222

SWIFT. 1981. Composition of quality of elk
winter diets in Colorado. J. Wildl. Manage. 45:
156-171.

3 , AND R. B. GiLL. 1983. Compara-
tive nutritional ecology of montane ungulates
during winter. J. Wildl. Manage. 47:1-16.

, AND R. A. SPOWART. 1984. Effects of pre-
scribed fire on nutrition of mountain sheep and
mule deer during winter and spring. J. Wildl.
Manage. 48:551-560.

HOEFS, M., AND I. MCT. CowaN. 1979. Ecological
investigation of a population of dall sheep (Ovis
dalli dalli Nelson). Syesis 12:Suppl. 1. 81pp.

HupsoN, R. J., D. M. HEBERT, AND V. C. BRINK.
1976. Occupational patterns of wildlife on a
major East Kootenay winter-spring range. J.
Range Manage. 29:38-43.

MacHLIs, L. P., W. D. Dopp, aND J. C. FENTRESS.
1985. The pooling fallacy: problems arising when
individuals contribute more than one observation
to the data set. Z. Tierpsychol. 68:201-214.

MARR, J. W. 1967. Ecosystems of the east slope of
the Front Range in Colorado. Univ. Colo. Ser.
Biol. 8. 134pp.

PARKER, K. L., C. T. ROBBINS, AND T. A. HANLEY.
1984. Energy expenditures for locomotion by

BIGHORN FORAGING IN SNOW * Goodson et al.

J. Wildl. Manage. 55(2):1991

mule deer and elk. J. Wildl. Manage. 48:474-
488.

SErp, D. R. 1983. Foraging ecology and nutrition
of Stone’s sheep. Ph.D. Thesis, Univ. British Co-
lumbia, Vancouver. 175pp.

SHANNON, N. H, R. J. HuDpson, V. C. BRINK, AND
W. D. Kitts. 1975. Determinants of spatial
distribution of Rocky Mountain bighorn sheep.
J. Wildl. Manage. 39:387-401.

STEEL, R. G. D, AND J. H. TORRIE. 1980. Principles
and procedures of statistics. Second ed. McGraw-
Hill Book Co., New York, N.Y. 633pp.

STEVENS, D. R., AND D. D. HANSON. 1986. The use
of transplanting to expand bighorn sheep range.
Bienn. Symp. North. Wild Sheep and Goat Counc.
5:166-177.

TILLEY, J. M. A, AND R. A. TERRY. 1963. A two-
stage technique for the in vitro digestion of for-
age crops. J. Br. Grassland Soc. 18:104-111.

VAN SOEST, P. J. 1982. Nutritional ecology of the
ruminant. O & B Books, Inc., Corvallis, Oreg.
373pp.

Received 12 December 1989.
Accepted 18 October 1990.
Associate Editor: DeYoung.

BIRTH AND FAWN BED SITE SELECTION BY PRONGHORNS IN A

SAGEBRUSH-STEPPE COMMUNITY

A. WILLIAM ALLDREDGE, Department of Fishery and Wildlife Biology, Colorado State University, Fort Collins, CO 80523
ROBERT D. DEBLINGER,' Department of Fishery and Wildlife Biology, Colorado State University, Fort Collins, CO 80523
JAN PETERSON,? Department of Fishery and Wildlife Biology, Colorado State University, Fort Collins, CO 80523

Abstract:

In a sagebrush-steppe community in southcentral Wyoming, we measured shrub canopy cover

and height at 13 pronghorn (Antilocapra americana) fawn birth sites and 50 fawn bedding sites and compared
them to measurements we made at 47 random points in areas infrequently used by parturient pronghorn.
Birth sites and bed sites were similar (P = 0.96) in shrub cover but differed from random points (P = 0.015
and P = 0.002, respectively). Plant height was not significantly different between birth sites, bedding sites,
or random points measured in low use areas. In a second study, we fitted 7 pronghorn fawns (3-5 days old)
with solar-powered radio transmitters and relocated them daily for 3 weeks. We measured shrub height and
canopy cover at 72 bed sites and 228 random points, located within fawn home ranges. Percent canopy cover
and plant heights were similar at fawn bed sites but differed (P < 0.05) from measurements made at random
points. Shrubs at bed sites were taller than those measured at random locations. Parturient pronghorns and
fawns selected more dense shrub cover, but the tallest, most dense cover in the study area was avoided.
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and “following” (Walther 1964, Lent 1974);
predation is a powerful force often credited with
influencing the evolution of these behaviors. Lent
(1974) considered hider species to include cer-
vids that generally use forested habitats, or
smaller species like pronghorn antelope and ga-
zelle (Gazella spp.), which are able to utilize
low cover in relatively open habitats. In hider

Two distinct forms of maternal-infant, inte-
grated behavior occur in ungulates, “hiding”

! Present address: The Trustees of Reservations, 572
Essex Street, Beverly, MA 01915.

2 Present address: Department of Biology, Colo-
rado State University, Fort Collins, CO 80523.
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species, mother and infant enter into a post-
partum phase in which the two are separated
for long periods of time. Hider neonates appear
to act independently in their selection of hiding
or bedding sites, but they are dependent upon
their mothers to initiate activity periods.

During their first 3 weeks of life, pronghorns
spend up to 90% of their time lying in seclusion
(Fichter 1974, Byers and Byers 1983) and are
thus termed a hider-type species. We believe
success of this strategy depends on 4 intrinsic
features of the neonate: lack of early scent gland
development (Carl and Robbins 1988), cryptic
coloration, the ability to lie motionless for long
periods of time, and the ability to select proper
concealment. The last 3 of these characteristics
are largely influenced by habitat.

Much of the previous literature on pronghorn
fawns has focused on social behavior (Kitchen
1974, Autenreith and Fichter 1975) and fawn
mortality (Barrett 1978, Beale 1978, Bodie 1978,
Von Gunten 1978); few studies have discussed
cover characteristics of birth and fawn bedding
sites (Autenreith and Fichter 1975, Deblinger
1988). Earlier work in our study area (Boyle
1981, Boyle and Alldredge 1984) reported that
areas with highest concentrations of pronghorns
during summer were partially characterized by
availability of free water and a large forb com-
ponent in the vegetation community.

We sought to ascertain characteristics of veg-
etation at pronghorn birth and fawn bedding
sites and to compare those characteristics to
measurements made in nearby habitats not se-
lected by parturient females or fawns. The null
hypotheses tested were that shrub height and
canopy cover measured at (1) sites selected by
pronghorns for parturition did not differ from
those measured at random sites where few par-
turient females resided; (2) pronghorn birth sites
did not differ from those measured at fawn bed
sites; and (3) fawn bed sites did not differ from
those measured at sites randomly located within
each fawn’s home range.

We thank E. A. Rexstad, D. D. Miller, and
G. C. White for assistance with data analysis.
M. W. Alldredge, A. D. Broussard, and C. Deb-
linger provided field assistance. Two anony-
mous reviewers constructively reviewed this
manuscript. Our work was supported by Min-
erals Exploration Company of Rawlins, Wyo-
ming, the U.S. Bureau of Land Management,
the Wyoming Fish and Game Department, and
the National Wildlife Federation.

BED SITE SELECTION ¢ Alldredge et al. 223

STUDY AREA

The study area, located in the Great Divide
Basin of southcentral Wyoming, varied in to-
pography from flat basins and grasslands to
gently rolling, shrub-dominated hills. Elevation
ranged from 1,940 to 2,442 m. The climate has
been described as semiarid; mean annual pre-
cipitation ranges from 14.7 to 24.2 cm (U.S.
Dep. Inter. 1978).

The area is classified as a cold, shrub-steppe
community. Major plant species include the fol-
lowing: big sagebrush (Artemisia tridentata),
bud sagebrush (A. spinescens), birdfoot sage-
wort (A. pedatifida), Douglas rabbitbrush
(Chrysothamnus viscidiflorus), rubber rabbit-
brush (C. nauseosus), saltbush (Atriplex canes-
cens), winterfat (Eurotia lanata), spiny prickly
phlox (Leptodactylon pungens), western
wheatgrass (Agropyron smithii), Indian ricegrass
(Oryzopsis hymenoides), and bluegrass (Poa
spp.) (U.S. Dep. Inter. 1978).

METHODS

Fawn Bed and Birth Sites Compared to
Low Use Sites

During June 1982 and 1983, we sampled 13
parturition sites, 50 fawn bedding sites, and 47
random sites in areas of low use. Low use areas,
also located in the shrub-steppe community, were
10-30 km from birth and bedding sites; they
were used during spring, summer, and fall by
territorial pronghorn males but contained few
parturient females (Deblinger 1988). Because
there were no unused habitats in our study area,
we chose areas of low use for comparison of
cover differences to habitats selected more fre-
quently by parturient pronghorns.

Within low use areas, we located random
points by randomly choosing a compass bearing
and pacing a random distance along the bearing
to the random point. A minimum distance of
40 m was maintained between random points.
We used the line intercept method (modified
from Hayes et al. 1981) to measure shrub canopy
cover. At each site, linear distance and height
were measured for every shrub and shrub-like
plant intercepting each of 5 10-m lines. All lines
originated from the actual birth or bedding site
or random point and were 72° apart. Because
fawns were unmarked, we do not know if we
measured repeated bed sites for fawns or if we
measured birth sites for fawns whose bedding
sites were measured. One-way ANOVA’s were
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performed on canopy cover measurements col-
lected for the first 5-m line segment and the
entire 10-m line originating from the birth or
bedding site or random point. We also tested
for differences in canopy cover across all sites
for 3 shrub species—big sagebrush, Douglas rab-
bitbrush, and winterfat.

Fawn Bed Sites Compared to Random
Sites within Fawn Home Ranges

In June 1984, we used a hand-held net to
capture 7 neonatal fawns (4 M and 3 F; 2 were
siblings), and fitted each with a solar-powered
radio transmitter affixed to an ear tag. Each
transmitter package weighed 32 g. None of the
fawns captured died during the study. Fawns
were visually located each day, if possible, for
3 weeks following their capture, after which
they joined nursery herds. Because we did not
want to influence bed site selection, we avoided
flushing fawns. One to 5 days after locating a
bedded fawn, we relocated the exact bed site
from marked locations, compass bearings, and
depressions in the sandy soil, and we made veg-
etation measurements.

We measured shrub height and canopy cover
for 72 bed sites for 7 fawns and 228 random
points within fawn home ranges. Mean number
of bed sites measured per fawn was 10 = 1 (SE),
and mean number of random points measured
per fawn home range was 109 + 26. Some fawn
home ranges overlapped, thus more than 1 fawn
was compared to a single set of random points.
Percent shrub cover was measured along 4 5-m
transects radiating outward from the actual bed
or random site along cardinal compass direc-
tions (modified from Hayes et al. 1981). Indi-
vidual fawn home ranges were defined as the
maximum convex polygon formed by relocation
points observed during the 3-week study period.
Random points were within the bounds of re-
spective fawn home ranges and were located by
the procedure described above.

Because our objective was to ascertain differ-
ences in distributions between data sets for fawn
bed sites and random points within fawn home
ranges, the Multi-Response Permutation Pro-
cedure (Mielke 1986) was the appropriate sta-
tistical test. We divided our data into categories
consisting of all canopy cover, and that >10 cm
tall. A height of 10 cm was selected because this
was our estimate for the average height of a
bedded fawn. These 2 data sets were further
subdivided into 1-m horizontal increments be-
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ginning at the actual bed site and progressing
outward. This approach allowed comparison of
total canopy cover and canopy cover for the
strata above 10 cm for each horizontal incre-
ment from 1 to 5 m from the fawn’s selected
bed site.

RESULTS

Fawn Bed and Birth Sites Compared to Low
Use Sites.—Pronghorn birth sites and fawn bed-
ding sites were similar in shrub canopy cover
(P = 0.96), but random points in low use areas
contained less cover than birth or bedding sites
(Table 1). At birth and bedding sites, big sage-
brush comprised significantly (P < 0.05) more
of the canopy cover than it did at random points
for both 5- and 10-m line segments. There were
no differences between sites in shrub cover for
the other 2 species (Table 1). There were no
significant differences in plant heights between
birth sites, bedding sites, or random points, and
big sagebrush was the tallest plant measured at
all sites ( = 14.1 + 0.23 cm).

Fawn Bed Sites Compared to Random Sites
Within Fawn Home Ranges.—Significantly
more shrub cover existed within the first meter
from fawn bed sites compared to random sites
located within fawn home ranges for 6 of the 7
fawns examined (Fig. 1, Table 2). All fawns
selected similar canopy cover (Table 2) at dis-
tances between 0 and 1 m from the bed site;
however, canopy cover at distances beyond 1 m
differed between fawns (1-2 m, P = 0.009; 2—
3 m, P=0.002; 34 m, P=0.003; 4-5m, P =
0.001). Differences beyond 1 m may reflect vari-
ation in the vegetation community rather than
actual differences in canopy cover at bed sites.
Canopy cover for the 0- to 1-m segment of line
transects differed between fawn bed sites and
random points (Table 2).

Canopy cover in the strata above 10 cm for
all fawn bed sites was similar, as it was among
all random points within 1 m of the origin (Table
3). Cover above 10 cm differed for all fawn bed
sites combined compared to all random points
combined. Additionally, cover values differed
for individual fawns and their comparative ran-
dom points (Table 3).

DISCUSSION

Shrub canopy cover was greater at birth sites
selected by pronghorns compared to random
sites in low use areas. It seems prudent that a
parturient pronghorn, dependent on sight and
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Table 1. Mean percent shrub cover from line intercept anal-
ysis at pronghorn birth and fawn bedding sites and random
points in low use areas in the Great Divide Basin, Wyoming,
1982-83.

Sites Random
Line points (low
segment P2 Birth Bedding use site)
All shrubs
10-m line  0.015 124 131 9.8
5-m line 0.002 13.2 14.4 9.9
Artemisia tridentata
10-m line 0.049 9.4 10.7 8.2
5-m line  0.008 10.6 11.9 8.2
Chrysothamnus viscidiflorus
10-m line  0.180 0.9 1.0 1.3
5-m line  0.061 1.1 14 1.9
Eurotia lanata
10-m line 0.102 <1.0 <1.0 1.1
5-m line 0.210 <1.0 <1.0 <1.0

a P value from ANOVA for comparison of birth and bed sites to
random points.

speed for predator defense, would select a birth
site where cover afforded some concealment,
yet did not obstruct vision. Pronghorns we
watched during parturition were almost always
alert, and, although there were patches of dense,
tall (>1.5 m) big sagebrush and rubber rabbit-
brush, parturient does were never observed us-
ing these patches. Stands of taller sage and rab-
bitbrush were generally associated with draws
and washes, and, as pointed out by Beale and
Smith (1973), such areas are frequented by
predators.

There are several explanations for the simi-
larity in canopy cover between birth sites and
fawn bedding sites. Fawns may “imprint” on
vegetation at the sites where they were born
and subsequently seek such cover, or their dams
may directly influence site selection. It is not
likely that all sites within fawn home ranges are
so similar that any location is adequate because
characteristics of vegetation at fawn bedding
sites were significantly different from those of
random points within respective fawn home
ranges (our third hypothesis).

Although fawns in our study chose bed sites
where shrub canopy cover was greater than that
measured at random points within their home
ranges they, too, avoided dense, taller shrub
stands. The importance of shrub cover for
pronghorn fawns has been reported by Pyrah
(1974), Autenreith and Fichter (1975), Tucker
and Garner (1983), and Barrett (1984). Proper
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Fig. 1. Comparison of canopy cover from 0 to 1 m for shrubs

at pronghorn fawn bed sites and random points within re-
spective fawn home ranges in the Great Divide Basin, Wyo-
ming, 1984. Top figure includes all cover, whereas bottom
figure includes only cover >10 cm.

concealment for the neonate is essential to its
survival, especially in the presence of predators
such as the golden eagle (Aquila chrysaetos) and
coyote (Canis latrans). Bromley (1977) sug-
gested that, for pronghorn fawns, bed site se-
lection is largely a behavioral response to pre-
dation.

Although the general habitat type surround-
ing the bed site is thought to be influenced by
interactions with the dam in hider-type ungu-
lates, the actual bed site is chosen by the fawn
(Fichter 1974, Autenreith and Fichter 1975,
Huegel et al. 1986). We did not observe a doe
selecting a bed site for her fawn. Following nurs-
ing bouts, fawns would move away from their
dams and independently select a bed site. These
observations concur with Fichter’s (1974) de-
scription of the “‘relocation move.” Telemetered
fawns in our study never used the same bed
twice, and Autenreith and Fichter (1975) report
that pronghorn fawns may change bed sites as
often as 10 times daily. Pronghorn dams likely
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Table 2. Percent canopy cover for shrubs measured within 1
m of pronghorn fawn bed sites and random points within re-
spective fawn home ranges in the Great Divide Basin, Wyo-
ming, 1984.
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Table 3. Percent canopy cover >10 cm tall for shrubs mea-
sured within 1 m of pronghorn fawn bed sites and at random
points within respective fawn home ranges in the Great Divide
Basin, Wyoming, 1984.

Comparison P2

All fawn bed sites to each other (n = 72)  0.0713
All random sites to each other (n = 228)  0.1197
All fawn bed sites (n = 72) to all random

sites (n = 228) 0.0000
Fawn 1 (n =7) and 7 (n = 11) to ran-

dom sites in their home range (n = 50) 0.0141
Fawn 2 (n = 14) and 3 (n = 18) to ran-

dom sites in their home range (n =

153) 0.0286
Fawn 4 (n = 8) to random sites in its

home range (n = 113) 0.1709
Fawn 5 (n = 12) to random sites in its

home range (n = 50) 0.0042
Fawn 6 (n = 7) to random sites in its

home range (n = 178) 0.0256

Comparison p2

All fawn bed sites to each other (n = 72)  0.1032
All random sites to each other (n = 228)  0.1504
All fawn bed sites (n = 72) to all random

sites (n = 228) 0.0000
Fawn 1 (n =7) and 7 (n = 11) to ran-

dom sites in their home range (n = 50) 0.0061
Fawn 2 (n = 14) and 3 (n = 18) to ran-

dom sites in their home range (n =

153) 0.0044
Fawn 4 (n = 8) to random sites in its

home range (n = 113) 0.0475
Fawn 5 (n = 12) to random sites in its

home range (n = 50) 0.0108
Fawn 6 (n = 7) to random sites in its

home range (n = 178) 0.0204

3 Analysis using Multi-Response Permutation Procedure (Mielke 1986).

influence their fawn’s bed site selection only by
the general location where mother-infant con-
tacts terminate. The fawn’s bed selection may
reflect “imprinting” on vegetation cover char-
acteristics at its birth site, or it may reflect an
innate desire for concealment and thermal cov-
er, while allowing visibility of the surrounding
area. Fichter (1974), Autenreith (1976), and
Barrett (1981) suggested that until pronghorn
fawns are about 3 weeks old, they tend to seek
seclusion in vegetation resembling that in which
they were born.

Small ungulates, like pronghorns, living in
relatively open habitats, successfully use the hid-
er strategy by taking advantage of cover. Al-
though pronghorns are small ungulates, their
neonates are relatively large in relation to the
size of adult females (15.5% of maternal mass)
(Robbins and Robbins 1979). Neonatal body size
is advantageous in terms of temperature regu-
lation and energy requirements (Robbins and
Robbins 1979). Furthermore, because ungulates
are most vulnerable to predation during their
first few months of life (Lent 1974), a large
neonatal body size would seem to be advanta-
geous in attaining an adequate size as soon as
possible for effective flight from predators (Carl
and Robbins 1988). Constraints of concealment
are likely severe for pronghorn neonates which
must successfully hide to evade predators during
their first 3 weeks of life, yet quickly attain a
large enough body size to flee from predators.
Vegetation height and canopy cover appear to

2 Analysis using Multi-Response Permutation Procedure (Mietke 1986).

be important factors in the fawn’s selection of
a bed site. This selective process enhances sur-
vival for pronghorns in an environment where
thermal stress and predation at least partially
influence neonatal body size.
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