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HABITAT USE BY FEMALE CARIBOU: TRADEOFFS ASSOCIATED 
WITH PARTURITION 
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Abstract: We compared habitat use, forage characteristics, and group size among preparturient, parturient, 
and nonparturient female caribou (Rangijiertarandus) during and after the birthing season to test hypotheses 
involving acquisition of forage and risk of predation. We monitored 39 radiocollared females from the Mentasta 
caribou herd, Alaska, in 1994 and 40 animals in 1995. Group size of females giving birth at higher elevations 
was smaller ( P  < 0.01) than females without young that occurred at lower elevations at peak parturition; that 
difference did not persist into post parturition (P > 0.5). During peak parturition, females with young used 
sites with fewer predators ( P  < 0.05),a lower abundance of forage ( P  < 0.05). but with variable forage quality 
compared with those sites used by females without young. We hypothesized that parturient females used birth 
sites that lowered risk of predation, and traded-off forage abundance for increased safety. Nonetheless, few 
differences existed between parturient and nonparturient females in composition of diet or in inches of diet 
quality; we could not demonstrate a nutritional cost to maternal females from our analyses. We suggest that 
increasing population density might intensify intraspecific competition among females for birth sites, and there-
by increase nutritional costs of using high-elevation areas with less forage but fewer predators. 
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Acquiring resources necessary to survive and constrains the types of habitats used by mam-
reproduce is a major component of fitness and mals (Fryxell and Sinclair 1988, White et al. 

1997, Bowyer et al. 1998~).Among large her-
bivores. habitat selection often is- related to 
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quirements (Belovsky and Jordan 1981), insect 
harassment (Morschel and Klein 1997), expo-
sure to adverse weather (Miller et al. 1985, Ion 
and Kershaw 1989),and predation (Bergerud et 
al. 1984, Festa-Bianchet 1988, Bleich et al. 
1997). 

Constraints on foraging are magnified for fe-
males at parturition because neonates are vul-
nerable to predation, and lactation increases nu-
trient demands (White and Luick 1984; Bowyer 
1991; Rachlow and Bowyer 1994, 1998). In-
deed, maternal condition can have strong ef-
fects on growth and survivorship of young cer-
vids (Skogland 1984; Keech et al. 1999, 2000). 
Requirements for nitrogen and phosphorus by 
female caribou increase around the time of par-
turition (Klein 1970, McEwan and Whitehead 
1970) to meet the costs of gestation and lacta-
tion (Robbins 1983), and to replenish body re-
serves expended during winter (McEwan 1968). 
Those nutritional demands on caribou coincide 
with early phenological stages of vegetation 
growth (Klein 1990,Albon and Langvatn 1992), 
which are typically high in nitrogen, phospho-
rus, and digestible energy, and low in structural 
carbohydrates and toxic secondary metabolites 
that reduce digestibility (Bryant et al. 1983, 
Launchbaugh et al. 1993). 

Minimizing risk of predation may result in 
ungulates selecting habitats that compromise 
their ability to optimize foraging (Berger 1978, 
1991; Molvar and Bowyer 1994; Bowyer et al. 
1998a,1999;Kie 1999). Mountain ungulates of-
ten seek steep, rugged terrain to reduce risks of 
predation, especially when accompanied by ne-
onates (Festa-Bianchet 1988, Bleich et al. 1997, 
Rachlow and Bowyer 1998, Bleich 1999). Dur-
ing migration, mule deer (Odocoileushemionus) 
make tradeoffs between habitats containing 
high-quality forage and those with less risk of 
predation (Nicholson et al. 1997). Bergerud et 
al. (1984) noted that female caribou with young 
were separated spatially from those without 
young during parturition, and hypothesized that 
predation was the controlling factor; however, 
the role of nutrient acquisition was not investi-
gated. No studies have examined in detail the 
potential nutritional tradeoffs associated with 
habitat use by caribou inhabiting mountainous 
terrain during parturition. 

Depending upon the distribution of preda-
tors and forage in the environment, caribou 
might minimize the ratio of predation risk to 
forage availability, or make a tradeoff between 

those 2 variables (Bowyer et al. 1998~).We de-
termined the relative importance of nutrient ac-
quisition and predator avoidance in the use of 
sites for parturition by female caribou. If habitat 
use differed between parturient and nonpartu-
rient females at or around the time of birth. we 
considered 3 hypotheses to explain that out-
come (1)parturient females used habitat that 
maximized forage intake and quality to accom-
modate the increased cost of late gestation and 
lactation, (2) parturient females used sites with 
a lower risk of predation to themselves and their 
neonates. andA(3)females made tradeoffs be-
tween forage acquisition and risk of predation. 

To distinguish among those 3 hypotheses, we 
compared forage characteristics at sites used by 
parturient and nonparturient females i~nmed-
ately before, during, and after the birthing sea-
son. If nutrient acquisition was the driving force 
influencing the use of sites for parturition, we 
further predicted that (1)forage abundance and 
quality would be greater at sites used by fe-
males with young just after parturition than that 
at sites used by pregnant females before par-
turition, (2) forage abundance and quality 
would be greater at sites used by females with 
young than that at sites used by females without 
young, (3)forage abundance and quality would 
be greater at high-elevation sites used for birth-
ing than at low-elevation sites used following 

and (4) caribou would follow a phe-
nological gradient of vegetation to maximize 
their intake of high-quality forage. Alternatively, 
if predator avoidance was the primary factor de-
termining habitat use, we predicted that (1)for-
age abundance and quality would be lower at 
sites used by females with young than at sites 
used by females without young, ( 2 )parturient 
females would spatially separate themselves 
from concentrations of predators, (3) females 
would not track a pherlofogical gradient of veg-
etation, and (4) this tradeoff between avoiding 
predators and acquiring nutrients would be 
most evident immediately following parturition 
when neonates were most vulnerable to pred-
ators (Adams et al. 1995, Bleich et al. 1997). 
and energetic demands on females increased 
because of high costs of lactation (Skogland 
1984, White and Luick 1984, Adamczewski et 
al. 1987). 

STUDY AREA 
We studied habitat use, group size, and diets 

of female caribou around the time of parturition 
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in Wrangell St. Elias National Park and Pre-
serve in southcentral Alaska, United States. The 
range of the Mentasta herd during parturition 
encompassed 2,100 km" and varied in elevation 
from about 600 m along the Copper River to 
2,200 m on the slopes of Mt. Drum and Mt. 
Sanford; maximum elevation reached 4,800 m 
at the summit of Mt. Sanford. About 10-15% 
of the area was >2,200 m in elevation, which 
was above habitats typically used by caribou in 
the Mentasta herd. Topography of this area 
ranged from nearly flat in low-lying areas to 
precipitous terrain in the mountains. Vegetation 
at <800 m was composed primarily of forests 
of white and black spruce (Picea glauca and P. 
mariana, respectively) interspersed with wet-
lands and tussock tundra that was dominated bv 
cotton grass (Eriophon~mvaginaturn). Vegeta-
tion was characterized by shrub communities of 
willow (Salix spp.) and birch (Betula glandulo-
sa) at elevations between 800 and 1,200 m, by 
extensive areas dominated by sedge tundra be-
tween 1,200 and 1,700 m, and alpine tundra 
typified by lichens (Cetraria, Cladina, and Cla-
donia) from 1,700 to 2,200 m. Permanent snow, 
ice, and rock generallyprevailed above 2,200 m. 

Female caribou of the Mentasta herd (about 
600 females in 1994) arrive on ranges where 
they give birth (62"201N, 1440201W)on the 
western and northern scarps of Mt. Drum and 
Mt. Sanford in late April; they remain in that 
area until migrating in October. Caribou begin 
giving birth in mid-May, with peak parturition 
usually occurring 1week later; parturition near-
ly is complete by the beginning of June. Un-
gulates in arctic and sub-arctic environments 
typically exhibit extreme synchrony in births 
(Rachlow and Bowyer 1991, Bowyer et al. 
1998b). 

The first snowfall usually occurs in late Sep-
tember and snow persists until early May 
Weather at >1,500 m is harsher than at lower 
elevations, with higher winds, colder tempera-
tures, and occasional snow flurries developing 
throughout May. About 35 cm of snow fell on 
the calving grounds on 25 May 1994, and again 
on 16 May 1995. As a result of those snowfalls, 
much of the habitat above 1,500 m that had 
become snow-free was again covered by snow. 

The study area contained numerous preda-
tors of young caribou. We observed wolves (Ca-
nis lupus), coyotes (C. latrans), grizzly bears 
( h u s  arctos), black bears (U. americanus), 
wolverines (Gulo gulo), golden eagles (Aquila 

haliaetus), and bald eagles (Haliaeetus leucoce-
phalus) on the study area. We located 5 dens of 
wolves in the study area at <1,000 m in eleva-
tion. 

Insect abundance, which can have dramatic 
effects on behavior of caribou (Morschel and 
Klein 1997),was low during both years of study. 
We routinely worked at elevations ranging from 
800 to 2,000 m throughout the calving season 
in the same habitats occupied by caribou. Al-
though we did not quantify insect abundance, 
we noticed few mosquitoes (Culicidae) during 
that period. 

METHODS 

Sampling Procedures 
In autumn 1992 and spring 1993, we cap-

tured 44 adult ( 2 2  yr old), female caribou with. . 
a skid-mounted net gun attached to a Hughes-
500D helicopter using methods described by 
Krausman et al. (1985). Each female we cap-
tured was fitted with a radlocollar and, weather 
permitting, was rahotracked daily from 18 May 
to 10 June in 199495 with a small fixed-wing 
aircraft. ?Ve monitored the status of pregnancy 
in females daily by observing whether antler 
velvet had been shed, or if females had a young 
at heel, and less frequently for inhcations of a 
distended udders (Whtten 1995). 

We sampled characteristics of habitats and 
recorded group sizes of caribou during 3 sam-
pling periods (1)preparturition ( 3 5  days be-
fore the first young was born), (2) peak partu-
rition (1-3 days after a female gave birth), and 
(3) post parturition (10-12 days after a female 
gave birth). Status of parturition was defined as 
preparturient (before parturition began), par-
turient (with young) and nonparturient (not 
pregnant and without young). size of groups 
was determined by counting the total number 
of animals (including young). We attempted to 
sample sites used by 20 females before partu-
rition, 40 females during peak parturition (20 
with young and 20 without young), and 40 fe-
males after parturition (20 with young and 20 
without young) during each year. We marked all 
sampling sites by dropping a radiotransmitter 
beacon at locations of caribou from a fixed-wine." 
aircraft or helicopter, or by recording the loca-
tion with a global positioning system (GPS) 
from the airplane. Because the GPS was only 
accurate to within 100 m, we often wrote de-
scriptions and made drawings of the site, which 
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allowed us to relocate the position of the neo-
nate. We then used a helicopter equipped with 
a GPS unit to return to the locations of neo-
nates for sampling, usually within 24-48 hr of 
their initial location. 

Just prior to the birthing season in 1995, we 
randomly selected 20 radocollared females, 
without regard to their status of pregnancy, for 
sampling habitat use during that period. Non-
parturient females were probably under-repre-
sented in that sample because about 85% of fe-
males were each year (K. J. Jenkins, 
unpublished data). Unfortunately, parturition 
began 1 week earlier than expected in 1994, 
which prevented us from sampling habitats 
used during preparturition in that year. 

We then sampled habitat use by females at 
peak parturition by randomly selecting 20 ra-
diocollared females that were parturient from 
the sample of 44 radiocollared individuals. We 
located those females each day via fixed-wing 
aircraft, and samaled habitats .where each fe: 
male was first seen with a young at heel, usually 
within 2 4 4 8  hr of her giving birth. We ob-
tained com~arablesam~lesof habitats used bv 
nonparturient females at peak parturition by us-
ing all radiocollared females that were in the 
appropriate category. Nonetheless, because of 
the high rate of pregnancy, we had to rely on 
15 noncollared females in both 1994 and 1995 
to achieve our quota of nonparturient individ-
uals. We identified additional females as non-
parturient by antler and udder characteristics 
(Whitten 1995),and randomly selected a subset 
of noncollared females from sightings of caribou 
made during telemetry flights each day. We as-
sumed that those random samples were repre-
sentative of nonparturient females, and that the 
large number i f  females to draw from mini--
mized any bias from potentially re-sampling the 
same individuals. We synchronized the timing 
of sampling for parturient and nonparturient fe-
males within each period to control for effects 
of Julian date on forage quality and abundance. 

We sampled habitat use during post parturi-
tion in the same manner as at the ~ e a kof births. 
We sampled the same parturient females that 
we had used for the sample at peak parturition 
about 10 days after they gave birth, providing 
they still had a young at heel. Females selected 
during peak parturition but that lost their young 
before post parturition were omitted from that 
sample. We replaced those females with other 
randomly selected females with radiocollars that 

had young of known age. l i e  also re-sampled 
nonparturient females that we had sampled 
during peak parturition (those with radiocol-
lars), and again relied on randomly selected 
noncollared females that were without young to 
complete our sample of nonparturient indvid-
uals. To increase our sample of nonparturient 
females with radocollars, we considered any fe-
male that had lost a young 1 5  days prior td the 
post-parturition period to be nonparturient. We 
based that decision on data from previous years, 
which indicated that females moved from their 
birth sites to areas occupied by nonparturient 
females within 3 6 4 8  hr after losing a neonate 
(K. J. Jenkins, unpublished data). We assumed 
that- those females were behaving similar to 
nonparturient animals. 

We sampled the distribution of predators on 
the study i rea  by recording all Gedators ob-
served while radiotracking collared caribou and 
recorded locations of predators using a GPS 
unit. Although this method will not provide a 
population estimate for predators on bur study 
area, it offers a valid index to compare relative 
occurrence of predators at differing elevations 
(Bleichet al. 1997).We logged a total of 180 hr 
of flight time in a helicopter, and 600 hr in a 
fixed-wing aircraft flying about 175 m above the 
ground while monitoring ra&ocollared caribou. 
There were typically 4 people in the helicopter, 
and 2 in the fixed-wing aircraft; all acted as ob-
servers. 

Descriptions of Sites 
We described habitat at each site using the 

vegetation classification system of Viereck et al. 
(1992).Topography was recorded as the domi-
nant features of terrain within 1ha of the site 
(i.e., flat, gentle slope, steep slope, drainage 
bottom, ridge, or hills). We estimated the slope 
of the site as 1 of 6 categories (OD, 1-10", 11-
20°, 21-30", 31-45", and >45"). We recorded 
elevation using the altimeter mounted in the 
helicopter after landing at the site. Cover of 
tree and shrub canopy,Bnd snow cover was es-
timated visually (Kershaw 1964) within 1ha of 
the site, arid ranked in broad categories (0-6) 
of increasing cover. Aspect was assigned 1of 8 
categories (N,  NE, E, SE, S, SW, ?i, or NW). 

At each site, we sampled vegetation at each 
1-m interval along a 50-m transect (i.e., 50 
points/transect). Lie oriented the 50-m tape in 
a N-S or E-W direction based on the flip of a 
coin. The tape was centered at the location of 



J.  Wildl. Manage. 65(1):2001 HABITATUSE BY PARTURIENTCARIBOUBarten et al. 81 

the radio beacon that had been dropped at the 
site, or by randomly selecting a midpoint at the 
GPS location. At each 1-m point along the tran-
sect, we sampled the first intercept (hit) and 
recorded 1of the following categories: decidu-
ous shrub, evergreen shrub, graminoid, forb, li-
chen, moss, rock, bare ground, snow, water, or 
litter. Plants were identified to species in most 
instances, except for dead or newly emergent 
graminoids. In shrub communities, the canopy 
of vegetation overhanging the point also was re-
corded with line-intercept sampling (Bonham 
1989). We estimated forage biomass with the 
double-sampling method (Ahmed et al. 1983), 
using 6 quadrants each 20 x 50 cm, spaced at 
10-m intervals along the transect, which we 
pooled into a single sample of 0.6 my We began 
by estimating the biomass of each species in 1 
quadrat, and then immedately clipping and 
weighing that vegetation to the nearest 0.01 g. 
That weight allowed us to calibrate our estimate 
of biomass on each transect, and was used as a 
correction factor for the remaining 5 quadrats. 
By regressing measured versus estimated bio-
mass on the clipped plots, we developed re-
gression equations for each forage class. We 
converted estimated weights to dry mass by cor-
recting for the moisture content of vegetation 
on the clipped quadrat. 

We collected about 40 g wet biomass of each 
forage species at each site, along or immediately 
adjacent to the transect, for subsequent analysis 
of nutrients. We sampled only new growth for 
deciduous shrubs. We collected the entire plant 
for forbs, whereas for graminoids we sampled 
aboveground biomass, which included both 
dead and live material; most samples were a 
mixture of those 2 categories. 

At each site, we noted phenology of plant 
species thought to be important forages for car-
ibou during spring (Whitten and Cameron 
1980, Klein 1990). Timing of green-up corre-
sponded generally with percentage of newly 
emergent foliage in graminoids. Consequently, 
we assessed effects of elevation on timing of 
green-up using graminoids and their percentage 
of live versus dead material. We dvided the 
study area into 3 elevational categories (1) 
<1,200 m, (2) 1,200-1,500 m, and (3) >1,500 
m, with nearly equal numbers of sites at each 
elevation (n = 55, 51, and 57, respectively).We 
then divided the birthing season into 5 periods 
of 5 days each, and determined the percentage 
of live graminoids at each of the elevations 

throughout the season of births from the 
clipped plots on each transect. 

We collected fecal samples from groups of 
caribou during pre, peak, and post parturition 
to compare indices of d e t  composition and 
qudty. Each sample was a composite of 10-15 
fecal groups, typically collected within min of 
deposition. In 1994, we collected samples dur-
ing pre, peak, and post parturition without re-
gard to the status of parturition of a particular 
female, because of difficulty in obtaining feces 
from individuals of known status. In 1995, we 
dvided our sampling during parturition into 
high elevation (>1,700 m-typically parturient 
females and nursery groups) and lower-eleva-
tion (<1,450 m-mostly females without young). 
Thus, we sampled feces based on dfferences in 
elevation of groups, in lieu of knowing the sta-
tus of parturition for individual females. 

Laboratory Analysis 
We dried forage samples at 50' C to a con-

stant mass and ground them in a Wiley Mill 
using a 0.5-mm mesh screen. We analyzed each 
sample for nitrogen content and in vitro dry 
matter dgestibility. Nitrogen was measured at 
the Forest Soils Laboratory at the University of 
Alaska Fairbanks, with a LECO CNS 2000 car-
bon, nitrogen, and sulfur analyzer. In vitro dry 
matter dgestibility was determined at the In-
stitute of Arctic Biology, University of Alaska 
Fairbanks, with the technique of Tilley and Ter-
ry (1963). Rumen liquor for digestibility trials 
was obtained from a fistulated reindeer at the 
Large Animal Research Station at the Univer-
sity of Alaska Fairbanks. Prior to collection of 
rumen fluid, the reindeer was accommodated to 
a d e t  of newly emergent grasses and forbs and 
new growth of deciduous shrubs to more closely 
match diets of caribou on our studv area. 

Botanical comvosition of feces was deter-
mined from epidermal fragments of plants

u 

identified from microhistological characteristics 
(Dearden et al. 1975) at the Wildlife Habitat 
Laboratory at Washington State University. 
Density values for fragments in feces were cal-
culated from 100 microscope views for identi-
fication to forage class, and from 150 micro-
scope views for each composite of groups iden-
tified to species. We did not use correction fac-
tors for digestibility in our dietary analysis and 
thus may underestimate occurrence of more di-
gestible species. We also analyzed fecal pellets 
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for fecal nitrogen, and neutral detergent fiber 
as indices of diet quality (Holechek et al. 1982). 

Statistical Analyses 
We tested for differences in group size of car-

ibou using analysis of variance (ANOVA),with 
group size as the dependent variable, and status 
of parturition, year, and their interaction as 
main effects. We compared use of 3 broad hab-
itat types on the study area (e.g., shrubs, sedge 
tundra, and lichen tundra) by females with and 
without young during peak and post parturition 
using chi-square analysis (Conover 1980). For 
this broad-based analysis, we pooled all obser-
vations in shrub habitats into a single type 
(shrubs) because of similarity of those habitats, 
and to meet assumptions of chi-square analysis. 
We also omitted 12% of the observations from 
that analysis because some sites could not be 
categorizkd into those 3 habitat types; that pro-
cedure helped minimize the bias from a poten-
tial lack of independence among cells in the chi-
square analysis (Cherry 1998). 

\ ie  also conducted a more detailed analysis 
of habitat use with stepwise logistic regression 
(Agresti 1990) on a suite of habitat measure-
ments related to topography, climate, and veg-
etation to determine which variables best dif-
ferentiated between sites used by parturient 
and nonparturient caribou (a= 0.15 to enter 
and remain). We used Akaike information cri-
teria in selecting the best model (Cressie 1993). 
We controlled for multicollinearityby eliminat-
ing one of any pair of variables with 9r 0.50. 
Elevation was highly correlated with many oth-
er variables; consequently, we omitted that var-
iable from logistic models. Percentage of sites 
classified correctly was based on a jackknifed 
reclassification (Agresti 1990). 

We tested for dfferences in elevations of 
sites used by females with and without young 
in a separate analysis using ANOVA (Wonnacott 
and Wonnacott 1990). All statistical compari-
sons were conducted with SAS statistical soft-
ware (SAS Institute 1988). 

We further investigated the importance of 
forage biomass by evaluating differences among 
sites used by preparturient females, and females 
with and without young using multivariate anal-
ysis of covariance (MANCOVA; Johnson and 
kiichern 1982). Dry mass of each forage class 
(g/m2)was used as the dependent variable,with 
status of parturition, year, and their interaction 
as main effects, and Julian date as a co-variate. 

Progressing Julian dates, which served as an in-
dex to climatic condtions, were accompanied 
by increasing ambient temperatures and day 
lengths during spring, and thereby influenced 
growth of vegetation. 

Measures of forage quality (nitrogen, in vitro 
dry matter dgestibility) could not be included 
in logistic-regression models because that anal-
ysis required no missing data, and we were un-
able to collect comparable forage samples at all 
sites because of either an absence of forage or 
deep snow that prevented such collections. \Ye 
used MANCOVA for the analysis of nitrogen 
and in vitro dry matter digestibility (dependent 
variables), with status of parturition and forage 
class as main effects, and Julian date as the co-
variate. We tested for temporal changes in in-
dices of d e t  quality (fecal nitrogen, neutral de-
tergent fiber) throughout the period of partu-
rition for groups of females with and without 
young using the t-test (kVonnacott and \Vona-
cott 1990). Botanical composition of feces was 
analyzed by testing percent occurrence of each 
forage class separately with ANOVA; forage 
class was the dependent variable, and period of 
parturition or elevation was the main effect. We 
used the sequential Bonferroni procedure to 
correct for making multiple comparisons (Rice 
1989).We examined differences in elevations of 
sites used by female caribou with and without 
young during peak parturition, and elevationsof 
predators using a CVilcoxon test of medans; we 
met distributional assumptions of that test 
(Conover 1980). 

RESULTS 
Group Size 

Twenty preparturient fernales were in larger 
groups (f = 10.3, SE = 2.37) than 36 females 
with young at peak parturition (5 = 4.0, SE = 
0.75; F2,50 = 5.46, P = 0.007),but did not differ 
from 30 females without young at peak partu-
rition (f = 9.9, SE = 2.36, F2,46= 0.71. P = 
0.50). During peak parturition, those same 36 
females with young were in smaller groups than 
30 females without young (F3,61 = 3.10, P = 
0.03). During post parturition, however, 40 fe-
males with young (f = 35.0, SE = 10.65) and 
37 females without young (5= 18.5, SE = 2.94) 
were in smaller groups (FL3,;, = 1.75,P = 0.17). 

Habitat Use 
Use of broad habitat types characterized by 

vegetation communities (Fig. 1) differed be-
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Fig. 1. Habitat use by adult female caribou during 3 periods 
of parturition, Wrangell St. Elias National Park and Preserve, 
Alaska, 1994-95. Sample sizes are in parentheses. 

tween females at preparturition and females 
with young at peak parturition (S2= 17.93, P 
= 0.001), but not between females at prepar-
turition and females without young at peak par-
turition (A?7 = 4.87, P = 0.09). Patterns of use. 
for those broad vegetation types different be-- ,-

tween females with and without young during 
peak parturition (X, = 18.17, P = 0.001). Fe-
males with young predominantly used lichen-
tundra habitat, whereas nonparturient females 
used mostly sedge tundra and shrubs (Fig. 1). 
During post patterns of habitat use 
did not differ between females with young and 
those without them (X2= 4.67, P = 0.10). 

We pooled data related to topography, cli-
mate, vegetation (Table 1) for 1994 and 1995 
because year failed to enter any logistic model 
( P  > 0.15). Logistic regression identified 3 var-
iables, low-shrub habitat, sedge-tundra habitat, 
and bare ground, which best lscriminated be-

L> 

tween sites females used during preparturition 
(n = 20) versus sites used by females with 
young at peak parturition (n = 36; Table 2; P 
< 0.05). At peak parturition, females with 

young used habitats that had a higher propor-
tion of bare ground, and a lower occurrence of 
sedge tundra and low shrubs than sites used by 
females at preparturition (Table 2). That model 
correctly classified 80.1% of 56 sites used by 
those categories of caribou. 

Logistic regression also identified 3variables, 
dry mass of all graminoids, dry mass of live gra-
minoids, and a slope of <30°, which best dis-
criminated between sites females used during 
preparturition versus sites used at peak 
rition by females without young (Table 2; P < 
0.05). At peak parturition, females without 
young used habitats with steeper slopes and a 
greater amount of live biomass of graminoids 
than did females at preparturition. That model 
correctly classified 83.5% of 50 sites used by 
those females. 

During peak parturition, low-shrub habitat, 
sedge-tundra habitat, and dry mass of the new 
growth of deciduous shrubs, best differentiated 
between sites used by females with and without 
young (Table 2). Females with young used sites 
with less low-shrub and sedge-meadow habitat 
than those sites used by females without young 
(P 5 0.05).That model correctly classified 79% 
of 66 sites. 

During post parturition, habitats and species 
associated with low-elevation sites, including 
low-shrub habitat, wet mass of lichens, and per-
cent cover of low-bush cranberry (Vacciniumvi-
tis iclaea) best categorized sites used by females 
with young (n = 40) and those without young 
(n = 37). Only low-shrub habitat, however, was 
significant (Table 2. P 5 0.05). Females with" 
young used'areas with less cover of shrubs than 
did females without young. This model, how-
ever. onlv classified 66% of 77 sites correctlv. 

' , 
At peak parturition, females with young used 

higher-elevation sites (Fig. 2) than those used 
by females without young (F3,61 = 3.23, P = 

0.03). That difference was marginally not sig-
nificant when females with young moved to 
lower-elevation sites (F3,73 = 2.48, P = 0.07; 
Fig. 2). 

Forage biomass (Fig. 3) differed between 
sites used by female caribou during prepartur-
ition and by females with young at peak partu-
rition (F4,49 = 2.58, P = 0.05). Most of that 
difference occurred because of a greater bio-
mass of graminoids at sites used by females dur-
ing preparturition (F3,52 = 5.97, P = 0.0002). 
Forage biomass did not differ between sites 
used by females without young at peak partu-
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Table 2. Logistic-regression models, coefficients, and SE, for sites used by female caribou at parturition, Wrangell St. Elias 
National Park and Preserve, Alaska, USA 1994-95. 

Model Variable Coefficient" SE P 

Preparturition (1)vs. Low shrub -2.2345 0.9868 0.024 
peak parturition (0) Sedge tundra -3.2679 1.0448 0.002 
(with young) Bare ground 0.2928 0.1449 0.043 

Preparturition (1) vs. Gentle slope -1.4574 0.7253 0.045 
peak parturition (0) Weight of green 1.5530 0.5890 0.008 
(without young) graminoids 

Weight of total -0.0662 0.0352 0.059 
graminoids 

Peak parturition (1) Low shrub 2.8858 1.1236 0.010 
(with young) vs. Sedge tundra 2.5553 0.8788 0.004 
peak parturition (0) Deciduous 0.1605 0.0838 0.055 
(without young) weight (dry) 

Post parturition (0) Low shrub 1.6392 0.7801 0.036 
(with young) vs. Lichen -0.3933 0.2477 0.112 
post parturition (1) weight (wet) 
(without young) Low-bush 0.4722 0.3265 0.148 

cannberry 

The coefficient signifies the direction (+ or - )  of relative use of the habitat variable by caribou that are coded 0. 

rition and those sites used by females during 
preparturition (F4,44 = 0.15, P = 0.96). During 
peak parturition, females with young used sites 
with less avadable biomass of forbs, graminoids, 
and deciduous shrubs, than those Gsed by fe-
males without young (F4,61 = 3.39, P = 0.02). 
By post parturition, biomass of forages did not 
differ between sites used by females with and 
without young (F4,72 = 0.58, P = 0.68). 

We examined differences in forage quality 
among periods of parturition and reproductive 
classes separately in 1994 and 1995 (Fig. 4), be-
cause there was a year by reproductive class in-
teraction (MANCOL7A:P < 0.05). In 1994, ni-
trogen and in vitro d& matter digestibility of 
forage species differed between sites used by 
females -with and without young during peak 
parturition (F2,48 = 4.91, P = 0.01). Nitrogen 

content of forages was higher at sites used by 
females without young, but levels of in vitro dry 
matter digestibility were lower at those sites. 
During post parturition, forage quahty was sim-
ilar between sites used by females with and 
without young (F2,130 = 1.14, P = 0.32). In 
1995, nitrogen and in vitro dry matter digest-
ibility of forages at sites used by females with 
and without young during peak parturition (Fig. 
4) dlffered significantly (Fz, 113 = 6.51, P = 
0.002).A posteriori comparisons indicated both 
nitrogen and in vitro dry matter digestibility 
were hgher at sites used by females without 
young (P = 0.001 and P = 0.009, respectively). 
Those differences no longer existed by post par-
turition (Fz,ls9 = 0.88, P = 0.42). 

Percentage of live material in samples of gra-
minoids was negatively related to elevation;low-
elevation sites had a higher percentage of live 
material. Graminoids reached 20% live material 
during 26-30 May at <1,200 m, 31 May4 June 
at 1,200-1,500 m, and 5-9 June at >1,500 m. 

Diet Characteristics 
Mean (+SE) fecal nitrogen was 1.6 Ifr 0.09% 

for 6 fecal groups of caribou collected during 
preparturition, 1.5+ 0.18% for 7 groups at peak 
preparturition, and 2.8 -C 0.34% for 8 groups 

PRE POST 
sampled during post parturition in 1994.Values 

PEAK 

PERIOD O F  PARTURITION 
of neutral detergent fiber for those same peri-
ods were 65.2 + 0.87%, 65.6 2 0.73% and 61.9 

Fig. 2. Mean ( ISE)  elevation used by female caribou during 
3 periods of parturition, Wrangell St. Elias National Park and ' In were 
Preserve, Alaska, 1994-95. Sample sizes are in parentheses. subdivided by elevation. Fecal nitrogen of car-
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Fig. 3. Mean (+SE) biomass of vegetation at sites used by 
female caribou with and without young during periods of peak 
and post parturition, Wrangell St. Elias National Park, Alaska, 
1994-95. Sample sizes are in parentheses; * P< 0.05 follow-
ing a Bonferroni correction. 

ibou averaged 2.1 + 0.43% at high elevation, 
and 2.4 + 0.6% at low elevation. Values of neu-
tral detergent fiber for those same elevations 
were 65.1 + 2.83%. and 66.7 +- 1.48%. resDec-' I 

tively. Fecal nitrogen and neutral detergent fi-
ber did not differ between preparturition and 
peak parturition in 199495 (yr pooled; t9.1= 
0.38, P > 0.71, andt10.3= 0.31, P > 0.7, re-
spectively). Fecal nitrogen was significantly 
higher at post parturition than during prepar-
turition (ts,l= 3.61, P < 0.007), but neutral 
detergent fiber was not different (t10,5= 1.83, 
P > 0.09). Fecal nitrogen also was higher during 
post parturition than at peak parturition (tlO,s= 

3.53, P < 0.0051, but again neutral detergent 
fiber marginally did not differ (t9,, = 2.09, P > 
0.05). Likewise, composition of fecal pellets in 
1995 did not differ in fecal nitroeen or neutral 

0 

detergent fiber between postparturition sites at 
high elevation, and post-parturition sites at low 
elevation (t57= 0.53, P < 0.62, and t4,5= 0.49, 
P < 0.64, respectively). 

Botanical composition of the fecal pellets dif-
fered somewhat in 1994,when fecal pellets con-

4 0  

30 

20 

10 

0 0  
SHRUBS GRAYINOIDS FORBS SHRUBS GFUUINOIOS FORBS 

FORAGECLASSES 

Fig. 4. Mean (+SE) nitrogen content and digestibility of car-
ibou forages at sites with and without young, Wrangell St. Elias 
National Park and Preserve, Alaska, 1994-95. Sample sizes 
are in parentheses; * P i0.05 following a Bonferronicorrec-
tion. 

tained more deciduous shrubs (P = 0.04) and 
fewer mosses (P = 0.006) during post parturi-
tion than during peak parturition or prepartur-
ition (Fig 5). Further, fecal pellets collected 
during peak and post parturition in 1994 con-
tained a lower percentage of grasses than those 
collected during preparturition. In 1995,botan-
ical composition of fecal pellets collected at 
high elevation and low elevation sites did not 
dlffer for any forage class (Fig. 5). 

Distribution of Predators 

We pooled years to assess elevations at which 
grizzly bears and wolves occurred to increase 
sample size, and because elevations at which we 
observed those predators did not dlffer between 
years, although that outcome was marginal 
(ANOVA;F;, 103 = 1.92,P = 0.07). During peak- A 

parturition, caribou females with young were at 
higher elevations than grizzly bears or wolves 
(Fig. 6; Wilcoxon test, z = 2.03, P = 0.042, and 
z = 2.61, P = 0.009, respectively). Females 
without young, however, were not.at different 
elevations than those predators. Likewise, at 
post parturition, females with young were at 
similar elevations to grizzly bears and wolves (z 
= 0.97, P = 0.332, a n d z  = 1.48, P = 0.14, 
respectively), as were females without young (z 
= 1.37, P = 0.17, andz = 0.94,P = 0.35, re-
spectively). 
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Fig. 5. Diets of caribou as indexedby microhistorlogicalanal-
yses of feces for periods of parturition(1994) and high and low 
elevations (1995), Wrangell St. Elias National Park and Pre-
serve, Alaska. Sample sizes are in parentheses;each sample 
represents 10-15 composited fecal groups. 

DISCUSSION 
Female caribou with and without young used 

different habitats at parturition. Patterns of 
habitat use for nonparturient females did not 
change markedly through the periods of partu-
rition, whereas females with neonates sought 
higher-elevation sites during peak-parturition 
(Figs. 1and 2).That pattern was consistent with 
other studies involving caribou herds inhabiting 
mountains, where parturient females dispersed 
to higher-elevation sitesjust prior to giving birth 
(Bergerud et al. 1984, Bergerud and Page 
1987). 

Although an analysis of broad vegetation 
types indicated some differences in use of hab-
itat by female caribou with and without young 
(Fig. I ) ,  tests involving additional habitat vari-
ables surrounding sites used by females provid-
ed further insights into their ecology (Table 2). 
For instance, females with young used sites at 
higher elevationsbut with less-steep slopes than 
&d females without neonates, indicating that a 

WITHOUT YOUNG 

G R l m Y  BEARS I I 

FEMALE CARIBOU PREDATORS 

Fig. 6. Median (+ M interquartile distance)elevationat which 
female caribou with and without young and predatorsoccurred 
during peak parturition, Wrangell St, Elias National Park and 
Preserve, Alaska, 1994-95. Sample sizes are in parentheses. 

level micro-site situated within more rugged 
and steep terrain may be an important habitat 
characteristic for calving grounds in the moun-
tains. Indeed, sampling at >1spatial scale may 
be necessary to understand habitat use by ma-
ternal females (Rachlow and Bowyer 1998). 
Such detailed measurements of habitat also 
have been useful in understanding birth-site se-
lection for ungulates (Bowyer et al. 1998a, 
Rachlow and Bowyer 1998), and revealed pat-
terns not evident from examining only vegeta-
tion types (Bowyer et al. 1999). 

Our data were inconsistent with the hypoth-
esis that parturient females spatially separated 
from nonparturient females in response to in-
creased demands for sites with more forage at 
parturition. Parturient females occurred at sites 
with less forage than &d females without young 
(Fig. 3) .  During peak parturition, we observed 
nearly 50% less biomass of deciduous shrubs, 
total graminoids, and live graminoids at sites 
used by females with young than at sites used 
by females without young, although forb abun-
dance was nearly identical (Fig. 3). That differ-
ence in biomass was substantiated by data on 
plant cover from line transects, which indicated 
lower abundance of graminoids and deciduous 
shrubs, and nearly equal cover of forbs at sites 
used by females with young compared with sites 
used by females without young (Table 1). 

During peak parturition in 1994, nitrogen 
was higher but in vitro dry matter digestibility 
lower on sites used by females without young 
compared with those used by parturient fe-
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males. In 1995, however, nitrogen and in vitro 
dry matter digestibility were lower for grami-
noids at sites used by females with young, than 
at sites used by females without young during 
peak parturition; no &fferences were detected 
for deciduous shrubs (Fig. 4). Although some-
what ambiguous because of between-year vari-
ation, those data indicated that sites used by 
females with young at peak parturition did not 
consistently possess forage of higher quality 
than for sites used by females without neonates. 

Although female caribou with young used 
plant communities with lower biomass than fe-
males without young at peak parturition, we 
were unable to document consistent effects of 
this dtitudnal separation on nutrients in diets 
they consumed. Our analysis of caribou feces 
indcated that females at high elevations had 
similar diet composition to females at lower el-
evations (Fig. 4), although forage abundance 
was generally lower at hgh-elevation sites (Fig. 
3). Despite the lower abundance of forage, car-
ibou may be able to feed in a highly selective 
manner at those sites, and increase their intake 
of forage higher in quality than our process for 
collecting forage revealed. White and Trudell 
(1980) documented an increase of 10% in the 
dry-matter digestibility of forage acquired 
through selective grazing by reindeer compared 
with the digestibility of forage the authors col-
lected based on availability. 

Although caribou frequently ascend in ele-
vation to take advantage of early phenological 
stages of vegetation (Oosenbrug and Theberge 
1980), timing of vertical movements of partu-
rient caribou in the Wrangell Mountains pre-
ceded green-up, as evidenced by the later dates 
of green-up for graminoids at higher elevations. 
Higher-elevation sites used by females with 
young (Fig. 2) consisted mostly of lichen-tundra 
communities with colder temperatures and 
snow persisting later than at lower elevations. 
Those harsher climatic conditions limit new 
growth of plants (Chapin 1983, Kudo 1991), 
which are high in nitrogen, and thought to be 
important nutritionally to caribou at parturition 
(White and Luick 1984, Klein 1990). Lichens 
can be an important component of the diet dur-
ing the birthing season (Klein 1970); that ob-
servation was supported by microhistological 
analysis of fecal pellets at parturition (Fig. 5). 
Lichens, however, were more abundant at lower 
than at higher elevations (Table 1); caribou 

probably &d not move to higher sites to gain 
access to that forage. 

Movement of females to hgh-elevation sites 
before green-up has been described previously 
for caribou (Bergerud et al. 1984) and bighorn 
sheep (Ovis canadensis; Festa-Bianchet 1988). 
Avoidance of predation was hypothesized to be 
the driving factor underlying movements in 
those studies. Our data also were consistent 
with the hypothesis that habitat use by partu-
rient females reflected minimizing the effects of 
predation on neonates; we could find few nu-
tritional benefits at sites used at parturition by 
pregnant and lactating females. Addtionally, 
sites where caribou gave birth were higher in 
elevation than most locations where we ob-
served predators (Fig. 6). Females could not 
use low-elevation sites with more forage and si-
multaneously avoid predators because risk of 
predation and forage availability exhibited a 
positive relation; hence, females were confront-
ed with a tradeoff between those 2 variables 
(Bowyer et  al. 1998~).A female and her young, 
however, could lower the chance of a predator 
encounter by spacing away to higher elevation 
sites as reported in other studies of mountain 
caribou (Bergerud et al. 1984, Bergerud and 
Page 1987).Supportive data on predator avoid-
ance at parturition also are available for caribou 
inhabiting arctic environments (Fancy and 
Whtten 1991). 

High elevations may offer additional protec-
tion from predation we did not measure. Sites 
consisting of heterogeneous terrain and snow 
patches can provide a cryptic background for a 
female and her neonate, which likely enhances 
their ability to escape detection by predators 
(Eastland et al. 1989). Indeed, at peak parturi-
tion, more snow occurred at sites used by par-
turient females than at sites with nonparturient 
females (Table 1). Bergerud and Page (1987) 
suggested that upward movements in elevation 
by caribou could decrease the likelihood of en-
countering a predator by spacing away from 
travel corridors of predators along valley bot-
toms. Bergerud and Page (1987) also observed 
that parturient females at higher elevations 
were in smaller groups, making them less con-
spicuous to predators. Parturient females on our 
study area consistently occurred in smaller 
groups than nonparturient females at the peak 
of the birthing season. High-elevation sites also 
could enhance the ability of maternal caribou 
to detect and avoid predators as hypothesized 
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for female moose (Alces alces) by Bowyer et al. 
(1999).This increased ease in vigilance afforded 
by being above most approach routes of pred-
ators could allow a female and young an oppor-
tunity to escape by moving away from an ap-
proachmg carnivore. 

If minimizing risk of predation to offspring 
were the deciding factor in habitat use by par-
turient females. we would ex~ec tsubstantial 
hfferences between sites used by females with 
neonates and those without young at heel. 
Those differences existed as indicated by ele-
vational hfferences in sites used (Fig. 2), and 
the differential habitat use revealed with logistic 
regression (Table 2). We also predicted that af-
ter the loss of their neonate. ~arturientfemales 

' I  

would behave as nonparturient females in their 
use of habitat, becabse risk of predation had 
lessened. Indeed, when females in high-eleva-
tion sites lost young to predation, they usually 
descended to sites occupied by females without 
young within 24-36 hr (K. J. Jenkins, unpub-
lished data). We also observed use of lower-el-
evation sites by females when their young were 

d " 
at or near 10 days old, compared with the ele-
vation of sites used just after they gave birth 
(Fig. 2). That period coincided with increased 
mobility of young, and a decreased vulnerability 
to predators (Miller et. al. 1985), especially to 
bears (Adams et al. 1995). Females that had 
moved to lower elevations were in larger

u 

groups, which could be advantageous to a fe-
male caribou and her young by lessening the 
chance that she or her neonate would be se-
lected from the group by a predator (Hamilton 
1971).The period 10 days after parturition also 
coincided with greatest energetic demands on 
female caribou because of the hgh  costs asso-
ciated with lactation (White and Luick 1984), 
which could be responsible for movements to 
low-elevations sites- that supported a greater 
biomass of forage (Fig. 4). Indeed, White and 
Trudell (1980) suggested that low biomass of 
forage combined with a high percentage of 
dead material could limit the rate of forage in-
take by caribou. Both those conditions existed 
for graminoids at high-elevation sites where car-
ibou gave birth in our study area (Figs. 1 and 
3). 

Behavior whereby parturient females bal-
anced the need for forage with the risk of pre-
dation to young has been reported for caribou 
(Bergerud et al. 1984),mountain sheep (0.dal-
li; Festa-Bianchet 1988, Rachlow and Bowyer 

1998), and moose (Molvar and Bowyer 1994, 
Bowyer et. al. 1999). Much of our data on hab-
itat use by parturient and nonparturient caribou 
support the interpretation that females with ne-
onates were attempting to avoid predators. 
Nonetheless, inconsistent differences in forage 
quality, fecal nitrogen, and diet between repro-
ductive classes of females inhcate that those 
with neonates may have reduced risk of pre-
dation without incurring a huge nutritional cost 
in doing so. 

MANAGEMENT IMPLICATIONS 
Conservation of mountain-dwehng ungulates 

necessitates an understanding their habitat re-
quirements, especially for critical periods such 
as the birthing season. We caution, however, 
that our results are for a low-densitypopulation 
of caribou. Density dependence influences 
most life-history characteristics of ungulates 
(McCullough 1999), and we would expect dif-
ferences in habitat use by caribou occurring at 
higher densities with respect to carrying capac-
ity, including use of less-desirable birth sites by 
females. This potential plasticity in patterns of 
habitat use through time requires flexibility in 
developing and modifymg management plans 
for conservation of habitat for caribou. 

Many populations of ungulates in Alaska have 
been held at low density by large carnivores; 
predator control holds the potential to increase 
those populations (Gasaway et al. 1992). Al-
though management that effectively reduced 
predation probably would acheve such a goal, 
we are less certain that female caribou would 
alter patterns of habitat use in response to a 
lowered density of predators. Behaviors of un-
gulates often reflect the likelihood of encoun-
tering a predator in a particular habitat irre-
spective of whether the predator is present 
(Hirth 1977, Molvar and Bowyer 1994, Bleich 
1999). Some responses of ungulates to preda-
tion risk may subside relatively quickly (Berger 
1999), but others may take decades (Hirth 
1977),centuries (LaGory 1986),or even millen-
nia (Berger 1998) to wane. Consequently, fe-
males and their neonates may not adjust their 
use of habitats to reflect an immediate reduc-
tion in risk from predators. Managing predators 
to alter patterns of habitat use by parturient fe-
males clearly requires more study prior to im-
plementing such plans, especially in national 
parks, where predator control currently does 
not occur. 
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HABITATS SELECTED BY GRIZZLY BEARS IN A MULTIPLE USE 
LANDSCAPE 

BRUCE N. McLELLAN, British Columbia Ministry of Forests, RPO #3, P.O. Box 9158, Revelstoke,BC VOE 3K0, Canada 
FRED W. HOVEY, British Columbia Ministry of Forests, RPO #3, P.O. Box 9158, Revelstoke, BC VOE 3K0, Canada 

Abstract: The effects of sex, ageclass, and season on habitats and elevations selected by 56 radocollared 
grizzly between 1979 and 1995 in the Flathead River drainage of southeastern British Columbia and the 
adjacent portion of Montana were evaluated using compositional analyses.Two habitat selection strategies were 
apparent in the population: mountain resident bears selected avalanche chutes at higher elevations during 
spring, while elevational migrating bears moved to low elevations and selected riparian habitats. During sum-
mer, both groups of bears showed selection for areas that had been burned by wildfire 50-70 yr previously. In 
autumn, riparian was the highest ranked habitat followed by forest and open forest. Regenerating cut-blocks 
and rock outcrops consistently ranked lowest. Results of this southern grizzly bear study differ from others in 
that bears were free to select habitats in both mountains and the wide valley and they showed strong selection 
for some low elevation habitats. 

JOURNAL OF WILDLIFEMANAGEMENT 65(1):92-99 
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Humans have had a tremendous effect on the 
distribution and abundance of grizzly bears in 
southern Canada and the United States. Within 
a century, the southern and eastern distribution 
of these bears contracted to rugged mountains 
and high plateaus where few people settled 
(McLellan 1998). Today, maintaining grizzly 
bears in southern areas is a major conservation 
challenge (Servheen 1990, Banci et al. 1994). 

The remaining grizzly bears in Alberta and 
the lower 48 states of the United States are 
largely confined to parks and designated wil-
derness areas plus adjacent multiple-use lands 
of the interior mountain ranges. In contrast, 
only about 10% of the grizzly bears in British 

Columbia are confined to protected areas; the 
vast majority live on multiple-use lands (Mc-
Crow et. al. 1990. Herrero 1994).Yet. because 
most grizzly bears in the iMerior mountains live 
in British Columbia and it is through this prov-
ince that bears in the United States and Alberta 
are connected to larger populations in the 
North, conservation efforts on British Columbia 
multiple-use lands are critical to all southern 
grizzly bears. 

In an attempt to address conservation issues 
including the maintenance of grizzly bear pop-
ulations, British Columbia has developed a griz-
zly bear conservation strategy, a series of land-
use planning processes, and the Forest Practic-
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