a model describing this hypothesis (model 5).  I hypothesized that owls would 

select sites in large habitat patches because larger habitat patches provide less fragmented 

habitat and owls can forage more efficiently (model 6). I hypothesized that owls would 

select sites with higher elevations and shorter distances to water because both of these 

traits are associated with cooler microclimates, which I hypothesized were beneficial to 

owls foraging between June–October (model 7 and 8) In model 8 I included an 

interaction term because the effect of selecting cooler microclimates associated with 

water may be dependent on elevation (i.e., owls may not need to select areas near water 

at higher elevation because of the relatively cooler microclimates at higher elevations).  

Road traffic may deter owls from using habitat close to roads. Therefore, I hypothesized 

that owls would select areas farther from roads, to avoid road traffic or habitat features 

associated with roads (model 9). It is also plausible that roads at higher elevations would 

have less traffic and thus would have less effect on owls than roads at lower elevations 
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and therefore I included an interaction term between roads and elevation (model 10). The 

variables included in Model 11 represented the same hypothesis as the variables for 

association with home range size (model 12, Table 5). I hypothesized that owls would 

select areas with low canopy cover and certain topographical aspects because the 

resulting amount of light that reached the forest floor would be beneficial for owl 

foraging (model 12). I included an interaction term in model 12 because the amount of 

light reaching the forest floor may depend on how certain aspects interact with the 

vegetation type.  I hypothesized that the vegetation class, the patch size, the distance to 

roads and water, and the elevation may all be associated with habitat selection by owls 

(model 13).  Further, I considered all of the variables of model 12 and 2 additional 

topographical variables aspect and slope, because they may be correlated with habitat 

selection (model 14).  I hypothesized that owls will select large areas of certain 

vegetation classes (model 15) or that the selection of certain vegetation classes may 

depend on the size of that vegetation class (e.g., owls may select one vegetation class 

because it is small, and a different vegetation class because it is large model 16), 

therefore I included an interaction term between vegetation class and patch size.   

I then created a model suite of statistical hypotheses from my verbal hypotheses 

(Table 7). To estimate the robustness of top models I analyzed each model using 3 

different logistic regression approaches in program R (R Development Core Team 2008).  

First, I analyzed data for individual owls using logistic regression models.  Second I 

analyzed the pooled data with a single linear logistic regression model (Thomas and 

Taylor’s (1990) Design II analysis).  Third, I analyzed data using a linear mixed-effects 

logistic regression model using the “lme4” package for program R; I considered owls 
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random effects while all other variables were fixed effects. While I used method 2 and 

method 3 to estimate the robustness of potential top models, I used only the logistic 

regression models estimated for individual owls (method 1) to estimate RSF model 

parameters βo, β1,…, βn-1. I chose this method because of the simplicity of the 

assumptions― that the owl-specific coefficients are independent of each other and 

normally distributed, whereas the results of the linear mixed-effects logistic regression 

model are sensitive to many user decisions and require more technical expertise 

(Murtaugh 2007).   

 I ranked each model from the 3 approaches using AIC and evaluated each 

model’s likelihood using Akaike weights (wi; Burnham and Anderson 2002:75, Table 7). 

When I applied the generalized linear logistic regression model to each owl I used the 

mean AIC value (across owl-specific logistic regression models) to rank competing 

models using method 1. I considered the model with the smallest AIC value the top 

model, but models with ΔAIC <2 from the top model were considered competing models 

(Burnham and Anderson 2002).  RSF model parameters βo, β1,…, βn-1 were estimated 

from the weighted mean of coefficient estimates from the generalized linear logistic 

regression model applied to each owl with weight = 1/variance of each parameter 

estimate (Murtaugh 2007).    

 

RESULTS 

Sample Selection and Telemetry Monitoring Results 

Of the 24 randomly selected owls identified in 2005 (1 pair at each of 12 territories [see 

above]) we captured and radio-marked 14 adult California spotted owls during 2006 (4 
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pairs, 4 solo females, and 2 solo males). Of the 10 uncaptured owls, 8 owls were not 

detected at or around the sites they were detected at in 2005 despite repeated surveys; and 

2 owls were detected that we were unable to capture despite several attempts. The loss of 

8 birds from the original potential sample reflected the lowest apparent winter survival 

rate of banded owls on the long term Eldorado spotted owl population study (Seamans et 

al. 2007, Gutiérrez et al. 2008). The 14 radio-marked owls were distributed across 

271,320 ha of the Tahoe and Eldorado National Forests; the straight-line distance 

between the centroid of the 2 most distant owl territories was 69.9 km. Tracking periods 

among owls averaged 99.9 days (SE = 8.7 days), but they were quite variable (Table 4).  I 

removed 1 female (SUGAR Female) from the analysis because it disappeared from its 

territory shortly after its capture and I only obtained 5 telemetry locations before it 

disappeared. We found its remains on 11 July 2007 on private property approximately 18 

km from its capture site. Another female (BALDM Female) was killed in its territory, 

apparently by a vehicle around 5 August 2006. We had successfully monitored this 

female for 46 days and had 52 telemetry locations prior to its death, which was sufficient 

to estimate a home-range size, so I included data from this bird in my analyses (Table 4). 

Shortly after the BALDM Female death, the male who occupied the same area (BALDM 

Male, the presumed mate) began moving extensively and established a new home range 

whose centroid was 4.5 km from the previous home-range centroid. Therefore, I treated 

this owl as 2 separate samples (pre- and post-5 August) based on the assumption that the 

estimates of key factors of interest would be different because the 2 home ranges were in 

completely different areas, the first home range was dominated by public land and the 

second by private land, which have different management regimes, its pair status 



 

changed, and it may be been motivated by the loss of a mate (Blakesley et al. 2006). One 

male (ED124 Male) that we captured on 1 June 2006 disappeared sometime after 10 

August 2006.  We were unable to relocate him despite conducting extensive mobile 

vehicle searches and an aerial search on 18 September 2006. However, we were able to 

monitor this owl consistently between its capture and disappearance (71 days) and 

obtained 41 telemetry locations so I included it in my analysis. Therefore, my sample size 

(n = 14) for analysis was telemetry data from 13 different owls (1 owl treated as 2 

separate samples).  I collected 1,337 usable telemetry locations from 8 June–27 October 

2006 ranging from 41–209 ( x  = 95.5, SE = 13.4) locations per owl (Table 4).  In 

addition, we opportunistically obtained multiple roost locations for each owl. We 

continued to monitor 10 owls from 1 April–27 July 2007, but I omitted these data from 

analysis because of potential confounding effects due to inter-annual variation and from 

logging treatments (see Gutiérrez et al. 2008).    

 

Home range  

Owl home-range sizes differed among home-range models (Figure 2). Mean home-range 

sizes varied from 508–946 ha, depending on which home-range estimator was used. 

Generally, the MCP had the largest estimates and the fixed-kernel density estimator had 

the smallest (Figure 2). The adaptive-kernel or the fixed-kernel were always the most 

parsimonious estimators (Adaptive n = 5, Fixed n = 9; Table 4). Mean home-range size of 

the most parsimonious home-range models was 554.9 ha (SE = 99.9 ha).  The model used 

to describe differences in home-range sizes best supported by the data included the 

variable for patch heterogeneity (Model 5, Table 5). This model (w = 0.615) was 3.6 
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times more likely then the second-ranked model (w = 0.171), and 51.25 times more likely 

than the no-effects (null) model (w = 0.012; Table 5). The parameter estimate for 

heterogeneity (PPA) in the top model (β = 55.17, SE = 14.38 patches/ha) indicated that 

home-range size increased as the relative heterogeneity increased, suggesting that less 

fragmented habitats are more suitable as spotted owl home ranges. This parameter 

estimate, as well as the intercept had 95% confidence intervals that did not overlap zero 

(Figure 3). There was also some support for the model containing the core area variable 

(model 4, Table 5).  According to this model, spotted owls with more core area adjacent 

to their roost tended to have larger home ranges (βo = 263.6, SE = 117.2 ha, and β1 = 

0.08470, SE = .02646 ha).  None of the 95% confidence intervals for the parameter 

estimates of the core area model overlapped zero and this model was only 2.56 AICc units 

from the top model (Table 5).   

 Male and female mean home-range sizes were 378.7 and 722.0 ha, respectively, 

suggesting that females had larger home ranges. However the model that included only 

the sex variable (model 6) had very little support from the data (w = 0.014; Table 5), and 

the confidence interval for the parameter estimate overlapped zero (β1 = -343.4, SE = 

180.3); therefore, it was not particularly informative. Further, the analysis was greatly 

influenced by 1 female owl (ED200) who we thought was non-territorial because it made 

large erratic movements (a “floater” sensu Franklin 1992). Due to the large variance of 

the estimates and the influence from 1 female’s home-range size, I concluded that sex 

was not correlated with home-range size.  
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Habitat Selection  

Home-range Habitat Selection.— Of 2,161 random vegetation patches identified 

throughout the study area, the percent cover of available vegetation categories ranged 

from <1% (vegetation class 6; Table 6) to 44% (vegetation class 5; Table 6). Proportions 

of vegetation classes within home ranges (used home-range habitat) varied widely among 

owls (Table 6), but on average consisted of 3.5%, 11.8%, 6.3%, 19.0%, 47.1%, 1.6%, 

10.7%, and 0.0% for vegetation classes 1,2,3,4,5,6,7 and 8, respectively. Mature forests 

with >40% canopy cover (vegetation classes 6 and 7) were selected most often relative to 

their availability (i.e., had the highest selection ratios, 2.98 and 3.68, respectively; Table 

6). However, due to the variability among owls all vegetation classes had a selection ratio 

with a 90% confidence interval that overlapped 1. Therefore, estimates of selection ratios 

were inadequately precise to distinguish between the 2 possibilities that owls selected 

each vegetation class in proportion to its availability, or that the power of the tests were 

too low to detect significant patterns of vegetation class selection (Table 6). Based on 

selection ratios for individual owls (Table 6), it appears as the latter is more likely.   

Foraging Habitat Selection.— Habitat selection at this scale was most correlated 

with the vegetation class, patch size, and their interaction (model 16, Table 7). This 

model was the top model with no competing models and was the best model using all 3 

logistic regression equation methods. Therefore, I retained only this top model for use in 

making inferences regarding spotted owl foraging-habitat selection. The effect of 

increasing patch size varied among vegetation classes (Table 8, Figure 4).  In general, the 

relative probability that vegetation classifications 1 and 3 were used increased as the 



 

patch size increased, while the probability of vegetation classifications 2, 4, 5, 6, and 7 

decreased as the patch size increased (Figure 4). In relation to patch size, the relative 

probability of using vegetation categories 6 and 3 decreased and increased the most 

dramatically, respectively (Figure 4). The substantial decrease in the relative probability 

of using vegetation classification 6 may be due to the unavailability of that vegetation 

class in patch sizes >38.13 ha ( x  = 8.48 ha).  Vegetation class 3 had the highest relative 

probability of use in all patch sizes >10 ha; patch sizes <10 ha vegetation class 6 had the 

highest relative probability of use (Figure 4). Kolmogorov-Smirnov tests on the distance-

to-edge distributions of used sites versus random sites were statistically significant (p < 

0.05) for vegetation classes 1, 4, 5, and 7. However, differences in mean values of 

distance-to-edge between used and random locations were <10 m and unlikely to be 

biologically significant, except for vegetation class 7. Owls using vegetation class 7 on 

average used areas 30.5 m closer to edges than random areas (p = 0.000).  

 

DISCUSSION 

Implications of Using a Random Sample for Studies on Spotted Owls 

The use of a random sample is an important foundation of inferential statistics because 

nearly all of the mathematical theories on which inferential statistics are based rely on 

assumptions consistent with a random sample. Despite spotted owls being the focus of 3 

key conservation issues for the past 30 years (a national commitment to maintain 

biodiversity, the consideration given to conservation when managing national forests, and 

the extent to which science can help to solve conservation issues; Simberloff 1987) a 

study of spotted owls based on a random sample has never been conducted. The use of a 
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random sample in this study provides examples of both the benefits and limitations of a 

study design based on random sampling in the study of spotted owls. 

Benefits.— Data collected from this random sample of owls maximized the 

probability that estimates were representative of the entire population from which they 

were sampled. The criteria used to select owls for inclusion in this study established a 

local control relevant to spotted owl habitat management. That is, the population being 

studied was that which will most likely to be impacted by future management decisions 

because it represented owls located on public land in areas that had not experienced 

recent logging.  Establishment of local control reduced confounding effects due to recent 

logging events or impacts from private land management.  Thus, this sample provided 

general results to guide management decisions.  

Limitations.— While data collected from a random sample can be extrapolated to 

the entire population, in practice the power of my analyses was reduced because the small 

sample size affected my ability to detect patterns in habitat use. In 2006, I was unable to 

locate 33% (8 of 24) of the target sample found in 2005, likely due to the lowest spotted 

owl winter survival rate in the area since 1990 (Seamans et al. 2007, Gutiérrez et al. 

2008). Due to the strict sampling regime, I was unable to supplement my sample by 

adding additional owls, therefore, limiting the ability to increase the power of analyses. 

Also, Territories were relatively distant from each other as a matter of chance. This 

resulted in a tradeoff between monitoring time and travel time. I achieved adequate 

monitoring locations and times for the owls studied because I had a relatively small 

sample size so the tradeoff was minor. Had I utilized a convenience sample it may have 

been possible to monitor more owls if the convenience sample resulted in territories that 



 

were closer together. Therefore by utilizing a random sample it is possible that I reduced 

the number of owls could have been monitored had I used a convenience sample.  Future 

wildlife studies seeking to randomize selection of study animals should take measures to 

ensure an adequate sample size by accounting for unexpectedly high losses due to death 

or movement of animals (note that the original design accommodated expected normal 

loss of owls based on local demographic data).   

 

Home Range 

The mean MCP home-range estimate from this study (945.8 ha) was similar to the mean 

MCP home-range estimate of 4 previous home-range studies of the California spotted 

owl in the central Sierra Nevada ( x  = 900.3 ha; Laymon 1988, Call 1990 Call et al. 

1992, Zabel et al. 1992). Median estimates were smaller than previous studies (Figure 5; 

Laymon 1988, Call 1990 Call et al. 1992, Zabel et al. 1992).  I used information-theoretic 

approaches to choose the best home-range estimator and to evaluate which parameters 

most contributed to home-range size differences. The fixed- and adaptive-kernel density 

estimators were always the most parsimonious home-range estimators of those I 

investigated, likely due to the flexibility of nonparametric estimation in modeling 

complex patterns (Worton 1989).  It has been shown repeatedly that spotted owls select 

old growth or mature forests, particularly for nest and roost sites (Gutiérrez et al. 1995) 

and that home ranges with higher proportions of old growth or mature forests tend to be 

smaller (Forsman et al. 1984, Carey et al. 1990). I hypothesized that owls with the 

highest proportion of mature vegetation within their home range would have the smallest 

home range. This was not the case because the model representing this hypothesis (model 
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2) had little support (w = 0.006, ΔAICc = 9.36).  Home-range size variation was best 

explained by the number of patches per area in home ranges (heterogeneity); larger home 

ranges occurred in more heterogeneous areas. This suggested that owls using patchy 

habitats were required to use more area for foraging than owls inhabiting more 

homogenous areas.  Large, contiguous patches may provide more foraging opportunities 

in close proximity than smaller patches making it necessary for owls in heterogeneous 

habitats to use more area. The model containing the amount of core area also had some 

support from the data. This model suggested that increased amount of core area adjacent 

to roost sites was correlated with a larger home-range size. While the 2 competing 

models appear to be counterintuitive (i.e., large cores may be expected to be associated 

with more homogenous areas, thus their relationships to home-range size being inverse to 

each other), core area size was actually positively correlated with the relative degree of 

heterogeneity. Core areas were constructed by merging all patches (often many) of 

vegetation classes 4, 5, 6, and 7 adjacent to roost sites. Because I used relatively accurate 

maps (84%), with a small mmu (0.5 ha), the core areas generated were characterized by 

complex patterns with branching structure, which wove throughout large areas.  

Sometimes these areas extended beyond the kernel home-range estimates; these core 

areas were very different from the core area maps generated for PACs using USFS 

habitat maps. One possible explanation of why large core areas were associated with 

large home ranges is that owls used core areas as corridors to travel while foraging. 

Increased core areas would increase the corridor area, facilitating owl movement further 

from the roost site, thereby increasing the size of the home range.  It is also possible that 

mapping vegetation patches based on very small patch delineation may not reflect owls’ 
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perception of habitat connectivity of suitable habitat. For example, a vegetation patch that 

an owl finds suitable may have a large area of unsuitable habitat dividing it, except a 

small corridor of connectivity. The owl may not use this corridor, but if the corridor was 

>0.5 ha the divided vegetation patches were mapped as one patch, while they may 

represent 2 distinct patches to owls. 

 

Habitat Selection 

None of the selection ratios for any particular vegetation class was different from 1 given 

the 90% Bonferonni confidence intervals. Thus, I could not distinguish whether owls 

selected vegetation classes in proportion to their availability, or alternatively, that 

estimates of the selection ratios were not sufficiently precise to detect selection or 

avoidance for any particular vegetation classes. However, mature forests with >40% 

canopy cover (vegetation classes 6 and 7) had the highest selection ratios, while water, 

hardwoods, and areas with <40% canopy cover (vegetation classes 8, 1, and 2, 

respectively) had the lowest selection ratios, which was consistent with other studies of 

home-range habitat selection by the 3 subspecies of spotted owls (Gutiérrez et al. 1995). 

For foraging sites (third-order selection) mature forests with 40–70% canopy cover 

(vegetation class 6) had a high relative probability of selection in patches <10 ha. 

However, due to limited availability of patches of this vegetation class >30 ha, and its 

low mapping accuracy (50-83%) these results are inconclusive. Mature forests with 

>70% canopy cover (vegetation class 7) did not have a high relative probability of 

selection. Owls using this class foraged more closely to edges than random points, which 

was consistent with the findings by Franklin et al. (2000), who demonstrated that annual 
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survival and reproductive output were positively associated with the amount of edge 

between mature and old-growth forests and other vegetations classes. Pole-sized conifer 

forests (vegetation class 3) had the highest probability of selection in all patches >10 ha. 

While owls did show selection for this vegetation class for home-range habitat (second-

order selection; Table 6), the selection ratio was not as high as it was for medium to large 

sized conifer forests. The selection probability of hardwood forests (vegetation class 1) 

was also relatively high in large patch sizes. Laymon (1988) also reported that spotted 

owls in the central Sierra Nevada did not show high levels of preference for old-growth 

and mature timber classes for foraging locations.  He hypothesized 3 different 

mechanisms for his results: (1) owls were expanding the types of habitat used by foraging 

in younger forests as a result of low numbers of prey due to a cyclical pattern of prey 

levels; his study occurring during what he characterized as the bottom portion of the prey 

cycle, although he provided no data to support this speculation, (2) owls were adapting to 

the general lack of old-growth timber due to 140 years of timber harvest in the central 

Sierra Nevada, or (3) the diversity of habitat types in the central Sierra Nevada “freed” 

spotted owls from their dependence of old growth forests allowing them to forage in 

other habitat types.  The results of my study support an alternative hypothesis: California 

spotted owl selection of home ranges may be unrelated to foraging habitat selection and 

predominantly based on habitat characteristics that satisfy requirements other than 

foraging (e.g., distance to adequate nesting and roosting sites or thermoregulation). 

Spotted owl home ranges contained a higher proportion of old-growth and mature forests 

than was available in the study area.  However, when habitat use was analyzed at the 

foraging scale, these vegetation classes did not have a relatively high probability of 
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selection.  Owls may not require these vegetation classes for foraging, but because 

foraging sites are located in close proximity to areas having higher proportions of these 

vegetation classes relative to their availability, they may provide habitat characteristics 

that satisfy requirements other than foraging. Provided owls have suitable areas to meet 

these other requirements, they are able select areas within their home range that provide 

the best hunting opportunity (i.e., areas with high prey abundance and physical 

characteristics conducive to owl hunting maneuverability).  Pole-sized conifer forests 

may provide such opportunities in the central Sierra Nevada.   

I conducted my study during a year when owl reproduction failed and may not 

have been indicative of the habitat required by spotted owls when raising offspring 

because foraging area may change when there are dependent young. Further, the subset 

of habitat metrics I examined probably did not incorporate all habitat components 

important to spotted owl foraging (e.g., the structure of stands within which owls foraged 

relative to stands they did not forage in) and probably did not reflect habitat required to 

meet other life history needs. However, my results were an unbiased estimate of habitat 

use of central Sierra Nevada spotted owls during a poor reproduction year. Studies of 

selection patterns over time would be more likely to reveal their influence on owl fitness 

or population growth. 

 

MANAGEMENT IMPLICATIONS 

My study was intended to provide unbiased estimates of habitat use by the central Sierra 

Nevada California spotted owl population. Based on the my results, areas selected by 

California spotted owls in the central Sierra Nevada were areas with minimal 
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fragmentation, high proportions of mature forests and large areas of pole-sized coniferous 

forests. My results indicated that pole-sized coniferous forests have a higher selection 

probability than mature forests for foraging areas, and also the importance of large 

proportions of mature forests for home-range selection, and, thus, the importance of 

mature forests should not be undermined by these results (i.e., mature forests should not 

be converted to pole-sized forests). Folliard et al. (2000) reported that young forests that 

lacked patches of older trees did not support spotted owls on their study area.  

My home-range estimates were smaller than home-range estimates of spotted 

owls in the central Sierra Nevada previously reported in the literature, but represented the 

first attempt to use kernel estimators and an information-theoretic approach to select the 

most parsimonious home-range estimator in this area. Because mean MCP estimates from 

this study were similar to the mean MCP estimate from 5 studies, the smaller home 

ranges estimated using kernel density estimators and model selection to choose the most 

parsimonious home range estimator were likely due to the estimation technique, which 

may be more representative of true owl home-range sizes.  Management of California 

spotted owls in the central Sierra Nevada has relied on protecting the best (i.e., vegetation 

classes 4, 5, 6, and 7) 300 acres (121 ha) around known owl nest and roost sites (PACs; 

U.S. Forest Service 2004). My results indicated that reducing the fragmentation within 

these PACs would be beneficial to spotted owls because more homogeneous habitats may 

be representative of more suitable habitat. 
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Table 1. Descriptions of vegetation categories used to classify habitat in the central Sierra 

Nevada, California, June – October 2006. Vegetation classes were modified from the 

California Wildlife Habitat Relations system (Mayer and Laudenslayer 1988).   

 
Vegetation 

Classification Description 

1 Hardwood forest (>90% of forest area composed of hardwood forest) 
with ≥40% canopy cover 

2 <40% canopy cover, excluding water 

3 Pole-sized (15-28 cm DBH) forest 

4 Medium-sized (28-60 cm DBH) conifer forest with medium canopy 
closure (40-69%) 

5 Medium-sized (28-60 cm DBH) conifer forest with high canopy closure 
(≥70%) 

6 Mature-sized (>60 cm DBH) conifer forest with medium canopy closure 
(40-69%) 

7 Mature-sized (>60 cm DBH) conifer forest with high canopy closure 
(≥70%) 

8 Water 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table 2. Accuracy assessment of GIS-based land cover class map (classified data) 
developed for the central Sierra Nevada, California, June–October 2006, based on 
agreement between map and ground measurements (reference data) taken at 161 random 
locations across the region. See Table 1 for definitions of numbered habitat classes. 
 
     Reference Data 
 
  1 2 3 4 5 6 7 8 Row 

Total 
 1 8    1    9 
 2  28 1      29 
 3   9 1 1    11 

Classified 4  1  26 1 3   31 
Data 5  4 1 1 47 2 3  58 

 6      5 1  6 
 7    1 4  10  15 
 8        2 2 
 Column 

Total 
8 33 11 29 54 10 14 2 161 

 
 

Producer’s Accuracy User’s Accuracy   Overall Accuracy
1 = 8/8 = 100%  1 = 8/9 = 89%    135/161 = 84%  

      2 = 28/33 = 85%  2 = 28/29 = 97%   Kappa index* = 80% 
3 = 9/11 = 82%  3 = 9/11 = 82% 
4 = 26/29 = 90%  4 = 26/31 = 84% 
5 = 47/54 = 87%  5 = 47/58 = 81% 
6 = 5/10 = 50%  6 = 5/6 = 83% 
7 = 10/14 = 71%  7 = 10/15 = 67% 
8 = 2/2 = 100%  8 = 2/2 = 100% 
 

*Kappa Index adjusts the accuracy by incorporating the number of correct classifications 
that may have occurred by chance and was calculated with the equation (Foody 1992): 
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Table 3. Descriptions of habitat (vegetation and abiotic) metrics used to describe 
differences of home-range size and habitat selection of California spotted owls in the 
central Sierra Nevada, California, June–October 2006.  
 

Habitat Metrics Description 

Home Range:   

PROP Proportion of each vegetation classification relative to the home-range 
size of each owl 

PPA An index of relative patchiness of each owl's home range 

EDGEPA An index of the relative amount of edge in each owl's home range 

AVGELEV The average elevation of 1,000 random points within each owl's home 
range 

STDEVELEV 
The standard deviation of the elevation of 1,000 random points within 
each owl's home range; a standardized estimate of how variable the 
elevation is within each owl's home range 

AVGSLP The average slope of 1,000 random points within each owl's home range

CORE The total amount of area (in ha) of vegetation classifications 4, 5, 6, and 
7 immediately adjacent to the roost site 

Habitat Selection: 
AREA The area of the patch in which the sample point1 was located 

PERIM The perimeter of the patch in which the sample point was located 

VEGCLASS The vegetation classification of the patch in which the sample point was 
located 

ELEV The elevation at the sample point 

SLOPE The slope at the sample point 

ASPECT The aspect at the sample point 

DISTWATER The distance from the sample point to the nearest permanent water body 

DISTROAD The distance from the sample point to the nearest road. 
1 Sample point refers to both owl telemetry locations and random points. 
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Table 4. Breeding-season home-range sizes (ha) of adult radio-marked owls 
occupying 14 territories using 3 different home-range models in central Sierra 
Nevada, California, June–October 2006. Cross-validation criterion (CVC) selected 
displays the home-range size from the most parsimonious home-range model.  

HOME-RANGE 
SIZE (ha) 

OWL ID SEX TRACKING 
PERIOD 

NO. 
LOCATIONS MCP 

(100%) 
CVC 

selected 

BALDM F 19 Jun–4 Aug2 52 696.63 624.16f

CANYC M 19 Jun–22 Aug3 68 349.42 383.86a

DIXQM F 20 Jun–24 Oct 131 1648.4 898.94a

DOLLY F 22 Jun–30 Aug3 67 377.59 385.29f

ED028 F 13 Jun–25 Oct 87 397.55 182.21f

ED028 M 13 Jun–25 Oct 98 314.56 277.47f

ED121 F 26 Jun–7 Sep 89 851.38 1085.49a

ED124 F 14 Jun–10 Oct 113 881.02 555.91f

ED124 M 14 Jun–10 Aug2 41 131.95 274.53a

ED200 F 11 Jul–25 Oct 55 1992.34 1385.17f

ROBPK M 22 Jun–27 Oct 184 775.49 266.10f

SUGAR M 14 Jun–27 Oct 209 315.34 140.56f

BALDM4 M 8 Jun–4 Aug 48 345.33 435.19a

BALDM5 M 5 Aug–23 Oct 95 4164.59 873.39f

x   99.90 Days 96 945.83 554.87 
a Denotes most parsimonious home-range model for these owls was the Adaptive 
Kernel Density Estimator.   
f Denotes most parsimonious home-range model for these owls was the Fixed Kernel 
Density Estimator. 
Model candidates included: Exponential Power, 1 Mode Bivariate Normal, 2 Mode 
Bivariate Circle Mix, 2 Mode Bivariate Normal Mix, Fixed Kernel, and Adaptive 
Kernel. Top models were always either Adaptive Kernel or Fixed Kernel estimators.  
2 Denotes date of last observation due to lost or dead bird. 
3Denotes date of last observation due to initiation of treatment (forest harvest) within 
owl territories. 
4 Data from pre- 5 Aug 2006 (date of the death of presumed mate). 
5 Data from post- 5 Aug 2006. 
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Table 5. Model suite of habitat characteristics associated with spotted owl foraging areas of 
California spotted owls in the central Sierra Nevada, California, June–October 2006. 
Model 

No. 
Model -2log(£) K ΔAICc Akaike 

weight (w) 

5 PPA 193.06 3 0 0.615 
4 CORE 195.62 3 2.56 0.171 
12 AVGELEV + EDGE + AVGELEV*EDGE 188.04 5 4.09 0.08 
8 SEX + PAIR 194.41 4 5.4 0.041 
10 STDEVELEV 199.27 3 6.22 0.027 
11 AVGSLOPE 200.23 3 7.18 0.017 
6 SEX 200.56 3 7.51 0.014 
1 NULL 204.26 2 7.9 0.012 
7 PAIR 201.12 3 8.06 0.011 
2 PROP(6+7) 202.41 3 9.36 0.006 
3 PROP(4+5+6+7) 203.33 3 10.27 0.004 
9 AVGELEV 204.15 3 11.09 0.002 
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Table 6. Estimated Manly Selection Ratios for different habitats used by individual 
California spotted owls in the central Sierra Nevada, CA, June–October 2006. Table 
modified from Manly et al. (2002:69).  
           

 Veg. Class 1 2 3 4 5 6 7 8  
Available 
Sample 

(Proportion) 
 0.08 0.28 0.04 0.10 0.44 0.01 0.03 0.02

 
BALDM F 0.00 0.09 0.10 0.13 0.62 0.00 0.06 0.00  
CANYC M 0.01 0.20 0.11 0.26 0.37 0.00 0.06 0.00  
DIXQM F 0.23 0.40 0.02 0.09 0.18 0.05 0.03 0.00  
DOLLY F 0.00 0.03 0.03 0.19 0.22 0.07 0.46 0.00  
ED028 F 0.00 0.10 0.16 0.12 0.52 0.02 0.09 0.00  
ED028 M 0.00 0.11 0.16 0.23 0.31 0.01 0.18 0.00  
ED121 F 0.00 0.10 0.03 0.20 0.58 0.03 0.06 0.00  
ED124 F 0.00 0.09 0.11 0.27 0.39 0.01 0.14 0.00  
ED124 M 0.00 0.07 0.10 0.33 0.27 0.02 0.22 0.00  
ED200F 0.00 0.03 0.00 0.11 0.74 0.00 0.13 0.00  

ROBPK M 0.00 0.15 0.18 0.45 0.19 0.03 0.01 0.00  
SUGAR M 0.21 0.02 0.14 0.08 0.17 0.04 0.33 0.00  
BALDM M1 0.00 0.10 0.10 0.10 0.61 0.00 0.10 0.00  

Used Sample 
(Owl ID, Sex 

[M/F], 
Proportion) 

BALDM M2 0.05 0.09 0.06 0.30 0.46 0.00 0.03 0.00  
Selection Ratio wi' 0.44 0.42 1.71 1.98 1.06 2.98 3.68 0.00  

SE se(wi') 1.51 0.67 8.80 6.10 1.20 40.12 21.28 0.01  

IC Lower3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  Bonferroni 
Confidence 

limit IC Upper 4.21 2.10 23.70 17.21 4.05 103.19 56.82 0.04  
           

1 Data collected prior to 5 Aug 2006 (date of the death of presumed mate). 
2 Data collected after 5 Aug 2006. 
3 Negative lower confidence limits have been set to zero.  
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Table 7. Model selection results for California spotted owl habitat selection in the central Sierra Nevada, California, June–
October 2006.   
Model 

No.  
Model -2log(£) K ΔAIC Akaike 

weight (w) 

16 VEGTYPE + PATCHSIZE + VEGTYPE * PATCHSIZE 177.32 12 0 1 
11 ELEV + PATCHSIZE + ELEV * PATCHSIZE 196.16 12 18.84 0 

14 
VEGTYPE + PATCHSIZE + DISTROAD + DISTWATER + ELEV  + 
SLOPE + ASPECT 203.46 10 22.13 0 

13 VEGTYPE + PATCHSIZE + DISTROAD + DISTWATER + ELEV 231.24 7 43.92 0 
15 VEGTYPE + PATCHSIZE 272.56 4 79.23 0 
6 PATCHSIZE 281.19 2 83.87 0 
12 VEGTYPE + ASPECT + VEGTYPE * ASPECT 285.46 5 94.14 0 
8 DISTWATER+ ELEV + DISTWATER * ELEV 296.37 5 105.05 0 
7 DISTWATER 328.4 4 135.08 0 
2 VEGTYPE 321.09 12 143.77 0 
4 TREESIZE 337.52 4 144.2 0 
5 CANOPY 338.05 6 148.72 0 
1 NULL 349.31 2 151.98 0 
3 POTENTIAL 350.01 2 152.68 0 
9 DISTROAD 353.59 2 156.27 0 
10 DISTROAD + ELEV + DISTROAD * ELEV 356.51 1 157.18 0 
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Table 8. Parameter estimates and standard errors from the top model (model 16, Table 7) 
used in the resource selection function of adult California spotted owls in the central 
Sierra Nevada, California, June–October 2006. 
RSF = wi = exp(β1vegi + β2vegi * patch size [in ha]) 
 

Parameter Estimate Std. Error 

β1veg1 -2.73 0.80 
β1veg2 -1.13 0.48 
β1veg3 -0.95 0.77 
β1veg4 -1.05 1.10 
β1veg5 -0.14 0.56 
β1veg6 1.74 0.05 
β1veg7 -0.09 0.53 

β2veg1 0.05 0.00 
β2veg2 -0.04 0.01 
β2veg3 0.06 0.09 
β2veg4  -0.03 0.03 
β2veg5  -0.03 0.03 
β2veg6 -1.55 0.01 
β2veg7  -0.17 0.06 

 
 
 
 
 
 
 
 
 
 



 

 
Figure 1. Location of 3,188 km2 central Sierra Nevada California spotted owl study area. 
The study area was defined by the boundaries of the Foresthill, Georgetown, Pacific, and 
Placerville Ranger Districts located in the Tahoe and Eldorado National Forests.    
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Figure 2. A comparison of home-range size estimates using 3 different home-range 
models of California spotted owls in the central Sierra Nevada, California, June–October, 
2006. Individual owls are connected by line segments among the 3 estimators. The cross-
validation criterion (CVC)-selected model is displayed to show sizes of home ranges 
from the most parsimonious home-range model. Smoothing parameter for fixed and 
adaptive kernel models was the Likelihood Cross-Validation (CVh) smoothing 
parameter.   
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Figure 3. California spotted owl home-range sizes (y-axis) as a function (TOT_HR = 
55.17 * PPA – 86.12) of the relative patchiness of the home-range (x-axis) of 14 home 
ranges of owls in the central Sierra Nevada, CA, June–October, 2006. Patches per area 
was estimated by dividing the number of different vegetation patches by the home-range 
size for each owl.  The 95% confidence intervals for β0 and β1 did not overlap zero.  
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Figure 4. The resource selection function (RSF) for adult California spotted owls in central Sierra Nevada, California, 
June-October 2006. The RSF was estimated using the exponential function of the most parsimonious logistic 
regression model from Table 7: RSF = wi = exp(β1vegi + β2vegi * Patch Size); parameter estimates β1vegi and β2vegi 
are given in Table 8 and descriptions of Vegetation Classes are given in Table 1. The relative probability of a 
vegetation patch being selected is represented on the y-axis and is scaled equally for the 7 plots; the vegetation patch 
size (ha) is represented on the x-axis.   



 

 
Figure 5. Boxplots (median, interquartile range, and outliers) of 100% minimum convex 
polygon (MCP) breeding-season home-range size comparisons of 5 different California 
spotted owl studies conducted from 1982–2006 in the Sierra Nevada, California.  
A = Laymon 1988 (n = 12, median = 1004.5, x  = 856.3  SD of x  = 535.4 );  
B = Call et al. 1992 (n = 5, median = 1439.0, x  = 1519.6, SD of x  = 472.4);  
C1 = Zabel et al. 1992 (n = 24, x = 727.8, SD of x  = 318.6);  
D = Call 1990 (n = 7, median = 1070.0, x  = 1019.7, SD = 561.7 );  
E = This Study (n = 14, median = 547.1, x  = 945.8, SD of x  = 1068.9).  
x  and SD of x  among all studies = 900.3, 651.6, respectively.   

 
1 Data for individual owls not reported for this study and the distribution was simulated 
using the reported x and SD values from a normal distribution in Program R. Data from 
“S-CON” study site (Zabel et al. 1992).  
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