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Abstract

We examined the role of scale and sex in habitat selection by radiocollared Alaskan 

moose (Alces alces gigas) on the Yakutat forelands, Alaska, USA. We used conditional 

logistic regression to quantify differences in habitats selected between sexes and seasons 

at 3 different spatial scales (250, 500, and 1000 m), and multi-response permutation 

procedure (MRPP) to test for differences in spatial distribution between the sexes. Sexes 

selected for habitats similarly during the mating season, when sexes generally were 

aggregated, whereas sexes exhibited differential habitat selection during the non-mating 

season when sexes were segregated. Both sexes selected habitats at the 1000 m scale; 

models limited to 2 variables, however, demonstrated differences in scales selected by the 

sexes. There was a significant difference between male and female spatial distribution 

during all months (MRPP; P <0.0001), and distances between individuals were higher in 

females than in males, particularly during spring. We also developed a sightability model 

for moose with logistic regression, and used Distance Sampling to develop sightability 

correction factors (SCFs). Application of the sightability model and Distance Sampling

to a sample data set of 600 moose yielded population estimates of 652-1124 (x = 755)

and 858-1062 (x  = 954) moose, respectively.
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Introduction

Sexual segregation for large herbivores has been defined as the differential use of 

space (and often habitat or forage) by the sexes outside the mating season (Barboza and 

Bowyer 2000; Bleich et al. 1997; Bowyer 1984; Kie and Bowyer 1999; McCullough et 

al. 1989). Widespread occurrence of sexual segregation has been documented among 

polygynous ruminants, including mountain sheep (Ovis canadensis nelsoni—Bleich et al.

1997) Dali’s sheep (O. dalli dalli—Corti and Shackleton 2002) mule deer (Odocoileus 

hemionus—Bowyer 1984; Bowyer and Kie 2004; Main and Coblentz 1996), elk and red 

deer (Cervus elaphus—Clutton-Brock et al. 1987; Conradt 1999; McCorquodale 2003), 

white-tailed deer (O. virginianus—Kie and Bowyer 1999; McCullough et al. 1989) and 

moose (Miquelle et al. 1992, Bowyer et al. 2001). Determining whether the sexes 

segregate is scale sensitive (Bowyer et al. 1996, 2002), and measuring at an inappropriate 

spatial scale may fail to detect segregation (Kie and Bowyer 1999).

Bowyer (2004) proposed 2 primary hypotheses, based on strong evolutionary 

foundations, to explain sexual segregation in ruminants: acquisition of resources as 

modified by allometric and life-history differences between sexes (i.e. the gastrocentric 

model), and predation risk. The gastrocentric hypothesis, as proposed by Barboza and 

Bowyer (2000, 2001), incorporates both allometric differences between sexes and annual 

changes in the physiology and morphology of ruminants on the basis of their life-history 

characteristics to explain periods of segregation and aggregation. This hypothesis predicts 

that larger males consume large quantities of high-fiber forage because their larger 

ruminal capacity prolongs retention and permits more complete digestion of fiber for
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energy than in nonpregnant females. Smaller-bodied females are better adapted to 

postruminal digestion of lower quantities of high-quality low-fiber forage to 

accommodate the energy and protein necessary for reproduction. This hypothesis, 

therefore, predicts differences in forage consumption between the sexes, not necessarily 

habitat use, which can explain instances where sexes do not select habitats differentially 

(Bowyer 1984, 1986; Conradt 1999). Risk of predation also may play a role in different 

life-history strategies of sexes (Bleich et al. 1997; Bowyer 2004; Corti and Shackleton 

2002).

Although reasons for sexual segregation require further clarification, there is little 

doubt that this behavior will affect the distribution of sexes on the landscape and have 

considerable implications for conservation and management. For example, habitat 

manipulation could benefit one sex to the potential detriment to the other (Bowyer et al. 

2001; Stewart et al. 2003). Furthermore, segregation by sex and age may result in biased 

composition and population estimates because of the discrete spatial distributions of these 

groups, and because some sex and age classes may be more difficult to observe and 

categorize than others (Bowyer et al. 2002; Peek et al. 1974; Thompson and Veukelich 

1981; Timmerman 1993). Clearly, documentation of the occurrence of sexual 

segregation, and an understanding of differential habitat use and selection between sexes, 

are important considerations for the proper management of populations and their habitats 

(Bowyer 2004).

Precise and accurate information on population size is critical to managing moose 

(Alces alces) populations. Many factors affect the accuracy and precision of aerial counts

2



of wildlife, and specifically moose (Alces alces). Accounting for missed animals is a 

major problem in counting moose especially in forested habitats, and incorporation of a 

sightability correction factor (SCF) to account for proportion of animals missed can 

improve the accuracy of population estimates. Furthermore, segregation by sex and age 

may result in different detectabilities and thus biased composition and population 

estimates, (Bowyer 2004). This occurs because the spatial distribution or habitat use of 

specific sex and age classes may make them more difficult to observe and categorize than 

others (Peek et al. 1974, Thompson and Veukelich 1981, Timmerman 1993, Bowyer et 

al. 2002); additionally, these distributions vary in space and time (Miquelle et al. 1992).

Sightability models, based on empirical trials of radiocollared animals, can relate 

the probability of sighting an animal, or group of animals, to attributes such as group size, 

habitat type, and activity, and sex (Steinhorst and Samuel 1989, Anderson and Lindzey 

1996, Drummer and Aho 1998). Logistic regression can then be used to determine which 

variables significantly affect the sightability of moose. Distance Sampling is another 

established method to obtain estimates of detectability which has been recognized and 

developed for over thirty years (Eberhardt 1967, Sen et al. 1974, Anderson et al. 1979, 

Hayes and Buckland 1983, Burnham and Anderson 1984). This method usually is based 

on line transects that require the measurement of the distance between target animals and 

the survey transect. The distribution of the distances measured is compared to a series of 

mathematical models to extrapolate the density of animals, based on the assumption that 

the probability of detection of an animal typically decreases with increasing distance 

from the transect (Buckland et al. 2001).



In chapter 1, we examined the role of scale and sex in habitat selection by Alaskan 

moose (A. a. gigas). We used conditional logistic regression, which conditions out the 

intercept parameter, with covariates for stream density, edge density, elevation, forest 

cover, and aspect to quantify differences in habitats selected between sexes and seasons 

at 3 different spatial scales (circles with radii of 250, 500, and 1000 m). In chapter 2, we 

studied factors involving sightability of moose to improve population estimates from 

aerial surveys. We developed a sightability model with logistic regression to determine 

factors affecting our ability to detect moose during aerial surveys. Additionally, we used 

the data collected for our sightability model to test whether opportunistic aerial survey 

data could be used in program Distance (Thomas et al. 2003) to develop a detectability 

function and to compare results obtained from these independent methods. These models 

will help in determining the probability of detecting a moose across a heterogeneous 

landscape for more accurate and precise population estimates, and, when combined with 

information on habitat selection and sexual segregation, will allow for more knowledge- 

based and effective management decisions regarding this population.
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Chapter 1. Sex and Scale: Implications for Habitat Selection in Moose1 

Abstract

Quantification of habitat selection and sexual segregation is critical to the management of 

moose (.Alces alces) populations and their habitats. We examined the role of spatial scale 

and sex in habitat selection by Alaskan moose (A. a. gigas). We captured and 

radiocollared 11 female and 7 male adult moose in the Tongass National Forest, Alaska, 

USA. All captured females tested positive for pregnancy-specific Protein (PSPB). We 

used multi-response permutation procedures (MRPP) to test for differences in spatial 

distribution between the sexes. We used conditional logistic regression with covariates 

for stream density, edge density, elevation, forest cover, and aspect to quantify 

differences in habitats selected between sexes and seasons at 3 different spatial scales 

(circular buffers with radii of 250, 500, and 1000 m). We then compared the best models 

from each scale for each season, as indicated by AICc weights, and calculated AICc 

weights for comparisons among the 3 scales. The MRPP analyses indicated that there 

was a significant difference between male and female spatial distribution during all 

months and for both response variables (distance to coast, latitude and longitude; P 

<0.0001), and that distances between individuals were higher in females than in males 

during all months, particularly during May and June. We demonstrated that sexes 

selected for habitats similarly during the mating season (rut), when sexes generally were

1 Prepared for submission to Journal of Wildlife Management as Oehlers, S. A., R. T. 
Bowyer, F. Huettmann, D.K. Person and W.B. Kessler. Sex and scale: Implications for 
habitat selection in moose.
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aggregated, whereas sexes exhibited differential habitat selection during spring, summer 

and winter when sexes were segregated. Strength and direction of variables selected by 

females was similar among various spatial scales; during autumn, however, females 

selected for a lower percentage of forested cover only at the 250 m and 500 m scales and 

high stream density only at the 1000 m scale. Strength and direction of variables selected 

by males were similar among scales during autumn; however, males selected for high 

edge density only at the 250 m scale during spring and at the 500 m scale during summer, 

and a low percentage of forested cover only at the 250 m and 500 m scales during winter. 

Habitat selection by both sexes was best explained at the 1000 m scale. Additionally, 

seasonal and annual 95% fixed-kernel home-range size did not differ between sexes. 

Mean ± SD annual home range was 76.4 ± 39.9 km2 for adult females and 124.2 ± 48.5 

km2 for adult males. When models were limited to the 2 most explanatory habitat 

variables, however, there were differences in scales selected by the sexes. Our results 

add to the body of knowledge regarding differential habitat use and spatial separation of 

sexes of moose outside the mating season, further supporting the occurrence of sexual 

segregation. Differences in habitat selection among scales emphasize the importance of 

sampling at the appropriate or multiple scales for managing moose accordingly.

Key words: Alaska, Alces alces gigas, behavior, conditional logistic regression, GIS 

habitat selection, landscape, moose, scale, sexual segregation
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Introduction

Sexual segregation for large herbivores has been defined as the differential use of 

space (and often habitat or forage) by the sexes outside the mating season (Barboza and 

Bowyer 2000; Bleich et al. 1997; Bowyer 1984; Kie and Bowyer 1999; McCullough et 

al. 1989, and many others). Widespread occurrence of sexual segregation has been 

documented among many polygynous ruminants, including mountain sheep (Ovis 

canadensis nelsoni—Bleich et al. 1997) Dali’s sheep (O. dalli dalli—Corti and Shackleton 

2002) mule deer (Odocoileus hemionus—Bowyer 1984; Bowyer and Kie 2004; Main and 

Coblentz 1996), elk and red deer (Cervus elaphus—Clutton-Brock et al. 1987; Conradt 

1999; McCorquodale 2003), white-tailed deer ((). virginianus—Kie and Bowyer 1999; 

McCullough et al. 1989) and moose {Alces alces—Miquelle et al. 1992, Bowyer et al. 

2001, Miller and Litvaitis 1992). Alaskan moose are highly sexually dimorphic in body 

size (Spaeth et al. 2001), and sexes select habitats and forage differently (Bowyer et al. 

2001; Miquelle et al. 1992; Spaeth et al. 2004); indeed, they remain spatially separated 

for much of the year (Miquelle et al. 1992). Bowyer (2004) proposed 2 primary 

hypotheses, based on strong subjective evolutionary foundations, to explain sexual 

segregation in ruminants: acquisition of resources as modified by allometric and 

life-history differences between sexes (i.e. the gastrocentric model), and predation risk. 

The gastrocentric hypothesis, as proposed by Barboza and Bowyer (2000, 2001), 

incorporates both allometric differences between sexes and annual changes in the 

physiology and morphology of ruminants on the basis of their life-history characteristics 

to explain periods of segregation and aggregation. This hypothesis predicts that larger
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males consume large quantities of low-quality high-fiber forage because their larger 

ruminal capacity prolongs retention and permits more complete digestion of fiber for 

energy than in nonpregnant females. Smaller-bodied females are better adapted to 

postruminal digestion of lower quantities of higher-quality forage to accommodate the 

energy and protein necessary for reproduction. This hypothesis, therefore, predicts 

differences in forage consumption between the sexes, but not necessarily habitat use, 

which can explain instances where sexes do not select habitats differentially (Bowyer 

1984, 1986; Conradt 1999).

Risk of predation also may play a role in different life-history strategies of sexes 

(Bleich et al. 1997; Bowyer 2004; Corti and Shackleton 2002). Risk of predation has 

been shown to influence the feeding behavior of moose (Berger 1999; Berger et al. 2001a 

and 2001b; Edwards 1983; White et al. 2001). Calves are highly susceptible to predation, 

and Molvar and Bowyer (1994) observed that females with young were especially 

sensitive to risk of predation and altered their feeding behavior more than other sex and 

age classes of moose.

Females, particularly those with young, may trade off a high-quality diet for 

security from predators during periods of sexual segregation. For example, Bleich et al. 

(1997) demonstrated that female mountain sheep inhabited mountain ranges with lower 

quality of forage and fewer predators than areas occupied by males. Trade-offs by 

female ruminants also have been documented in caribou (Rangifer tarandus—Barten et 

al. 2001), bighorn sheep (Berger 1991; Festa-Bianchet 1988), Dali’s sheep (Corti and
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Shackleton 2002; Rachlow and Bowyer 1998), moose (Edwards 1983) and white-tailed 

deer (Kie and Bowyer 1999).

More information regarding whether females are trading off forage against 

predation risk (Bowyer et al. 1998, 1999) will be necessary to clarify the causes of sexual 

segregation (Bowyer 2004). These 2 primary hypotheses (physiological differences and 

predation risk), as proposed by Bowyer (2004), could interact to produce a variety of 

outcomes with respect to differences in forage selection by the sexes in different 

environments. Their proper interpretation requires a clearer understanding of how 

predation risk and nutritional needs of sexes lead to their niche separation (Bowyer

2004).

Although reasons for sexual segregation require further clarification, there is little 

doubt that this behavior will affect the distribution of sexes on the landscape and have 

considerable implications for conservation and management. For example, habitat 

manipulation could benefit one sex to the potential detriment to the other (Bowyer et al. 

2001; Stewart et al. 2003). Indeed, several authors have suggested that the degree of 

sexual segregation in ruminants is sufficiently pronounced that the sexes should be 

managed as if they were separate species (Bowyer 2004; Bowyer et al. 2001; Clutton- 

Brock et al. 1987; Kie and Bowyer 1999; Stewart et al. 2003). Furthermore, segregation 

by sex and age may result in biased composition and population estimates because of 

their discrete spatial distributions, and because some sex and age classes may be more 

difficult to observe and categorize than others (Bowyer et al. 2002; Peek et al. 1974; 

Thompson and Veukelich 1981; Timmerman 1993). Clearly, documentation of the



occurrence of sexual segregation, and an understanding of differential habitat use and 

selection between sexes, are important considerations for the proper management of 

populations and their habitats (Bowyer 2004), as legally mandated.

Many aspects of ecology are thought to be scale-dependent (Dale and Maclsaac 

1989; Gardner 1998; Levin and Pacala 1997; Schneider 1994). Spatial scale has become 

increasingly emphasized in studies of large mammals and elsewhere over the past decade 

(Bowyer and Kie 2006; Huettmann and Diamond 2006). In particular, habitat selection 

has been repeatedly shown to be scale sensitive for large mammals. Several studies have 

provided evidence of selection by moose at 1 scale while failing to show selection at 

another, or differential selection between scales (Bowyer et al. 1999; Maier et al. 2005).

A hierarchical approach to analysis of scale also has been applied to other ungulates 

(Apps 2001; Boyce et al. 2003; Johnson et al 2001, 2004; Rachlow and Bowyer 1998, 

and many others). The sampling at a single, inappropriate scale appears to fail to fully 

document habitat selection.

Determining whether the sexes segregate is scale sensitive (Bowyer et al. 1996, 

2002), and measuring at an inappropriate scale may fail to detect segregation (Kie and 

Bowyer 1999). Sexual segregation has been detected across a range of scales for 

different species (Bleich et al. 1997; McCullough et al. 1989); less attention has been 

paid, however, to the effects of scale on sexual segregation, or whether the sexes might 

select habitat at different scales. Indeed, effects of scale on how sexes make trade-offs 

between predation risk and habitats with essential forages are largely unknown. 

McCorquodale (2003) reported selection for cover types by male elk at both the patch



and home-range scale, but only at the scale of the patch for females during summer and 

autumn; males selected for cover types only at the patch scale and females at the scale of 

the home range during winter. Similarly, Farmer et al. (2006) observed that fine-scale 

habitat features were the most important habitat variables affecting risk of mortality for 

male Sitka black-tailed deer (O. h. sitkensis), whereas large scale habitat features were 

more important for females and young.

Clearly, scale needs to be considered in assessing sexual segregation. Determining 

the appropriate scale or scales of measurement, however, is difficult. Bowyer and Kie 

(2006) recommended linking scale to life-history traits of interest and sampling at 

multiple scales. Manly et al. (2002) also suggested considering biology of the study 

animal to determine scale of habitat analysis. Wiens (1989) and Levin (1992) argued the 

need to sample at the scale of interest, as well as one scale above for context and one 

scale below to reveal potential mechanisms. Bowyer et al. (1996) offered a method for 

selecting the most appropriate scale for assessing sexual segregation, but the result likely 

would be unique to the species and study area (Bowyer 2004).

Based on the knowledge above, we hypothesized that adult male and female moose 

would be spatially separated outside of the mating season because of differential 

physiological requirements and life-history strategies. Furthermore, we expected that 

habitat selection would be similar between sexes during times of sexual aggregation (i.e., 

the mating season), but dissimilar and at different scales during periods of sexual 

segregation (i.e., outside of the mating season). Finally, we expected that the magnitude 

or direction of selection would vary between scales. Consequently, we examined



whether habitat selection remained consistent across all relevant scales for sexes of 

moose.

We expected differential habitat selection by sex to be most pronounced during 

spring and summer, when the young are most vulnerable to predation (Ballard et al. 1991; 

Bowyer et al. 1998; Gasaway et al. 1983; MacCracken et al. 1997; Testa 2004). During 

periods of segregation, we predicted that females would select for a higher percentage of 

forested habitat than males to reduce predation risk (Bowyer et al. 2001), thus 

compromising their ability to select high-quality forage in the nonforested areas. 

Additionally, females should select for higher edge density than males to allow for 

foraging in the open habitat but with proximity to forested escape cover to reduce 

predation risk (Edwards 1983; Molvar and Bowyer 1994). Finally, we expected females 

to select for higher stream densities than males during spring and summer because of the 

need to meet the increased demands of lactation (Bowyer 1984).

Materials and Methods 

Study site

To test our hypotheses, we conducted research on the Yakutat Foreland of the 

Tongass National Forest, located along the southeast coastline of Alaska, USA, which 

occurs at an elevation of ca. 20 m (Fig. 1). Glacier Bay National Park is located to the 

south and Wrangell-Saint Elias National Park to the north. The study area includes about 

80 km of coastline extending from Yakutat Bay to Dry Bay. Distances between the coast 

and mountain ranges vary from 8 to 24 km. There are several large rivers (both glacial
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and nonglacial), including the Situk, Lost, Ahmklin, Dangerous, Tanis, and Ustay rivers, 

as well as numerous smaller streams distributed throughout the study area, and the Alsek 

River borders the southeastern edge of the study area. Our study area encompassed most 

of the forelands (1,280 km2).

The Yakutat foreland is a temperate coastal rainforest. Cloudy, cool, and wet 

conditions occur year-round. Mean annual temperature was 4.14° C and average total 

precipitation was 381 cm (combined snow and rain) from 1971 to 2000 (National 

Oceanic and Atmospheric Administration 2005). Mean temperature during this time 

period was -3.4° C during January (the coldest month) and 12° C during July (the 

warmest month). The average total snowfall for the 2 winters during our study was 218 

cm; average daily snow depth was 2.2 cm in winter 2002-2003 and 17.1 cm during winter 

2003-2004. Maximum snow depth in winter 2002-2003 and 2003-2004 was 23.1 and

40.6 cm, respectively. Snowfall was absent during autumn 2002, and average daily snow 

depth decreased from 7.0 cm in autumn 2003 to 1.6 cm in autumn 2004. Average daily 

precipitation decreased from spring (0.71 cm) and summer (0.9 cm) 2003 to spring (0.23 

cm) and summer (0.37 cm) 2004.

Most of the foreland is of low relief; the next highest points in elevation are near the 

mountains on glacial moraines of about 60 m (Shepherd 1995). Consequently, most of 

the forelands are classified as flat aspect. The Yakutat foreland is a mosaic of wetlands, 

shrublands, and forests (Shepherd 1995). Forested areas are dominated by Sitka spruce 

(.Picea sitchensis), and a small percentage of the upper canopy is composed of black 

cottonwood (Populus trichocarpa). Nonforested wetlands and shrublands are composed



of graminoids, forbs, and shrubs including several species of tall and low willows (Salix 

spp.), and Sitka alder (Alnus sinuata). Nonforested areas dominate the coastal area on 

the western one-half of the study area, with patches of spruce trees dispersed on the 

heaths and adjacent to some riparian zones. Contiguous forested stands, including a 

small percentage of western hemlock (Tsuga heterophylla), predominate in the 

northwestern and eastern half of the study area. Plant nomenclature follows Viereck et 

al. (1992). Human disturbance and habitat manipulation on this landscape has been low; 

in these regards, the forelands remain a relatively intact ecosystem.

Moose began populating the forelands in the Dry Bay area near the Alsek River in 

the late 1920s and gradually expanded their range westward (Barten 2004). Klein (1965) 

suggested that moose immigrated to this area along the Alsek River corridor following 

glacial recession. Recent genetic analyses indicate that southeastern Alaska contains 2 

subspecies of moose; the Alaskan moose (A. a. gigas) and the northwestern Canada 

moose (A. a. andersoni', Hundertmark et al. 2006). Moose populations in the northern 

part of the Alaska panhandle undoubtedly represent a transition zone between those 

subspecies; Hundertmark et al. (2006) contended, however, that moose north of 58° 45'N 

Latitude, which includes Yakutat, should be classified as A. a. gigas based on the 

common lineage that they share with moose populations to the north.

The most recent surveys by Alaska Department of Fish and Game in 2002 estimated 

0.5 moose/km2 and composition of 19 adult males: 100 adult females, and 14 young: 100 

adult females (N. L. Barten, in litt). Sitka black-tailed deer inhabit some of the islands 

off the coast, and a few occur on the mainland, predominantly near the coast. Natural



predators of moose on the study area include brown bears (Ursus arctos), black bears (U. 

americanus), coyotes (Canis latrans) and wolves (C. lupus). Densities of brown bears 

are high, about 0.29 bears/km2 (N. L. Barten, in litt). Moose have become an important 

part of the local subsistence economy (Mills and Firman 1986, Schmidt et al. 2007). 

Capture and handling

To obtain information on habitat use, animals were captured and radiocollared in 

November 2002 (12 females and 1 male), March 2003 (4 females and 4 males) and 

December 2003 (2 males). Moose were darted from a helicopter by certified Alaska 

Department of Fish and Game personnel with Palmer CAP-CHUR equipment and the 

immobilizing drugs carfentanil and xylazine (Roffe et al. 2001). Dosage ranged from 

3.0—5.0 mg of carfentanil and 100— 130 mg of xylazine depending on time of year, sex, 

and animal condition. All capture and handling methods followed guidelines established 

by the American Society of Mammalogists Animal Care and Use Committee (1998) and 

were approved by the Institutional Animal Care and Use committees at the University of 

Alaska Fairbanks and the Alaska Department of Fish and Game. Handling time was kept 

to a minimum (under 45 min when possible). The reversal drugs naltrexone and 

tolazoline were administered; dosages ranged from 350— 1300 mg of naltrexone and 

400—800 mg of tolazoline. We monitored moose for 1 month postcapture by aerial 

survey to assess any capture-related mortality. Adult females were recaptured as often as 

possible in subsequent capture sessions for pregnancy testing and body-fat measurements 

as part of additional concurrent studies. Three females from our analyses died or lost a



telemetry signal shortly after capture, and 2 females established home ranges that 

extended beyond our geographical information system (GIS) coverage.

Data collection

Blood samples were drawn from the jugular vein of each animal and serum 

analyzed (Bio Tracking, Moscow, Idaho) for pregnancy-specific protein B (PSPB; Haung 

et al. 2000). We used a threshold value of 365 ng/mL PSPB in serum so that moose with 

<365 ng/mL were categorized as bearing a single fetus, whereas females with > 365 

ng/mL were categorized as bearing twins (Haung et al. 2000). The accuracy rate for 

detection of fetal numbers using these values was reported by Haung et al. (2000) as 

90.5%. Because different age classes of moose may use space differentially (Cederlund 

and Sand 1994), a lower incisor was removed for age determination from cementum 

annuli (Gasaway et al. 1978). Matson Laboratory (Milltown, Montana, USA) processed 

teeth for age determination. Animals were fitted with GPS radiocollars (Mod 4000, 

Lotek Wireless, Ontario, Canada) scheduled to record locations at 0300, 0900, 1500, and 

2100 h (Alaska Standard time) each day. We downloaded GPS data remotely and 

without any detectable data loss from fixed-wing aircraft (Cessna 206 or 185) 

approximately once every 2 months, and when collars were recovered from the field. 

Landscape classification

A GIS (Geographic Information System) is commonly used for analyzing wildlife- 

habitat relationships (Erickson et al. 1998; Manly et al. 2002; O’Neil et al. 2005). 

Interpretation of remotely sensed data can introduce error (Janssen and Van Der Wei 

1994), including error in thematic classification as well as location error (O’Neil et al.



2005) and confidence measures, all of which may affect results of wildlife-habitat 

studies. Map accuracy (O’Neil et al. 2005) and resolution level (Trani 2002) must be 

considered relative to the scale at which habitat use is being analyzed (McDonald et al.

2005).

To classify existing habitat with the least error possible, we aggregated an existing 

U.S Forest Service GIS coverage (U.S. Forest Service unpublished data; 1997 Existing 

Veg.) into a dichotomous classification of forested vs. nonforested 50 m grid cells using 

ArcGIS 9.1 (Environmental Systems Research Institute, Redlands, California). A finer 

classification existed but was not accurate for our purposes. We used 211 GPS points 

from a related study visually classified into the same categories for an accuracy 

assessment, which was estimated at a minimum of 66%. Following Farmer et al. (2006) 

and Molvar and Bowyer (1994), we considered the nonforested areas to represent zones 

of greater forage quality (i.e., willow (Salix) shrub species) and higher predation risk, and 

the forested areas to represent low forage quality and lower predation risk .

All GIS layers were provided by the U.S. Forest Service. Minimum mapping units 

(raster cell resolution) were set to 50 m, which was consistent with our lowest-resolution 

GIS layers. We measured habitat characteristics based on terrain, geography, and a suite 

of landscape metrics in circles with radii of 250, 500, and 1000 m from each 50 m grid 

cell (Kie et al. 2002; Table 1). We classified aspect into 9 categories, using south as the 

reference direction because moose have been shown to select southerly aspects (Telfer 

1967).



We measured landscape and class variables at the 3 different spatial scales using the 

raster version of FRAGSTATS 3.1 (McGarigal and Marks 1995). We calculated 

landscape metrics for patch size, patch-size coefficient of variation, edge density, edge 

contrast index, shape index, fractal dimension, proximity, diversity, and contagion. 

Because we only had 2 vegetation classes, nearly all of these metrics were highly 

correlated ( | r> | 0.7), and, consequently, some could not be included in the statistical 

analyses. Additionally, because our GPS points extended onto, or adjacent to, the coast

line, and thus the edge of our vegetation-layer coverage, several metrics could not be 

calculated for those points. Therefore, to avoid using intercorrelated variables and 

omitting some of our data points, we calculated an edge-density and shape index to 

represent relevant landscape characteristics. A few large contiguous patches would be 

indicated by a low edge density, whereas high edge density would indicate numerous 

small fragmented patches. Higher shape values indicated increasingly irregular patch 

shapes. Because multicollinearity between variables may result in more unstable 

coefficients (Allison 2001) with large standard errors (Hosmer and Lemeshow 2000), we 

also examined variance inflation factors (VIF) of independent variables to identify 

intercorrelated variables. Values of VIF <10 were considered acceptable (Neter et al. 

1996).

GPS collar testing

The use of GPS collars has become very widespread in wildlife studies. Technology 

is still improving, however, and data limitations need to be recognized and considered in 

the study design. Representation of habitat use may be biased (D’Eon et al. 2003) if



GPS collars have different fix success rates and/or positional accuracy between habitat 

types (D’Eon et al. 2002; Di Orio et al. 2003) and seasons (Biggs et al. 2001; Moen et al.

2001). We tested collars after they were recovered from the field (Di Orio et al. 2003; 

Dussault et al. 1999) during late winter and summer. Success rates for fixes were very 

high; they averaged 99% in nonforested habitat and 94% in forested. Mean estimated 

location errors (Flynn and Beier 2001; Millspaugh and Marzluff, 2001) were 22 m over 

both forested and nonforested vegetation types. We did not detect seasonal variation in 

success rates of fixes or positional accuracy.

GPS data

We combined GPS locations to calculate success rates for fixes. We then 

eliminated all of the missed or extraneous location points and retained all 2-dimensional 

(2-D) and 3-dimensional (3-D) fixes (D’Eon et al. 2002). Location errors reported 

previously were within the resolution of our grid cells. We buffered all of the successful 

fixes (Bleich et al. 1997) with radii up to 2 km within the highest elevation recorded by 

the GPS collars (260 m), to define the habitat available within the study area. Areas 

beyond 2 km or above 260 m elevation generally extended into unsuitable habitat 

including the ocean, mountains, or across the Alsek River. Because of GPS telemetry 

error and to minimize overlap, we buffered each point used by moose by 5 m and 

generated an equal number of random points within the study area using Hawth’s tools 

(Beyer 2004) and ArcGIS 9.1 (Environmental Systems Research Institute, Redlands, 

California) without creating overlap between used and random points, which can reduce 

the power to detect selection (Bowyer and Kie 2006; Imbens and Lancaster 1996). We
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could not sample at a 2-km scale because of substantial overlap between used and 

random points at that scale. We calculated means of each variable for the entire dataset 

and for various sub-sets of data. We then determined that a sub-set of 65% of our data 

was comparable in mean values to the full dataset for most habitat features, so we used 

that sub-set for analysis and reserved 35% for model validation (Fielding and Bell 1997; 

Smith 1994).

A resource selection function (RSF) can be defined as a function such that its value 

for a resource unit is proportional to the probability of that unit being used (Manly et al. 

2002). We estimated RSFs by measuring used resources at the individual level and 

available resources at the population level (Type II resource selection, Manly et al. 2002; 

McLean et al. 1998), because cervids may consider areas outside their home ranges when 

establishing home ranges (Kie et al. 2002; Maier et al. 2005). We compared habitat 

characteristics of sites used by collared moose with those of random sites for sexes and 

by season. Because a moose might be present on a random site other than when we 

sampled, this method provides a conservative test of habitat selection (Bowyer et al.

1998).

We considered weather, previous survey data, and the literature to define seasonal 

strata. We expected aggregation during rut and segregation outside the mating season 

(Miquelle et al. 1992) with other potential differences in habitat use between summer and 

winter. We considered local data including temperature, precipitation, and snowcover on 

the ground from the National Weather Service station in Yakutat, Alaska (59°28'N, 

139°30'W; elevation 12 m). We also compared group composition at different times of



year from aerial surveys provided by the U.S. Forest Service and Alaska Department of 

Fish and Game, capture data, and consulted with the Alaska Department of Fish and 

Game area biologist (N. L. Barten, in litt.). We defined seasons that were similar to those 

noted by Miquelle (1992), although we combined rut and post-rut into 1 period. Our 4- 

season model was defined as spring-calving (May 1-June 30), summer-post-calving (July 

1-August 24), autumn-rut-post-rut (August 25-December 15), and winter (December 

16-April 30). We also tested a 3-season model that combined spring and summer into 1 

period and a concentrated rut from September 15-October 15, to better reflect the timing 

of mating behavior.

Statistical analyses

We calculated home ranges for each sex and season, including annual home ranges, 

to determine if home-range size was related to scale of selection. We tested data for 

normality (PROC UNIVARIATE Shapiro-Wilk—SAS Institute 2002), homogeneity of 

variance (PROC GLM Levene’s test and Brown and Forsythe’s test—SAS Institute 

2002), and equal slopes (PROC GLM—SAS Institute 2002), where these assumptions 

were critical components of tests. We calculated 95% fixed-kemel home ranges 

(Rodgers et al. 2005 and ArcGIS 9.1—Environmental Systems Research Institute, 

Redlands, California). We initially created kernel home ranges using a href  value of 1.0, 

then lowered or raised href  in 0.1 increments until we established a level 1 step above 

where the home range split into multiple polygons. We also calculated 100% minimum 

convex polygons (MCP—Rodgers et al. 2005 and ArcGIS 9.1—Environmental Systems 

Research Institute, Redlands, California) for comparative purposes, because many



published studies present results from that method (Hundertmark 1998). We calculated 

mean home-range sizes, adjusted for age, for each sex by season. We analyzed the mean 

size of home ranges using analysis of co-variance (ANCOVA— SAS Institute 2002) with 

sex, age, and a sex by age interaction as covariates to test for differences in home range 

size among seasons and between sexes within each season. We used Tukey’s test (PROC 

GLM—SAS Institute 2002) to determine which pairs of seasons were significantly 

different in mean home-range sizes. We also tested for correlation between age and 

home range size of males (PROC CORR—SAS Institute 2002).

We examined differences in the spatial distribution of sexes of moose by season as 

described previously and by each month (to refine our seasonal delineations) with 

multi-response permutation procedures (a = 0.05—MRPP; Slauson et al. 1991). This test 

determines whether the spatial distribution of 1 sex (i.e., Euclidian distance) differs from 

that of the other; it is a powerful tool to assess distributions of large mammals (Mielke et 

al. 1983; Pierce et al. 2000; Stewart et al. 2002). We report the average within-group 

distance or delta value (the mean distance between all pair-wise locations of each group; 

males, females, and males and females) as a descriptive measure of spatial dispersion 

(Slauson et al. 1991). We used latitude and longitude as the response (dependent) 

variables and sex as the main effect (the grouping variable). We initially tested for 

spatial separation by month, then combined months over the course of the study, and 

finally combined months in 2 and 3-month increments. We then used distance to the 

coast as the response variable, because preliminary data analysis indicated a difference 

between sexes for that variable. We also used MRPP to test whether there was a



difference in the overall spatial distribution of males and females using the excess 

function (Mielke et al. 1983; Pierce et al. 2000; Zimmerman et al. 1985), which tests 

whether a particular group could be obtained in a random draw from the joint distribution 

of 2 groups.

We tested for differences in habitat selection by sexes of moose by comparing 

availability and use of habitats at each of the 3 scales (circular buffers with radii of 250, 

500, and 1000 m). We treated the individual animal as the sampling unit because we 

wanted to make inferences about the population (Hurlbert 1984; Millspaugh and Marzluff 

2001; Otis and White 1999). To address problems of pseudo-replication, autocorrelation, 

and unequal sample sizes among individuals, we used conditional logistic regression 

(Hosmer and Lemeshow 2000; Manly et al. 2002; PROC PHREG —SAS Institute Inc.

2002), stratified by individual (Anderson et al. 2005; Boyce et al. 2003; Johnson et al. 

2004; Pendergast et al. 1996). Each GPS point was matched, in a case-control design, to 

a random point within the area of availability. Stratification controlled for variation 

among individuals, to prevent a single animal from having a disproportionate effect on 

the analysis, and therefore assumed independence between individuals but not necessarily 

between GPS locations (Nielsen et al. 2003). Stratification by individual also controlled 

for individual differences such as age, which may influence habitat selection. Because 

we matched used and random pairs in conditional logistic regression, we separated our 

data sets by sex and season, and analyzed each separately. We controlled for 

multicollinearity (Bowyer et al. 1998, 1999) by eliminating 1 of any pair of variables 

with ( | r> | 0.7). Although we cannot predict an exact probability of use with use-



availability sampling and conditional logistic regression, we can identify variables most 

strongly correlated with habitat use (Keating and Cherry 2004). Therefore, our RSFs 

should be interpreted as a relative scale of habitat selection and not as an absolute 

probability.

We first tested for variables related to habitat selection (Table 1). We used general 

AIC criteria (Burnham and Anderson 2002) for initial model selection. Based on our 

sample sizes of 7 males and 11 females, and because we were analyzing each sex 

separately, we initially limited our candidate models to 7, 2-variable models to avoid 

over-fitting (Burnham and Anderson 2002). We also formulated 7 3-variable and 7 4- 

variable models (Appendix 1). We calculated each of the models separately by sex for 

each scale and season to demonstrate differences in habitat selection between scales and 

sexes. We examined models for signs of over-fitting; unrealistically large estimated 

coefficients or estimated standard errors (Hosmer and Lemeshow 2000). Following 

Burnham and Anderson (2002), we calculated AICc (for small sample sizes) for each 

model and AICc weights for each scale and season combination. We then compared the 

best models from each scale for each season, as indicated by AICc weights, and 

calculated AICc weights for comparisons between the 3 scales. We also tested each 

model for correlations between covariates. If the covariates in a particular model showed 

a correlation of ( | r | > 0.7), we eliminated that model from comparison and used the 

model with the next lowest AICc (highest AICc weight) within that scale and season for 

comparisons of scale within seasons. We used a hierarchical approach to our model 

comparisons, whereby we calculated AICc weights separately for the 2-variable, 3-



variable, and 4-variable model sets. Ultimately, we compared models with the highest 

AICc weights from all model sets to determine the best model for each sex, scale and 

season. We used model-averaging (Burnham and Anderson 2002) when there was no 

clear superior model.

The risk ratio or relative effect estimates change in relative probability of use for an 

incremental change in magnitude of a predictor variable (Riggs and Pollock 1992); 

hence, that value represents the independent contribution to probability of use made by a 

covariate regardless of the dimensions of the variable. We evaluated relative effects to 

determine the relative importance of independent variables in discriminating 

circumstances that determined probability of use. We then compared the relative 

influence on selection among continuous variables by calculating relative effects for a 

10% increase in each covariate. Further, we considered a variable to be a significant 

predictor of use if the 90% Cl for the relative effect did not include 1. In general, relative 

effects >2.0 or <0.5 indicated large effects of covariates on probability of use (Riggs and 

Pollock 1992).

We used step-wise logistic regression (a =0.15 to enter, 0.15 to stay) to test for a 

year effect, because habitat selection by moose can vary between years (MacCracken et 

al. 1997). We introduced variables from Table 1 (vegetation type, stream density, edge 

density, shape index, aspect and elevation), plus a categorical variable for year. We do 

not have sufficiently large sample sizes to support some of the more saturated models that 

step-wise logistic regression might produce; however, we merely were interested in 

testing whether year was a significant influence on habitat selection.
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Rather than reporting R2 and variance estimates, we used a more powerful method to 

generalize findings. To test the accuracy and prediction power of our models, we 

analyzed the pattern of predicted resource selection function (RSF) values for our 

withheld used location data against binned categories of RSF values. We calculated a 

Spearman-rank correlation between the area-adjusted frequencies of withheld used 

locations within individual bins and calculated the bin rank for each of our most 

explanatory scales for each sex and season (Boyce et al. 2002; Johnson et al. 2004). 

Specifically, we calculated RSF values for our withheld locations and divided the range 

of these relative occurrence values into 10 bins of equal intervals. We adjusted the 

frequency of locations falling into each bin by the area of each range of RSF scores 

available across the landscape. A model with good predictive performance should show 

a strong positive correlation, because there should be more used locations in higher 

ranked bins representative of more strongly selected habitats. We also calculated the 

accuracy of predicting a used or available point by assigning a threshold probability value 

to distinguish between the predictions of a used or available location. We selected a 

cutoff point from 0.4 to 0.6 appropriate to each model based on overall accuracy and 

emphasizing greater accuracy of predicting a used versus available location (Pereira and 

Itami 1991). We described sensitivity (proportion of used areas predicted to be used) and 

specificity (proportion of random locations predicted to be random—Boyce et al. 2002; 

Hosmer and Lemeshow 2000; Oakleaf et al. 2006) for the final models for each scale sex 

and season. We used chi-square analysis (Zar 1999) to compare the proportion of used 

and random (available) locations accurately classified.
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Finally, we developed resource selection landscape models for each season by 

calculating RSFs for all 50-m pixels within our study area using the map calculator 

function for ArcView (Environmental Systems Research Institute. Redlands, California). 

We used our established cut-off points for each RSF to partition our study area into 4 

categories: 1) areas most likely to be used by males; 2) areas most likely to be used by 

females; 3) areas most likely to be used by either sex; and 4) areas unlikely to be used by 

either sex.

Results 

Sample size and physical data

A total of 30,825 GPS locations from 11 females and 7 males was recorded. Mean 

± SD age of females was 7.45 ± 3.4 years (range = 3— 13 years ; median = 6 years). 

Mean ± SD age of males was 5.57 ± 1.9 years (range = 3—8 years ; median = 6 years). 

All radiocollared females survived for the duration of our study, with the exception of 3 

individuals that died or were presumed deceased shortly after capture and were not 

included in the analysis. In addition, one male was harvested in October 2003.

Pregnancy rate was 100% and twinning rate was 60% for 9 adult females captured 

in March 2003. Two females captured for collar removal in March 2005 also tested 

positive for pregnancy, both with PSPB values indicating twins. Within the study area 

and as part of concurrent studies, pregnancy rate was 91% for a sample of 44 females (32 

individuals with some replicate sampling) tested in March 2002, 2003 and 2005; over-all 

twinning rate was 85%.



Home range

Mean ± SD seasonal home range size ranged from 24.29 ± 29.40 km2 for males in 

summer to 86.23 ± 43.42 km2 for males in autumn (Table 2; Fig. 2). Mean ± SD annual 

home range for females was 76.4 ± 39.9 km2. Mean ± SD annual home range for males 

was 124.2 ± 48.5 km2. There were no significant differences in sizes of seasonal or 

annual home ranges between males and females (P = 0.74), by age (P = 0.82), or by a sex 

by age interaction (P = 0.97). Home-range sizes for males and females combined were 

significantly larger in autumn than summer (Tukey’s test, P = 0.038). Correlation (r) 

between age and home range size in males was 0.044, -0.099, 0.276, -0.608, and -0.539 

during spring, summer, autumn, winter, and annually, respectively, although none of 

these are significant at the a = 0.05 level.

Spatial distribution

The MRPP analyses indicated that there was a significant difference between male 

and female spatial distribution during all months and combined month periods for both 

response variables (distance to coast, latitude and longitude; P <0.0001). Within-group 

distances were higher in females than in males during all months, particularly during May 

and June (Fig. 3). By making females the excess group, we examined whether males 

could have been obtained from a random draw from the joint distributions of males and 

females; the answer was no (P < 0.0001). This indicates a different overall spatial 

distribution of the sexes. By making males the excess group, we examined whether 

females could have been obtained from a random draw from the joint distributions of 

males and females; again, the answer was no (P < 0.0001) for March and April, but yes



for the remaining months (P ranged from 0.218—0.999). This indicates a different 

overall spatial distribution between sexes during March and April, but no difference in 

spatial distribution for the remainder of the year. This outcome also indicates that 

females used some areas that males did not frequent from May through February.

The proportion of documented mixed-sex groups (individuals separated by < 50 m) 

from aerial survey data was highest during autumn (56%), followed by 44% mixed-sex 

groups during winter and 33% during spring and summer. Male-only groups comprised 

the smallest proportion of groups during summer, autumn and winter (17%, 10%, and 

19%, respectively). There were few data available on group composition during spring 

and summer, primarily because of low visibility and therefore low survey effort at that 

time of year.

Habitat selection

Most seasonal data on habitat use spanned 2 years, whereas autumn spanned 3 

years. There was a significant year effect for both sexes at all seasons and scales, with 

the exception of females during summer and winter, and only at the 1000 m scale for 

males during summer (Table 3). Our 4-season models illustrated the most pronounced 

differences in habitat selection between the sexes. Overall overlap of used and random 

points was 45%, 60%, and 71% at the 250, 500 and 1000 m scales, respectively.

Mean ± SE edge was lower in 2003 (35.68 ± 0.44) than 2004 (37.81 ± 0.58) and 

mean ± SE percent forested cover higher was higher in 2003 (62.06 ± 0.60) than 2004 

(55.13 ± 0.93) in locations used by females during spring (Appendix 4). A higher 

percentage of locations used by females were classified as flat (60.46%) or south
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(12.80%) aspects in spring 2003 than 2004 (53.27% and 4.48%, respectively). A higher 

percentage of used locations were classified as southwest during spring 2004 (23.23%) 

than 2003 (18.12%; Appendix 5).

Mean ± SE edge of locations used by females during autumn increased from 2002 

(27.29 ± 0.59) to 2003 (34.43 ± 0.32) and again in 2004 (49.15 ± 1.10), whereas 

elevation was comparable in 2002 (14.86 ± 0.73) and 2003 (13.92 ± 0.29) and lower in 

2004 (5.15 ± 0.03; Appendix 4). Mean ± SE percent forested cover used by females 

during autumn was highest in 2003 (50.71 ± 0.48) followed by 2002 (44.40 ± 1.34) and 

2004 (38.13 ± 1.45). Mean ± SE stream density was higher in 2004 (25.0 ± 0.44) than

2002 (21.11 ± 0.44) and 2003 (20.19 ± 0.17). The percentage of used locations classified 

as flat was similar between 2002 (69.47%) and 2003 (68.50%); however, 100% of 

locations used by females during autumn in 2004 were flat (Appendix 5). Southwest 

aspect comprised a higher percentage of locations in 2002 (14.90%) than 2003 (8.22%), 

whereas west aspects received proportionately more use in 2003 (7.57%) than 2002 

(0.96%).

Mean ± SE elevation was higher in 2003 (17.45 ± 0.48) than 2004 (11.56 ± 0.30) in 

locations used by males during spring (Appendix 6). A higher percentage of aspects used 

by males during spring was flat in 2003 (58.73%) than in 2004 (46.44%), whereas south 

aspects composed a higher percentage of used locations during 2004 than 2003 

(Appendix 7). During summer, mean ± SE edge was higher in 2004 (36.32 ± 0.85) than

2003 (31.28 ± 0.66) for locations used by males (Appendix 6). A higher percentage of 

locations used by males during summer was flat aspect in 2004 (77.65%) than 2003



(54.13%) (Appendix 7). Southwest and west aspects composed a greater percentage of 

locations used by males during summer 2003 (10.32% and 22.86%, respectively), than in 

2004 (2.65% and 1.33%, respectively), whereas proportionally more southerly aspects 

were used by males during summer 2004 (8.41%) than 2003 (3.39%).

Mean ± SE stream density at locations used by males during autumn increased 

from 9.54 ± 1.08 in 2002 to 17.43 ± 0.29 in 2003 and 21.97 ± 0.34 in 2004 (Appendix 6). 

Mean ± SE elevation ranged from 10.29 ± 0.28 in 2002 to 11.53 ± 0.23 in 2004 and 15.64 

± 0.38 in 2003. The percentage of used locations classified as flat aspect increased from 

2002 (29.17) to 2003 (43.32) and 2004 (78.19; Appendix 7). South-facing locations were 

used more often in 2002 (45.83%) than during 2003 (6.53%) and 2004 (6.17%), whereas 

southwest locations were used more often during 2003 (22.50%) than 2002 (10.42%) or 

2004 (1.03%)

Mean ± SE edge density of locations used by males during winter decreased from 

2002-2003 (35.29 ± 0.73) to 2003-2004 (27.86 ± 0.39), whereas mean ± SE stream 

density increased from winter 2002-2003 (17.77 ± 0.35) to 2003-2004 (22.43 ± 0.21; 

Appendix 6). A higher percentage of locations used by males during winter was 

classified as flat aspect during 2003-2004 (59.24) than 2002-2003 (49.72), whereas a 

higher percentage of used locations was classified as southwest during 2002-2003 (49.72) 

than 2003-2004 (12.27) (Appendix 7).

Although we acknowledge this year effect, because of our small sample size we 

pooled data across years.



Seasonal habitat selection

The 3 and 4 variable models showed no indication of over-fitting. Three-variable 

models had the highest AICc weights or were similar with 4 variable models in some 

instances, indicating that limiting our models to 4 variables was probably sufficient to 

describe habitat selection by moose.

Habitat selection was best explained at the 1000 m scale for both sexes and all 

seasons (Table 4). During spring, stream and edge density, elevation and aspect were 

included in the most parsimonious model for habitat selection by females (Appendix 2), 

whereas percent forested cover, elevation and aspect best described habitat selection by 

males (Appendix 3). Females selected for areas with high edge and stream density and 

low elevation during spring (Table 5; Fig. 4). Males also selected for low elevation, but 

selected for a high percentage of forested cover. Edge and stream density were not 

selected by males (Table 6; Fig. 5). Females selected a south aspect (Fig. 6), whereas 

southwest aspect was selected by males (Fig. 7).

During summer, percent forested cover, stream density, edge density, and aspect 

were most influential on habitat use by females (Appendix 2). Habitat selection by males 

was best explained by percent forested cover, elevation and aspect (Appendix 3). Both 

sexes selected for a high percentage of forested cover (Tables 5 and 6). North, northeast, 

and east aspect coefficients for males could not be estimated because of small presence 

sample sizes reflective of availability. Females selected for flat, northeast, east, southeast 

and southwest aspects. Males selected for low elevation whereas females selected for 

high edge and stream density.



During autumn, both sexes selected for high edge and stream density and low 

elevation (Tables 5 and 6, Appendices 2 and 3). There were some differences in aspect 

selected by the sexes; females selected for flat, east, southeast and west aspects, whereas 

west and northwest were the only aspect values selected for by males.

Stream density, percent forested cover, edge density, and aspect were included in 

the most parsimonious model describing habitat selection by females during winter 

(Appendix 3). Males selected habitats based on stream density, edge density, elevation 

and aspect (Appendix 3). In contrast to summer, females selected for a low percentage of 

forested cover, and in contrast to the remaining 3 seasons, low edge density (Table 5). 

Similar to the remaining seasons, females also selected for high stream density. Males 

selected for high stream density and low elevation. Both sexes selected for flat, southeast 

and southwest aspects; additionally, females selected for east and west aspects and males 

for northwest aspects.

Our predictive surfaces by season based on the 1000 m RSF seasonal models are 

displayed in Figs. 8-11. These figures illustrate that the area of predicted overlap 

between the sexes is largest in autumn, lower during spring and summer, and smallest 

during winter.

When models were limited to 2 variables, there were differences in scales selected 

by the sexes. Habitat selection was best explained at the 1000 m scale for females during 

all seasons except winter, which was best explained at the 500 m scale. Females selected 

for high edge and stream density during spring, summer and autumn at the 1000 m scale, 

and high stream density and a low percentage of forested cover at the 500 m scale during
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winter (Table 7). Habitat selection by males was best described at the 1000 m scale 

during spring, 500 m during summer, and 250 m during autumn and winter (Table 8). 

Males selected for low elevation during all seasons, a high percentage of forested cover 

from spring though autumn and a low percentage of forested cover during winter.

Habitat selection by scale

Females selected for high edge and stream density, males selected for a high 

percentage of forested cover, and both sexes selected for low elevation at all scales 

during spring (Appendices 8 and 12). Males also selected for high edge density at the 

250 m scale. Females selected for north aspects at the 250 and 500 m scale and south 

aspects at the 1000 m scale whereas selection for aspect by males differed minimally 

between scales.

There were 2 models for females during summer at the 250 m scale (AICc weight = 

0.483 for both—Appendix 2), so these were model-averaged. Both sexes selected for a 

high percentage of forested cover at all scales during summer (Appendices 9 and 13). 

Females selected for high edge and stream density, and males for low elevation, at all 

scales. Males also selected for high edge density at the 500 m scale, and aspect differed 

slightly between scales.

Both sexes selected for high edge density and low elevation at all scales during 

autumn (Appendices 10 and 14). Females also selected for a lower percentage of 

forested cover at the 250 m and 500 m scales. Females selected for east, southeast, and 

west aspects, whereas males selected for west and northwest aspects, at all scales. Males
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selected for high stream density at all scales, whereas females selected for high stream 

density only at the 1000 m scale.

Areas selected by both sexes during winter were characterized by low edge density 

and high stream density at all scales (Appendices 11 and 15). Females selected for a low 

percentage of forested cover at all scales, as did males at the 250 m and 500 m scales. 

Aspect was significant to males only at the 1000 m scale.

Model accuracy

Our final models (1000 m) generally had good predictive power. Spring, autumn, and 

winter models were most predictive for females (Table 9). The summer model for 

females showed a significant correlation between the predicted occurrence for used 

locations and their frequency within ranked bins (P = 0.021), but it had relatively lower 

predictive power (rs = 0.709). Spring, summer and winter models had the most predictive 

power for males. The autumn model for males showed a significant correlation between 

the predicted occurrence for used locations and their frequency within ranked bins (P = 

0.002), but had lower predictive value (rs = 0.855) than the other seasons.

Our final models had relatively high sensitivity and generally poor specificity 

(Table 10). Sensitivity in female 1000 m models ranged from 78.79% during autumn 

(1000 m scale) to 99.15% during summer, whereas specificity ranged from 6.50% in 

summer to 48.17% during autumn. Sensitivity in male 1000 m models ranged from 

69.87% during autumn to 87.98 during winter, and specificity ranged from 29.08% 

during winter and 51% during summer. Sensitivity was generally highest at the 1000 m



scales with the exception of autumn for both sexes, whereas scale of highest specificity 

varied between seasons for both sexes.

Discussion 

GPS and GIS

We used GPS collars and GIS to examine habitat selection in moose. The GPS 

collar success rate for fixes was high, the mean location error was within our GIS 

resolution, and there were no seasonal variations in success rate of fixes or positional 

accuracy. Additionally, our map resolution of 50 m was suitable for detecting habitat 

selection at a large scale (1000 m). Therefore, we are confident that we were able to 

correctly distinguish which habitats moose were using.

Map accuracy (O’Neil et al. 2005) also must be considered relative to the scale at 

which habitat use is being analyzed (McDonald et al. 2005). We estimated our map 

accuracy at a minimum of 66%; a classification accuracy of 70% or higher is generally 

considered acceptable for mapping habitats and other resources at landscape scales 

(Millspaugh and Marzluff 2001). Johnson et al. (2005) used vegetation maps that ranged 

in classification accuracy from 51 to 82% among cover types to document effects of 

human development on arctic wildlife. This accuracy was likely adequate because we 

were analyzing habitat at large scales.

Spatial distribution

We expected that males and females would be spatially separated during all seasons 

except during autumn. Multi-response permutation procedure analyses, however,
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indicated that males and females were spatially separated during all months. This 

technique will reveal very fine-scale differences in the partitioning of space (Pierce et al. 

2000). Our results differed when using either sex as the excess group to determine 

whether there was a difference in over-all spatial distribution between the sexes, and 

indicated that females were more dispersed throughout the study area and frequented 

areas that males did not use (Fig. 2). Although results with males as the excess group 

indicate that females could be obtained from a random draw of the joint distributions of e 

be obtained in a random draw from the joint distribution during any month. Therefore, 

we conclude that there is a difference in overall spatial distribution of the sexes 

throughout the year.

Intra-group distances indicated that females are particularly widely dispersed during 

May and June. Although this finding is based on raw data, we hypothesize that this 

distribution results from females being especially solitary at this time of year because of 

parturition (Bowyer et al. 1998; Cederlund et al. 1987; MacCracken et al. 1997; Hauge 

and Keith 1981). This behavior likely is intended to reduce predation risk, and is the time 

of year that we expected the highest degree of sexual segregation. Male intra-group 

distances, however, were similar during all months. Because of our small sample size of 

individuals, particularly of males, fine spatial scale, and large study area over which the 

animals were dispersed, there may not have been enough spatial overlap between 

radiocollared individuals of either sex to indicate spatial aggregation. Home ranges of 

both sexes did overlap to some degree (Fig. 2), although there was more overlap in home 

ranges within than between sexes.
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Data on group composition from aerial surveys, showed the highest proportion of 

mixed-sex groups (individuals separated by < 50m) during autumn as expected (56%), 

followed by 44% mixed sex groups during winter and 33.3% during spring and summer. 

Male-only groups comprised the smallest proportion of groups during all seasons. 

Miquelle et al. (1992) noted that young, small adult males showed no tendency to 

segregate from females, actually preferring associating with females rather than large 

males. Some of our observations of mixed sex groups outside of the mating season may 

include younger males. The general overall pattern that we observed is consistent with 

our expectations of group composition, based on the reproductive behavior of moose. 

Habitat selection

Our results indicated that habitat selection varied by year with the exception of 

females during summer and winter, and only at the 1000 m scale for males during 

summer (Table 3). These year effects were most likely attributable to weather variation 

between years. Precipitation declined between years during spring, summer, and autumn. 

Snow depth is probably the most influential weather variable, and varied between years 

during autumn and winter. During periods of deep snow, moose may increase their use 

of forested cover where snow depth is diminished and locomotion is less impeded 

(Demarchi 2003; Doerr 1983; Telfer 1970). Ballard et al. (1991) reported differential use 

of areas by moose during winters with different amounts of snowfall in southcentral 

Alaska, and Stephenson et al. (2006) documented shifts in the location of wintering areas 

between mild and severe winters. Van Ballenberghe (1977) observed that yearly 

variability in the timing and extent of seasonal migration was related to snow depth for



moose in southcentral Alaska. Although there were some location shifts between 

seasons, moose in our study area used overlapping home ranges between seasons and 

were not considered migratory, and therefore we did not detect this pattern.

Snowfall, mean snow depth, and maximum snow depth increased from 2002-2003 

to 2003-2004. Snow depth has also been correlated with movement to lower elevations 

(Coady 1974). Mean edge density used by males decreased and stream density increased 

from winter 2002-2003 to 2003-2004. Mean elevation and percent forested cover used 

by males, however, were similar between years. Maximum snow depths in either winter 

were not likely to hinder movements of moose (Coady 1974). Increasing snow depth, 

however, also affects access to forage, covering up low shrubs (Weixelman et al. 1998), 

for example. Although we did not have location specific weather data, localized 

differences in snow depth across our study area or between years may affect access to 

forage and thus habitat selection.

Habitat selection was similar between sexes at the 1000 m scale during autumn, 

whereas more differences existed between sexes in other seasons. Females exhibited 

selection for edge density, stream density and such aspects as east, southeast, and 

southwest during all seasons, including elevation in spring and percent forested cover in 

summer. Males selected for elevation and aspects such as southeast and southwest in all 

seasons, including stream and edge density only during winter and percent forested cover 

during spring and summer. When males and females selected for some of the same 

variables within a season, direction of selection was equal between sexes and there were 

no notable differences in magnitude. Therefore, differences in habitat selection between



the sexes were primarily attributable to differing importance of habitat components,, not 

direction or strength of selection. Both sexes selected for high edge density and stream 

density and low elevation during autumn, although there were some differences in 

aspects used by sexes. Therefore, although males and females selected for some of the 

same habitat variables outside of the mating season, selection differed by at least one 

variable during those seasons. Autumn, however, was the only season in which habitat 

use by both sexes was characterized by all of the same variables. Furthermore, figure 8 

illustrates that the area of predicted overlap between the sexes is most extensive during 

autumn.

Selection for aspect was common to habitat selection by both sexes in all seasons. 

Edge density and stream density were common to habitat selection by the sexes in winter, 

whereas only one additional variable (in addition to aspect) was selected by both sexes in 

spring and summer (elevation and forest, respectively). Furthermore, females selected 

for 4 variables whereas use by males was characterized by only 3 variables during spring 

and summer. We expected differences in habitat selection between the sexes to be most 

pronounced during spring and summer. The high pregnancy rate and subsequent 

presence of calves likely contributed to the marked differences in habitat selection 

between the sexes during this time. This study differs from Miquelle’s (1992) 

documentation of greatest segregation of moose during winter. MacCracken et al.

(1997), however, reported no evidence of sexual segregation at a landscape scale on the 

winter range. We hypothesize that these differences in sexual segregation by season may 

be related to the study area or spatial scales examined.



Females selected for high edge density in both spring and summer, as expected, 

whereas this was not a significant factor for males. In spring, forested cover was 

important to males but not to females, whereas in summer both males and female selected 

for a high percentage of forested cover. Selection for forested habitat was actually 

slightly stronger in males than for females; the relative effect indicated that a 10% 

increase in forested habitat increased the probability of use by 4.2% for females (Table 5) 

and 15.5% for males (Table 6). These results support our hypothesis that females would 

select for higher edge density than males during spring and summer to reduce predation 

risk. These results however, contradict our hypothesis that females would select for a 

higher percentage of forested cover than males during these seasons to increase 

concealment cover when young are most vulnerable. Although females did select for 

forested habitat in summer, the relative effects indicate that edge density was a more 

important factor; a 10% increase in edge density increased the probability of use for 

females by 17.6%, as compared to 4.2% for percent forested cover. Females selected for 

forested cover but likely because the juxtaposition of forested cover with open foraging 

areas was a more important consideration; providing access to concealment cover to 

reduce predation risk while foraging. The lack of selection for forested cover by females 

in spring and stronger selection for edge density than in summer (relative effects = 1.28) 

emphasizes the importance of edge density for security from predation risk during the 

birthing season. Furthermore, selection may change from spring to summer, and indeed 

within these seasons, as young grow or are lost to predation or other causes of death. 

Although pregnancy rate of captured females was high, mortality of young in our study



area also appears high (Smith and Franzmann 1979), so that changes in habitat selection 

by females over the course of the summer is not unexpected. Although we did not 

substantiate calf mortality during this study, aerial and ground surveys of radiocollared 

females in a related study in the same study area in 2002 confirmed that a minimum of 8 

of 11 cows determined to be pregnant in late winter were without calves by August of the 

same year. High mortality of young during spring and summer has been reported in other 

areas (Ballard et al. 1991; Bowyer et al. 1998). Dussault et al. (2005) documented 

differences in habitat selection between female moose with and without young; and 

Miquelle (1992) noted that sexual segregation diminished through the summer as females 

lost young. Molvar and Bowyer (1994) reported differences in foraging behavior for 

females with young than for those without them. Festa-Bianchet (1988) previously 

documented differences in migratory and foraging behavior between pregnant and non

pregnant bighorn sheep. Further, Barten et al. (2001) reported that after the loss of a 

neonate, female caribou moved to areas of lower elevation occupied by other females 

without young. Finally, Testa (2004) noted a higher predation mortality rate on female 

moose with young than for solitary females.

We hypothesize that selection for forested cover by males during spring and 

summer also may be related to our vegetation classification. Both forested and 

nonforested areas contain some level of browse; nonforested areas are comprised of shrub 

areas including riparian alder and willow communities, but also open muskegs devoid of 

suitable browse, whereas some forested areas contain willow and alder shrubs as well 

within forest openings (Shepherd 1995). Although our vegetation classification was too
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coarse to identify those habitat components, selection for forested cover by males may be 

related to higher overall forage quantity in forested areas compared with higher forage 

quality in nonforested areas. Miquelle (1992) noted that female moose in Denali 

National Park selected forested habitats in summer, whereas males selected for high 

forage biomass. Furthermore, MacCracken et al. (1997) observed that females used tall 

alder-willow habitat types more often than males, whereas males used low sweet-gale 

(.Myrica ga/e)-willow type more frequently than females. Low-sweet-gale-willow 

habitats were used primarily for foraging, whereas females used tall alder-willow for 

bedding during the summer and hiding cover during calving season. We hypothesize 

that females were able to obtain sufficient concealment cover in tall shrubs in the 

nonforested areas during late spring and summer.

There is also conflicting evidence in the literature regarding the relationship 

between cover and risk of predation. Langley and Pletscher (1994) observed that female 

moose selected areas with higher concealment cover during calving season in northwest 

Montana. Pierce et al. (2004) reported that mule deer were killed by mountain lions 

CPuma concolor) in relatively open habitat compared with the locations where deer 

foraged. Farmer et al. (2006) reported a higher risk of death for female Sitka black-tailed 

deer from predation in open habitats. Conversely, Kunkel (1997) reported that white

tailed deer are killed more frequently by cougars and wolves in areas where there was 

more concealment cover, possibly because predators were able to stalk their prey 

undetected. Therefore, the use of forested cover may not always be crucial in reducing 

predation risk, and varies by predator and prey system. In our study area, the value of
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forested cover for predation cover may vary between seasons, given that both bears and 

wolves are active from late spring through early autumn, whereas wolves are the primary 

predators during winter. Concealment cover may reduce risk of predation by both wolves 

and bears on females with calves particularly during summer, for example, whereas 

nonforested areas may provide better predator detection and escape opportunities, 

depending on snow conditions, during winter.

Females selected for high stream density during all seasons, whereas males selected 

for high stream density only during autumn and winter. We hypothesized that females 

would select for higher stream densities than males during spring and summer to meet the 

increased demands of lactation. Most females likely had calves present at least early on 

during spring and summer, as reflected by the high pregnancy rate. McCorquodale et al. 

(1986) reported increased use of riparian areas by female elk following the onset of 

lactation. Bowyer (1984) observed that adult and young mule deer occurred significantly 

closer to water than males during the period of sexual segregation. As we expected, 

selection for streams was similar between the sexes during autumn and winter. Selection 

for streams during autumn and winter may represent their use as travel corridors and as 

escape routes from predators. Additionally, although we were unable to differentiate our 

vegetation layer into browsing categories, riparian areas in the study area are generally 

associated with willow-alder communities that provide an abundant source of forage. 

Doerr (1983) documented selection for riparian habitats by moose in southeast Alaska, as 

did MacCracken et al. (1997) for moose on the Copper River Delta. Aerial surveys in the 

Chilkat watershed in southeast Alaska indicated that moose used frozen, narrow river



channels during winter as travel corridors, bedding sites, and as access to riparian 

vegetation (Hundertmark et al. 1990). Maier et al. (2005) documented higher densities of 

moose in interior Alaska areas with extensive river margin. Streams in the study area do 

not necessarily freeze for the duration of winter, so they may act as a free water source as 

well.

Although our study area is relatively flat, elevation was a significant factor in 

habitat selection by males during all seasons, and for females during spring and autumn. 

There was little use of the foothills of the study area; portions of this area were, however, 

included in our area of availability because we defined the extent of our study area by the 

highest elevation used by our radiocollared moose (260 m). Although most locations 

used by moose in the study area were of low elevation, one female that was subsequently 

removed from the analysis when she moved out of the study area was located at 260 m on 

17 May 2003, and another female was located in the same general area at 232 m on 29 

June 2003. The importance of selection for low elevation by males, therefore, may be 

inflated by the mutual definition of availability. These results do, however, emphasize 

selection against the foot-hills by males during all seasons, whereas elevation was not 

significant during all seasons for females.

We eliminated slope as a variable in our model building process because it was 

highly correlated with elevation in our study area. However, this means that the observed 

selection for elevation may correspond to selection for slope. We hypothesize that 

females select areas of higher elevation and increasing slope to decrease risk of predation 

during calving season. Kunkel and Pletscher (2001) reported that wolves in Montana



selected flat or gently rolling terrain when preying on moose and killed white-tailed deer 

in areas of lower slope. Additionally, Farmer et al. (2006) reported that increase in slope 

reduced risk of death of yearling and adult female Sitka black-tailed deer in southeast 

Alaska; a 10% increase in flat terrain within 1000 m buffers increased the risk of death by 

376%. Although these relationships may not be applicable to most of our study area 

because of the generally flat terrain, they may help explain the occasional use of higher 

elevation areas by females. Alternatively, Kellie (2005) reported that migratory female 

moose in interior Alaska moved from higher elevation foothills of the Alaska range to 

lower elevations during the spring calving season. Differences in topography, habitat, 

and migratory behavior of female moose between study areas may explain the differing 

patterns of elevation used by females during calving season.

Selection for low elevations by males in winter may be related to snow depth, 

because males selected for elevation during all seasons, and females did not select for 

elevation during the winter. Indeed, the highest maximum elevation used by males (130 

m) occurred during winter, and although there was little change between seasons, mean 

elevation used by males was highest during winter (14.69 m—Fig. 5). Although snow 

depth is fairly consistent in our study area because of the minimal range of elevation, 

elevation generally increases inland from the coast-line to the foot-hills and the inland 

boundary of our study area, with a concomitant increase in snow depth. Snow depth is 

probably more highly correlated with vegetation (forested cover; Mysterud and Ostbye 

1999) than elevation in our study area; however, during aerial surveys and opportunistic 

flights, biologists and local pilots have observed that moose are located close to the
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coastline during periods of deep snow. A similar pattern of moose winter distribution has 

been observed in Gustavus, Alaska, (K.S. White in litt.). Snow pack features are greatly 

affected by post-depositional changes (Coady 1974), including wind and other processes. 

Although snow depth during our study was lower than what has been reported to hinder 

movement, density and hardness of snow are also important factors affecting moose 

(Coady 1974). Moist conditions prevail in our study area, commonly resulting in dense 

snow with a layer of crust. Crusted snow is generally not adequate to support moose 

(Kelsall and Prescott 1971), whereas wolves often can travel on top of a snow crust that 

will not support their prey (Peterson 1977).

Females selected for high edge density from spring through autumn, as did males 

during autumn; females, however selected for low edge density in winter. Males also 

appeared to show slight selection for low edge density during winter, but the 90% 

confidence interval of the relative effects contained 0 so this was not considered a 

significant predictor of use (Table 6). Farmer et al. (2006) reported that edge density 

measured at the 1000 m scale was positively correlated with risk of predation in adult and 

yearling female Sitka black-tailed deer in southeast Alaska, although this was not 

different among seasons. Kunkel and Pletscher (2000) reported that a greater distance to 

edge increased the probability of wolf predation on moose during the winter. Selection 

for edge may vary by species and other site specific factors. Selection for edge habitat 

has been observed, in roe deer (Capreolus capreolus—Hansson 1994) and white-tailed 

deer (Keay and Peek 1980); other studies on ungulates including Sitka black-tailed deer 

(Kirchoff et al. 1983) and moose (Andren and Angelstam 1993) have shown no such



effect. Varying definitions of edge may affect these relationships (Kremsater and 

Bunnell 1992). We measured edge density, whereas other studies have measured 

distance to edge; additionally, differences reported in edge effects may be related to the 

scale of measurement. Bergman et al. (2006) documented that elk in Yellowstone were 

more vulnerable to predation by wolves near particular types of edge habitat but not 

others during winter, and that wolves showed a strong preference for traveling close to 

hard habitat edges (i.e. any edge that introduced structural changes that could impede 

animal movements) including burned forest edges and streams. Those authors 

concluded that although edge is likely seen as escape cover by prey species, edge types 

vary in their value as concealment cover. Our coarse vegetation classification likely did 

not capture all edge effects; for example, edge between shrub and open muskeg.

Survival rate was high for adult females in our study area, which has been 

documented elsewhere (Ballard et al. 1991). Predation risk is probably more significant 

for females with young during early summer. Other factors including snow-depth 

(Ballard et al. 1991; Smith and Franzmann 1979) and malnutrition (Ballard et al. 1991; 

Testa 2004) also affect survivorship during winter, particularly during harsh winters. 

Predation risk on our study area may be minimal during winter because bears are 

generally hibernating. We hypothesize that during winter, females are selecting for a 

lower percentage of forested cover, in contrast to summer, which may indicate that 

suitable foraging habitat is most important to females in winter, whereas minimizing 

predation risk to young is more important during summer. Percent forested cover was 

not a predictor for male habitat selection in winter, and edge density was only slightly
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significant; therefore we hypothesize that risk of predation was not a significant factor for 

males in winter, and that use of forested cover probably alternated with use of foraging 

areas depending on weather-related variables, primarily snow depth.

Our objective was to demonstrate differences in habitat selection between seasons 

and the sexes of moose, and we expected these differences to reflect the leading 

hypotheses for sexual segregation, namely differences in physiology and life-history 

traits between the sexes, as well as predation risk, as forwarded by Bowyer (2004). Our 

analyses were not intended to test these hypotheses directly, or to differentiate between 

them. Our results are, however, generally consistent with these hypotheses.

Although overlap of used and random points was, not surprisingly, highest at the 

1000 m scale, variables measured at the 1000 m scale were the most influential on habitat 

use by both sexes during all seasons. The reported percentages should be considered 

maximum estimates, however, because only a portion of the total locations were analyzed 

during each season, and used and random points were specific to each individual. When 

models were limited to 2 variables, there were differences in scales selected for by the 

sexes. Habitat selection was best explained at the 1000 m scale for both males and 

females during spring and for females during summer and autumn (Tables 7 and 8). 

Females and males selected habitat at 500 m during winter and summer, respectively, and 

males selected habitat at 250 m during autumn and winter. These results indicate that 

overall the sexes are selecting at the same scales; when the 2 most important variables 

estimated for each sex are emphasized, however, differences in scale of selection 

occurred.
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Scale of habitat selection was consistent among the 2 and 4 variable models for 

females during all seasons except winter, where selection was at the 500 m scale in the 2 

variable model, including selection for nonforested cover and high stream density. We 

hypothesize that selection for low edge density was critical to females during winter, and 

therefore the predominance of overall selection at the 1000 m model was attributable to 

the edge density habitat component. Winter was the only season during which females 

selected for low edge density. Relative to other seasons when bears are active and 

vegetation is dense, low edge density may provide better protection from predators 

(mainly wolves) during winter. During autumn and winter, males selected for forested 

cover and nonforested cover, respectively, and low elevation during both seasons at 250 

m for the 2 variable models. In the 4 variable 1000 m models, males also selected for 

low elevation, but selected edge and stream density, instead of forested cover and 

elevation. Selection for high edge density in autumn, low edge density in winter, and 

high stream density in winter was similar between the sexes at the 1000 m scale. We 

hypothesize, therefore, that habitat selection by males at the 1000 m scale during autumn 

and winter is related to the presence of females in these habitats.

We observed no differences in direction of selection, and only minor differences in 

strength of selection, between scales; however, some variables were selected by either 

sex at only one or two of the scales at which we measured selection. We suggest further 

studies to determine the mechanisms responsible for these pattern changes between 

scales. Although differences in selection between scales were minimal, variables 

measured at the 1000 m scale were most explanatory in describing habitat selection for



both sexes. Bergerud et al. (1990) and Rettie and Messier (2000) suggested that caribou 

select for areas of lower predation risk at a coarser scale and forage at a finer scale. 

Farmer et al. (2006) observed that fine-scale habitat features were the most important 

variables affecting risk of mortality for male black-tailed deer, whereas large-scale 

features were more important for females and young. Additionally, Dussault et al. (2005) 

predicted that moose should avoid the most important limiting factor (i.e., predation) at 

large spatial scales (landscape), whereas the influence of less-important factors (e.g., food 

availability and snow depth) should be evident at a finer scale (home range). We 

hypothesize that each sex of moose is selecting for the most important limiting factor at 

the largest spatial scale that we measured.

Finally, we calculated seasonal home ranges to determine if home range-size was 

related to scale of selection. Our study showed no significant difference in annual or 

seasonal home-range size between adult male and adult female moose. Home-range size 

of both sexes, however, was larger during autumn than summer. Ballard et al. (1991) 

and Cederlund and Sand (1994) reported that the home-range sizes of males were larger 

than those for females, but other studies have reported no such difference (Hauge and 

Keith 1981; MacCracken et al. 1997; Phillips et al. 1973; Sweanor and Sandegren 1989). 

Cederlund and Sand (1994) observed a positive correlation between home range size and 

age in males; therefore the age structure of males used to estimate home range needs to 

be considered when comparing differences in home ranges between the sexes. Male 

moose in this study ranged in age from 3-8 years old. Although they had probably 

established a relatively permanent home range area, the younger males may continue to
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expand their home range in future years, particularly during the mating season. 

Nevertheless, we observed minimal correlation between age and home range size of 

males during spring, summer and autumn, and a negative correlation during winter and 

annually.

Unlike deer that have comparatively small home ranges, the home-range sizes of 

moose in our study area were large relative to our buffers. It is therefore difficult to 

ascertain whether moose are making decisions about habitat selection at scales outside of 

their home range. Selection at the 1000 m scale does not necessarily reflect selection 

outside of the home range, depending upon whether the moose is near the center or the 

edge of its home range. We did not test for selection at 2000 m because of substantial 

over-lap between locations at that scale; there was similarity in measurements for 

variables at the 1000 and 2000 m scale, however, so it is possible that moose are actually 

selecting habitats at even larger scales. Because neither home range size nor scale of 

overall habitat selection differed between the sexes, we conclude that there is little 

relationship between home range size and scale of selection, other than that both are 

relatively large.

Although our final models showed high sensitivity, specificity was low. In a use 

relative to availability sampling design, unknown used sites are included in the available 

category. Thus, “used” and “random” are not exclusive categories and therefore 

classification success may be low (Boyce et al. 2002). Boyce et al. (2002) suggested that 

the Spearman rank correlation is a more appropriate test for the study design we used 

assessing presence (not absence). Although predictive power varied, all of our models



demonstrated significant Spearman rank correlations. The Spearman rank correlation 

was lowest among females during summer and during autumn in males. The low 

correlation for females during summer may be related to individual variation. In 

particular, females with young may select habitats differently from those without them. 

Miquelle et al. (1992) noted that solitary behavior of females and sexual segregation 

diminished over the summer as females lost young. The lower correlation for males 

during autumn may be related to a number of factors including individual variation, age, 

and the nature of the season. As previously discussed, older males may exhibit different 

behavior and use of habitat in comparison to younger non-breeding males. Additionally, 

our autumn season as defined included the peak of rut as well as the transition period into 

post-rut, so there are likely to be some differences in habitat selection over that time 

interval. Overall, our models displayed sufficient predictive power to be useful tools in 

describing habitat selection by moose, and thus, to be used for moose management.

Although our sample size was small, we focused our analyses on what we 

considered to be the most important habitat variables for moose and the most likely to 

vary between sexes and seasons. We were able to demonstrate differences in habitat 

selection between the sexes during periods of segregation using this approach. Our 

vegetation was classified coarsely and likely did not represent the range of habitat 

variation as perceived by moose; nonetheless, we demonstrated differences in selection 

by the sexes using a 2 habitat type classification system. Similarly, Kie and Bowyer 

(1999) demonstrated sexual segregation in white-tailed deer by preference for one of 2 

major habitat types.



We identified the variables from our potential candidate models that were most 

strongly correlated with habitat use (Keating and Cherry 2004). Therefore, our RSFs 

should be interpreted as a relative scale or index of habitat selection and not as an 

absolute statistical probability. The occurrence of sexual segregation is widespread 

among ruminants, although specific differences in habitat selection between the sexes 

may vary between species and geographic regions. Our results contribute to the body of 

literature on sexual segregation and habitat selection in moose. Specifically, we 

demonstrated differences in overall habitat selection between the sexes at the same scale 

throughout the year; however, we reported differences between sexes in scale of selection 

for the most important habitat variables for each sex, respectively.

Conclusions

We documented differences in habitat selection by the sexes of moose outside of 

the mating season, whereas habitat selection was similar between the sexes during the 

mating season. Our results are generally consistent with the hypotheses that sexual 

segregation in ruminants is explained by differences in acquisition of resources as 

modified by allometric and life-history differences in addition to predation risk. Both 

sexes selected habitat at the 1000 m scale. When models were limited to 2 variables, 

however, there were differences in scales selected for by the sexes. We documented that 

selection was stronger at a broad scale (1000 m) than at finer scales (250 and 500 m) for 

both sexes, emphasizing the need to sample at multiple and appropriate scales.



As shown elsewhere, male and female moose in our study selected habitats 

differently, and therefore the differing needs of each sex needs to be seriously considered 

in species and habitat management decisions. Currently there is little human impact on 

the habitat within our study area; circumstances are likely to change, however, and the 

results of this study are useful as baseline data of habitat selection in a relatively intact 

ecosystem. Alternatively, indirect effects from human disturbance, hunting, etc. must be 

considered relative to the areas predicted to be selected by moose. Furthermore, this 

particular ecosystem is undergoing rapid succession in and although the moose 

population currently appears stable and healthy, habitat improvement may be warranted 

in the future.
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Figure 1.1. Study area for studying habitat selection by GPS telemetry of adult moose on 
the Yakutat Forelands, Alaska, USA, 2002-2004.
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Figure 1.2. Winter 95% fixed-kernel home ranges of adult moose on the Yakutat 
forelands, Alaska, USA, 2002-2004.
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Figure 1.3. Multi-response permutation procedure delta (within-group) values by month 
for adult male and female moose on the Yakutat forelands, Alaska, USA, 2002-2004. 
Delta values represent mean distances between individual locations within each group 
measured in decimal degrees.
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Figure 1.4. Mean ± SE values of variables analyzed for habitat selection by adult female 
moose during a) spring, b) summer, c) autumn, and d) winter on the Yakutat forelands, 
Alaska, USA, 2002-2004. Edge density and stream density are measured in m/ha, 
elevation is in m, and forest is percentage of forested cover.
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Figure 1.5. Mean ± SE values of variables analyzed for habitat selection by adult male 
moose during a) spring, b) summer, c) autumn, and d) winter on the Yakutat forelands, 
Alaska, USA, 2002-2004. Edge density and stream density are measured in m/ha, 
elevation is in m, and forest is percentage of forested cover.
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Figure 1.6. Aspect used by adult female moose during a) spring, b) summer, c) autumn, 
and d) winter on the Yakutat forelands, Alaska, USA, 2002-2004.
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Figure 1.7. Aspect used by adult male moose during a) spring, b) summer, c) autumn, 
and d) winter on the Yakutat forelands, Alaska, USA, 2002-2004.
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Figure 1.8. Relative probability of occurrence predicted for adult moose on the Yakutat 
forelands, Alaska, USA, 2002-2004, during spring. Expected use for each sex was 
calculated using threshold RSF values reported in Table 10. Locations below the 
threshold value for either sex represents expected relative low occurrence and locations 
above the threshold value for both sex represents expected use by both males and 
females.
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Figure 1.9. Relative index of occurrence predicted for adult moose on the Yakutat 
forelands, Alaska, USA, 2002-2004, during summer. Expected use for each sex was 
calculated using threshold RSF values reported in Table 10. Locations below the 
threshold value for either sex represents expected relative low occurrence and locations 
above the threshold value for both sex represents expected use by both males and 
females.
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Figure 1.10. Relative index of occurrence predicted for adult moose on the Yakutat 
forelands, Alaska, USA, 2002-2004, during autumn. Expected use for each sex was 
calculated using threshold RSF values reported in Table 10. Locations below the 
threshold value for either sex represents expected relative low occurrence and locations 
above the threshold value for both sex represents expected use by both males and 
females.
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Figure 1.11. Relative index of occurrence predicted for adult moose on the Yakutat 
forelands, Alaska, USA, 2002-2004, during winter. Expected use for each sex was 
calculated using threshold RSF values reported in Table 10. Locations below the 
threshold value for either sex represents expected relative low occurrence and locations 
above the threshold value for both sex represents expected use by both males and 
females.
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Table 1.1 Variables considered for habitat selection GIS analysis of adult moose on the
Yakutat forelands, Alaska, USA, 2003-2004.

Variable Type Description and measurement units
Sex Discrete Sex of adult collared moose
Season Discrete Season of habitat use:

Autumn August 25-December 15;
Winter December 16-April 30; Spring May 1-June 
30; Summer July 1- August 24

Elevation Continuous Elevation (m)
Aspect Indicator Aspect; Flat, North (339-22°), Northeast (23-68°), 

East (68-113°), Southeast (114-158°),
South (159-203°), Southwest (204-248°), West 
(249-293°), Northwest (294-338°)

Stream density Continuous Density of streams (m/ha)
Vegetation type Continuous Percent of forested cover
Edge density Continuous Edge Density (m/ha)
Shape index Continuous Mean patch shape index
Year Discrete Year of habitat use



Age-Adiusted Home-Ranee Size (km2)
95% Fixed Kernel 95% Minimum Convex Polvpon

Season and Sex Mean SD Range P Mean SD Range
Spring

Male (n = 10 ) 61.88 74.41 8.79-258.63 0.718 30.51 25.62 5.32-92.04
Female ( n= 12) 51.38 46.76 7 .27- 167.14 0.718 28.02 21.70 5.79 -  89.22

Summer
Male (n= 10) 24.29 29.40 2 .56- 94.83 0.270 15.69 14.29 1.80-39.21
Female (n = 10) 42.01 33.19 11.32-119.84 0.270 26.00 16.78 4.22 -  53.60

Autumn
Male (n = 7) 86.23 43.42 35.36- 130.65 0.266 64.53 32.42 26.00- 106.32
Female (n = 11) 64.76 31.89 27.29- 141.31 0.266 39.91 16.75 13.65-69.72

Winter
Male (n = 7) 84.39 32.93 41.39- 135.25 0.129 57.43 34.51 25.35- 103.77
Female (n = 13) 58.53 30.36 5 .56- 108.77 0.129 41.83 27.37 2 .76- 83.67

Annual
Male (n = 5) 124.21 48.54 67.21 -  175.62 0.089 93.01 47.94 27.16-147.79
Female (n = 9) 76.41 39.92 31.81 -  160.34 0.089 67.96 18.35 44.19- 89.93
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Table 1.3. Outcomes from step-wise conditional logistic regression for effect of year on 
habitat selection by GPS telemetry of adult moose on the Yakutat forelands, Alaska, 
USA, 2002-2004. The year B is relative to the reference variable of year 2002 for each 
scale. All regression coefficients significant at a =0.05 are reported.

Season, Year Female Male
Scale (m) B SE 6 SE

Spring, 2003
250 0.817 0.055 0.352 0.065
500 0.846 0.055 0.347 0.065
1000 0.848 0.055 0.347 0.065

Summer, 2003
250
500
1000 0.251 0.063

Autumn, 2003
250 1.125 0.060 1.535 0.171
500 1.148 0.060 1.622 0.172
1000 1.096 0.060 1.719 0.172

Autumn, 2004
250 1.815 0.118 2.599 0.192
500 1.860 0.118 2.736 0.193
100 1.842 0.118 2.835 0.193

Winter, 2003
250 0.215 0.051
500 0.201 0.051
1000 0.224 0.051



Sex, Season k Variables A IC cAi A IC cWj
Scale (m)

Female, spring
250 4 Edge density, stream density, elevation, aspect 62.5 0.00
500 4 Edge density, stream density, elevation, aspect 18.7 0.00
1000 4 Edge density, stream density, elevation, aspect 0.0 1.00

Female, summer
250 4 Edge density, % forest, stream density, elevation, aspect 173.3 0.00
500 4 Edge density, % forest, stream density, aspect 76.3 0.00
1000 4 Edge density, % forest, stream density, aspect 0.0 1.00

Female, autumn
250 4 Edge density, % forest, elevation, aspect 270.3 0.00
500 4 Edge density, % forest, elevation, aspect 211.4 0.00
1000 4 Edge density, stream density, elevation, aspect 0.0 1.00

Female, winter
250 4 Edge density, % forest, stream density, aspect 294.6 0.00
500 4 Edge density, % forest, stream density, aspect 178.0 0.00
1000 4 Edge density, % forest, stream density, aspect 0.0 1.00

Male, spring
250 4 Edge density, % forest, elevation, aspect 25.6 0.00
500 4 % forest, elevation, aspect 14.6 0.00
1000 4 % forest, elevation, aspect 0.0 1.00

Male, summer
250 3 % forest, elevation, aspect 53.1 0.00
500 4 Edge density, % forest, elevation, aspect 33.4 0.00
1000 3 % forest, elevation, aspect 0.0 1.00



Male, autumn
250 4 Edge density, stream density, elevation, aspect 62.5 0.00
500 4 Edge density, stream density, elevation, aspect 46.3 0.00
1000 4 Edge density, stream density, elevation, aspect 0.0 1.00

Male, winter
250 4 Edge density, % forest, stream density, elevation 34.5 0.00
500 4 Edge density, % forest, stream density, elevation 6.7 0.03
1000 4 Edge density, stream density, elevation, aspect 0.0 0.97

On



Table 1.5. Coefficients (6), Risk Ratios (RR), and 90% Confidence Intervals for habitat selection by adult female moose at the 
1000 m scale on the Yakutat forelands, Alaska, USA, 2002-2004. Regression coefficients for variables included in the most 
parsimonious model for each season are reported. Aspect categories (flat through northwest) are relative to the reference 
variable of south.

- j

Season
Covariate Spring .... Summer Autumn Winter

6 RRa 90% C.I 6 RRa 90% C.I. 6 RRa 90% C.I. 6 RRa 90% C.I.

Forest 0.004 1.042 1.013-1.071 -0.010 0.907 0.898-0.916

Edge 0.012 1.128 1.098-1.160 0.015 1.176 1.133-1.221 0.013 1.147 1.122-1.173 -0.005 0.946 0.931-0.962

Stream Density 0.011 1.050 1.025-1.075 0.033 1.157 1.120-1.194 0.015 1.069 1.050-1.089 0.025 1.119 1.104-1.134

Elevation -0.004 0.886 0.830-0.946 -0.022 0.440 0.383-0.506

Flat -0.252 0,777 0.662-0.912 0.178 1.195 0.961-1.487 0.190 1.209 1.012-1.445 0.634 1.885 1.634-2.173

Northb -1.243 0.289 0.118-0.704 -0.500 0.607 0.247-1.496 -0.692 0.501 0.124-2.016

Northeast -0.839 0.432 0.283-0.660 0.213 1.238 0.738-2.075 -2.310 0.099 0.025-0.401 -0.480 0.619 0.428-0.894

East -0.198 0.820 0.534-1.260 0.075 1.078 0.640-1.815 0.523 1.686 1.254-2.267 0.863 2.371 1.949-2.884

Southeast -0.193 0.825 0.639-1.064 0.378 1.460 1.083-1.969 0.935 2.547 2.034-3.190 0.748 2.113 1.779-2.510

Southwest -0.057 0.945 0.796-1.121 0.315 1.371 1.085-1.732 0.010 1.010 0.819-1.246 0.165 1.179 1.000-1.390



West -0.658 0.518 0.382-0.702 -0.004 0.996 0.739-1.344 0.742 2.101 1.682-2.624 0.421 1.523 1.280-1.812

Northwest

a i-> • i

-0.280 0.755 0.591-0.965 -1.700 0.185 0.086-0.397 -0.569 0.566 0.393-0.816 -0.549 0.578 0.426-0.783

Kisk ratios and confidence intervals are standardized for a 10% increase in all continuous variables. 
Estimate for autumn not available because of small sample size.
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Table 1.6. Coefficients (6), Risk Ratios (RR), and 90% Confidence Intervals for habitat selection by adult male moose at the 
1000 m scale on the Yakutat forelands, Alaska, USA, 2002-2004. Regression coefficients for variables included in the most 
parsimonious model for each season are reported. Aspect categories (flat through northwest) are relative to the reference 
variable of south.

- j
40

Season
Covariate Spring Summer Autumn Winter

B RR a 90% C.I 6 RRa 90% C.I. 6 RRa 90% C.I. 6 RRa 90% C.I.

Forest 0.010 1.105 1.079-1.132 0.014 1.155 1.119-1.192

Edge 0.008 1.087 1.056-1.118 -0.002 0.981 0.959-1.005

Stream Density 0.010 1.049 1.025-1.074 0.025 1.123 1.101-1.145

Elevation -0.032 0.412 0.349-0.487 -0.054 0.167 0.122-0.229 -0.028 0.350 0.284-0.432 -0.018 0.551 0.483-0.628

Flat -0.035 0.966 0.791-1.179 0.024 1.024 0.763-1.375 -0.086 0.917 0.761-1.106 0.158 1.171 1.005-1.365

Northb -0.284 0.753 0.379-1.500 -0.692 0.501 0.271-0.925 0.122 1.130 0.736-1.735

Northeast6 0.319 1.375 0.905-2.090 -0.741 0.477 0.256-0.886 -0.139 0.870 0.559-1.356

Eastb -1.518 0.219 0.054-0.886 0.245 1.378 0.852-2.227 0.138 1.149 0.739-1.785

Southeast 0.133 1.142 0.839-1.554 -0.428 0.652 0.427-0.996 0.263 1.301 0.971-1.741 0.613 1.846 1.497-2.278

Southwest 0.271 1.312 1 062-1.620 0.071 1.074 0.757-1.522 -0.122 0.885 0.717-1.094 0.457 1.579 1.330-1.875



West 0.139 1.149 0.892-1.482 0.606 1.833 1.320-2.546 0.807 2.240 1.758-2.855 -0.195 0.823 0.661-1.024

Northwest -0.183 0.832 0.609-1.138 0.110 1.117 0.766-1.627 0.761 2.140 1.692-2.708 0.386 1.471 1.184-1.827

a Risk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables. 
Estimates for summer not available because of small sample size.
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Table 1.7. Coefficients (8), Risk Ratios (RR), and 90% Confidence Intervals for 2-variable habitat selection models for aduli
female moose on the Yakutat forelands, Alaska, USA, 2002-2004 at the most explanatory scale for each season.

Risk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables.

Covariate Spring, 1000 m 
6 RRa 90% 

C.I

Summer, 1000 m 
B RRa 90% 

C.I.
13

Autumn. 1000 m 
RRa 90% 

C.I.

Winter, 500 m 
6 RRa 90% 

C.I.
Forest -0.010 0.906 0.898-0.913

Edge 0.014 1.149 1.121-1.179 0.013 1.152 1.114-1.192 0.017 1.193 1.169-1.219

Stream
Density

0.010 1.046 1.020-1.071 0.033 1.159 1.124-1.196 0.015 1.070 1.052-1.090 0.017 1.117 1.104-1.131



Covariate Spring, 1000 m Summer, 500 m Autumn. 250 m Winter, 250 m
6 RRa 90% C.I 13 RRa 90% C.I. 13 RRa 90% C.I. 6 RRa 90% C.I.

Forest 0.010 1.108 1.082-1.135 0.013 1.134 1.106-1.161 0.003 1.035 1.020-1.049 -0.002 0.976 0.965-0.987

Elevation -0.028 0.466 0.405-0.535 -0.051 0.225 0.180-0.283 -0.037 0.387 0.342-0.437 -0.021 0.554 0.503-0.610

Table 1.8. Coefficients (6), Risk Ratios (RR), and 90% Confidence Intervals for 2-variable habitat selection models for adult
male moose on the Yakutat forelands, Alaska, USA, 2002-2004 at the most explanatory scale for each season.

Risk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables.
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Table 1.9. Spearman rank correlations (rs) between area-adjusted bin ranks and withheld 
used locations for 1000 m seasonal habitat selection models of adult male and female 
moose on the Yakutat forelands, Alaska, USA, 2002-2004. We calculated values of 
relative occurrence for our withheld locations and divided the range of these probability 
values into 10 bins of equal intervals. We adjusted the frequency of locations falling into 
each bin by the area of each range of RSF scores available across the landscape.

Season

Female Male
N rs P N rs P

Spring 1027 0.927 0.0001 824 0.915 0.0002

Summer 705 0.709 0.021 601 0.915 0.0002

Fall 1721 0.964 <0.0001 956 0.855 0.002

Winter 3055 0.939 <0.0001 1506 0.915 0.0002



Table 1.10. Accuracy of habitat selection models for adult moose on the Yakutat forelands, Alaska, USA, 2002-2004. All Ps 
for chi-square analysis were <0.0001.

O O4̂

a Value indicates the threshold probability value used to distinguish classification of used vs. available points (i.e. threshold 
value of 0.5 indicates that a point with a probability >0.5 would be classified as a used point, whereas a point <0.5 would be 
classified as random).
bUsed indicates percentage of withheld used locations classified as used (sensitivity).
L Random indicates percentage of random locations classified random (specificity).
d Over-all accuracy; average of used and random. ж

Model Prediction Accuracy
Season, Female Male
Scale (m)

N Value3 Used” Random0 Totald N Value3 Usedb Random0 Totald
Spring
250 985 0.5 42.74 69.95 56.35 735 0.5 84.49 40.00 62.24
500 988 0.5 76.11 45.34 60.73 738 0.5 78.46 50.41 64.43
1000 1027 0.5 87.34 35.93 61.64 824 0.5 84.10 43.52 63.81

Summer
250 711 0.6 83.26 38.96 61.11 582 0.5 74.91 59.18 67.05
500 702 0.6 95.58 18.66 57.12 574 0.6 75.44 56.97 66.20
1000 707 0.6 99.15 6.50 52.82 601 0.5 85.36 51.00 68.18

Fall
250 1681 0.4 86.56 43.96 65.26 857 0.4 79.00 43.47 61.23
500 1697 0.5 72.78 57.22 65.00 860 0.5 65.00 9.88 37.44
1000 1721 0.4 78.79 48.17 63.48 956 0.4 69.87 50.57 60.22

Winter
250 3020 0.5 76.09 51.03 63.56 1506 0.4 73.31 46.45 59.88
500 3052 0.5 74.84 50.85 62.84 1349 0.4 23.94 84.74 54.34
1000 3055 0.5 83.37 44.86 64.12 1506 0.6 87.98 29.08 58.53



Literature cited

Allison, P. D. 2001. Logistic regression using the SAS system: Theory and application. 

SAS Institute Inc., Cary, North Carolina.

Andren, H. and P. Angelstam. 1993. Moose browsing on scots pine in relation to stand 

size and distance to forest edge. Journal of applied ecology 30:133-142.

Anderson, D. P., J. D. Forester, M. G. Turner, J. L. Frair, E. H. Merrill, D. Fortin, J. S. 

Mao, and M. S. Boyce. 2005. Factors influencing home range sizes in elk (Cervus 

elaphus) in North American landscapes. Landscape Ecology 20:257-271.

Animal Care and Use Committee. 1998. Guidelines for the capture, handling, and care of 

mammals as approved by the American Society of Mammalogists. Journal of 

Mammalogy 79:1416-1431.

Apps, C. D., B. N. McClellan, T. A. Kinley, and J. P. Flaa. 2001. Scale-dependent 

habitat selection by mountain caribou, Columbia mountains, British Columbia. 

Journal of Wildlife Management 65:65-77.

Ballard, W. B., J. S. Whitman, and D. J. Reed. 1991. Population dynamics of moose in 

south-central Alaska. Alaska Wildlife Monographs 114:1-49.

Barboza, P. S., and R. T. Bowyer. 2000. Sexual segregation in dimorphic deer: a new 

gastrocentric hypothesis. Journal of Mammalogy 81:473-489.

Barboza, P. S., and R. T. Bowyer. 2001. Seasonality of sexual segregation in dimorphic 

deer: extending the gastrocentric model. Alces 37:275-292.



Barten, N. L. 2004. Unit 5 moose management report. Pages 69-89 in C. Brown,

editor. Moose management report of survey and inventory activities 1 July 2001— 

30 June 2003. Alaska Department of Fish and Game. Project 1.0. Juneau, Alaska.

Barten, N. L., R. T. Bowyer and K. J. Jenkins. 2001. Habitat use by female caribou: 

tradeoffs associated with parturition. Journal of Wildlife Management 65(l):77-92.

Berger, J. 1991. Pregnancy incentives, predation constraints, and habitat shifts:

experimental and field evidence for wild bighorn sheep. Animal Behavior 41:61- 

77.

Berger, J. 1999. Anthropogenic extinction of top carnivores and interspecific animal 

behavior: Implications of the rapid decoupling of a web involving wolves, bears, 

moose, and ravens. Proceedings of the Royal Society of London B 266:2261-2267.

Berger, J., P. B. Stacy, L. Beilis, and M. P. Johnson. 2001a. A mammalian predator-prey 

imbalance: Grizzly bear and wolf extinction affect avian Neotropical migrants. 

Ecological Applications 11:947-960.

Berger, J., J. E. Swenson, and I. L. Persson. 2001b. Recolonizing carnivores and naive 

prey: Conservation lessons for Pleistocene extinctions. Science 291:1036-1039.

Bergerud, A. T., R. Ferguson, and H. E. Butler. 1990. Spring migration and dispersion 

of woodland caribou at calving. Animal Behavior 39:360-368.

Bergman, E. J., R. A. Garrott, C. Scott, J. J. Borkowski, R. Jaffe, and F. G. R. Watson. 

2006. Assessment of prey vulnerability through analysis of wolf movements and 

kill sites. Ecological Applications 16:273-284.



Beyer, H. L. 2004. Hawth’s analysis tools for ArcGIS. Available at 

http ://w w w. spatialecology.com/htools.

Biggs, J. R., K. D. Bennett, and P. R. Fresquez. 2001. Relationship between home range 

characteristics and the probability of obtaining successful global positioning system 

(GPS) collar positions for elk in New Mexico. 2001. Western North American 

Naturalist 61:213-222.

Bleich, V. C., R. T. Bowyer, and J. D. Wehausen. 1997. Sexual segregation in mountain 

sheep: resources or predation? Wildlife Monographs 134:1-50.

Bowyer, R. T. 1984. Sexual segregation in southern mule deer. Journal of Mammalogy 

65:410-417.

Bowyer, R. T. 1986. Habitat selection by southern mule deer. California Fish and Game 

72:153-169.

Bowyer, R. T. 2004. Sexual segregation in ruminants: definitions, hypotheses, and 

implications for conservation. Journal of Mammalogy 85:1039-1052.

Bowyer, R. T., and J. G. Kie. 2004. Effects of foraging activity on sexual segregation in 

mule deer. Journal of Mammalogy 85:498-504.

Bowyer, R. T. and J. G. Kie. 2006. Effects of scale on interpreting life-history

characteristics of ungulates and carnivores. Diversity and Distributions 12:244-257.

Bowyer, R. T., J. G. Kie, and V. Van Ballenberghe. 1996. Sexual segregation in 

black-tailed deer: effects of scale. Journal of Wildlife Management 60:10-17.

Bowyer, R. T., B. M. Pierce, L. K. Duffy, and D. A. Haggstrom. 2001. Sexual 

segregation in moose: effects of habitat manipulation. Alces 37:109-122.

87



Bowyer R. T., K. M. Stewart, S. A. Wolfe, G. M. Blundell, K. L. Lehmkuhl, P. J. Joy, T. 

J. McDonough, and J. G. Kie. 2002. Assessing sexual segregation in deer. Journal 

of Wildlife Management 66:536-544.

Bowyer, R. T., V. Van Ballenberghe, and J. G. Kie. 1998. Timing and synchrony of 

parturition in Alaskan moose: long-terms versus proximal effects of climate. 

Journal of Mammalogy 79:1332-1344.

Bowyer, R. T., V. Van Ballenberghe, J. G Kie, and J. A. K. Maier. 1999. Birth-site 

selection in Alaskan moose: maternal strategies for coping with a risky 

environment. Journal of Mammalogy 80:1070-1083.

Boyce, M. S., M. G. Turner, J. Fryxell, and P. Turchin. 2003. Scale and heterogeneity in 

habitat selection by elk in Yellowstone National Park. Ecoscience 10:421-431.

Boyce, M. S., P. R. Vernier, S. E. Nielsen, and F. K. A. Schmiegelow. 2002. Evaluating 

resource selection functions. Ecological Modeling 157:281-300.

Burnham, K. P. and D. R. Anderson. 2002. Model selection and inference: a practical 

information-theoretic approach. 2nd ed. Springer-Verlag New York Inc., New 

York, USA.

Cederlund, G. N., and H. Sand. 1994. Home-range size in relation to age and sex in 

moose. Journal of Mammalogy 75:1005-1012.

Cederlund, G. N., F. Sandegren, and K. Larsson. 1987. Summer movements of female 

moose and dispersal of their offspring. Journal of Wildlife Management 51:342- 

352.



Clutton-Brock, T. H., G. R. Iasona, and F. E. Guinness. 1987. Sexual segregation and 

density-related changes in habitat use in male and female red deer (Cervus elpahus). 

Journal of Zoology (London) 211:275-289.

Coady, J.W. 1974. Influence of snow on behavior of moose. Naturaliste Canadien 

101:417-436.

Conradt, L. 1999. Social segregation is not a consequence of habitat segregation in red 

deer and Soay sheep. Animal Behavior 57:1151-1157.

Corti, P., and D. M. Shackleton. 2002. Relationship between predation-risk factors and 

sexual segregation in Dali’s sheep (Ovis dalli dalli). Canadian Journal of Zoology 

80:2108-2117.

Dale, M. R. T., and D. A. Maclsaac. 1989. New methods for the analysis of spatial 

patterns in vegetation. Journal of Ecology 77:78-91.

Demarchi, M. W. 2003. Migratory patterns and home range size of moose in the central 

Nass Valley, British Columbia. Northwestern Naturalist 84:135-141.

D’Eon, R. G. 2003. Effects of a stationary GPS fix-rate bias on habitat-selection 

studies. Journal of Wildlife Management 67:858-863.

D’Eon, R. G., R. Serrouya, G. Smith, and C. O. Kochanny. 2002. GPS radiotelemetry 

error and bias in mountainous terrain. Wildlife Society Bulletin 30:430-439

Di Orio, A. P., R. Callas, and R. J. Schaefer. 2003. Performance of GPS telemetry

collars under different habitat conditions. Wildlife Society Bulletin 31:372-379.
\

Doerr, J. G. 1983. Home range sizes, movements, and habitat use in two moose 

populations in southeastern Alaska. Canadian Field Naturalist 97:79-88.



Dussault, C., R. Courtois, J. P. Ouellet, and J. Huout. 1999. Evaluation of GPS 

telemetry collar performance for habitat studies in the boreal forest. Wildlife 

Society Bulletin 27:965-972.

Dussault, C„ J. P. Ouellet, R. Courtois, J. Huot, L. Breton, and H. Jolicoeur. 2005. 

Linking moose habitat selection to limiting factors. Ecography 28:619-628.

Edwards, J. 1983. Diet shifts in moose due to predator avoidance. Oecologia 60:185- 

189.

Erickson, W. P., T. L. McDonald, and R. Skinner. 1998. Habitat selection using GIS 

data: a case study. Journal of Agricultural, Biological, and Environmental 

Statistics 3:296-310.

Farmer, C. F., D. K. Person, and R. T. Bowyer. 2006. Risk factors and survivorship of 

black-tailed deer in a managed forest landscape. Journal of Wildlife Management 

70:1403-1415.

Festa-Bianchet, M. 1988. Seasonal range selection in bighorn sheep: conflicts between 

forage quality, forage quantity, and predator avoidance. Oecologia 75:580-586.

Fielding, A. H., and J. F. Bell. 1997. A review of methods for the assessment of 

prediction errors in conservation presence/absence models. Environmental 

Conservation 24:38-49.

Flynn, R. W., and L. R. Beier. 2001. An initial evaluation of GPS technology to study 

brown bear use of riparian habitats on northeast Chichagof Island southeast Alaska. 

Alaska Department of Fish and Game, Douglas, Alaska, unpublished report: 1-9.



Gardner, R. H. 1998. Pattern, process, and the analysis of spatial scales. Pp. 17-34 in 

Ecological scale: theory and applications. (D. L. Peterson and V. T. Parker, eds.). 

Columbia University Press, New York, New York.

Gasaway, W. C., D. B. Harkness, and R. A. Rausch. 1978. Accuracy of moose age 

determinants from incisor cementum layers. Journal of Wildlife Management 

42:558-563.

Gasaway, W. C., R. O. Stephenson, J. L. Davis, P. E. K. Shepherd, and O. E. Burris. 

1983. Interrelationships of wolves, prey, and man in interior Alaska. Alaska 

Wildlife Monographs 84:1-50.

Hansson, L. 1994. Vertebrate distributions relative to clear-cut edges in boreal forest 

landscape. Landscape Ecology 19:105-115.

Hauge, T. M., and L. B. Keith. 1981. Dynamics of moose populations in northeastern 

Alberta. Journal of Wildlife Management 45:573-597.

Haung, F„ D. C. Cockrell, T. R. Stephenson, J. H. Noyes, and R. G. Sasser. 2000. A 

serum pregnancy test with a specific radioimmunoassay for moose and elk 

pregnancy-specific protein B. Journal of Wildlife Management 64:492-499.

Hosmer, D. W., and S. Lemeshow. 2000. Applied logistic regression. 2nd ed. John 

Wiley and Sons, New York, New York.

Huettmann, F. and A. W. Diamond. 2006. Large-scale effects on the spatial distribution 

of seabirds in the Northwest Atlantic. Landscape Ecology 27:1089-1108.



Hundertmark, K. J. 1998. Home range, dispersal and migration. Pp. 303-335 in Ecology 

and management of the North American moose (A.W. Franzmann and C.C. 

Schwartz, eds.). Smithsonian Institution Press, Washington, D.C.

Hundertmark, K. J., R. T. Bowyer, G. F. Shields, C. G. Schwartz and M. H. Smith. 2006. 

Colonization history and taxonomy of moose Alces alces in southeastern Alaska 

inferred from mtDNA variation. Wildlife Biology 12:331-338.

Hundertmark, K. J., W. L. Eberhardt, and R. E. Ball. 1990. Winter habitat use by moose 

in southeastern Alaska: implications for forest management. Alces 26:108-114.

Hurlbert, S.H. 1984. Pseudoreplication and the design of ecological field experiments. 

Ecological Monographs 54:187-211.

Imbens, G. W. and T. Lancaster. 1996. Efficient estimation and stratified sampling. 

Journal of Econometrics 74:289-318.

Janssen, L. L. F., and F. J. M. Van Der Wei. 1994. Accuracy assessment of satellite 

derived land-cover data: a review. Photogrammetric Engineering and Remote 

Sensing 60:419-426.

Johnson, C. J., K. L. Parker, and D. C. Heard. 2001. Foraging across a variable 

landscape: behavioral decisions made by woodland caribou at multiple spatial 

scales. Oecologia 127:590-602.

Johnson, C. J., D. R. Seip, and M. S. Boyce. 2004. A quantitative approach to

conservation planning: using resource selection functions to map the distribution of 

mountain caribou at multiple scales. Journal of Applied Ecology 41:238-251.



Johnson, C. J., et al. 2005. Cumulative effects of human developments on Arctic 

wildlife. Wildlife Monographs 160:1-36.

Keating, K. A. and S. Cherry. 2004. Use and interpretation of logistic regression in 

habitat selection studies. Journal of wildlife management 68:774-789.

Kellie, K. A. 2005. Summer movements of female moose at high density. Thesis, 

University of Alaska, Fairbanks.

Kelsall, J. P. and W. Prescott. 1971. Moose and deer behavior in snow in Fundy

National Park, New Brunswick. Canadian Wildlife Service Report Series No. 15:1- 

27.

Keay, J. A. and J. M. Peek. 1980. Relationships between fires and winter habitat of 

deer in Idaho. Journal of Wildlife Management 44:372-380.

Kie, J. G., and R. T. Bowyer. 1999. Sexual segregation in white-tailed deer:

density-dependent changes in use of space, habitat selection and dietary niche. 

Journal of Mammalogy 80: 1004-1020.

Kie, J. G., R. T. Bowyer, M. C. Nicholson, B. B. Boroski, and E. R. Loft. 2002.

Landscape heterogeneity at differing scales: effects on spatial distribution of mule 

deer. Ecology 83: 530-544.

Kirchoff, M. D., J. W. Schoen, and O. C. Wallmo. 1983. Black-tailed deer use in relation 

to forest clear-cut edges in southeastern Alaska. Journal of Wildlife Management 

47:497-501.

Klein, D. R. 1965. Post-glacial distribution patterns of mammals in the southern coastal 

regions of Alaska. Arctic 18:7-20.



Kremsater, L. L. and F. L. Bunnell. 1992. Testing responses to forest edges: the 

example of black-tailed deer. Canadian Journal of Zoology 70:2426-2435.

Kunkel, K. E. 1997. Predation by wolves and other large carnivores in northwestern 

Montana and southeastern British Columbia. Ph.D. Dissertation, University of 

Montana, Missoula.

Kunkel, K. E. and D. H. Pletscher. 2000. Habitat factors affecting vulnerability of

moose to predation by wolves in southeastern British Columbia. Canadian Journal 

of Zoology 78:150-157.

Kunkel, K. E. and D. H. Pletscher. 2001. Winter hunting patterns of wolves in and near 

Glacier National Park, Montana. Journal of Wildlife Management 65:520-530.

Langley, M. A., and D. H. Pletscher. 1994. Calving areas of moose in northwestern 

Montana and southeastern British Columbia. Alces 30:127-135.

Levin, S. A. 1992. The problem of pattern and scale in ecology. Ecology 73:1943-1967.

Levin, S. A. and S. W. Pacala. 1997. Theories of simplification and scaling of spatially 

distributed processes. Pp. 271-295 in Spatial ecology: the role of space in 

population dynamics and interspecific interactions. (D. Tilman and P. Kareiva, 

eds.). Princeton University Press, Princeton, New Jersey.

MacCracken, J. G., V. Van Ballenberghe, and J. M. Peek. 1997. Habitat relationships of 

moose on the Copper River Delta in coastal South-central Alaska. Wildlife 

Monograph 136:1-52.

Maier, J. A. K , J. Ver Hoef, A. D. McGuire, R. T. Bowyer, L. Saperstein, and H. A. 

Maier. 2005. Distribution and density of moose in relation to landscape



characteristics: effects of scale. Canadian Journal of Forest Research 35:2233- 

2243.

Main, M. B., and B. E. Coblentz. 1996. Sexual segregation in Rocky Mountain mule 

deer. Journal of Wildlife Management 60:479-507.

Manly, B. F. J., L. L. McDonald, D. L. Thomas, T. L. McDonald, and W. P. Erickson.

2002. Resource selection by animals: statistical design and analysis for field 

studies. 2nd ed. Kluwer Academic, Dordrecht, The Netherlands.

McCorquodale, S. M. 2003. Sex-specific movements and habitat use by elk in the 

cascade range of Washington. Journal of Wildlife Management 67:729-741.

McCorquodale, S. M., K. J. Raedeke, and R. D. Taber. 1986. Elk habitat use patterns in 

the shrub-steppe of Washington. Journal of Wildlife Management 50:664-669.

McCullough, D. R., D. H. Hirth, and S. J. Newhouse. 1989. Resource partitioning 

between sexes in white-tailed deer. Journal of Wildlife Management 53:227-283.

McDonald, L. L., J. R. Alldredge, M. S. Boyce, and W. P. Erickson. 2005. Measuring 

availability and vertebrate use of terrestrial habitats and foods. Pp. 465-488 in 

Techniques for Wildlife Investigations and Management (C.E. Braun, ed.). The 

Wildlife Society, Bethesda, Maryland.

McGarigal, K., and B. J. Marks. 1995. FRAGSTATS: spatial pattern analysis program 

for quantifying landscape structure. USDA Forest Service GTR-PNW-GTR-351.

McLean, S. A., M. A. Rumble, R. M. King, and W. L. Baker. 1998. Evaluation of 

resource selection methods with different definitions of availability. Journal of 

Wildlife Management 62:793-801.



Mielke, P. W., J. C. Anderson, and K. J. Berry. 1983. Lead concentrations in inner-city 

soils as a factor in the child lead problem. American Journal of Public Health 

73:1366-1369.

Miller, B. K., and J. A. Litvaitis. 1992. Habitat segregation by moose in a boreal forest 

ecotone. Acta Theriologica 37:41-50.

Mills, D. D., and A. S. Firman. 1986. Fish and wildlife use patterns in Yakutat, Alaska: 

contemporary patterns and changes. Alaska Department of Fish and Game, Division 

of Subsistence, Douglas Alaska, Technical Paper 131:1-252. 252.

Millspaugh, J. J. and J. M. Marzluff. 2001. Radio-Tracking and animal populations. 

Academic Press, San Diego, California

Miquelle, D. G., J. M. Peek, and V. Van Ballenberghe. 1992. Sexual segregation in 

Alaskan moose. Wildlife Monographs 122:1-57.

Moen, R., J. Pastor and Y. Cohen. 2001. Effects of animal activity on GPS telemetry 

location attempts. Alces 37:207-216.

Molvar, E. M., and R. T. Bowyer. 1994. Costs and benefits of group living in a recently 

social ungulate: the Alaskan moose. Journal of Mammalogy 75:621-630.

Mysterud, A., and E. Ostybe. 1999. Cover as a habitat element for temperate ungulates: 

effects on habitat selection and demography. Wildlife Society Bulletin 27:385-394.

National Oceanic and Atmospheric Administration [NOAA], 2005. Local climatological 

data, <http://cdo.ncdc.noaa.gov>. Accessed May 8 2007.

Neter, J. W., M. H. Kutner, C. J. Nachtsheim, and W. Wasserman. 1996. Applied linear 

statistical models. 4th ed. The McGraw-Hill Companies, Inc.

http://cdo.ncdc.noaa.gov


Nielsen, S. E., M. S. Boyce, G. B. Stenhouse, and R. H. M. Munro. 2003. Development 

and testing of phonologically driven grizzly bear models. Ecoscience 10:1-10.

Oakleaf, J. K., et al. 2006. Habitat selection by recolonizing wolves in the Northern 

Rocky Mountains of the United States. Journal of Wildlife Management 70:554- 

563.

O’Neil, T. A., et al. 2005. Application of spatial technologies in wildlife biology. Pp. 

418-4417 in Techniques for Wildlife Investigations and Management (C.E. Braun, 

ed.). The Wildlife Society, Bethesda, Maryland.

Otis, D. L., and G. C. White. 1999. Autocorrelation of location estimates and the 

analysis of radiotracking data. Journal of Wildlife Management 63:1039-1044.

Peek, J. M., R. E. Leresche, and D. R. Stevens. 1974. Dynamics of moose aggregations 

in Alaska, Minnesota, and Montana. Journal of Mammalogy 55:126-137. Feb. 

1974. WR 152:41. Project number: Alaska W-017-R.

Pendergast, J. F., et al. 1996. A survey of methods for analyzing clustered binary 

response data. International Statistics Review 64:89-118.

Pereira, J. M. C., and R. M. Itami. 1991. GIS-based habitat modeling using logistic

regression: a study of the Mt. Graham red squirrel. Photogrammetric Engineering 

and Remote Sensing 57:1475-1486.

Peterson, R.O. 1977. Wolf ecology and prey relationships on Isle Royale. U.S. National 

Park Service, Science Monographs Series No. 11.

Phillips, R. L., W. E. Berg and D. B. Siniff. 1973. Moose movement patterns and range 

use in northeastern Minnesota. Journal of Wildlife Management 37:266-278.



Pierce, B. M., R. Т. Bowyer, and V.C. Bleich. 2004. Habitat selection by mule deer: 

forage benefits or risk of predation? Journal of Wildlife Management 68:533-541.

Pierce, B. M., V. C. Bleich, and R. T. Bowyer. 2000. Social organization of mountain 

lions: does a land-tenure system regulate population size? Ecology 81:1533-1543.

Rachlow, J. L., and R. T. Bowyer. 1998. Habitat selection by dall’s sheep (Ovis ovis): 

maternal trade-offs. Journal of Zoology 245:457-465.

Rettie, J. W., and F. Messier. 2000. Hierarchical habitat selection by woodland caribou: 

its relationship to limiting factors. Ecography 23:466-478.

Riggs, M. R., and K. H. Pollock. 1992. A risk ratio approach to multivariable analysis of 

survival in longitudinal studies of wildlife populations. Pp. 74-89 in Wildlife 2001: 

Populations (D. R. McCullough and R. H. Barrett, eds.). Elsevier Applied Science, 

New York, New York.

Rodgers, A. R., A. P. Carr, L. Smith and J. G. Kie. 2005. HRT: Home Range Tools for 

ArcGIS. Ontario Ministry of Natural Resources, Centre for Northern Forest 

Ecosystem Research, Thunder Bay, Ontario, Canada.

Roffe, T. J., K. Coffin, and J. Berger. 2001. Survival and immobilizing moose with 

carfentanil and xylazine. Wildlife Society Bulletin 29:1140-1146.

SAS Institute, Inc. 2002. SAS/STAT user’s guide. Release 9.1. SAS Institute, Inc., 

Cary, North Carolina.

Schmidt, J. I., J. M. Yer Hoef, and R. T. Bowyer. 2007. Antler size of Alaskan moose: 

effects of population density, harvest intensity, and use of guides. Wildlife Biology 

13: in press.



Schneider, D. C. 1994. Quantitative ecology: spatial and temporal scaling. Academic 

Press, Inc., San Diego, California.

Shephard, M. E. 1995. Plant Community Ecology and Classification of the Yakutat 

Foreland, Alaska. USDA Forest Service, R10-TP-56:1-215.

Slauson, W. L„ B. S. Cade, and J. D. Richards. 1991. Users manual for BLOSSOM 

statistical software. USFWS, National Ecology Research Center, Fort Collins, 

Colorado.

Smith, A.C. and A.W. Franzmann. 1979. Productivity and physiology of Yakutat

Forelands Moose. Alaska Department of Fish and Game, Federal Aid in Wildlife 

Restoration Projects W-17-10 and W-17-11, Job 1.25R:1-18.

Smith. P. A. 1994. Autocorrelation in logistic regression modeling of species’ 

distributions. Global Ecology and Biogeography Letters 4:47-61.

Spaeth, D. F., R. T. Bowyer, T. R. Stephenson, and P. S. Barboza. 2004. Sexual 

segregation in moose Alces alces: an experimental manipulation of foraging 

behavior. Wildlife Biology 10:59-72.

Spaeth, D. F., K. J. Hundertmark, R. T. Bowyer, P. S. Barboza, T. R. Stephenson, and R. 

O. Peterson. 2001. Incisor arcades of Alaskan moose: is dimorphism related to 

sexual segregation? Alces 37:217-226.

Stephenson, T. R., V. Van Ballenberghe, J. M. Peek and J. G. MacCracken. 2006. 

Spatio-temporal constraints on moose habitat and carrying capacity in coastal 

Alaska: vegetation succession and climate. Rangeland Ecology and Management 

59:359-372.



Stewart, K. M., R. Т. Bowyer , J. G. Kie, N. J. Cimon, and B. K. Johnson. 2002.

Temporospatial distributions of elk, mule deer, and cattle: resource partitioning and 

competitive displacement. Journal of Mammalogy 83:229-244.

Stewart, K. M., T. E. Fulbright, D. L. Drawe, and R. T. Bowyer. 2003. Sexual

segregation in white-tailed deer: responses to habitat manipulations. Wildlife 

Society Bulletin 31:1210-1217.

Sweanor, P. Y., and F. Sandegren. 1989. Winter range philopatry of seasonally 

migratory moose. Journal of Applied Ecology 26:25-33.

Telfer, E. S. 1967. Comparison of moose and deer winter range in Nova Scotia. Journal 

of Wildlife Management 31:418-425.

Telfer, E. S. 1970. Winter habitat selection by moose and white-tailed deer. Journal of 

Wildlife Management 34:553-559.

Testa, J. W. 2004. Population dynamics and life-history trade-offs of moose (Alces 

alces) in south-central Alaska. Ecology 85:1439-1452.

Thompson, I. D. and M. F. Veukelich. 1981. Use of logged habitats in winter by moose 

with calves in northeastern Ontario. Canadian Journal of Zoology 59:2103-2114.

Timmerman, H. R. 1993. Use of aerial surveys for estimating and monitoring moose 

populations-a review. Alces 29:35-46.

Van Ballenberghe, V. 1977. Migratory behavior of moose in southcentral Alaska. 

International Congress of Game Biologists 13:103-109.

Trani, M. K. 2002. The influence of spatial scale on landscape pattern description and 

wildlife habitat assessment. Pp. 141-156 in Predicting species occurrences: Issues



of Accuracy and Scale (J.M. Scott, P.J. Heglund, M.L. Morrison, eds.). Island 

Press, Washington, D.C..

Viereck, L. A., C. T. Dyrness, A. R. Batten, and K. J. Wenzlick. 1992. The Alaska 

vegetation classification. Portland, OR: U.S. Department of Agriculture, Forest 

Service, Pacific Northwest Research Station, Portland, Oregon, General Technical 

Report PNW-GTR-286:1-278.

Weixelman, D. A., R. T. Bowyer and V. Van Ballenberghe. 1998. Diet selection by 

Alaskan moose during early winter: effects of fire and forest succession. Alces 

34:213-238. a

White, K. S., J. W. Testa, and J. Berger. 2001. Behavioral and ecological effects of

differential predation pressure on moose in Alaska. Journal of Mammalogy 82:422- 

429.

Wiens, J. A. 1989. Spatial scaling in ecology. Functional Ecology 3:385-397.

Zar, J. H. 1999. Biostatistical analysis. 3rd ed. Prentice Hall, Upper Saddle River, New 

Jersey.

Zimmerman, G. M., H. Goetz, and W. P. Mielke. 1985. Use of an improved statistical 

method for group comparisons to study effects of prairie fire. Ecology 66:606-611.



10 2

A ppen dix  1.1

Candidate models for habitat selection o f adult moose on the Yakutat forelands,
Alaska, 2002-2004.

Model k Variables

1 2 % forest and edge density
2 2 % forest and stream density
3 2 % forest and shape index
4 2 % forest and elevation
5 2 % forest and aspect
6 2 Stream density and edge density
7 2 Edge density and shape
8 3 % forest, stream density, edge density
9 3 % forest, stream density, shape index
10 3 Stream density, edge, elevation
11 3 % forest, stream density, elevation
12 3 % forest, edge density, elevation
13 3 % forest, edge, aspect
14 3 % forest, elevation, aspect
15 4 % forest, stream density, edge density, shape index
16 4 % forest, stream density, edge density, elevation
17 4 % forest, stream density, shape index, elevation
18 4 % forest, stream density, edge density, aspect
19 4 % forest, edge density, elevation, aspect
20 4 stream density, edge density, elevation, aspect
21 4 stream density, edge density, shape index, elevation
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Number o f model parameters (k), differences in Akaike’s Information Criterion 
(AICc) scores ( A) and AICc weights (w) for candidate habitat selection models for adult 
female moose on the Yakutat forelands, Alaska, USA. The 3 most parsimonious models 
are reported for each season by scale.

A ppen dix  1.2

Season, Scale (m) 
Model

k А1СсД A IC cWj

Spring, 250
Stream Density+Edge+Elevation 3 4.9 0.067
Forest+Edge Density+Elevation+Aspect 4 3.4 0.142
Stream Density+Edge+Elevation+Aspect 4 0.0 0.776

Spring, 500
Forest+Edge Density+Elevation+Aspect 4 9.5 0.008
Stream Density+Edge Density+Shape+Elevation 4 7.2 0.026
Stream Density+Edge Density+Elevation+Aspect 4 0.0 0.965

Spring, 1000
Forest+Edge Density+Elevation+Aspect 4 15.7 <0.001
Forest+Stream Density+Edge+Aspect 4 13.6 0.001
Stream Density+Edge+Elevation+Aspect 4 0.0 0.998

Summer, 250
Stream Density+Edge Density 2 6.7 0.017
Forest+Stream Density+Edge Density+Aspect 4 0.0 0.483
Stream Density+Edge+Elevation+Aspect 4 0.0 0.483

Summer, 500
Stream Density+Edge Density 2 2.3 0.191
Stream Density+Edge Density+Elevation+Aspect 2 2.2 0.198
Forest+Stream Density+Edge+Aspect 4 0.0 0.594
Summer, 1000
Forest+Stream Density+Edge Density 3 40.1 <0.001
Stream Density+Edge Density+Elevation+Aspect 4 8.6 0.013
Forest+Stream Density+Edge Density+Aspect 4 0.0 0.987

Autumn, 250
Forest+Edge Density+Elevation 3 30.8 <0.001
Stream Density+Edge+Elevation+Aspect 4 12.0 0.002
Forest+Edge Density+Elevation+Aspect 4 0.0 0.998
Autumn, 500

Forest+Edge Density+Elevation 3 70.9 <0.001
Stream Density+Edge Density+Elevation+Aspect 4 2.2 0.250
Forest+Edge Density+Elevation+Aspect 4 0.0 0.750

Autumn, 1000
Forest+Stream Density+Edge Density+Aspect 4 180.2 <0.001



Forest+Edge Density+Elevation+Aspect 4 52.6 <0.001
Stream Density+Edge+Elevation+Aspect 4 0.0 1.0

Winter, 250
Forest+Stream Density+Edge Density+Elevation 4 30.8 <0.001
Forest+Stream Density+Elevation 3 30.1 <0.001
Forest+Stream Density+Edge Density+Aspect 4 0.0 1.0

Winter, 500
Forest+Stream Density+Elevation 3 126.6 <0.001
Forest+Stream Density+Edge+Elevation 4 99.5 <0.001
Forest+Stream Density+Edge+Aspect 4 0.0 1.0

Winter, 1000
Forest+Edge Density+Elevation+Aspect 4 227.8 <0.001
Forest+Elevation+Aspect 3 219.9 <0.001
Forest+Stream Density+Edge+Aspect 4 0.0 1.0
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Number o f model parameters (k), differences in Akaike ’s Information Criterion 
(AICc) scores ( Л) and AICc weights (w) for candidate habitat selection models for male 
moose on the Yakutat forelands, Alaska, USA, 2002-2004. The 3 most parsimonious 
models are reported for each season by scale.

A ppendix  1.3

Season, Scale (m) 
Model

k A IC cA A IC cWi

Spring, 250
Forest+Edge+Elevation 3 5.5 0.046
Forest+Elevation+Aspect 4 2.3 0.226
Forest+Edge Density+Elevation+Aspect 4 0.0 0.715

Spring, 500
Forest+Elevation 2 6.0 0.042
Forest+Edge Density+Elevation+Aspect 4 4.3 0.097
Forest+Elevation+Aspect 3 0.0 0.830
Spring, 1000
Forest+Elevation 2 7.9 0.018
Forest+Edge Density+Elevation+Aspect 4 5.2 0.067
Forest+Elevation+Aspect 3 0.0 0.908

Summer, 250
Forest+Edge Density+Elevation 3 8.1 0.012
Forest+Edge Density+Elevation+Aspect 4 2.0 0.263
Forest+Elevation+Aspect 3 0.0 0.716

Summer, 500
Forest+Edge Density+Elevation 3 4.0 0.092
Forest+Elevation+Aspect 3 2.2 0.226
Forest+Edge Density+Elevation+Aspect 4 0.0 0.678
Summer, 1000
Forest+Stream Density+Elevation 3 50.4 <0.001
Forest+Edge Density+Elevation+Aspect 4 6.5 0.037
Forest+Elevation+Aspect 3 0.0 0.963

Autumn, 250
Forest+Elevation+Aspect 3 19.5 <0.001
Forest+Edge Density+Elevation+Aspect 4 15.5 <0.001
Stream Density+Edge+Elevation+Aspect 4 0.0 1.000

Autumn, 500
Forest+Elevation+Aspect 3 18.7 <0.001
Forest+Edge Density+Elevation+Aspect 4 7.5 0.023
Stream Density+Edge+Elevation+Aspect 4 0.0 0.977

Autumn, 1000
Forest+Elevation+Aspect 3 39.6 <0.001



Forest+Edge Density+Elevation+Aspect 4 3.1 0.175
Stream Density+Edge Density+Elevation+Aspect 4 0.0 0.825

Winter, 250
Stream Density+Edge Density+Elevation+Aspect 4 8.7 0.007
Forest+Stream Density+Edge+Elevation 4 0.7 0.409
Forest+Stream Density+Elevation 3 0.0 0.580
Winter, 500
Stream Density+Edge Density+Elevation+Aspect 4 4.5 0.087
Forest+Stream Density+Elevation 3 4.5 0.087
Forest+Stream Density+Edge Density+Elevation 4 0.0 0.825

Winter, 1000
Forest+Stream Density+Shape+Elevation 4 54.3 <0.001
Forest+Stream Density+Elevation 3 46.3 <0.001
Stream Density+Edge Density+Elevation+Aspect 4 0.0 1.000
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A ppendix  1.4

Mean variable values by year for 1000 m habitat selection by adult female moose
on the Yakutat forelands, Alaska, USA, 2002-2004. Edge density and stream density are
measured in m/ha, elevation is in m, and forest is percentage o f forested cover.



A ppendix  1.5

Percentage o f1000 m aspects selected by adult female moose on the Yakutat
forelands, Alaska, USA, 2002-2004.
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A ppen dix  1.6

Mean variable values for 1000 m habitat selection by adult male moose on the
Ү'akutat forelands, Alaska, USA, 2002-2004. Edge density and stream density are
measured in m/ha, elevation is in m, and forest is percentage o f forested cover.



A ppen dix  1.7

Percentage o f 1000 m aspects selected by adult male moose on the Yakutat
forelands, Alaska, USA, 2002-2004.



Coefficients (fi), Risk Ratios (RR), and 90% Confidence Intervals fo r  habitat selection by adult female moose during
spring on the Yakutat forelands, Alaska, USA, 2002-2004. Aspect categories (flat through northwest) are relative to the
reference variable o f south.

A ppen dix  1.8

Covariate 250 meter scale 
6 RRa 90% C.I 6

500 meter scale 
RRa 90%C.I. 6

1000 meter scale 
RRa 90% C.I.

Forest

Edge 0.005 1.089 1.068-1.110 0.009 1.111 1.085-1.137 0.012 1.28 1.098-1.159

Stream 0.003 1.024 1.004-1.045 0.006 1.035 1.014-1.058 0.011 1.050 1.025-1.076
Density
Elevation -0.007 0.832 0.782-0.886 -0.006 0.850 0.800-0.903 -0.004 0.886 0.830-0.946

Flat -0.244 0.784 0.677-0.907 -0.176 0.839 0.722-0.974 -0.252 0.777 0.662-0.912

North 0.292 1.339 1.032-1.737 0.547 1.728 1.286-2.321 -1.243 0.289 0.118-0.0704

Northeast -0.411 0.663 0.498-0.884 -0.818 0.442 0.313-0.623 -0.838 0.432 0.283-0.660

East 0.166 0.770 0.556-1.066 -0.013 0.987 0.698-1.395 -0.198 0.820 0.534-1.26

Southeast -0.170 0.844 0.678-1.050 -0.046 0.955 0.765-1.191 -0.193 0.825 0.639-1.064

Southwest -0.238 0.788 0.662-0.939 -0.163 0.850 0.714-1.011 -0.057 0.945 0.796-1.121



West -0.129 0.879 0.716-0.108 -0.046 0.955 0.774-1.178 -0.659 0.518 0.382-.0702

Northwest -0.267 0.766 0.607-0.966 -0.071 0.932 0.744-1.167 -0.281 0.755 0.591-0.965

aRisk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables.
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A ppen dix  1.9

Coefficients (fi), Risk Ratios (RR), and 90% Confidence Intervals for habitat selection by adult female moose during
summer on the Yakutat forelands, Alaska, USA, 2002-2004. Aspect categories (flat through northwest) are relative to the
reference variable o f south.

Covariate 250 meter scale 
6 RRa 90% C.I 6

500 meter scale 
RRa 90% C.I. 6

1000 meter scale 
RRa 90% C.I.

Forest 0.001 1.006 0.989-1.022 0.002 1.019 0.996-1.042 0.004 1.042 1.013-1.071

Edge 0.005 1.107 1.077-1.138 0.011 1.150 1.116-1.184 0.015 1.176 1.133-1.221

Stream
Density
Elevation

0.008

-0.001

1.070

0.973

1.045-1.095

0.890-1.052

0.017 1.110 1.082-1.138 0.033 1.157 1.120-1.194

Flat 0.270 1.309 1.040-1.649 0.152 1.164 0.939-1.444 0.178 1.195 0.961-1.487

North 0.421 1.523 1.032-2.248 0.526 1.692 1.179-2.430 -0.499 0.607 0.247-1.496

Northeast 0.313 1.368 0.957-1.954 0.344 1.410 0.976-2.038 0.213 1.238 0.738-2.075

East 0.094 1.098 0.722-1.671 -0.248 0.781 0.481-1.267 0.075 1.078 0.640-1.815

Southeast 0.081 1.084 0.804-1.461 0.044 1.045 0.781-1.397 0.378 1.460 1.083-1.969

Southwest 0.283 1.327 1.040-1.694 0.152 1.164 0.918-1.476 0.315 1.371 1.085-1.732



West 0.343 1.409 1.073-1.850 0.179 1.196 0.908-1.575 -0.004 0.996 0.739-1.344

Northwest -0.536 0.585 0.395-0.866 -0.589 0.555 0.371-0.831 -1.690 0.185 0.086-0.397

a Risk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables.
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A ppen dix  1.10

Coefficients (Ji), Risk Ratios (RR), and 90% Confidence Intervals for habitat selection by adult female moose during
autumn on the Yakutat forelands, Alaska, USA, 2002-2004. Aspect categories (flat through northwest) are relative to the
reference variable o f south.

Covariate 250 meter scale 
6 RRa 90% C.I B

500 meter scale 
RRa 90% C.I. 6

1000 meter scale 
RRa 90% C.I.

Forest -0.002 0.979 0.968-0.990 -0.002 0.978 0.965-0.991

Edge 0.006 1.092 1.076-1 109 0.009 1.123 1.102-1.145 0.013 1.147 1.122-1.173

Stream
Density
Elevation -0.025 0.520 0.472-0.574 -0.023 0.508 0.455-0.567

0.015

-0.022

1.069

0.440

1.050-1.089

0.383-0.506

Flat 0.010 1.010 0.862-1.182 0.144 1.155 0.970-1.376 0.190 1.209 1.012-1.445

North6 -0.153 0.858 0.580-1.270 0.009 1.009 0.689-1.477

Northeast -0.257 0.773 0.526-1.136 -0.306 0.737 0.470-1.154 -2.310 0.099 0.025-0.401

East 0.291 1.338 1.049-1.707 0.359 1.432 1 082-1.894 0.523 1.69 1.254-2.267

Southeast 0.403 1.496 1.236-1.812 0.723 2.061 1.680-2.528 0.935 2.547 2.034-3.190

Southwest -0.069 0.934 0.777-1,122 -0.047 0.954 0.780-1.167 0.010 1.010 0.819-1.246



West 0.374 1.453 1.184-1.784 0.424 1.528 1.225-1.905 0.742 2.100 1.682-2.624

Northwest -0.037 0.964 0.767-1.211 0.134 1.143 0.895-1.460 -0.569 0.566 0.393-0.816

aRisk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables. 
b Estimate for 1000 m not available because of small sample size.
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A ppe n d ix  1.11

Coefficients (fi), Risk Ratios (RR), and 90% Confidence Intervals for habitat selection by adult female moose during
winter on the Yakutat forelands, Alaska, USA, 2002-2004. Aspect categories (flat through northwest) are relative to the
reference variable o f south.

Covariate B
250 meter scale 

RRa 90% C.I 6
500 meter scale 

RRa 90% C.I. 6
1000 meter scale 

RRa 90% C.I.

Forest -0.007 0.930 0.923-0.937 -0.009 0.915 0.907-0.923 -0.010 0.907 0.898-0.916

Edge -0.001 0.986 0.972-0.999 -0.003 0.965 0.951-0.978 -0.005 0.946 0.931-0.962

Stream
Density
Elevation

0.011 1.121 1.107-1.135 0.018 1.119 1.105-1.133 0.025 1.119 1.104-1.134

Flat 0.463 1.588 1.402-1.799 0.536 1.709 1.494-1.955 0.634 1.885 1.634-2.173

North 0.084 1.087 0.855-1.383 -0.654 0.520 0.412-0.656 -0.692 0.501 0.124-2.016

Northeast 0.207 1.229 1.000-1.512 0.386 1.471 1.200-1.802 -0.480 0.619 0.428-0.894

East 0.608 1.837 1.535-2.199 0.750 2.116 1.749-2.560 0.863 2.371 1.949-2.884

Southeast 0.511 1.667 1.431-1.941 0.578 1.783 1.514-2.100 0.748 2.113 1.779-2.510

Southwest 0.076 1.079 0.931-1.250 0.021 1.022 0.871-1.198 0.165 1.179 1.001-1.390



West 0.207 1.230 1.042-1.452 0.276 1.318 1.111-1.563 0.421 1.523 1.280-1.812

Northwest 0.174 1.190 0.997-1.420 0.261 1.299 1.076-1.567 -0.549 0.578 0.426-0.783

a Risk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables.
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A ppendix  1.12

Coefficients (fi), Risk Ratios (RR), and 90% Confidence Intervals for habitat selection by adult male moose during spring
on the Yakutat forelands, Alaska, USA, 2002-2004. Aspect categories (flat through northwest) are relative to the reference
variable o f south.

Covariate
250 meter scale 

6 RRa 90% C.I 6
500 meter scale 

RRa 90% C.I. 6
1000 meter scale 

RRa 90% C.I.

Forest 0.007 1.070 1.050-1.090 0.007 1.077 1.057-1.098 0.010 1.105 1.079-1.132

Edge 0.003 1.052 1.024-1.081

Stream
Density
Elevation -0.026 0.515 0.448-0.593 -0.029 0.450 0.384-0.527 -0.032 0.412 0.349-0.487

Flat -0.006 0.994 0.824-1.200 -0.018 0.982 0.812-1.188 -0.035 0.966 0.791-1.179

North 0.489 1.631 1.125-2.364 0.374 1.453 0.940-2.246 -0.284 0.753 0.379-1.500

Northeast 0.048 1.049 0.720-1.530 0.147 1.157 0.784-1.709 0.319 1.375 0.905-2.090

East -0.257 0.774 0.498-1.201 -0.577 0.562 0.286-1.104 -1.518 0.219 0.054-0.886

Southeast 0.439 1.551 1.216-1.978 0.283 1.327 1.034-1.703 0.133 1.142 0.839-1.554

Southwest 0.190 1.209 0.982-1.489 0.106 1.296 1.053-1.595 0.271 1.312 1.062-1.620



West 0.138 1.148 0.890-1.480 0.169 1.184 0.908-1.543 0.139 1.149 0.892-1.482

Northwest -0.135 0.874 0.661-1.156 -0.163 0.850 0.645-1.119 -0.183 0.832 0.609-1.138

Risk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables.
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A ppendix  1.13

Coefficients (fi), Risk Ratios (RR), and 90% Confidence Intervals for habitat selection by adult male moose during
summer on the Yakutat forelands, Alaska, USA, 2002-2004. Aspect categories (flat through northwest) are relative to the
reference variable o f south.

250 meter scale 500 meter scale 1000 meter scale
Covariate B RRa 90% C.I B RRa 90% C.I. B RRa 90% C.I.

Forest 0.010 1.105 1.082-1.128 0.015 1.163 1.128-1.198 0.014 1.155 1.119-1.192

Edge 0.005 1.064 1.028-1.010

Stream
Density
Elevation -0.052 0.263 0.209-0.331 -0.051 0.224 0.171-0.292 -0.054 0.167 0.122-0.229

Flat 0.131 1.140 0.854-1.523 0.019 1.019 0.774-1.342 0.024 1.024 0.763-1.375

Northb -0.000 1.000 0.487-2.055 0.736 2.087 1.048-4.155

Northeast -1.264 0.283 0.088-0.905

Eastb 0.264 1.302 0.618-2.747 0.072 1.075 0.463-2.498

Southeast 0.307 1.360 0.952-1.941 -0.003 0.997 0.703-1.412 -0.428 0.652 0.427-0.996

Southwest 0.203 1.225 0.876-1,714 0.128 1.136 0.818-1.578 0.071 1.074 0.757-1.522



West 0.611 1.842 1.325-2.559 0.273 1.314 0.949-1.819 0.606 1.833 1.321-2.546

Northwest 0.289 1.335 0.947-1.882 0.238 1.268 0.906-1.776 0.110 1.117 0.766-1.627

a Risk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables. 
b Estimate not available for 1000 m because of small sample size. 
c Estimate not available for 500 and 1000 m because of small sample size.



Covariate 6
250 meter scale 

RRa 90% C.I 6
500 meter scale 

RRa 90% C.I. 6
1000 meter scale 

RRa 90% C.I.

Forest

Edge 0.003 1.045 1.018-1.072 0.004 1.053 1.026-1.080 0.008 1.087 1.056-1.118

Stream 0.007 1.060 1.039-1.080 0.009 1.059 1.036-1.082 0.010 1.049 1.025-1.074
Density
Elevation -0.034 0.422 0.369-0.482 -0.030 0.403 0.343-0.474 -0.028 0.350 0.284-0.432

Flat -0.061 0.941 0.796-1.111 0.022 1.022 0.858-1.219 -0.086 0.917 0.761-1.106

North 0.084 1.087 0.729-1.621 -0.273 0.761 0.421-1.375 -0.692 0500 0.271-0.925

Northeast -0.665 0.514 0.292-0.907 -0.923 0.397 0.214-0.736 -0.741 0.477 0.256-0.886

East -0.004 0.996 0.674-1.473 0.231 1.260 0.825-1.925 0.320 1.378 0.852-2.227

Southeast -0.061 0.941 0.734-1.207 0.181 1.198 0.917-1.567 0.263 1.301 0.971-1.741

Southwest -0.114 0.892 0.731-1.090 -0.004 0.996 0.813-1.221 -0.122 0.885 0.717-1.094



West 0.548 1.730 1.377-2.173 0.487 1.627 1.276-2.074 0.807 2.240 1.758-2.855

Northwest 0.641 1.898 1.537-2.344 0.696 2.006 1.617-2.487 0.761 2.140 1.692-2.708

aRisk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables.
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A ppendix  1.15

Coefficients (fi), Risk Ratios (RR), and 90% Confidence Intervals for habitat selection by adult male moose during winter
on the Yakutat forelands, Alaska, USA, 2002-2004. Aspect categories (flat through northwest) are relative to the reference
variable o f south.

250 meter scale 500 meter scale 1000 meter scale
Covariate 6 RRa 90%C.I 6 RRa 90%C.I. B RRa 90%C.I.

Forest -0.003 0.973 0.962-0.984 -0.004 0.964 0.951-0.977

Edge -0.001 0.986 0.952-1.021 -0.020 0.776 0.741-0.813 -0.002 0.981 0.959-1.005

Stream 0.007 1.075 1.055-1.097 0.014 1.092 1.073-1.112 0.025 1.123 1.101-1.145
Density
Elevation -0.020 0.573 0.517-0.634 -0.020 0.550 0.493-0.613 -0.018 0.551 0.483-0.628

Flat 0,158 1.171 1.005-1.365

North 0.122 1.130 0.736-1.735

Northeast -0.139 0.870 0.559-1.356

East 0.138 1.149 0.739-1.785

Southeast 0.613 1.846 1.497-2.278

Southwest 0.457 1.579 1.330-1.875



West -0.195 0.823 0.661-1.024

Northwest 0.386 1.471 1.184-1.827

lRisk ratios and 90% confidence intervals are standardized for a 10% increase in all continuous variables.
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Chapter 2. Moose Detectability Results From Sightability Trials Employing 
Telemetry And Aerial Surveys1 

Abstract

Precise and accurate information on population size is critical to managing moose 

(Alces alces) populations. Accounting for missed animals is a major problem in counting 

moose, especially in forested habitats, and incorporation of a sightability correction factor 

(SCF) to account for proportion of animals missed can improve the accuracy of 

population estimates. We studied factors involving sightability of moose on the Yakutat 

Foreland, Alaska, USA, to improve population estimates from aerial surveys. We 

developed a sightability model with logistic regression to determine factors affecting our 

ability to detect moose during aerial surveys. Additionally, we applied Distance 

Sampling to these data for our sightability model to develop an independent detectability 

function and to compare results obtained from those 2 methods. We applied the SCFs 

derived from both methods to a sample data set to derive population estimates. Our 

sightability model included vegetation, age of moose, light conditions, snow cover, and 

group size of moose. Our management model included vegetation, snow cover, and group 

size. The mean SCF as applied to our sample data set was 1.604 (90% confidence

interval =1.183—3.429), yielding a population estimate of 652 to 1124 moose (x  = 755) 

from a raw count of 600 animals. The global detectability estimated by distance 

sampling equated to a SCF of 1.706 (90% confidence interval = 1.599— 1.819). 

Stratification by group size in distance sampling resulted in a population estimate of

1 Prepared for submission to Journal of Mammalogy as Oehlers, S.A., R.T. Bowyer, F. 
Huettmann, D.K. Person and W.B. Kessler. Moose detectability results from sightability 
trials employing telemetry and aerial surveys.
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858— 1062 (л: = 954) moose. Although the sightabilty model produced a wider 

confidence interval, the confidence intervals overlapped for both methods. The mean 

population estimate from sightability was lower than the confidence interval produced by 

Distance Sampling, emphasizing the importance of confidence interval values (rather 

than simply the mean). Our results are within the range of SCFs reported for moose, but 

we emphasize the need to develop SCFs specific for area and time frame. We contend 

that application of either the Distance Sampling or sightability model, when combined 

with an appropriate sampling strategy, will improve the accuracy and precision of 

population estimates over the use of a static SCF within this study area. Improved 

population estimates will allow for more effective management decisions by state and 

federal managers for this important subsistence and wilderness resource. These methods 

can be extended to other areas of similar environmental conditions if protocols associated 

with the chosen model are followed. Specifically, our models could be applied and 

possibly tested in other coastal Alaskan populations of moose or those inhabiting dense 

forests.

KEY WORDS Alaska, Alces alces gigas, density estimation (absolute abundance), 

Distance Sampling, GIS, logistic regression, moose, populations, radiotelemetry, aerial 

surveys, sightability trials
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Introduction

Precise and accurate information on population size is critical to managing moose 

populations (Caughley 1977). Many factors affect the accuracy and precision of aerial 

counts of wildlife, and specifically moose (Alces alces). For >30 years variables related 

to observers (experience, fatigue, individual variation), moose biology (density, behavior 

patterns), physiography (terrain, vegetation), weather (clouds, turbulence, snow cover), 

and equipment (aircraft type, pilot) have been known to affect aerial surveys (LeResche 

and Rausch 1974). Two major sources of error encountered in aerial surveys are caused 

by the spatial variability of animals (sample variance) and missed animals (visibility bias; 

Timmerman 1993, Anderson and Lindzey 1996). Intensity of searching also affects the 

accuracy of counts (Gasaway et al. 1986, LeResche and Rausch 1974). Furthermore, 

segregation by sex and age may result in biased detectabilities and eventually 

composition and population estimates (Bowyer 2004). This occurs because the spatial 

distribution of specific sex and age classes may make some more difficult to observe and 

categorize than others (Peek et al. 1974, Thompson and Veukelich 1981, Timmerman 

1993, Bowyer et al. 2002); additionally, these distributions vary in space and time 

(Miquelle et al. 1992).

Sampling commonly is used for moose populations because estimates can be made 

for large areas from units pre-stratified for sampling based on expected densities of



moose (Timmerman 1993). Such methods for estimating population size are improved 

when based on a stratified random sampling design (Siniff and Skoog 1964) modified for 

moose by Evans et al. (1966). These techniques rely on knowing the proportion of 

animals missed during surveys. Caughley (1974) noted early that population estimates 

were most likely to be biased towards undercounting.

Properly conducted aerial surveys can be precise, and the incorporation of a
I

sightability correction factor (SCF) to account for proportion of animals missed can 

further improve accuracy (Timmerman 1993). Sightability is defined as the probability 

that an animal within the field of search for an observer will be seen by that observer 

(Caughley 1974). A SCF can be calculated and multiplied by the number of moose 

observed during a survey to obtain a more accurate population estimate. Survey 

precision is then determined by the combination of the variance of total moose sighted 

and the variance of the SCF (Timmerman 1993). SCFs are not static, and can vary 

dramatically because of factors previously mentioned. This information is widely 

documented for other taxa such as marine mammals, primates, small mammals, birds, 

and even plants (Buckland et al. 2001).

As noted by LeResche and Rausch (1974) for moose, proportions of observed 

animals during aerial surveys may differ by as much as 50% among habitat types. 

Accounting for missed animals is a major problem in counting moose in forested habitat 

(Timmerman 1993). Timmerman and Buss (1997) summarized SCF estimates ranging 

from 1.03-2.60 from moose surveys conducted in North America. Anderson and Lindzey 

(1996) determined that percent vegetation cover was the most significant influence on
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moose sightability from helicopters in western Wyoming. Drummer and Aho (1998) 

reported that activity and percent vegetation cover were significantly related to 

sightability of moose for a fixed-wing aircraft in upper Michigan. The sightability of 

moose in Isle Royale National Park was directly proportional to their use of coniferous 

and mixed habits (Peterson and Page 1993). Therefore, the SCFs and variables 

significantly affecting sightability need to be calculated for each survey, population, and 

area of interest.

Several methods have been used to estimate sightability correction factors. 

Modifications of the Lincoln-Peterson index have been used with marked (Oosenberg 

and Ferguson 1992) and unmarked animals (Rice and Harder 1977, Poole et al. 1999).

The double count procedure requires 2 independent teams of observers to survey the 

same area at approximately the same time, and photograph and mark locations and 

variables associated with each group of moose (Manly et al. 1996). Visibility biases may 

be corrected, for instance, by modeling detection probabilities with logistic regression 

functions (Manly 1996). Gasaway et al. (1986) developed a re-sampling method, 

whereby sampling units were re-surveyed at higher search intensity or with more efficient 

aircraft for determining the proportion of animals missed during normal survey 

conditions.

Sightability models, based on empirical trials of (radiocollared) animals, can relate 

the probability of sighting an animal, or group of animals, to attributes such as group size, 

habitat type, and activity (Steinhorst and Samuel 1989, Anderson and Lindzey 1996, 

Drummer and Aho 1998). Logistic regression can then be used to determine which
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variables significantly affect the sightability of moose. The reciprocal of the sighting 

probability represents the correction factor for each group (Samuel 1984, Steinhorst and 

Samuel 1989). Correction factors are then applied to each group observed during 

subsequent surveys (Steinhorst and Samuel 1989, Becker and Reed 1990, Anderson and 

Lindzey 1996) to estimate population size with statistically valid confidence intervals. 

This method has been used successfully with radiocollared moose (Anderson and 

Lindzey 1996, Peterson and Page 1993, Drummer and Aho 1998, and Quayle et al.

2001), tule elk (Cervus elaphus nannodes\ Samuel et al. 1987, Bleich et al. 2001), and 

bighorn sheep (Ovis canadensis; Bodie et al. 1995).

Distance Sampling is another established method to obtain estimates of detectability 

which has been recognized and developed for over thirty years (Eberhardt 1967, Sen et 

al. 1974, Anderson et al. 1979, Hayes and Buckland 1983, Burnham and Anderson 1984). 

This method usually is based on line transects that require the measurement of the 

distance between target animals and the survey transect. The distribution of the distances 

measured is compared to a series of mathematical models to extrapolate the density of 

animals, based on the assumption that the probability of detection of an animal typically 

decreases with increasing distance from the transect (Buckland et al. 2001). Three 

assumptions must be met for line-transect methods to be reliable: 1) detectability of 

animals on the transect line is 100%; 2) animals do not move in response to the observer; 

and 3) distance measurements are accurate and have no rounding errors. Additionally, 

distance sampling assumes independence between observation units.



Differences in conditions on different survey units, such as observers, weather, 

vegetation structure, and terrain are handled by program Distance (Thomas et al. 2003) 

with systematic recording of covariates that affect detectability. The dataset may be 

stratified relative to these factors, or the survey may be restricted to certain conditions 

(Epperly et al. 1995). Multiple datasets can be combined to estimate the sightability 

parameter, and then stratum-specific estimates of density are produced. Distance 

sampling has been widely applied across taxa (Anderson et al. 1983, Epperly et al. 1995, 

McDonald et al. 1999, Dahlheim et al. 2000, Hounsome et al. 2005), and used, for 

instance, in such ungulates as muntjacs (Muntiacus reevesi), red deer (Cervus elaphus), 

fallow deer (Dama dama), sika (Cervus nippon\ Gill et al. 1997), roe deer (Capreolus 

capreolus; Gill et al. 1997, Ward et al. 2004, Focardi et al. 2005), mule deer (Ocodoileus 

hemionus-, Koenen et al. 2002), pronghorn (Antilocapra americana; Guenzel 1997, 

Whittaker et al. 2003)) pampas deer (Ozotoceros bezoarticus; Tomas et al. 2001) and 

Arabian oryx (Oryx leucoryx; Seddon et al 2003).

We studied factors involving sightability of moose on the Yakutat Forelands, 

Alaska, USA, to improve population estimates from aerial surveys. We developed a 

sightability model with logistic regression to determine factors affecting our ability to 

detect moose during aerial surveys. Additionally, we used the data collected for our 

sightability model to test whether opportunistic aerial survey data could be used in 

program Distance to develop a detectability function and to compare results obtained 

from these independent methods. Although we applied a multi-use survey design not



specifically designed for, and by, Distance Sampling, these models will help in 

determining the probability of detecting moose across a heterogeneous landscape.

Study Area

We conducted research on the Yakutat Foreland (average elevation 20 m) of the 

Tongass National Forest, located along the southeast coastline of Alaska, USA (Fig. 1). 

Our study area of approximately 1,280 km2 encompassed most of the foreland area. The 

study area includes about 80 km of coastline extending from Yakutat Bay to Dry Bay. 

Distance between the coast and mountain ranges varies from 8 to 24 km. There are 

several large rivers (both glacial and non-glacial) including the Situk, Lost, Ahmklin, 

Dangerous, Tanis, and Ustay rivers, as well as numerous smaller streams distributed 

throughout the study area.

The foreland is a dynamic, geologically young landscape that has been above sea 

level for only -3,000 years, with glaciers covering parts of the area as recently as 800 

years ago (Shepherd 1995). The Yakutat foreland is classified as a temperate coastal 

rainforest (Shepherd 1995). Cloudy, cool, and wet conditions are characteristic year- 

round. The mean annual temperature was 4.1° C and the mean total precipitation was 

381 cm (combined snow and rain) from 1971-2000 (NOAA 2005). The mean 

temperature was -3.4° C during January (the coldest month) of these years and 12° C 

during July (the warmest month). The total snow fall during the study period was 345 

cm; mean daily snow fall was 2.97 cm and the mean snow cover was 19.89 cm.

Other than a few rolling bedrock hills most of the foreland is of low relief 

(Shepherd 1995). The Yakutat foreland is a mosaic of wetlands, shrublands, and forests



(Shepherd 1995). Forested areas are dominated by Sitka spruce (Picea sitchensis), and a 

small percentage of the upper canopy is composed of black cottonwood (Populus 

trichocarpa). Nonforested wetlands and shrublands are composed of graminoids, forbs, 

and shrubs including several species of tall and low willow (Salix spp.J, and Sitka alder 

(Alnus sinuata). Nonforested areas dominate the coastal area on the western one-half of 

the study area, with patches of spruce trees dispersed on the heaths and adjacent to some 

riparian zones. Contiguous forested stands, including a small percentage of western 

hemlock (Tsuga heterophylla), predominate in the northwestern and eastern one-half of 

the study area. The plant nomenclature follows Viereck et al. (1992).

Moose began populating the forelands in the Dry Bay area near the Alsek river in 

the late 1920s, and then gradually expanded their range westward (Barten 2004). Klein 

(1965) suggested that moose immigrated to this area along the Alsek river corridor 

following glacial recession. Recent genetic analyses indicate that southeastern Alaska 

contains 2 subspecies of moose: the Alaskan moose, A. a. gigas, and the northwestern 

Canada moose A. a. andersoni (Hundcrtmark et al. 2006). Moose populations in the 

northern part of the Alaska panhandle undoubtedly represent a transition zone between 

the subspecies. Hundertmark et al. (2006) proposed, however, that moose north of 58° 

45'N Latitude, which includes Yakutat, should be classified as A. a. gigas based on the 

common lineage that they share with moose populations to the north.

Moose have become an important component of the local subsistence economy 

(Mills and Firman 1986). The most recent surveys in 2002 by Alaska Department of Fish 

and Game estimated a density of 0.5 moose/km2 and composition of 19 males: 100
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females: 14 young (N. L. Barten, Alaska Department of Fish and Game, personal 

communication). Moose surveys are conducted annually by Alaska Department of Fish 

and Game (ADF&G). Ideally, population surveys are conducted during the mating 

season while moose are aggregated and males retain their antlers, allowing biologists to 

differentiate the sexes easily. Yakutat, however, generally does not receive enough 

snowfall necessary to act as a backdrop for locating moose before the males have cast 

their antlers. Consequently, ADF&G conducts surveys in late fall as soon as adequate 

snow cover permits, but this is often after the sexes have segregated and are less visible 

because of small group sizes and varied habitat use. Currently, ADF&G uses a static 

sightability correction factor of 2 based on a 1978 study (Smith and Franzmann 1979), 

omitting dense forested cover in their survey design, but this number is largely 

unvalidated.

Methods

Capture and Handling

Twenty-two female and 16 male moose were darted from a helicopter by certified 

Alaska Department of Fish and Game personnel with Palmer CAP-CHUR equipment and 

the immobilizing drugs carfentanil and xylazine (Roffe et al. 2001) during March and 

November 2002 and March and December 2003. Dosage ranged from 3.0—5.0 mg of 

carfentanil and 100— 130 mg of xylazine depending on time of year, sex, and animal 

condition. All capture and handling methods followed guidelines established by the 

American Society of Mammalogists Animal Care and Use Committee (1998). Our



protocols also were approved by the Institutional Animal Care and Use committees at the 

University of Alaska Fairbanks and the Alaska Department of Fish and Game. Because 

different age classes of moose may use space differentially (Cederlund and Sand 1994), a 

therefore affecting detectability, a lower incisor was removed for age determination from 

cementum annuli (Gasaway et al. 1978) to address this question. The reversal drugs 

naltrexone and tolazoline were subsequentially administered (dosages ranged from 350— 

1300 mg of naltrexone and 400—800 mg of tolazoline). Moose were monitored until 

they recovered. We monitored moose for 1 month postcapture by aerial survey to assess 

capture-related mortality. Three females died or lost a signal within 1 month of capture, 

and are not included in analyses.

We fitted animals with GPS radio-collars (Mod 4000, Lotek Wireless, Ontario, 

Canada), and standard VHF collars (Mod MP2-MPP4, AVM, Colfax, California and 

Mod 600NH, Telonics, Mesa, Arizona). We programmed the Lotek and Telonics collars 

to remotely release from the animal; scheduled release times varied according to when 

we deployed the collars, typically 1.5 years after deployment. GPS collars were also 

used to collect location data in a concurrent habitat selection study (chapter 1). 

Sightability Trials

We surveyed collared moose between 24 November 2003 and 18 March 2004, to 

coincide with the usual timing of aerial surveys. We used the same fixed-wing aircraft 

(Cessna 185) used by ADF&G during aerial surveys to obtain data for the sightability 

model. We defined a sightability trial as an effort by the survey crew to detect moose in 

a 5 km sampling quadrat (square survey block) on a particular day. The aerial-survey



crew was composed of the pilot, the primary observer in the front seat, and a secondary 

observer in the back seat behind the pilot. For objective comparisons, we attempted to 

standardize as many factors as possible, including aircraft, pilot, and primary observers. 

Our trial procedure was similar to that of Quayle et al. (2001). Aerial surveys began 

opportunistically within the study area and initially at high elevation (245—300 m) while 

scanning for telemetry signals (telemetry receiver model R4000, ATS, Isanti, Minnesota) 

to identify a target animal. Once a signal was received, the primary observer obtained a 

general location of the individual moose without identifying an exact location. We used 

a laptop computer equipped with Baker Geolink Sketchmapping software (Michael Baker 

Corporation, Moon Township, PA) to record our location and flight path so that the 

telemetry operator could identify the approximate location of the collared moose on the 

map without viewing the ground, thereby minimizing observer bias. The pilot and 

secondary observer also avoided scanning the ground in the immediate survey area to 

prevent detection of the target animal before beginning the survey. The survey crew 

noted if the collared moose was accidentally spotted by either observer while obtaining 

the general location.

The primary observer then delineated a 5 km2 (2.23 km x 2.23 km) quadrat (Quayle 

et al. 2001) around the identified moose’s general location on the laptop computer using a 

0.4 km grid overlay on the screen (Fig. 2). The moose was therefore randomly located 

within the quadrat because of the generalized telemetry location. The pilot then flew the 

area of the quadrat in the 2.23 km long transects 0.4 km apart, which were delineated by 

the grid overlaid on the screen. The laptop screen displayed our flight path, allowing us



to follow exactly the specified transect lines. The pilot flew the aircraft at approximately 

185 m elevation and with a speed of about 130 km/h, resulting in a search intensity of 

approximately 1.0 minutes/km2. We circled the location of each moose sighted in the 

quadrat to identify and record the variables of interest (Table 1) and recorded the location 

of the moose using the sketchmapper software. We located the radiocollared moose with 

telemetry and recorded the variables from Table 1 and GPS location associated with that 

moose if we did not sight it during the aerial survey.

We located moose randomly, when logistical constraints such as weather and fuel 

permitted, in a manner as efficient as possible, with >3 days separating trials on any 

individual moose to maintain relatively independent trials. We also sampled random 

quadrats to determine if our collared moose were representative of the population, 

interspersed opportunistically with quadrats based on collared moose. We expected that 

30 random quadrats would be sufficient for comparative purposes. One group of 2 

females was observed in the random trials. The cows were bedded under a small group 

of conifers in an overall area of willow and alder shrubs. Snow conditions were of 

marginal condition for most of the random trials. We observed only 1 group of moose 

during our random trails. This did not allow any statistical testing between moose in our 

sightability and random quadrats. Moose distribution was uneven, however, and these 

results suggest that because our radiocollared moose were generally in areas occupied by 

other moose, they were likely representative of the population.

We defined a ‘group’ as two or more moose within 50 m of each other (Siegfried 

1979, Bowyer et al. 2001). We classified age as young (<1 year) or adult (> 1 years old)



to allow for comparisons of sightability by age class. Because preliminary data indicated 

a predator-limited population (Oehlers unpublished data, Bowyer and Person 2005), a 

high pregnancy rate of yearlings was expected (Boer 1992); consequently, we considered 

yearling females as adults. Additionally, distinguishing between yearlings and adults 

during aerial surveys in winter is difficult. We recorded cover type with a coarse 3-class 

category and a finer 5-class category (Table 2). The 3-class category included open, 

shrub, and forested habitats. The 5-class category included these 3 habitats, and 

additionally sub-divided the forested class into open canopy (0-60% canopy cover) and 

closed canopy (61-100% canopy cover). This procedure allowed for comparison between 

a simpler 3-class model and a 5-class model. Similar studies have used 2-6 cover types 

(Anderson and Lindzey 1996, Drummer and Aho 1998, Bleich et al. 2001); Quayle et al. 

(2001) developed 2 models based on 3 and 5 classes of cover types to determine which 

was more accurate.

For GIS analysis, we used ArcView 3.2 (Environmental Systems Research Institute, 

Redlands, California) to determine elevation and distance to coast for each moose GPS 

location (U.S Forest Service 20-m elevation grid and shore polygon layer). For Distance 

analysis, we measured the perpendicular distance from the transect path to each moose 

group observed post-surveys, using the measure tool in ArcView.

After we collected our survey data, we aggregated several of our categorical 

variables into fewer groups because of small sample sizes in some categories, comparable 

sightability between classes, and to simplify variables for field data collection. We had 

too few observations in forested habitat to use the fine 4-category habitat classification.



We grouped our 10 m coarse habitat variable into 2 dichotomous variables: open 

vegetation compared open versus vegetated habitat by combining shrub and forested 

habitat into one category, and the vegetation category compared forested and nonforested 

habitats by coming open and shrub categories. We aggregated snow cover classes of 1- 

10% and 0-33% into one category because of small sample sizes in each category. We 

had no observations of light condition 2 (moose is in shade on a sunny day), so light 

became a dichotomous variable of sunny (including glare) or flat light, and even shadows 

(equivalent to shady or overcast light conditions, hereafter referred to as “shade” or 

“overcast”).

Statistical Analyses

We conducted all statistical tests using SAS 9.1 (SAS Institute, Cary, NC). We 

initially tested each continuous independent variable from Table 1 with univariate logistic 

regression (PROC LOGISTIC; Hosmer and Lemeshow 2000), and examined categorical 

independent variables using % 2 contingency analysis (PROC FREQ; Zar 1999). We also 

used a 2-sample test for proportions to determine if the proportion of moose detected 

varied by sex (Zar 1999). We coded the binary dependent variable 1 if a collared moose, 

known to be present on a sampling quadrat, was observed from the air, and coded it as 0 

if we failed to observe that moose.

We then used forward step-wise logistic regression (PROC LOGISTIC; Agresti 

1990), with an alpha to enter of 0.15 (Hosmer and Lemeshow 2000 p. 118) and alpha to 

remove ranging from 0,05 to 0.3, and backward logistic regression with alpha to remove 

ranging from 0.05 to 0.3, to establish a set of candidate models with a range of
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parameters (k). We also used the score selection option (SAS Institute 2004) to identify 4 

each of the best models containing from 1 to 8 variables based on the global score chi- 

squared statistic (Furnival and Wilson 1974). We included the identification of 

individual moose as a coded variable to control for making multiple observations of the 

same animal. We controlled for multicollinearity among independent variables (Table 2) 

by eliminating 1 of any pair of variables with ( | r | > 0.7). We also examined variance 

inflation factors (VIF) and tolerance (Tol) of independent continuous and discrete 

variables to identify intercorrelated variables. Values of VIF <10 and Tol > 0.40 were 

considered acceptable (Neter et al. 1996, Allison 2001).

After obtaining an initial subset of models with the regression procedure, we 

considered pairwise interactions of variables from the subset as candidate variables. 

Because of our small sample size, however, we were unable to test all potentially 

biologically relevant interactions, and consequently omitted interactions from our 

analyses. Following Burnham and Anderson (2002), we calculated Akaike’s Information 

Criterion (AICc) for small sample sizes for each candidate model. Age and sex were 

included in most of the top candidate models. Classifying moose into discrete age classes 

is not possible from aerial surveys, and correct classification of sex is difficult from a 

Cessna-185 once bulls have dropped their antlers, so we repeated the above process 

omitting age and sex to allow development of a field applicable model. Therefore, we 

developed an overall explanatory model as well as a management model which included 

variables that actually could be measured easily in the field.
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We used a Pearson test for goodness-of-fit (Agresti 1990) to determine the aptness 

of the logistic models. The risk ratio or relative effect estimates the change in relative 

probability of use for an incremental change in magnitude of a predictor variable (Riggs 

and Pollock 1992); hence, that value represents the independent contribution to the 

probability of detection by a covariate regardless of the dimensions of the variable. We 

evaluated relative effects to determine the relative importance of independent variables in 

discriminating circumstances that determined the probability of detection. Further, we 

considered a variable to be a significant predictor of detectibility if the 90% confidence 

interval for the ratio did not include 1. In general, relative effects >2.0 or <0.5 indicated 

large effects of covariates on detectability (Riggs and Pollock 1992). We also considered 

percent concordance (Cressie 1993) in our model selection process (e.g., a pair of 

observations with different responses is concordant if the observation with the lower- 

ordered response value has a lower predicted mean score than the observation with the 

higher-ordered observation value). We determined model accuracy by the area under the 

receiver operating curve (ROC). We assumed that collared moose of a particular sex 

were representative of the population.

We used data from our sightability surveys, including collared and non-collared 

group observations, for which we had corresponding distance measurements, for analysis 

in program Distance (Research Unit for Wildlife Population Assessment, University of 

St. Andrews, UK) following the methods outlined in Buckland et al. (2001). We 

considered stratification by vegetation type, group size, and snow as well as a global 

detectability estimate. We used a right truncation of 100 m to eliminate extreme
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observations or outliers (Buckland 2001). This eliminated 3 locations and resulted in a 

right truncation of 600 m. We tested the use of 3 left truncations, 50 m, 75 m, and 100 

m, to determine which level best accounted for a potential “blind spot” beneath and 

immediately adjacent to the aircraft. We entered data points by quadrat (zig-zag 

transect); each transect therefore measured 11.18 km. We modeled the detection function 

using half-normal, uniform and hazard-rate models, with cosine, hermite polynomial, and 

simple polynomial adjustment terms. We also varied the cluster size estimation (size- 

bias regression method and mean of observed clusters) and used the bootstrap variance 

estimate (non-parametric bootstrap) option. We selected the best model based on AICc, 

90% confidence intervals, and the overall fit of the model.

We applied our sightability model and our distance-detectability function to the 

same data set that we used in program Distance, omitting 1 outlying observation of a 

radiocollared moose, which was detected only by presence of the collar, for comparison 

between the 2 analyses.

Results 

Sample Size and Descriptive Statistics

Twenty-two females and 16 males were included in the sightability trials. Mean ± 

SD age of females at capture was 7.14 ± 3.2 years (range = 3— 13 years ; median = 6 

years). Mean ± SD age of males was 5.19 ± 2.4 years (range = 1— 10 years; median = 6 

years). We conducted 55 trials based on radiocollared females and 33 trails based on 

males from 24 November 2003 to 19 March 2004. We surveyed each individual moose
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1—4 times (x = 2.3). We also conducted 32 random trials. Snow conditions were 

generally adequate for aerial surveys from November through January and the last 20 

surveys conducted in March, but poor during February.

The radiocollared moose (or the group of moose associated with the collared 

moose) was observed by 1 member of the survey crew before the trial began in 9 of the 

88 trials. In only 2 of these trials, however, the same observer who pre-sighted the moose 

also observed the moose during the trial. In none of these instances was the actual collar 

observed before the trial began. The collar was detected before the actual moose in 1 

instance, and this trial was subsequently removed from the final analysis.

We observed a total of 254 groups of moose. Collared animals were sighted in 

70.5% of the surveys; males were detected in 25 of 33 trials (75.8% visibility), and 

females were sighted in 36 of 55 trials (65.5% visibility). Mean group size of collared 

animals was 3.74 (S.E. = 0.426). Radiocollared animals were located in open, shrub, and 

forested habitat in 31%, 52%, and 17% of trials, respectively. Females were located in 

open, shrub, and forested cover 25%, 56% and 18% of trails, whereas males were located 

in the same habitat types in 39%, 45% and 15% of trials. Radiocollared animals were 

detected in 89% of the trials when located in open areas, versus 72% and 27% for shrub 

and forested cover, respectively (Table 2). Animals aged 1—3, 4—6, 7— 10, and 11— 13 

years old were detected in 89%, 55%, 75%, and 100% of trials, respectively. Distance 

from the transect line to radiocollared animal ranged from 105 to 572 m, with 1 

additional observation at 1114 m, and mean ± SE distance was 318 ± 23 m.



Logistic Regression

Univariate analyses indicated that month, observer 2, group code, coarse habitat 

type (10 m and 250 m), fine habitat type (10 m and 250 m), cover class (10 m and 250 

m), activity (bedded or standing), site use, cloud cover, snow cover, light conditions, 

observer 1 number of trials, number of females, number of males, and group size 

significantly influenced moose sightability (P < 0.10; Tables 2 and 3). Several of these 

variables were highly correlated; ultimately we entered 16 candidate variables into our 

multiple logistic regression analysis (Table 4.) The proportion of moose detected did not 

vary by sex (P = 0.310).

Candidate models from multiple logistic regression analysis included combinations 

of the variables for sex, age, vegetation, light, snow, flight speed, observer 2 experience 

level, and group size. We tested transformations of group size, and observed that squared 

group size was linear in the logit whereas group size was not. Therefore, we eliminated 

those candidate models including the untransformed group size variable (Table 4). Sex 

of the radiocollared animal was included in 2 of the top 3 models; however it was not 

included in the model with the highest AICc weight. Age was included in the top 3 

candidate models. The model we selected included age, squared group size, vegetation, 

light conditions and snow cover (model A; Table 4). Probability of detection increased 

with increasing age and squared group size (Table 5). Sightability was 93% higher in 

nonforested versus forested habitat. Overcast light conditions increased the probability of 

detection by 634%. Probability of detection was lower in snow cover levels below 67%. 

These data were appropriate for the logistic regression model based on the Hosmer and
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Lemeshow goodness of fit test (P = 0.3353). Model concordance was good (89.4%), as 

was the area under the ROC curve (0.896).

The estimate for sex of radiocollared (target) animal in overall candidate model B 

was 1.151 (SE = 0.734), corresponding to a relative effect of 3.161 (90% confidence 

interval = 0.946— 10.57), for sightability of males versus females; therefore, the 

probability of detection was 216% higher for male moose than females. Similarly, the 

estimate for sex in Model C was 0.9066 (SE = 0.6934) corresponding to a relative effect 

of 2.476 (90% confidence interval = 0.791—7.746); therefore, the probability of 

detection was 148% higher for males than females in this model.

Candidate management models (omitting sex and age variables) included the 

variables squared group size, vegetation, snow cover, light conditions, open vegetation, 

and cover (Table 6). Model A had the lowest AICc weight, but a wide confidence 

interval for light conditions (90% confidence interval =1.5 -20.1). Model B also 

includes light plus open vegetation. The confidence interval for light in this model was 

also wide (1.347— 18.765), and the confidence interval for open vegetation included 0 

(0.102— 1.649). Model C included the same variables as model A except for light, and 

AAICc was minimal at 2.68. We selected model C as our management model, based on 

parsimony, field applicability, and to limit the variance in our applied population 

estimates. Similar to the overall model, detectability increased with group size, 

nonforested habitat, and higher snow cover (Table 5; Figs. 3—5). Model concordance 

was 83.1% and under the ROC curve for model C was 0.80. These data were appropriate
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for the logistic regression model based on the Hosmer and Lemeshow goodness of fit test 

(P = 0.9723).

Application of model C to our sample data yielded a range of SCF estimates from 

1.0 to 8.57, with 2 locations corresponding to a SCF of 57.59; these observations were of 

a single moose observed in forested cover and snow cover class 2. The mean SCF was 

1.604, and mean upper and lower SCFs were 1.183 and 3.249, yielding a population

estimate of 652 to 1124 animals ( x = 755 moose) from a raw count of 600 animals (Table 

7).

Distance analysis

For a detailed stratification by vegetation (forested or nonforested) or snow we had 

too few samples. Truncation at 50 m resulted in the highest detectability among levels 

tested, which was closest to our logistic regression model and raw sightability, and most 

realistically represented the field conditions. We were able to derive distance estimates 

for 176 of 254 observed groups. Our data set included 171 observations after truncation. 

The selected global model was fit to a hazard-rate cosine function, characterized by an 

effective strip width of 410.4 m (90% Cl = 384.88—437.64), and corresponding to a 

mean detection probability of 0.586 (90% confidence interval = 0.550—0.625). The 

estimated function provided a good fit (x 2 = 9.868, P = 0.705, Fig. 6). The AIC for the 

selected model was 2118.20.

Detectability estimated by Distance equates to a SCF of 1.706; the application of 

this SCF to our sample data yields an estimate of 1023 moose (Table 7). Detectability 

increased with group size, as expected (Buckland 2001); therefore, we used post-



stratification by group size with the hazard-rate cosine function. Detectability stratified 

by group size resulted in the probability of detection of 0.536 for group size of one, 0.569 

for group size of 2-3, and 0.675 for group sizes of >4 animals. Detectability stratified by 

group size yields SCF estimates of 1.865 for group size of 1, 1.758 for group sizes of

2—3, and 1.481 for group sizes of > 4 moose. Application of detectability stratified by 

group size yields a population estimate of 954 moose (Table 7).

Discussion

We determined that the mark-resight, double counting, and Gasaway methods were 

unsuitable for our study area because of economic and logistical constraints, problems 

meeting some of the underlying assumptions, extent of dense coniferous cover present in 

our study area. These methods do not represent the best available scientific knowledge. 

Alternatively, we developed a sightability model and used distance sampling to improve 

the accuracy and precision of future population estimates.

The selected overall sightability model included age, group size, vegetation, light 

conditions and snow cover. Our final management sightability model included group 

size, vegetation, and snow cover. Repeatedly, sightability has been shown to be 

predicted well by 1 or 2 variables (Steinhorst and Samuel 1989, Otten et al. 1993, 

Anderson and Lindzey 1996, Anderson et al. 1998, McCorquodale 2001). Various 

measures of habitat or vegetation have been included in sightability models for both tule 

elk (Samuel et al. 1987, Bleich et al. 2001) and moose (Peterson and Page 1993, 

Anderson and Lindzey 1996, Drummer and Aho 1998, Quayle et al. 2001). Group size 

affects sightability of elk (Samuel et al. 1987, Bleich et al. 2001, McCorquodale et al.



2001) and mule deer (Ackerman 1988). Moose were more visible in overcast conditions, 

whereas sunny conditions decreased detectability, likely because of glare. This effect is 

well known from elsewhere, e.g. in seabird surveys (Huettmann 2000).

The percentage of moose detected was highest in snow cover of 67-100%, followed 

by snow cover of 0—33% and lowest in snow cover of 34—66%. Leptich and Zager 

(1992, 1993) the probability of detecting elk groups in northern Idaho was positively 

related to snow cover. Other studies have reported that although snow cover was a 

significant univariate predictor of sightability, interaction with other variables in the 

model (Anderson and Lindzey 1996, McCorquodale 2001), or a limited range of snow 

conditions during model development (Samuel et al. 1987, Quayle et al. 2001) resulted in 

omission of snow cover in the multivariate sightability model. We expected that 

detectability would be higher because of increasing contrast of dark animals against light 

snow cover, particularly when snow cover was 67— 100%. Detectability was similar, 

however, between snow cover of 0—33% and 34—66% (57% and 54%, respectively).

We hypothesize that snow cover of 34-66% does not improve detectability from the 0— 

33% cover class because the patchy conditions represented by this category do not 

improve detectability over the 0-33% class. Indeed, detectability may even be lower in 

patchy snow cover compared with no snow cover. We were unable to test this hypothesis 

because of our categorical classification system and small sample size in the low-snow 

cover classes. Furthermore, because our snow-cover class was not continuous, there was 

variation within each categorical grouping. Observers, however, noted a decrease in 

their perceived ability to detect moose in snow cover of 34—66%. The patchy conditions



represented by this snow cover class may also elicit observer fatigue more quickly than a 

uniform coverage.

Although not included in our selected model, sex of the radiocollared animal was 

included in 2 of the top 3 candidate models, with sightability being higher for males than 

for females. Sex was not, however, significant in univariate analysis. Furthermore, there 

was no significant difference between the sexes in the proportion of moose detected. 

Gasaway et al. (1985) and Thompson (1979) observed that male moose used areas with 

less vegetation cover than cows during spring and winter, respectively. Novak and 

Gardner (1975) and Thompson (1979) suggested that female moose in Ontario with 

young are less visible from the air because they tend to use dense conifer stands during 

winter. Crete et al. (1986), however, noted that females without and with young were 

similarly visible from the air during winter, and that male visibility was probably similar 

to that of females. Although several other ungulate sightability studies reported that sex 

or group composition was accounted for in multivariate models because of correlation 

with other covariates such as group size or vegetation (Anderson and Lindzey 1996, 

Bleich et al. 2001, McCorquodale 2001), in our model sex was not correlated with any 

other variable other than the unique animal indentification. Indeed, observed habitat use 

was similar between the sexes during sightability trials. Additionally, Oehlers et al. 

(chapter 1) concluded that selection for forested cover during winter was similar between 

males and females at the 250 and 500 m scales. Alternatively, the effect of sex on 

detectabilty in our model may be related to individual variation, or because of physical 

differences between the sexes. Larger body size, darker color, and presence of antlers in
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early winter may explain higher visibility of males. Although we expect mainly same- 

sex group composition during winter, some groups are of mixed sex (chapter 1), and sex 

identification is difficult from a fixed wing aircraft, particularly after males have shed 

their antlers. Therefore, a variable for sex would not be applicable in the field, unless 

snow conditions are sufficient for aerial surveys during late fall. Applying correction 

factors to each group during surveys should account for any sex bias and provide reliable 

sex and composition estimates (Anderson and Lindzey 1996). Additionally, surveys 

should be conducted in an unbiased sampling area to assess sex and age ratios (i.e., not 

one defined by the distribution of highly visible groups; McCorquodale 2001).

Detectability increased with age of the radiocollared animal; age was included in 

the top 3 candidate models, including our selected model. Age was not, however, 

significant in univariate analysis. Age was not correlated with sex or any other variables 

in our model. Mean age of detected moose was 6.85 as compared with 5.87 for 

undetected moose (Table 3). Detectability increased from age A— 6 to age 11— 13; 

however, 89% of animals of age 1—3 were detected. Detectability was 100% in 7 trials 

of animals aged 11— 13; these trials represented 3 individual females. All observations 

on these individuals were in large groups (5-13), and in nonforested habitat. Therefore, 

although age was not correlated with group size or vegetation, in these instances other 

covariates besides age were likely most influential on detectability. Furthermore, P = 

0.282 for age (Table 5), indicating that although age was included in our model based on 

AICc criteria, its individual effect on detectability was probably minimal.
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We did not include distance from transect path to moose in our logistic regression 

models. Our survey was designed with transects close together to minimize effects of 

distance. Although we were able to measure most distances post-survey, we had 

observations where we were unable to accurately estimate distance. Additionally, 

although the distance to moose that were missed during a survey and later located by 

telemetry would be assumed to have been missed from the closest transect line and 

therefore would be classified as no greater than one-half of the transect width, the 

distance to moose observed during surveys was not restricted, as noted by Anderson and 

Lindzey (1996). Although our data set used for distance sampling was incomplete, we 

assume that these missing observations were because of our post-survey measurement 

method and were not biased toward any distance interval, and therefore did not affect our 

analysis.

Although not addressed in many distance sampling studies (Bachler and Liechti in 

press), population estimates from distance sampling techniques are only reliable when the 

key assumptions of this method are met (Buckland et al. 2001). Although there were 

fewer observations in the lowest bin at our chosen left truncation level than in some 

successive bins (Fig. 6), we observed no response of animals near the transect line. 

Reactive movements of animals near the transect line may result in a lower SCF, and 

therefore underestimate the population. Distances were measured using GIS software 

(ArcView 3.2) post-survey to the nearest meter; therefore there were no visual rounding 

errors of distances. Dependence between observations has minimal effect on the point 

estimators, but may cause underestimation of theoretical variance estimates (Cox and



Snell 1989). We addressed the assumption of independence of detection of individual 

animals by defining the cluster (group) as the object (Buckland et al. 2001).

If objects on or near the survey line are missed, the population may be 

underestimated (Buckland et al. 2001). We have no evidence, however, to support the 

assumption of 100% detectability on the line. Several methods have been suggested to 

test this assumption or to calculate a correction factor for detectability on the line, 

including double-observer, mark-recapture, and removal models (Alpizar-Jara and 

Pollock 1999, Laake and Borchers. 2004, Bachler and Liechti in press). These methods, 

however, may be logistically difficult, rely on additional assumptions (Bachler and 

Liechti in press), and introduce additional variance into the model (Anderson and 

Lindzey 1996), and our survey protocol was not designed for these methods. Anderson 

and Lindzey (1996) reported that 17 of 40 (43%) moose groups <50 m from their line 

transect path were missed during sightabilty surveys, and therefore violates the distance 

assumption; however, 56% of the moose surveyed in their study were in coniferous 

habitat. Although we developed a SCF using logistic regression, our sample size was too 

small to estimate a reliable and stratified correction factor on the survey line. Most of our 

surveys were in nonforested vegetation, however, and our raw sightability was high in 

open and shrub habitat (89 and 72%, respectively, for all distances). Only 11 distance 

points were in forested habitat. Therefore, we believe that detectability approached 100% 

on our truncated transect line. Because we were unable to support this assumption or 

calculate actual detectability on the line, our population estimates should be considered a 

minimal. Nevertheless, distance sampling produced higher population estimates than
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those obtained from logistic regression, and therefore we propose that this method is a 

significant improvement over previous methods used to survey this population, and 

recommend it for it’s a management tool.

We had too few observations in forested habitat and low snow cover to stratify our 

distance analysis by vegetation or snow cover. Therefore, our distance model is most 

applicable for the environmental conditions associated with most observations: snow 

cover class of 67-100%, and nonforested habitat. Stratifying by group size, however, 

accounted for the bias that large groups of animals were detectable at greater distances 

than smaller groups, improving precision and reducing bias of the estimate. SCFs 

stratified by group size resulted in a smaller population estimate when applied to our 

sample data set than using the global SCF, although the upper confidence intervals were 

similar. Because we used Distance Sampling based on survey plots known to contain 

moose, these surveys might potentially report higher densities than for the entire 

landscape.

A direct comparisons of SCFs produced by Distance and logistic regression is 

difficult, because the SCFs we calculated with distance are only stratified by group size, 

whereas the logistic regression model accounts for additional covariates, and therefore 

SCF varies for each moose or group of moose observed. Additionally, the analyses were 

based on different data sets. An alternative approach is to compare population estimates 

derived from both estimators. Our sample data set of 176 observations totaling 600 

moose is similar to the raw (uncorrected) population counts usually obtained in our study 

area, and therefore is a good representative data set. The population estimate produced
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by Distance stratified by group size was 21% higher than that using our logistic 

regression (sightability model). The upper confidence intervals for the population 

estimate were similar between the 2 methods; however, the lower confidence interval was 

lower for the sightability model than for Distance.

Although there was some overlap between data sets, the Distance Sampling analysis 

dataset contained almost twice the data points as the sightability model, and therefore 

may produce better, more representative, detectability estimates. Both methods yield a 

generally higher SCF than what would be produced from the raw sightability of 70.5%. 

Distance sampling has been compared with mark-resighting (Focardi et al. 2002), and 

capture-recapture methods (Alpizar-Jara and Pollock 1999), however, we are unaware of 

any similar attempts to compare population estimates between sightabilty models and 

Distance Sampling (on ungulates). The use of more than one method to estimate 

detectability is desirable because the results may support each other, or offer a range of 

population estimates as in this study.

Our overall raw sightability of 70.5% was similar to results reported by Crete et al. 

(1986; 73%), Rolley and Keith (1980; 64%), and Peterson and Page (1993; 78%), and 

higher than those reported by Drummer and Aho (1998; 39%), Anderson and Lindzey 

(1996; 59%), and LeResche and Rausch (1974; 43-68%). SCF estimates reported for 

moose range from 1.03—3.2 (Timmerman and Buss 1997, Oosenberg and Ferguson 

1992). Higher SCFs usually are associated with denser cover and higher moose densities 

(Gasaway 1986, Peterson and Page 1993). Comparisons of detection rates may be 

tenuous, however, because of differences in aircraft type (Crete et al. 1986), number of
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observers, search intensity, and moose habitat use among studies (Anderson and Lindzey 

1996). Our results are within the range of SCFs reported for moose, but emphasize the 

variability in SCFs and the need to develop dynamic SCFs specific to area and time 

frame. The use of a dynamic SCF, such as that developed with a sightability model, is 

superior to the use of a static SCF. That SCF is >1, constant and with a small deviation, 

the wide range of SCFs confirms that moose detectability needs to be taken seriously, 

and that estimates should always be corrected in time and space before they are used for 

management.

Management Implications

Our results confirm the notion that sightability of moose from planes varies with 

environmental factors, group size, and distance from the transect line. Therefore, 

application of either the Distance Sampling or sightability model, combined with an 

appropriate sampling strategy, will improve the accuracy and precision of population 

estimates over the use of a static SCF within this study area. Improved population 

estimates will allow for more knowledge and effective management decisions by state 

and federal managers for this important subsistence resource. For a sound assessment, 

we recommend applying both of these correction methods to the next raw population 

count. Although we compared population estimates obtained from either method, the 

same data set was used to form the models, and an independent testing data set may yield 

different results.

These methods should be extended to other areas of similar environmental 

conditions if protocols associated with the chosen model are followed (McCorquodale
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2001). For example, visibility may differ among aircraft (Crete et al 1986); therefore, 

surveys should be conducted using a Cessna-185 or similar fixed-wing aircraft at 

approximately 185 m above ground elevation such as was used in model development 

(Samuel et al. 1987, Anderson and Lindzey 1996). Additionally, observers should be 

experienced and constantly calibrated in aerial moose surveys. Conducting surveys when 

moose are likely to be most visible, i.e., with nearly continuous snow cover and overcast 

light conditions, will provide the most precise population estimates. Specifically, our 

models could be applied and possibly further tested in interior Alaska or other coastal 

Alaskan moose populations such as Cordova or Gustavus.
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Figure 2.1. Study area for studying sightability of moose on the Yakutat forelands, 
Alaska, USA, 2003-2004.
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Figure 2.2 Example of aerial survey quadrat, transect flight path, and location of 
radiocollared moose during sightability trails of moose on the Yakutat forelands, Alaska, 
USA, 2003-2004.
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Group

Figure 2.3. Estimated detection probability by group size from logistic regression for 
moose on the Yakutat forelands, Alaska, USA, 2003-2004. Midpoint line = median; 
Box=25th to 75th percentile; Whisker = range; * = mean.
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Snow

Figure 2.4. Estimated detection probability by snow cover conditions from logistic 
regression for moose on the Yakutat forelands, Alaska, USA, 2003-2004. Midpoint line 
= median; Box=25th to 75th percentile; Whisker = range; * = mean.
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Vegetation

Figure 2.5. Estimated detection probability by vegetation from logistic regression for 
moose on the Yakutat forelands, Alaska, USA, 2003-2004. Midpoint line = median; 
Box=25th to 75th percentile; Whisker = range; * = mean.
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Perpendicu lar d istance in m eters

Figure 2.6. Estimated detectability by perpendicular distance for aerial surveys of moose 
on the Yakutat forelands, Alaska, USA, 2003-2004.
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Figure 2.7. Estimated detectability by perpendicular distance stratified by group size: (a) 
group size 1, (b) group size 2-3, and (c) group size of 4 or more for aerial surveys of 
moose on the Yakutat forelands, Alaska, USA, 2003-2004.



Table 2.1. Candidate predictor variables considered during initial modeling for sightability of moose on the Yakutat forelands, 
Yakutat, Alaska, 2003-2004.

ON1̂

Variable Type Description
Month Discrete Month of sightability trial
Age Discrete Age of collared moose
Sex Discrete Sex of collared moose
Visual Discrete Y if moose seen, N if moose not seen
Group size Discrete Total number of moose seen within 50 m of collared moose
Group Code Indicator 0 if single-sex group; 1 if both sexes in group
Males Discrete Number of adult males in group
Females Discrete Number of adult females in group
Calves Discrete Number of calves in group
Unknowns Discrete Number of unknown sex adults in group
Habitat type, coarse Indicator l=open, 2=shrub, 3=forest, within 10 and 250 m of moose
Habitat type, fine Indicator l=open, 2=shrub, 3=open canopy forest (<60% canopy cover), 

4= closed canopy forest (>60% canopy cover) within 10 and 
250 m of moose

Vegetation cover Indicator 1=0-33%, 2=34-66%, 3=67-100% within 10m of moose
Elevation Continuous Elevation in meters
Distance from coast Continuous Straight-line distance from coastline in meters
Activity Indicator 0=bedded, l=active (any moose in group)
Site use Indicator 0=no beds, few tracks, 1 =beds and multiple tracks
Cloud cover Indicator 0=clear, 1 =partly cloudy, 2=overcast
Precipitation Indicator 0=none, l=mist, 2=light rain, 3=hard rain, 4=snow
Snow cover Indicator 0=0-10%, 1=11-33%, 2=34-66% ,3=67-100%
Wind speed start Continuous Wind speed (kmh) at beginning of survey
Wind speed end Continuous Wind speed (kmh) at end of survey
Temperature Continuous Average temperature (Celsius) during survey



Time of day Discrete Survey start time; military time rounded to hour
Light Indicator l=sunny, 2=in shade on a sunny day, 3=flat light/even shadows
Primary observer Categorical Name of primary observer
Experience primary Continuous Previous experience level of primary observer, scale of 1-10
Number flights primary Discrete Number of previous sightability trials by primary observer
Secondary observer Categorical Name of secondary observer
Experience secondary Continuous Previous experience level of secondary observer, scale of 1-10
Number flights secondary Discrete Number of previous sightability trials by secondary observer
Number sick Discrete Number of sick observers

I— I

O N
00
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Table 2.2. Univariate analysis of independent discrete and categorical variables measured during sightability trials of moose 
on the Yakutat forelands, Alaska, USA, 2003-2004.

Variable n %
seen

P Variable n %
seen

P

Month 0.07 Habitat type fine, 10 m
November 6 83 Open 27 89 <.0001
December 26 81 Shrub 46 72
January 25 72 Open canopy forest 6 33
February 18 44 Closed canopy forest 9 22
March 13 69 Habitat type fine, 250 m 0.003
Sex 0.31 Open 34 85
Male 33 76 Shrub 40 68
Female 55 65 Open Canopy forest 5 60

Group 0.173 Closed canopy forest 9 22
Yes 61 74 Cover class, 10 m <0.001
No 27 59 0-33% 23 83

Observer 1 0.16 34-66% 41 80
1 45 76 67-100% 24 38
2 38 63 Activity 0.094
6 5 60 Bedded 49 61
Observer 2 0.04 Standing 39 80
1 6 100 Site use 0.039
2 25 76 No beds, few tracks 61 62
3 25 76 Beds and multiple tracks 27 85
4 3 33 Cloud cover 0.005
5 1 0 Clear 21 43
6 25 56 Partly cloudy 23 87
7 1 0 Overcast 44 73



8 2 100 Precipitation 0.1647
Group code 0.014 None 78 67
Mixed Sex 14 100 Mist 1 0
Same Sex 56 64 Light rain 5 100
Unknown 11 61 Hard rain 1 100
Habitat type coarse, 10 m <0.001 Snow 3 100
Open 27 89 Snow cover 0.056
Shrub 46 72 0-10% 6 67
Forest 15 27 11-33% 8 5450
Habitat type coarse, 250 m 0.003 34-66% 26 8154
Open 34 85 67-100% 48 81
Shrub 40 68 Survey start time 0.340
Forest 14 36 0900-1000 16 69
Habitat type fine, 10 m <0.001 1100-1200 39 67
Open 27 89 1300-1400 26 65
Shrub 46 72 1500 7 100
Open canopy forest 6 33 Light conditions 0.027
Closed canopy forest 9 22 Sunny 17 47

Flat light/even shadows 71 75
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Table 2.3. Univariate analysis of independent continuous variables measured during 
sightability trials of moose on the Yakutat forelands, Alaska, USA, 2003-2004.

Not sighted Sighted P
Variable mean S.E. mean S.E.
Age 5.870 0.424 6.852 0.410 0.5124
Observer 1 experience 7.519 0.098 7.393 0.063 0.2765
Observer 1 trials 34.037 3.653 26.689 2.093 0.071
Observer 2 experience 7.389 0.120 7.574 0.076 0.1875
Observer 2 trials 15.222 2.878 16.541 1.556 0.6597
Wind speed 15.090 1.971 19.203 1.491 0.1187
Flight speed 129.046 0.298 130.396 0.559 0.1724
Temperature 0.706 0.853 0.317 0.435 0.650
Number cows 1.357 0.240 2.967 0.515 0.0668
Number bulls 0.259 0.086 0.656 0.093 0.0185
Number calves 0.176 0.069 0.115 0.041 0.5699
Number unknown adults 0.262 0.110 0.721 0.320 0.3737
Distance to coast 7443.510 995.123 8214.439 587.465 0.4865
Elevation 12.869 2.239 11.892 1.117 0.6639
Group size 2.074 0.199 4.459 0.570 0.016
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Table 2.4. Number of model parameters (k), differences in Akaike’s Information 
Criterion (AICc) scores (A) and AICc weights (w) for candidate sightability models for 
moose on the Yakutat forelands, Alaska, USA, 2003-2004.

Model k Variables A IC c A A IC cWj

A 5 Age, group23, vegetation15, light, snow 0.0000 0.4345
B 7 Age, sex, observer2°, speed, group2, vegetation, snow 0.7520 0.2983
C 6 Age, sex, observer2, group2, vegetation, snow 1.8083 0.1759
D 4 Group2, vegetation, snow, light 3.5851 0.0724
E 3 Group2, vegetation, snow 6.2694 0.0189
F 16 Saturatedd 18.8200 0.0000

a Group size squared
b Vegetation (forested or nonforested) within 10 m of moose 
c Observer 2 experience level
d Includes survey start time, temperature, group (yes or no), sex, age, observer 1 
experience, observer 2 experience, wind speed, flight speed, squared group size, 
vegetation (forested or nonforested), open_veg (open or vegetated), activity, light, snow, 
and elevation
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Table 2.5. Regression coefficients and risk ratios (RR) for selected overall and 
management models for sightability of moose on the Yakutat forelands, Alaska, USA, 
2003-2004.

Model
Variable

P SE P RR 90% Cl

Overall
Intercept -3.923 1.659 0.165 n/a n/a
Age 0.307 0.140 0.282 1.360 1.080- 1.711
Group23 0.076 0.041 0.067 1.079 1.008- 1.155
Vegetation15 -2.752 0.896 0.002 0.640 0.015- 0.278
Light0 1.996 0.896 0.026 7.358 1.685-32.130
Snow cover 1 (0-33%)d -2.269 1.184 0.055 0.103 0.015- 0.725
Snow cover 2 (34-66%)d -2.580 0.827 0.002 0.076 0.019- 0.295

Management
Intercept 1.502 0.528 0.004 n/a n/a
Group23 0.062 0.033 0.060 1.064 1.008-1.123
Vegetation5 -2.405 0.801 0.003 0.090 0.024-0.337
Snow cover 1 (0-33%)d -2.005 0.893 0.025 0.135 0.031-0.584
Snow cover 2 (34-66%)d -1.731 0.658 0.009 0.177 0.060-0.523

a Squared group size
b Vegetation = 0 if nonforested, 1 if forested 
0 Light = 0 if sunny, 1 if shaded/overcast
d Snow cover is relative to the reference variable of level 3, 67-100%
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Table 2.6. Number of model parameters (k), differences in Akaike’s Information 
Criterion (AICc) scores (Д) and AICc weights (vv) for candidate sightability management 
models for moose on the Yakutat forelands, Alaska, USA, 2003-2004.

Model k Variables A I Q A A IC cWj

A 4 Groupia, vegetationb, snow, light 0.0000 0.5092
B 5 Group2, vegetation, openc, snow, light 1.0609 0.2996
C 3 Group2, vegetation, snow 2.6844 0.1330
D 4 Vegetation, snow, open, light 4.9330 0.0432
E 3 Group2, coverd, snow 7.1014 0.0146
F 14 Saturated11 13.6326 0.0004

a Group size squared
b Vegetation (forested or nonforested) within 10 m of moose 
c Open versus vegetated habitat within 10 m of moose 
d Percentage of ground cover within 10 m of moose
d Includes survey start time, temperature, group (yes or no), observer 1 experience, 
observer 2 experience, wind speed, flight speed, squared group size, vegetation (forested 
or nonforested), open_veg (open or vegetated), activity, light, snow, and elevation
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Table 2.7. Corrected mean population estimates and 90% confidence intervals (Cl) for 
sample data set of 176 observations of 600 moose of moose on the Yakutat forelands, 
Alaska, USA, 2003-2004.

Estimation Method SCF SCF 90% Cl Mean 90% Cl
Logistic regression 1.604 1.183-3.429 755 652-1124
Distance; global 1.706 1.599-1.819 1023 960-1091
Distance; group size 1 1.865 1.529-2.274 n/a n/a
Distance; group size 2 1.758 1.581-1.956 n/a n/a
Distance group size 44- 1.481 1.348-1.628 n/a n/a
Distance by group sizea n/a 954 858-1062

a Population estimated by combined group size strata
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General Conclusions

Multi-response permutation procedure analyses indicated that males and females 

were spatially separated during all months. Data on group composition from aerial 

surveys showed the highest proportion of mixed-sex groups during the autumn mating 

season (56%), followed by 44% mixed sex groups during winter and 33.3% during spring 

and summer. The general overall pattern that we observed is consistent with our 

expectations of group composition, based on the reproductive behavior of moose.

Habitat selection at the 1000 m scale was similar between sexes during autumn, 

whereas more variation existed between sexes in other seasons. Differences in habitat 

selection between the sexes were primarily attributable to differences in importance of 

variables, not direction or strength of selection. Although males and females selected for 

some of the same habitat variables outside of the mating season, selection differed by at 

least one variable during those seasons.

Spring and summer showed the least amount of overlap in habitat selection between 

the sexes. Besides aspect, the sexes selected for the same 3 variables in autumn (low 

elevation, high edge density, and high stream density), with overlap on two variables 

during winter and overlap on only one variable during spring and summer. Additionally, 

within-group distances from MRPP analyses indicated that females are particularly 

widely dispersed during May and June. This pattern likely results from females being 

especially solitary at this time of year because of parturition (Bowyer et al. 1998; 

Cederlund et al. 1987; MacCracken et al. 1997; Hauge and Keith 1981). This behavior is
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during the time of year that we expected the highest degree of sexual segregation, and is 

likely intended to reduce predation risk.

Variables measured at the 1000 m scale were the most influential on habitat use by 

both sexes during all seasons. The overall pattern of selection at the 1000 m scale was 

that females selected for high stream density during all seasons, high edge density during 

spring through autumn, low edge density during winter, low elevation during spring and 

autumn, a high percentage of forested cover during summer, and a low percentage of 

forested cover during winter. Males selected for low elevation during all seasons, high 

stream density during autumn and winter, a high percentage of forested cover during 

spring and summer, high edge density during autumn and low edge density during winter. 

When models were limited to 2 variables, there were differences in scales selected for by 

the sexes. Males selected habitats at smaller scales than females during all seasons 

except in spring when both sexes selected habitats at the 1000 m scale. These results 

indicate that overall the sexes are selecting at the same scales; however, when the 2 most 

important variables for each sex by season are emphasized (elevation and forested cover 

for males, edge density and stream density during spring through autumn and stream 

density and forested cover during winter for females), differences in scale of selection 

occurred in all seasons except spring.

We observed no differences in direction of habitat selection, and minor differences 

in strength of selection, between scales by sex; however, some variables were selected by 

either sex at only one or two of the scales at which we measured selection. These results 

indicate that differences in selection between scales were minimal; variables measured at



the 1000 m scale were, however, most explanatory in describing habitat selection for both 

sexes.

Our study showed no significant difference in annual or seasonal home-range size 

between adult male and adult female moose. Home-range size of both sexes, however, 

was larger during autumn than summer. Because neither home range size nor scale of 

overall habitat selection differed between the sexes, we conclude that there is little 

relationship between home range size and scale of selection, other than that both are 

relatively large.

Although predictive power varied, all of our habitat selection models demonstrated 

significant Spearman rank correlations. The Spearman rank correlation was lowest 

among females during summer and during autumn in males. Overall, our models 

displayed sufficient predictive power to be useful tools in describing seasonal habitat 

selection by moose.

Although our sample size was small, we focused our analyses on what we 

considered to be the most important habitat variables for moose and the most likely to 

vary between sexes and seasons. We were able to demonstrate differences in habitat 

selection between the sexes during periods of segregation using this approach. We 

identified the variables from our potential candidate models that were most strongly 

correlated with habitat use (Keating and Cherry 2004). Therefore, our RSFs should be 

interpreted as a relative scale or index of habitat selection and not as an absolute 

probability. The occurrence of sexual segregation is widespread among ruminants, 

although specific differences in habitat selection between the sexes may vary between
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species and geographic regions. Our results contribute to the body of literature on sexual 

segregation and habitat selection in moose

The selected overall sightability model included age, group size, vegetation, light 

conditions and snow cover. Our final management sightability model included group 

size, vegetation, and snow cover. Sightability has been repeatedly shown to be predicted 

well by 1 or 2 variables (Steinhorst and Samuel 1989, Otten et al. 1993, Anderson and 

Lindzey 1996, McCorquodale 2001). Various measures of habitat or vegetation have 

been included in sightability models for both tule elk (Samuel et al. 1987, Bleich et al. 

2001) and moose (Peterson and Page 1993, Anderson and Lindzey 1996, Drummer and 

Aho 1998, Quayle et al. 2001). Group size affects sightability of elk (Samuel et al. 1987, 

Bleich et al. 2001, McCorquodale et al. 2001), and mule deer (Ackerman 1988). Moose 

were more visible in overcast conditions, whereas sunny conditions decreased 

detectability, likely because of glare. The percentage of moose detected was highest in 

snow cover of 67— 100%, followed by snow cover of 0—33% and lowest in snow cover 

of 34—66%. Sightability is lower in the 34—66% cover class than 0—33%, likely 

because of the patchy nature of this snow coverage. Although age was included in our 

model based on AICc criteria, its individual effect on detectability was probably minimal.

Although not addressed in many distance sampling studies (Bachler and Liechti in 

press), population estimates from distance sampling techniques are only reliable when the 

key assumptions of this method are met (Buckland et al. 2001). We were unable to test 

this assumption or calculate actual detectability on the line; therefore, our population 

estimates should be considered minimum estimates. Nevertheless, distance sampling



produced higher population estimates than those obtained from logistic regression, and 

therefore we propose that this method is a significant improvement over previous 

methods used to survey this population, and for its subsequent management.

Our distance model is most applicable for the environmental conditions associated 

with most observations; snow cover class of 67— 100%, and nonforested habitat. 

Stratifying by group size, however, accounted for the bias that large groups of animals 

were detectable at greater distances than smaller groups, improving precision and 

reducing bias of the estimate. SCFs stratified by group size resulted in a lower 

population estimate when applied to our sample data set than using the global SCF, 

although the upper confidence limits were similar.

Although there was some overlap between data sets, the Distance sampling analysis 

dataset contained almost twice the data points as the sightability model, and therefore 

may have produced better, more representative, detectability estimates. Both methods 

yielded a generally higher SCF than what would be produced from the raw sightability of 

70.5% based on radiocollared animals. Distance sampling has been compared with mark- 

resighting (Focardi et al. 2002), and capture-recapture methods (Alpizar-Jara and Pollock 

1999); however, we are unaware of any similar attempts to compare population estimates 

between sightabilty models and distance sampling on ungulates. The use of more than 

one method to estimate detectability is desirable because the results may support each 

other, or offer a range of population estimates as in this study.

Our overall raw sightability of 70.5% is similar to results reported by Crete et al. 

(1986; 73%), Rolley and Keith (1980; 64%), and Peterson and Page (1993; 78%), and
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higher than those reported by Drummer and Aho (1998; 39%), Anderson and Lindzey 

(1996; 59%), and LeResche and Rausch (1974; 43-68%). SCF estimates reported for 

moose have ranged from 1.03-3.2 (Timmerman and Buss 1997, Oosenberg and Ferguson 

1992). Higher SCFs usually are associated with denser cover and higher moose densities 

(Gasaway 1986, Peterson and Page 1993). Comparisons of detection rates may be 

tenuous, however, because of differences among studies in aircraft type (Crete et al. 

1986), number of observers, search intensity, and moose habitat use (Anderson and 

Lindzey 1996). Our results are within the range of SCFs reported for moose, but 

emphasize the need to develop SCFs specific to area and time frame. Our results confirm 

the notion that moose detectability needs to be taken seriously, and that estimates from 

the field should always be corrected in time and space before they are used for 

management.
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