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ABSTRACT 
We examined spring and summer habitat use patterns of adult male and female elk (Cervus 

elaphus) on the Bighorn National Forest in north-central Wyoming. Radio-collared elk were 

located twice in each of three sampling periods during June and July of l 995 and 1996. Habitat 

selection was examined at three spatial scales ( 13 ha, 52 ha, 112 ha) using a geographic 

information system (GIS). Selection ratios developed from use-availability data were used to 

detect habitat selection. Selection patterns of male and female elk significantly differed in both 

spring and summer. Males preferred forested habitats with larger patch sizes and less diversity, 

whereas females selected for smaller, more diverse foraging areas in open habitats. Our results 

indicated the value of large, contiguous timber stands for mature male elk are not limited to 

hunting seasons and also should be considered on spring and summer ranges. 

Key words: Cervus elaphus, elk, habitat selection, security cover, sexual segregation. 

INTRODUCTION 
Sexual segregation during the non

breeding period has been documented in a 

variety of polygynous ungulates, including 

mule deer (Odocoileus hemionus) (King and 

Smith 1980, Ordway and Krausman 1986, 

Weckerly 1993), white-tailed deer 

(Odocoileus l'irginianus) (McCullough et 

al. 1989), moose (Alces alces) (Miquelle et 

al. 1992), reindeer (Rangifer sp.) (Skogland 

1989), caribou (Rang(fer sp.) (Jakimchuk et 

al. 1987), red deer (Cervus elaphus) 

(Clutton-Brock et al. 1982), bighorn sheep 

(Ovis canadensis) (Geist and Petocz 1977, 

Bleich et al. 1997), and elk (Geist 1982). 

Spatial separation of male and female elk 

may be a result of different habitat 

requirements or preferences. Because of the 

important role females play in population 

dynamics, most ungulate research and 

management is directed towards this 

segment of the population. Howe, er, 

knowledge of sex-specific habitat 

preferences may improve elk management 

by providing a better understanding of the 

effects habitat perturbations may have on 

both sexes. Our objective was to compare 

habitat selection patterns of adult male and 

female elk during late spring and summer. 

STUDY AREA 

Elk habitat use patterns were examined 

in the Bighorn National Forest (BNF) of 

north-central Wyoming. The BNF 

encompassed 6000 km2 at elevations 

ranging from 1200 to 4018 m. Vegetation, 

characterized by juniper (Juniperus 

osteosperma) at low-elevations, ponderosa 

pine (Pinus ponderosa) and Douglas-fir 

(Pseudotsuga menziesii) at mid-elevations, 

and lodgepole pine (Pinus contorta) and 

spruce-fir (Picea engelmannii, Abies 

lasiocarpa) dominating the higher 

elevations, was typical of the central Rocky 

Mountains. Aspen (Populus tremuloides) 

stands were present but uncommon. Large 

natural openings and high-elevation gentle 

slopes were often dominated by big 

sagebrush (Artemisia tridentata) and/or 

Idaho fescue (Festuca idahoensis). Despain 

( 1973) provided a detailed description of 

vegetation, soils, geology, and climate of 

the Bighorn Mountains. 
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intervals were greater than I, selected 

against if intervals were less than l, and 

selected in proportion to availability if 

intervals contained I (Manly et al. 1993). 

RESULTS 

Habitat selection patterns differed 

between male and female elk during each of 

the three sampling periods and at all three 

spatial scales (Table 2). However, patterns 

were similar within sexes and across spatial 

scales. Males selected exclusively for 

timbered areas, while females selected for a 

mix of forage and cover types. 

Mean patch sizes of areas selected by 

male elk ( .x = 2.15 ha, SE = 0.07) were 

larger (!
318 

= 4.69, P < 0.001) than areas 

used by females ( .x = 1.74 ha, SE = 0.05). 

Consequently, areas selected by male elk 

had lower Shannon Diversity Index values 

Table 2. Habitat selection 1 by male and female elk for each sampling period at 3 spatial 
scales ( 13 ha, 52 ha, 112 ha) on the Bighorn National Forest, Wyoming 1995-96. 

Vegetation 

types 

SHR 

MHR 

GHR 

WIL 

ASP 

SP/F 

OF 

LP 

RIP 

ES 

SB 

SHR 

MHR 

GHR 

WIL 

ASP 

SP/F 

OF 

LP 

RIP 

ES 

SB 

30 May-8 June 

13 ha 52 ha 112 ha 

0 

0 

+ 

+ 

0 

0 

0 

+ 

0 

0 

+ 

0 

0 

0 

0 

+ 

+ 

0 

0 

0 

0 

+ 

0 

0 

+ 

0 

0 

0 

0 

+ 

0 

0 

0 

0 

0 

+ 

0 

0 

+ 

0 

0 

23-29 June 25-29 July

13 ha 52 ha 112 ha 13 ha 52 ha 112 ha 

FEMALE ELK 

0 

+ 

0 

+ 

0 

+ 

0 

MALE ELK 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

+ 

0 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

+ 

0 

+ 

+ 

0 

0 

0 

0 

+ 

0 

0 

0 

0 

+ 

+ 

+ 

0 

0 

0 

+ 

0 

0 

0 

0 

+ 

+ 

+ 

0 

0 

0 

+ 

0 

0 

0 

0 

+ 

+ 

+ 

+ 

0 

0 

+ 

0 

0 

0 

Selected against(-), selected for(+), or selected in proportion to availability (0). 
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than thos;e areas s;elected b) female elk 

(I
m 

-4.80, P < 0.00 I). Landscape 

measurements; were on ly calculated for the 

112-ha scale.

D1 cu ION 

The appropriate scale for any 

ecological anal) sis should match the goals 

of the study (Powell 1994). electing the 

\Hong scale or failing to consider scale 

creates the potential for misleading results 

or data misinterpretation (Bowyer ct a l. 

1996). Edge ct al. ( 1987) believed that an 

area larger than just that area adjacent to the 

radio location influenced elk habitat 

selection and placed a 200-m radius around 

elk locations to define ampling unit size. 

Other research has demonstrated how 

variable uch as forage-cover ratios, patch 

size, and roads influence the scale at which 

elk ite election occurs (Wisdom et al. 

1986, Thomas et al. 1988, Lyon and 

Canfield 1991 ). Of the three scales 

examined in this study, we believe the 112-

ha area was the most appropriate sampling 

unit ize to study elk habitat use. This scale 

detected the most selection, allowed ample 

room for potential errors in telemetry 

( awyer 1997), and was most likely to 

contain habitat features important to elk in a 

24-hour period.

We found that habitat selection of male

and female elk differed during spring and 

summer. Females were primarily as ociated 

with open foraging areas during parturition, 

and shifted to a mixture of forage and cover 

areas as the summer progressed and calves 

developed. Females selected for sagebrush 

and green herbaceous rangelands during the 

parturition period (30 May-8 June) when 

they had young, immobile calves. 

Sagebrush communities apparently 

provided both cover for newborn elk calves 

and abundant, high-quality forage during 

early June ( awyer 1997). Male elk 

selected exclusively for Douglas-fir during 

early spring and used open forage areas less 

than or in proportion to their availability 

Female elk continued to select for open 

vegetation types (GHR, RIP, FS) 3-4 weeks 

post-calving (23-29 June), as calves became 

more mobile and less dependent on hiding 

to av 01d predators. Although these foraging 

areas no longer provided abundant low

level hiding cover for calves, female elk 

also selected for spruce-fir stand<;, 

presumably for the security cover they 

offered the entire herd. These selection 

patterns continued through the third 

sampling period (26-31 July) 

Male elk continued to select only for 

timbered vegetation types during late June 

and July, using other vegetation types less 

than expected or in proportion to 

availability. Their timber or cover 

preference sh1 fted from the lower-elevation 

Douglas-fir stands to montane and 

subalpinc spruce/fir stands. The tendency 

for male elk on the B F to select for dense 

timber stands was consistent with Marcum 

and Edge ( 1991 ), who found that male elk 

in western Montana occupied more heavily 

forested areas than females during the 

spring and summer. 

Selection for timbered areas rather than 

open foraging areas suggested that habitat 

use by male elk on the B F was based 

principally on security needs. Males 

apparently met nutritional requirements 

within or immediately adjacent to the e 

timber lands. However, thi did not 

nece arily indicate male elk compromise 

foraging efficiency. Males are often solitary 

or occur in small groups and do not require 

the large foraging areas necessary to u tain 

the larger female calf groups. During the 

second and third sampling periods in 1995, 

average male group size was five (n = 17, 

SE 0.73), whereas the average female 

group 'iize \Vas 50 (11 = 28, E - 10) 

(Sawyer 1997). Foraging alone or in small 

groups may allow male elk to max1m1ze 

nutrient intake within security-type habitats. 

Although male mule deer occupied areas of 

lower resource quality than females, 

availability of forage per individual deer did 

not differ between the sexes because of the 

low density of male (Bowyer 19 4 ). 

Elk max1m1ze forage intake and 

minimize their energy expenditures when 

forage and cover areas are of adequate size 

and in close proximity (Wisdom et al. 

llah11111 Selectum And s·e:wal ,\egregatwn Off lk In \orthem 111om111g 7 3 
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1986). Most habitat effectiveness models 

incorporate a variable that accounts for size 

and juxtaposition of forage and cover areas 

(Witmer et al. 1985, Wisdom et al. 1986, 

Thomas et al. 1988, Sawyer et al. 1998). 

Generally, timber stands must be at least 

200 m wide to receive optimal use by elk 

along the cover forage edge (Witmer et al. 

1985). Because areas used by male elk 

consisted of larger habitat patches, they 

were more likely to contain timber stands 

200 m in width and the valuable edges 

associated with them. 

Selection patterns of adult male and 

female elk markedly differed during spring 

and summer. Males preferred forested 

habitats with larger patch sizes and less 

diversity, whereas females selected for more 

diverse foraging areas in open habitats with 

smaller patch sizes. The reproductive

strategy theory for sexual segregation in 

ungulates (Main and Coblentz 1996) 

provides a useful framework to speculate 

why sexual differences in elk habitat 

selection occur. It suggests segregation is 

due to predator avoidance strategies of 

females with young and forage optimization 

by adult males (Geist 1982, Jakimchuk et 

al. 1987, Skogland 1989, Main and 

Coblentz 1990, Bleich et al. 1997). The 

theory predicts that females should select 

habitats conducive to the survival of their 

offspring, which they apparently do, by 

providing newborn calves with protective 

cover and older calves with abundant, high

quality forage. The theory predicts males 

should seek out areas that maximize forage 

intake. Males apparently were able to do 

this within or near timber stands, 

presumably because smaller male groups 

require less plant biomass than the larger 

female/calf groups, and exploiting feeding 

areas adjacent to security cover allows them 

to forage more efficiently. 

MANAGEMENT IMPLICATIONS 

Managing elk habitat often focuses on 

the effects different land uses, such as 

logging, grazing, hunting, and other human 

disturbances, have on elk populations (Boyd 

et al. 1986). Most research addressing these 
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and other questions has been restricted to 

female elk. Sexual segregation between 

male and female elk occurs most of the 

year, however, for biological and 

management reasons, males are less 

frequently considered in habitat use studies. 

The habitat needs of females and their 

young are perceived, either correctly or 

incorrectly, as a priority in many habitat 

studies and subsequent management 

actions. For example, much of the 

deforestation and fragmentation that has 

occurred on national forests was often 

intended to encourage higher levels of elk 

use (Thomas 199 l ). Such a management 

practice often was deemed appropriate 

because of documented habitat preferences 

of female elk in the northwest, where 

Thomas et al. ( 1979) suggested an optimal 

forage/cover ratio for elk of 60:40. Groves 

and Unsworth (1993) cautioned that a 

forage/cover ratio of 60:40 might be 

optimal for elk in certain ranges, but clearly 

does not have wide-ranging applicability. 

Ironically, the same fragmentation and loss 

of cover has led to problems associated with 

elk vulnerability (Hillis et al. 1991, Thomas 

1991, Vales et al. 1991, Christensen et al. 

1993), including increased road densities 

and reduced hunting opportunities. 

Although healthy elk populations occur 

throughout the western states, managers 

continue to struggle with maintaining 

desired sex ratios (Bender and Miller 1999) 

and lowering elk vulnerability. Although 

large blocks of security habitat can benefit 

male elk during the hunting seasons by 

reducing vulnerability (Hillis et al. 1991 ), 

our results indicated the value of large, 

contiguous timber stands for mature male 

elk were not limited to that period. Such 

stands also should be considered on spring 

and summer ranges. 

ACKNOWLEDGEMENTS 

Funding and support was provided by 

the Wyoming Game and Fish Department, 

the Wyoming Cooperative Fish and Wildlife 

Research Unit, the University of Wyoming, 

and the Rocky Mountain Elk Foundation. 



LITERATURE CITED 
Alldredge, J. R., and J. T. Ratt1. 1986. 

Comparison of some stat1st1cal 
techniques for analysis of resource 
selection. Journal of Wildlife 
Management 50: 157-165. 

Bender, L. C., and P. J. Miller. 1999. Effects 
of elk har"est strategy on bull 
demographics and herd compos1t1on. 
Wildlife Society Bulletin 27: 1032-1037. 

Bleich, Y. 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. exual segregation in 
southern mule deer. Journal of 
Mammalogy 65:410-417. 

_ _  , J. G. Kie, and V. Van Ballenberghe. 
1996. Sexual segregation in black-tailed 
deer: effects of scale. Journal of Wildlife 
Management 60: 10- I 7. 

Boyd, R. J., A. Y. Cooperrider, P. C. Lent, 
and J. A. Bailey. 1986. Ungulates. Pp. 
519-564 in A.Y. Cooperrider, R.J. Boyd,
and H.R. Stuart, eds., Inventory and
monitoring of wildlife habitat. USDI.
Bureau of Land Management Service
Center. Denver, CO.

Christensen, A. G., L. J. Lyon, and J. W. 
Unsworth. 1993. Elk management in the 
northern region: considerations in forest 
plan updates or revisions. U.S. Fore t 
Service General Technical Report I T-
303. 

Clutton-Brock, T. H., F. E. Guinness, and S. 
D. Alban. 1982. Red deer: behavior and
ecology of two sexes. University of
Chicago Press, Chicago, Illinois.

Despain, D. G. 1973. Vegetation of the 
Bighorn Mountains, Wyoming, in 
relation to substrate and climate. 
Ecological Monographs 43:329-355. 

Edge. W. D., C. L. Marcum, and . L. 
Olson-Edge. 1987. Summer habitat 
selection by elk in western Montana: a 
multivariate approach. Journal of 
Wildlife Management 51 :844-851. 

Geist, ., and R. G. Petocz I 977. Bighorn 
sheep m winteL do rams maxim17e 
reproductl\ e fitne s by spatial and 
habitat segregation from e'"es'? 
Canadian Journal of Zoolog1 55 I 802-
1810. 

__ . 1982 Adaptive behavioral strategies 
in elk Pp. 219-278 111 J. W. Thomas, 
and DE. Toweill, eds., Elk of orth 
America ecology and management. 

tackpole Books, Harrisburg, PA. 
Groves, C. R., and J. W Unsworth. 1993. 

Wapiti and warblers: integrating game 
and nongame management in Idaho. Pp. 
408-417 in D.M. Fmch and P.W.

tangel, eds., Status and management of
neotropical migratory birds. SDA 
General Technical Report RM-229 

Hillis, J.M., M. J. Thompson, J. L 
Canfield, L.J. Lyon, C. L. Marcum, P. 

M. Dolan, and D.W. McCleery. 1991.
Defining elk security: the Hillis
paradigm. Pp. 38-43 in Christensen, A.
G, L. J. Lyon, and T. . Lonner,
technical coordinators., Proceedmgs of
elk vulnerability - a sympo 1um.
Montana State Univer ity, Bozeman.

Jakimchuk, R. D., S. H. Ferguson, and L. G. 
Sopuck. 1987. Differential habitat u. e 
and sexual egregation in the central 
Arctic caribou herd. Canadian Journal of 
Zoology 65:534-541. 

King, M. M., and H. D. mith. 1980. 
Differential habitat utilization by the 
sexes of mule deer. Great Basm 

aturalist 40:273-281. 
Lyon, L. J., and J. E. Canfield. 1991. 

Habitat selections by Rocky Mountain 
elk under huntmg season stress. Pp. 99-
105 in Christensen, A.G., L. J. Lyon, 
and T. N. Lonner, technical coordinators. 
Proceedings of elk vulnerability - a 
symposium. Montana tate niversity. 
Bozeman. 

\1am, �- B., and B. E. oblentz. 1990. 
exual segregation among ungulates: a 

critique Wildlife Society Bulletin 
18:204-210. 

l!ah11a1 Sclec110n And Sexual Sc ,rcga/wn 0/ Elk In ,\orrhcrn IJ}m11111g 75 

\ 

s 

s 

r 

N 

. , 

I • I I 
_, 

s 
I . • I 

, I II 
t I 

1 I 

I ' 



. 1996. Sexual �egregation in mule 

deer. Journal of Wildlife Management 

60:497-507. 

Manly, B. F. J., L. L. McDonald, and D. L. 

Thomas. 1993. Resource selection by 

animals: statistical design and analysis 

for field studies. Chapman & Hall, New 

York. 

Marcum, C. L., and W. D. Edge. 1991. 

Sexual differences in distribution of elk 

relative to roads and logged areas in 

western Montana. Pp. 142-148 in

Christensen, A. G., L. J. Lyon, and T. N. 

Lonner, technical coordinators., 

Proceedings of elk vulnerability - a 

symposium. Montana State University, 

Bozeman. 

McCullough, D. R., D. H. Hirth, and S. J. 

Newhouse. 1989. Resource partitioning 

between sexes in white-tailed deer. 

Journal of Wildlife Management 

53:277-283. 

McGarigal, K., and B. J. Marks. 1994. 

FRAGSTATS: spatial pattern analysis 

program for quantifying landscape 

structure. Oregon State University, 

Corvallis. 

Miquelle, G. D., J.M. Peek, and V.Van 

Ballenberghe. 1992. Sexual segregation 

in Alaskan moose. Wildlife Monographs 

122:1-57. 

Ordway, L. L., and P. R. Krausman. 1986. 

Habitat use by desert mule deer. Journal 

of Wildlife Management 50:677-683. 

Powell, R. A. 1994. Effects of scale on 

habitat selection and foraging behavior 

of fishers in winter. Journal of 

Mammalogy 75:349-356. 

Sawyer, H. 1997. Evaluation of a summer 

elk model and sexual segregation of elk 

in the Bighorn Mountains, Wyoming. 

Thesis, University of Wyoming, 

Laramie. 

___ , F. Lindzey, and B. Jellison. 1998. 

Applying GIS to test a habitat 

effectiveness model for elk in north

central Wyoming. Pp. 176-183 in J. C. 

76 Sall'n:'r & Li11d::e1· 

deVos, ed., Proceedings of the 1997 

Deer/Elk Workshop. Arizona Game and 

Fish Department. 

Schooley, R. L. 1994. Annual variation in 

habitat selection: patterns concealed by 

pooled data. Journal of Wildlife 

Management 58:367-374. 

Skogland, T. 1989. Comparative social 

organization of wild reindeer in relation 

to food, mates, and predator avoidance. 

Advances in Ethology 29: I-74. 

Thomas, D. L., and E. J. Taylor. 1990. 

Study designs and tests for comparing 

resource use and availability. Journal of 

Wildlife Management 54:322-330. 

Thomas, J. W., H. Black, R. J. Scherzinger, 

and R. J. Pedersen. 1979. Deer and Elk. 

Pp. 104-127 in J.W. Thomas, ed., 

Wildlife habitats in managed forests: the 

Blue Mountains of Oregon and 

Washington. U.S. Forest Service 

Agricultural Handbook No. 533. 

---

, D.A. Leckenby, M. Henjum, R.J. 

Pedersen, and L.D. Bryant. 1988. 

Habitat-effectiveness index for elk on 

Blue Mountain winter ranges. USDA 

Forest Service, Pacific Northwest 

Research Station Publication 218. 

___ . 1991. Elk vulnerability- a 

conference perspective. Pp. 318-319 in

Christensen, A. G, L. J. Lyon, and T. N. 

Lonner, technical coordinators., 

Proceedings of elk vulnerability - a 

symposium. Montana State University, 

Bozeman. 

Vales, D. J., V. L. Coggins, P.Mattews, and 

R. A. Riggs. 1991. Analyzing options for 

improving bull:cow ratios of Rocky 

Mountain elk populations in northeast 

Oregon. Pp. 174-181 in Christensen, A. 

G, L. J. Lyon, and T. N. Lonner, 

technical coordinators., Proceedings of 

elk vulnerability - a symposium. 

Montana State University, Bozeman. 

Weckerly, F.W. 1993. Intersexual resource 

partitioning in black-tailed deer: test of 

the body size hypothesis. Journal of 

Wildlife Management 57:475-494. 



Wisdom, M. J., L. R. Brigh t, C. G. Care
y, 

W. W. Hine s, R. J. Pederson ,  D. A 

m1they, J. W. Thoma s, and G. W. 

Witmer. 198
6

. A model to evalua te e
l k

habitat 
i
n western Orego n. DA Forest 

ervice Pact fie orthwest Re searc
h 

Station Publtcat1on 21
6

. 

Received 23 June 200
1 

Accepted 29 Octob
e
r 200 

Witme r, G. W., \1. J. Wisdom, E. P. 

Harshma n, R. J Ander o n , C. Care
y, M. 

P. Kutte l , I. D. Luma n, J. A. Rochell e , R. 

W. cha rp f, and D. A. Smith e y .  198
5. 

Deer and elk. Pp. 231-258 in E.R. 

Brow n , ed., Managemen t of wildlife and 

fish habitat s tn fores ts of v.estern 

Oregon and Washing to n. USDA Forest 

Service Publication R6-F&W-l 9
2. 

1/uhitat ')clc1 lion Ami Serna/ Se •
r

cg
ati

n
n 0/ Uk /

11 
\

or
th

e m  
lh

om
mg 77 

\1 • .. L. -.. ·31. -··· ,.._ i .... 0 • Vv ! 

\\ \' - I • • ~ •. "\ I - .-- .. ') \ 

R 

'-till .. 

\\ 
h, • 

Ser ~, 

'. ·v -, .,,._ '11' I I \\' 
'l.if A 1 ... 1 00

) ,·,
1• .~ .. ·JI 

• 1 •• , • .. - ') ·--~-- 1 $ 0 • .. , . .,,, 1 

•\ : 'j, "lo1·' -~, '' .... ~1. 

• "l • •I • , ! - "1 • 

, . - ., -. 
I 

\\1·• .,.,,,. f'i 'N ~I '. '.V: 0 k'TI E. 11. 

II ·,·hr•m ~- ' . \--i,·--...nn ( ' ' "~t'\ . M 
P. ', '1,,1 ' . •) '_i-,ian t. '\ f{,~ hf'1h• R 
\V '\:t,~-.-.f -11'1 '1 \. ~r11h,.. 191.•,; 

D ,r '1 "''' - I~- f)r : 1 ' ~ ~' •• , E . ., 
B •" n •:ll J\f- ·i:m1'm<"nt pf" iJrll:1;. "nd 
Ii• 1 '-r'"• 11 '- lfl fi•• - ,t 01' •• e~lt.''11 

0 ""'' np,I \\'·• hi-•,1n,1 tJCf'/1 l <'~~,t 

S, .,.,, ,pi-"-1" ~ 1111,-, J~•- r.,, .. u 101 


	023
	024
	025
	026
	027
	028
	029
	030

