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We examined diet composition, choice of foraging areas, and distribution of food (vege-
tation) of a high-elevation (3,800 m) population of yellow-bellied marmots (Marmota fla-
viventris) in the White Mountains of California. Marmots overwhelmingly ingested forbs
over graminoids (grasses, sedges, and rushes) and particularly ingested clover (Trifolium
andersonii) despite its rarity. Although suitable marmot habitat is continuous at this site,
marmot food plants were distributed in clumps. Areas in which marmots concentrated their
foraging contained a disproportionate amount of clover compared with its abundance in
the study site. Possible explanations for the choice of forbs over graminoids included the
higher water content of forbs. Clumped food distribution has implications for foraging
strategies and social behavior.
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forested areas (e.g., Armitage and Down-
hower 1974). Our M. flaviventris study site
in the White Mountains of California dif-
fers in several ways from sites at which
most previous work has been conducted.
First, the alpine grassland is nearly contin-
uous, broken only by granite outcroppings
and talus slopes. Differences across Mar-
mota species in the distribution of meadow
habitat, or of food within the habitat, may
predict differences in foraging behavior
(Barash 1974; Holmes 1984a; Johns and
Armitage 1979). Second, our study site is
more arid than the Colorado site. Average
annual precipitation near our study site is
49.6 cm (Pace et al. 1974), compared with
102 cm at Armitage’s medium-elevation
site near the Rocky Mountain Biological
Laboratory (B. Barr, pers. comm.). Water
content may not affect diet selection for
Rocky Mountain marmots (Frase and Ar-
mitage 1989; Melcher et al. 1989), but may
be an important determinant of diet for mar-
mots living in an arid climate. Third, the
growing season at our high-elevation (3,800
m) study site is approximately 20% shorter
than Armitage’s mid-elevation (2,900 m)
site (on the basis of the number of days
between the dates of 50% snow cover and
the approximate dates of immergence of
marmots—Ienihan and Van Vuren 1996; E.
L. Stallman, in litt.; Van Vuren and Armi-
tage 1991). A shorter vegetation growing
season reduces the time available for mar-
mots to gain mass between hibernation
bouts (Barash 1974; Van Vuren and Armi-
tage 1991) and may affect differences in so-
ciality among populations of Marmota spe-
cies (Armitage 1999).

Previous work on M. flaviventris in the
White Mountains indicates that marmots
preferentially ingest forbs over graminoids
(Carey 1985a). However, the extent to
which marmots selectively ingest specific
plant types within these 2 general catego-
ries is not clear. Carey (1985a) found nu-
tritional differences between forbs and gra-
minoids in the White Mountains that may
account for preferential ingestion of forbs,
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but she did not compare water content of
plant types in this arid habitat. Finally, the
distribution of food plants at this site has
not been studied.

In this paper, we describe diet selection
and choice of foraging areas by adult, fe-
male yellow-bellied marmots (hereafter
“marmots”’) living in a high-elevation, arid,
grassland habitat. We had 4 specific goals.
First, we sought to determine which plant
species predominate in marmot diets at our
study site and thus to replicate diet-selec-
tion studies by Carey (1985a) and others
(see Armitage 2000). We expected that
marmots would select forbs over grami-
noids (Carey 1985a). Second, we measured
the water content of forbs and graminoids
ingested by marmots to determine whether
these 2 categories of food plants differ in
water content. We expected that the general
category of preferred food plants (forbs or
graminoids) would have higher water con-
tent, given the importance of water to ani-
mals living in arid habitats (Nagy and Gru-
chacz 1994). Third, we sought to document
the distribution of potential food plants in
the study area because spatial distribution
of food may affect foraging strategies. Fi-
nally, we determined whether marmots for-
age selectively, as predicted, in areas of the
study site that are rich in preferred plants.

MATERIALS AND METHODS

We conducted this study between 20 May
1998 and 10 August 1998 and between 22 July
1999 and 4 August 1999 in the White Mountains
of Mono County, California, in the immediate
vicinity of the Barcroft Facility (37°35'N,
118°14'W; 3,801 m elevation) of the White
Mountain Research Station. Adult marmots at
this site disappear below ground by September
but start to become less active by early to mid-
August. Adults emerge from hibernation (appear
above ground for 1st time) between late April
and late May (Carey 1985a; E. L. Stallman, in
fitt.).

The study site is an arid alpine grassland ap-
proximately 300 m above tree line bordered by
large granite outcroppings (Fig. 1). The White
Mountain Range lies in a rain shadow caused by
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Fic. 1.—White Mountain range in Mono
County, California (inset), and the study site
(37°35'N, 118°14'W; 3,801 m elevation), show-
ing the grid area within which vegetational anal-
yses and behavioral observations on yellow-bel-
lied marmots (Marmota flaviventris) were con-
ducted. Grid was a rectangular area (360 by 480
m) divided into patches 30 by 30 m. Patches
were further subdivided into quadrats for locat-
ing plant sites and marmot activity.

the nearby Sierra Nevada, and low rainfall limits
vegetation growth (Lloyd and Mitchell 1973).
The plant community consists of grasses (Po-
aceae, including Poa, Koeleria macrantha, and
Deschampsia cespitosa), sedges (Carex), rushes
(Juncus species) and forbs (e.g., Trifolium an-
dersonii, var. beatleyae, Phlox covillei, mus-
tards, including Draba species and Arabis spe-
cies, and dwarf shrubs such as Ribes cereum).
Marmots forage throughout the study site and
live in burrows near large rocks and boulders
and under and around granite outcroppings.
The portion of the study site on which we
conducted all vegetational analyses and behav-
ioral observations was a rectangular “‘grid area”
(360 by 480 m) on which we overlaid a grid
marked by numbered surveyor’s flags on wire
stakes to form square patches 30 m on a side
(Fig. 1). We recorded locations of foraging mar-
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mots and vegetation quadrats on the grid area to
the nearest 5 m using a 5 by 5-m X-Y coordi-
nate system. For vegetational analyses, we sub-
divided the grid area in 2 ways. In 1 method,
we randomly chose a 30 by 30-m patch from the
grid area and sampled vegetation in quadrats
within each patch. In the other method, we used
marmot foraging behavior to define the locations
of foraging areas and sampled vegetation in
quadrats within those areas. Both of these meth-
ods are described in detail in the following text.

To determine which plant species marmots in-
gested, we collected fecal samples for micro-
histological analysis from 12 adult females be-
tween 15 June 1998 and 15 July 1998. We live-
trapped individuals in the study site and marked
them with numbered metal ear tags and black
hair dye for individual identification. We col-
lected 3-5 fecal samples for each female at in-
tervals of 5-14 days (the same time period dur-
ing which we conducted behavioral observations
and vegetational analyses) and froze the samples
for later analysis. At the end of the summer, we
formed 1 composite sample that we shipped on
dry ice to the Wildlife Habitat Laboratory
(Bruce Davitt, Washington State University),
which specializes in such analyses. Three equal-
sized samples from each of 12 females were
thoroughly mixed to form 1 composite sample.
We used a composite fecal sample rather than
separate individual samples to replicate Carey’s
(1985a) procedure and to describe the ‘“‘aver-
age” adult female.

The Wildlife Habitat Laboratory conducted a
microhistological analysis of plant fragments in the
composite fecal sample by modifying sampling
procedures for frequency—density conversion (Ho-
lechek and Gross 1982; Sparks and Malechek
1968). By this procedure, relative cover (Davitt
1979) of plant cuticle and epidermal fragments
were quantified for 25 randomly located micro-
scope views on each of 6 slides (total 150 views;
1 dry gram of fecal matter per slide). A grid
mounted in the eyepiece of the microscope was
used to measure the area covered by each posi-
tively identified fragment observed at 100X mag-
nification. Greater magnifications (200-450X)
were used to aid in identification of discernable
fragments (Holechek and Valdez 1985), which
were compared with a reference collection of al-
pine plants and a list of the plant species we iden-
tified at our study site. Areas covered by plant
types were recorded. Plants in fecal material were
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identified to species, genus, or family. Percentage
of diet composition by percentage cover, which
can be used to estimate diet composition by per-
centage weight (R. M. Hansen and J. T. Flinders,
in litt.), was estimated by dividing the area (on
slide) covered by each plant type by total area cov-
ered by all plant types.

Digestibility coefficients for captive Barcroft
marmots do not differ significantly between
forbs and graminoids (Carey 1985a). Neverthe-
less, any biases in relative proportions of plants
in feces should underestimate the representation
of forbs relative to graminoids in the diet of
marmots because of the relatively greater di-
gestibility of forbs (Bartolome et al. 1995; Ben-
nett 1999; Carey 1985a; Klein and Bay 1995).

We determined the abundance (relative pro-
portions) of food plants in the grid area in the
summer of 1998 by sampling plant frequency in
randomly chosen areas. Between 15 June and 15
July, we identified 40 plant species in the grid
area (11 grasses, 5 sedges, 1 rush, and 23 forbs,
including 3 shrubs) using plant identification
keys (Hickman 1993; Lloyd and Mitchell 1973)
and a herbarium housed at the Barcroft Facility.
We then randomly chose 10 square patches (30
by 30 m each) from the grid area. Within each
patch, we estimated relative plant cover in 3
quadrats (5 by 5 m each) placed systematically
(to avoid the possibility of overlapping quad-
rats), 1 each in the NW and SE corners and the
center of the patch.

To estimate relative plant cover within a quad-
rat, we used a modified point-quadrat technique
(Mueller-Dombois and Ellenberg 1974), which
provides a reliable measure of the distribution
and abundance of plant species in alpine envi-
ronments (Holmes 1984a). We evenly divided
each quadrat into 5 lines containing 6 points
each, for a total of 30 points per quadrat. We
blindly lowered a rod (2 mm diameter), once at
each of the 30 points, and recorded the number
of times the rod touched individuals of each of
the 40 plant species we had identified. By this
method, we sampled a total of 900 points in 30
quadrats. For each of the 10 patches, we
summed the counts of plants in the 3 quadrats
to obtain an estimate of the abundance (number
of counts) of each plant type in the patch. To
obtain relative proportions, we divided abun-
dance (number of counts) of plant type A by
abundance of all food plants. We excluded any
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plant type that did not compose at least 1% of
the fecal plant matter.

To determine whether marmots selectively in-
gested some food plants, we generated a usage
index for each plant species by dividing the pro-
portion of a plant type found in the composite
fecal sample by relative abundance of that plant
in the study site. A usage index value of 1.0
indicates that intake of plant species is propor-
tional to its abundance in the environment, and
values >1.0 indicate selective ingestion (see Ca-
rey 1985a). We also generated usage index val-
ues on the basis of plant abundance in marmot
foraging areas (see following text) to compare
with Carey’s (1985b) preference-index values,
which were obtained similarly.

To determine whether food plants were dis-
tributed in clumps, we used the index of disper-
sion, a measure of spatial aggregation. The in-
dex of dispersion, J, is calculated as the correct-
ed sum-of-squares divided by the mean count of
plants in randomly chosen areas. For randomly
distributed plants, I = 1.0, whereas for clumped
plants 7 > 1.0 and for uniformly distributed
plants 7 < 1.0. For each plant type, we obtained
a mean and corrected sum-of-squares of its fre-
quency across the ten 30 by 30-m patches and
tested whether the index of dispersion differed
significantly from 1.0 using a chi-square distri-
bution with n — 1 degrees of freedom (Kotz and
Johnson 1983).

Assuming that at least some food plants
would be distributed in clumps, we determined
whether marmots chose foraging areas in the
study site that were particularly rich in preferred
foods. We compared the relative proportions of
food plants in the 10 randomly chosen patches
with those portions of the study site in which
marmots concentrated their foraging. Foraging
areas were identified from observations of 10
adult female marmots between 15 July 1998 and
10 August 1998 using instantaneous sampling of
focal individuals at 1-min intervals (Altmann
1974). Each minute, we recorded whether the
animal was foraging (i.e., moving or standing
quadrupedally with head lowered, ingesting, or
searching for vegetation) and its location to the
nearest 5 m on the X-Y coordinate grid. We
observed each of the 10 adult females for 3-5
periods 30-90 min long and determined the lo-
cation in which the individual had foraged for
the greatest number of consecutive sampling
points during each observation period. At each
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of these locations (3—5 per female), we centered
a 10 by 10-m quadrat and estimated relative
plant cover by sampling 100 points in each
quadrat, using the technique described previous-
ly for quadrats within randomly chosen patches.
We compared relative proportions of food plants
in foraging areas (n = 10 females) with those
from randomly chosen patches (n = 10 patches)
with a mixed-model analysis of variance (AN-
OVA) using the generalized estimating equation
(Diggle et al. 1994) in which the fixed effects
were the type of area (randomly chosen patch or
foraging area) and the random effects were the
quadrats sampled within a patch or foraging
area. This test is preferable to a repeated mea-
sures ANOVA because treating separate sam-
pled quadrats that are either within the same
patch or that are used as foraging areas by the
same female as random effects allows such
quadrats to be correlated. We used this para-
metric test despite the fact that distributions of
proportions of some plant types were not normal
(even when arcsine-transformed) because an
equivalent nonparametric test was not available
(Sokal and Rohlf 1995). However, we also con-
firmed these results using a Mann—Whitney U-
test (SPSS Base version 9.0, SPSS, Inc., Chi-
cago, Illinois) in which we summed the plant
abundance values from separate quadrats (within
a patch or among a single female’s foraging ar-
eas) to create a single proportion for each of 10
patches and 10 females.

We conducted an analysis of water content of
several food plants of marmots in the late sum-
mer active season when many plants begin to
desiccate, from 22 July 1999 to 4 August 1999.
On each of 5 mornings, we collected samples
(20-30 mg fresh weight) of 6 plant species: 3
forbs (Draba oligosperma, Leptodactylon pun-
gens, and T. andersonii) and 3 graminoids (Car-
ex species, Elymus elymoides, and K. macran-
tha). Each morning we harvested samples from
the same 50 by 50-m area within the study site
just after sunrise (0600-0630 h) at the peak of
marmot foraging activity and measured fresh
weights of samples within 30 min of harvest. We
then dried samples at 60-70°C for 24 h and re-
weighed samples to obtain dry weight. We de-
termined water content as water lost (difference
between fresh and dry weights) as a fraction of
fresh weight for each of the 6 plant species. We
compared water content values for forbs (n =
17, 2—10 samples from each of 3 forb species)
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with those of graminoids (n = 30, 10 samples
from each of 3 graminoid species) using a t-test.
We used arcsine-transformed data in the r-test
because water content data were not normally
distributed according to a Kolmogorov—Smirnov
test of normality (Sokal and Rohlf 1995). Be-
cause day of collection did not affect water con-
tent values (F = 0491, d.f. = 4, 42, P = 0.742),
we combined samples of each plant type col-
lected on different days.

RESULTS

Forbs made up most of the fecal plant
matter (Table 1), and species of Trifolium
predominated in the fecal samples. Only T.
andersonii occurred in sampled quadrats,
and we encountered 7. monanthum very
rarely. Therefore, we will refer to 7. ander-
sonii (var. beatleyae), the most frequent
plant in the fecal sample, as ““clover.”

Grasses (especially K. macrantha) and
sedges (Carex) occurred far more frequently
in randomly chosen patches than did forbs as
a whole (Table 1). Of the forbs eaten by mar-
mots, P. covillei and L. pungens, which are
combined here because they were indistin-
guishable in the fecal analysis, were the most
common in randomly chosen patches. Carex
species and K. macrantha occurred more fre-
quently than other graminoids in randomly
chosen patches. Clover, the most abundant
plant in marmot feces, was rare in randomly
chosen patches.

Usage indices (Table 2) indicate that fe-
male marmots ingest a disproportionately
large amount of forbs. Clover was clearly the
most common plant type found in marmot
feces, despite its rare occurrence in randomly
chosen patches. Mustards (Draba species and
Arabis species) and 1 grass, D. cespitosa,
were also ingested more frequently than their
relative abundance in the study site would
suggest. The usage index for clover is sub-
stantially lower in foraging areas than in ran-
domly chosen patches (Table 2) because of
its abundance in foraging areas (Table 1).
Marmots apparently concentrated their for-
aging in portions of the study site where clo-
ver was relatively abundant.
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TaBLE 1.—Relative proportions of food plants in marmot feces, in the randomly chosen patches
of the study site, and in foraging areas of individual female marmots (Marmota flaviventris).

Relative proportions

Randomly chosen

Plant species Feces quadrats Foraging areas
Forbs
Artemisia arbuscula 0.01 0 0
Erigeron argentatus 0 0 0
Eriogonum 0 0 0
Mustards (Draba and Arabis) 0.07 0.016 0.021
Phlox covillei and Leptodactylon pungens 0.07 0.126 0.012
Potentilla 0 0 0
Trifolium (primarily T. andersonii) 0.61 0.017 0.128
Other forbs (not identifiable in feces) 0.02
Total forbs 0.78 0.158 0.161
Graminoids (grasses and sedges)
Carex 0.05 0.382 0.423
Agrostis variabilis 0 0 0
Deschampsia cespitosa 0.02 0.05 0.01
Elymus elymoides 0.02 0.087 0.067
Koeleria macrantha 0.04 0.333 0.302
Poa 0.04 0.035 0.037
Other graminoids 0.03
Total graminoids 0.20 0.842 0.839
Lichen and mushroom 0.03

Indices of dispersion for total graminoids
(I = 3578, df = 9, P = 0.00004), total
forbs (I = 39.61, d.f. = 9, P = 0.00001),
clover (I = 126.0, df. = 9, P < 0.00001),
and forbs other than clover (I = 30.95, d.f.
=9, P = (0.0003) indicate that all categories

of plants were significantly clumped. For-
aging areas did not differ from randomly
chosen quadrats in proportions of total
forbs (F = 0.16, df = 1, 18, P = 0.6982;
Table 1) or total graminoids (¥ = 0.16, d.f.
= 1, 18, P = 0.6982). However, clover

TaBLE 2.—Usage indices for Marmota flaviventris food plants (index value >1.0 indicates selective

ingestion).

Usage index

Plant species Randomly chosen quadrats Foraging areas
Forbs
Phlox and Leptodactlyon 0.59 5.99
Trifolium 3590 4.74
Draba and Arabis 4.33 3.26
Total forbs 4.92 4.82
Graminoids
Carex 0.12 0.11
Deschampsia cespitosa 3.31 1.53
Elymus elymoides 0.25 0.33
Koeleria macrantha 0.11 0.13
Poa 1.23 1.18
Total graminoids 0.23 0.23
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made up a significantly greater proportion
of the food plants in foraging areas than in
randomly chosen quadrats (F = 52.29, d.f.
=1, 18, P < 0.0001), and forbs other than
clover were less common in foraging areas
compared with randomly chosen quadrats
(F=1332,df =1, 18, P = 0.0018).

Water content (mean proportion * SE) of
forbs (0.682 * 0.089) was significantly
greater than that of graminoids (0.631 =
0.064) in late summer (z-test: t = 2.263, d.f.
= 45, P = 0.028). At this time, plants were
beginning to yellow and dry, but adult and
juvenile marmots were still actively forag-
ing in the study site.

DiscussioN

The preferential ingestion of forbs on the
basis of fecal analysis paralleled results re-
ported by Carey (1985a), whose study site
was about 3 km from ours. Carey did not
report relative proportions of all plant types
in marmot feces but indicated that clover is
the predominant plant in marmot feces,
making up 45-56% of fecal plant matter.
Forbs, in particular clover, predominated in
marmot diets in our study despite their rel-
ative scarcities in the grid area and within
foraging areas.

Our results also mirror those from other
studies of Marmota. For example, Rocky
Mountain M. flaviventris ingests a greater
proportion of forbs than graminoids, at least
in mid- to late summer (Frase and Armitage
1989). Dicotyledons (mostly forbs) make up
the majority of fecal plant matter of alpine
marmots (Marmota marmota—Massemin et
al. 1996). Similarly, golden marmots (M.
caudata aurea) prefer forbs (particularly le-
gumes) over graminoids (Blumstein and Fog-
gin 1997). However, Carex (sedges) domi-
nates in the feces of Alaskan hoary marmots
(M. caligata—Holmes 1984b). For a review
of forb preference across species of Marmota,
see Armitage (2000).

Disproportionate ingestion of forbs by
marmots may be because of higher nutri-
tional quality of forbs. In the White Moun-
tains, forbs (including 7. andersonii and
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Potentilla pseudoscericea) contain less cel-
lulose than graminoids (including K. ma-
crantha and Carex eleocharis); forbs also
contain more phosphorus, calcium, and so-
dium (Carey 1985a). Columbian ground
squirrels (Spermophilus columbianus) also
preferentially ingest forbs over grasses
(Harestad 1986), and forbs available to S.
columbianus contain 15-40% more crude
protein and are 30-50% more digestible
than grasses at the same site (Bennett
1999).

In our study, water content of forbs was
significantly greater than that of graminoids
in late summer as plants began to senesce.
For rodents living in arid regions, water in-
take can occur primarily through moisture
in foods (MacMillen 1992; Nagy and Gru-
chacz 1994), and they may choose foods on
the basis of water content (Murray and
Dickman 1994). Thus, in the arid White
Mountains, water content may play a sig-
nificant role in diet selection by M. flavi-
ventris. That adult marmots become much
less active in early to mid-August may be
because of concurrent desiccation of food
plants (Lenihan and Van Vuren 1996). M.
flaviventris may reduce evaporative water
loss by remaining inactive below ground
when water content of food is low (e.g.,
Kayser 1961; Nagy 1975).

Suitable habitat for marmots contains
burrows and forage and is open enough for
detection of predators (Blumstein et al.
2001). Variation across populations of M.
flaviventris in foraging strategies and soci-
ality may be partially because of differences
across sites in the distribution of resources
that limit female reproductive success
(Trivers 1972; Wrangham 1980). At the
Colorado study sites used by Armitage and
colleagues, meadow habitat is patchy, in-
terrupted by trees or shrubs (Svendsen
1974). They have described meadow veg-
etation and burrows within these large
patches as uniformly distributed (Frase and
Armitage 1984; Johns and Armitage 1979)
but, to our knowledge, have not measured
systematically the distribution of food






