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I investigated the exploitation of pocket gophers (Thomomys talpoides) by grizzly bears (Ursus arctos horribilis)

in the Yellowstone region of the United States with the use of data collected during a study of radiomarked bears

in 1977–1992. My analysis focused on the importance of pocket gophers as a source of energy and nutrients,

effects of weather and site features, and importance of pocket gophers to grizzly bears in the western contiguous

United States prior to historical extirpations. Pocket gophers and their food caches were infrequent in grizzly bear

feces, although foraging for pocket gophers accounted for about 20–25% of all grizzly bear feeding activity

during April and May. Compared with roots individually excavated by bears, pocket gopher food caches were

less digestible but more easily dug out. Exploitation of gopher food caches by grizzly bears was highly sensitive

to site and weather conditions and peaked during and shortly after snowmelt. This peak coincided with maximum

success by bears in finding pocket gopher food caches. Exploitation was most frequent and extensive on gently

sloping nonforested sites with abundant spring beauty (Claytonia lanceolata) and yampah (Perdieridia
gairdneri). Pocket gophers are rare in forests, and spring beauty and yampah roots are known to be important

foods of both grizzly bears and burrowing rodents. Although grizzly bears commonly exploit pocket gophers

only in the Yellowstone region, this behavior was probably widespread in mountainous areas of the western

contiguous United States prior to extirpations of grizzly bears within the last 150 years.
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Grizzly bears (Ursus arctos horribilis) consume burrowing

rodents throughout the bears’ current North American range.

Arctic ground squirrels (Spermophilus parryii) in the state of

Alaska and in the Yukon and Northwest Territories of Canada

have been the most commonly observed prey of rodent-hunting

grizzly bears (Murie 1981; Pearson 1975; Phillips 1987; Reid

et al. 1997; Stelmock and Dean 1986), although consumption

of other ground squirrel species has been recorded along the

eastern slopes of the Rocky Mountains as far south as Montana

(Hamer et al. 1991).

South of Canada, it is known that grizzly bears commonly

pursue burrowing rodents only in the Yellowstone region of

Wyoming, Montana, and Idaho, where northern pocket gophers

(Thomomys talpoides) rather than ground squirrels are the

bears’ primary underground prey (Craighead et al. 1995;

Mattson et al. 1991), despite the common occurrence of 2

species of ground squirrels in the region (Streubel 1989).

Although exploitation of pocket gophers by grizzly bears is

currently restricted to the Yellowstone region, Brown (1985)

and Storer and Tevis (1996) suggest that, prior to their

extirpation, grizzly bears once consumed pocket gophers in

California and the southwestern United States.

Whatever the prey species, virtually all records of grizzly

bears consuming burrowing rodents have been based on

anecdotes or occurrences of rodent remains in bear feces. Murie

(1981) made the most detailed description, but his account

lacked explanation or analysis that allows for generalization.

With the exception of 1 instance involving tundra voles (Micro-
tus xanthognathus—Shideler and Hechtel 2000), there has been

no record of bears consuming food caches of subterranean

rodents. All records involving ground squirrels state that

squirrels, rather than food stores, were consumed.

In this paper, I describe and explain exploitation of northern

pocket gophers by grizzly bears in the Yellowstone region. I

analyzed data collected during a study of radiomarked bears in

1977–1992 to address the following questions: How important

were pocket gophers as a source of energy and nutrients for

grizzly bears in this region? How was exploitation of pocket

gophers affected by weather and site and vegetation features?

How important were pocket gophers as a source of energy and

nutrients to grizzly bears, continent-wide, prior to extirpations

within the last 150 years?
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I used field observations and the ecological literature on

pocket gophers to develop the following research hypotheses

that focused my analysis and provided context for interpreting

results. (1) Grizzly bears focused on consuming pocket gopher

food caches rather than the gophers themselves. (2) Grizzly

bears consumed pocket gophers and their food caches most

often during snowmelt because the gophers were restricted to

shallow soil depths (Ingles 1952; Turner et al. 1973; Youmans

1979). (3) Grizzly bears had greatest success finding food

caches soon after snowmelt at high elevations of the study area

because, under those conditions, pocket gophers subsisted on

root caches stored at shallow depths (Barnes et al. 1980; Stuebe

and Anderson 1985). (4) Assuming that neonatal pocket

gophers were more vulnerable than adults, grizzly bears had

greatest success finding nests in May and June, during and

shortly after peak parturition time of gophers (Tryon 1947;

Turner et al. 1973). (5) Excavations by bears deepened during

the growing season and were deepest, on average, where they

had exploited a nest because pocket gophers locate their nests

deeper than their food caches and at increasing depths through

the growing season (Barnes et al. 1980; Moore and Reid 1951;

Teipner et al. 1983; Turner et al. 1973). (6) Grizzly bears were

less successful exploiting pocket gophers after winters with

exceptionally deep snowpacks because pocket gopher popula-

tions tend to decrease after harsh winters (Anderson and

MacMahon 1981; Hansen and Ward 1966). (7) Finally, sites

where grizzly bears exploited pocket gophers were distin-

guished by abundant plant species (Elymus, Bromus, and

Polygonum bistortoides) that increase with pocket gopher

activity (Ellison and Aldous 1952; Laycock and Richardson

1975; McDonough 1974; Moore and Reid 1951; Turner et al.

1973) or that are preferred gopher foods (yampah [Perideridia
gairdneri], false dandelion [Agoseris glauca], common dande-

lion [Taraxacum], spring beauty [Claytonia lanceolata], and

oniongrass [Melica]—Aldous 1945; Barnes et al. 1980; Miller

1964; Moore and Reid 1951; Stuebe and Anderson 1985;

Teipner et al. 1983; Tryon 1947; Turner et al. 1973; Vaughan

1974; Ward and Keith 1962; Youmans 1979).

MATERIALS AND METHODS

The study area was about 23,000 km2 in size and corresponded to

the known range of Yellowstone’s grizzly bear population. This range

extended south–north from 438309S to 458159N and east–west from

1098309E to 1118309W. Yellowstone National Park (YNP) comprised

the core 8,700 km2. Most of the area occupied by grizzly bears was

.2,000 m elevation and consisted of remote mountains and plateaus

surrounded by valleys and plains that were settled or otherwise used

by humans. Annual temperatures averaged ;08C. Precipitation varied

in amount, and timing varied with elevation and geographic location.

At high elevations, it fell mostly as snow, which reached accu-

mulations of 100–260 cm before melting during March–June (Dirks

and Martner 1982).

About 75% of the study area was forested, and most of this forest

was dominated by lodgepole pine (Pinus contorta—Despain 1990).

Whitebark pine (Pinus albicaulis) was abundant above about 2,560 m

elevation. Nonforest areas occurred as isolated mesic or wet meadows

at midelevations of the extensive plateaus of YNP or, farther north, as

extensive lower elevation grasslands, often codominated by sagebrush

(Artemisia). Alpine tundra and rock were extensive, especially in the

mountainous eastern parts of the study area. Elk (Cervus elaphus)

were abundant throughout the study area, whereas bison (Bos bison)

were abundant only in northern and central YNP. Both ungulate

species substantially increased in numbers during 1977–1988. Craig-

head et al. (1995) describes the study area in detail.

Grizzly bears were trapped, marked, and radiolocated according to

methods described by Blanchard and Knight (1991) and Knight and

Eberhardt (1985). A subset of radiolocations was visited and

characterized according to methods described by Mattson (1997a,

2000). Field crews also described sites where, en route to and from

telemetry locations, they encountered grizzly bear feeding or signs of

bedding. At each site, field crews located a variable-radius forest

inventory plot (Avery 1975) at the center of grizzly bear activity. Trees

were tallied and identified as live or dead, and the diameter of each

was measured at 1.4 m aboveground. Within 10 m of plot center, field

crews visually estimated and recorded total graminoid, forb, shrub,

and woody debris cover (as percentage of total cover). They listed all

plant species present and recorded indices of coarse woody debris

amount (1–7, none to heavy), size (1–7, small to large), and de-

composition (1–6, solid to well decomposed). Each plant species was

ascribed an estimate of abundance (1–5, rare to dominant). Site mea-

sures included aspect (compass direction in degrees), slope (degrees

from the horizontal), and elevation (m).

Field crews described grizzly bear feeding signs at telemetry

locations and wherever encountered elsewhere. After 1985, crews

measured the average length (A), width (B), and depth (C, dm) of

individual excavations by bears for small mammals, including pocket

gophers, and individual roots, including those of yampah and

biscuitroot (Lomatium cous). Approximate excavated volume (dm3)

was calculated as the product of A � B � C for each digging. Total

volume for a feeding site was the sum of estimated volumes from all

individual diggings.

Field crews also obtained measures related to total energy gained

and expended by foraging bears. For pocket gopher excavations,

crews recorded numbers of nests and caches exploited by bears by

individual dig and summed them for the entire feeding site. Remains

of 10 pocket gopher root caches exploited by bears were collected,

oven dried, and weighed (g). Individual roots of yampah and

biscuitroot also were collected from 60 and 76 sites, respectively,

where they had been consumed by bears. Samples were analyzed for

percentage crude protein, crude fiber, starch, and ash content. For

a subsample, we also analyzed percentage total dietary fiber (Mattson

1997b). On the basis of the relation between paired measures of crude

fiber and total dietary fiber (logit Crude Fiber ¼ �1.36 þ 0.97[logit

Total Dietary Fiber], r2 ¼ 0.84—Mattson 2000), I estimated

percentage dry matter digestibility from measured or estimated total

dietary fiber (Pritchard and Robbins 1990). To simulate energy

expended to obtain roots or exploit pocket gophers, I measured the

maximum force required to dig up the soil using a 5-tined potato fork

that was modified in the laboratory to approximate the front paw and

claws of a bear (and which we refer to as a clawometer—Holcroft and

Herrero 1984; Mattson 1997b). We inserted the tines into the ground

at a 458 angle at sites where pocket gophers or roots had been

excavated and measured the force (in kg) necessary to lift the soil.

All feces (scats) thought or known to be from grizzly bears were

collected by field crews at and en route to and from bear telemetry

locations in 1977–1992. This concurrent collection allowed for

comparison of information from scats and feeding sites at broad

temporal and spatial scales. Scats were dried and analyzed as described

by Mattson et al. (1991). Results were reported for individual diet items

by month and year as total frequency of occurrence in scats, percentage
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of total fecal volume, and mean percentage for scats in which the item

occurred. I assumed that all roots detected in bear feces collected during

April and May, excluding those of biscuitroot, represented the remains

of pocket gopher food caches. During spring, the only individually

excavated roots that bears consumed were those of biscuitroot, and only

at sites that were distinct from those where they exploited pocket

gophers (Mattson 1997b; Mattson et al. 1991); otherwise, their only

known source of roots during spring was pocket gopher food caches.

I adopted the principles of statistical explanation (Salmon 1984) and

conditional independence (Dawid 1979; Kyburg 1969) as a basis for

most inferences in this analysis. These principles invoke model building

that considers a broad range of biologically plausible explanatory

factors as a means of correcting for bias introduced by uncontrolled

field conditions (Mattson 2000). I did not base conclusions on statistical

hypothesis testing (Johnson 1999) and present P values solely as

confirmatory information. I used logistic regression analysis (Hosmer

and Lemeshow 2000) to specify the effects of explanatory variables on

the log odds that a bear either had excavated pocket gopher nests or food

caches at a given activity site or had found and exploited a nest or cache

in an individual dig. Radiotelemetry locations, feeding sites, and

individual digs were units of analysis for different models. I specified 2

models for grizzly bear activity sites: one with only data from telemetry

locations, including sites where no signs of feeding or bedding had been

found, and the other with only data from sites with signs of feeding or

bedding, but including plots not at telemetry locations. I gave priority to

the 1st type of model and used the 2nd for confirmation. Given that

exploitation of pocket gophers had occurred, I used multiple linear

regression (Weisberg 1985) to specify the effects of explanatory

variables on total excavated volumes and total numbers of excavated

nests or food caches. I used maximum likelihood methods for parameter

estimation and the sample size–adjusted version of Akaike’s in-

formation criterion (AICc—Burnham and Anderson 1998) for model

selection.

I considered proximal and distal effects in the analysis. Distal

effects were those operational at broad temporal and spatial scales,

whereas proximal effects were operational at the scale of the im-

mediate site. Proximal effects were represented by measures taken at

telemetry locations or other sites of grizzly bear activity. I enumerated

distal effects, primarily related to weather, from other sources. I

obtained monthly temperatures (8C) and precipitation (cm) from

regional summaries published by the United States National Oceanic

and Atmospheric Administration (NOAA; http://www1.ncdc.nodc.

noaa.gov/pub/orders). I calculated cumulative 2-month precipitation

rates for May–October as the sum of precipitation for the previous and

current month. For April, I calculated this value as the sum of the

current month and total winter precipitation. I calculated total winter

precipitation as the sum of precipitation for November–March. I used

snow depths and date of snow melt (1st spring day with 0 cm of snow

recorded on the ground) from records for Yellowstone Lake weather

station—the station nearest most of the pocket gopher feeding

observed during this study. Mattson (2000) provides a more detailed

description of these distal factors and their sources.

RESULTS

Distributions of grizzly bears and Thomomys pocket
gophers.—Overlap between the North American ranges of

grizzly bears and pocket gophers during the mid-1850s

amounted to 2,297,200 km2 or 26% and 89% of grizzly bear

and gopher ranges, respectively (Fig. 1A). Current North

American ranges of grizzly bear and northern pocket gopher

FIG. 1.—Distributions of pocket gophers (Thomomys—Hall 1979) and grizzly bears (Mattson and Merrill 2002) in North America A) in about

1850 and B) currently. Grizzly bear range is dark gray, the range of northern pocket gophers is circumscribed by a solid line, and ranges of other

pocket gophers in the genus Thomomys, exclusive of northern pocket gophers, are stippled.
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overlap very little (103,250 km2, or 5% of current grizzly bear

range; Fig. 1B). Yellowstone’s grizzly bears occupy the core of

northern pocket gopher distribution.

Sample sizes.—Activity of Yellowstone grizzly bears was

investigated at 1,853 telemetry locations attributable to 140

radiomarked bears. The median number of sites per bear was 8,

and the upper limits of the 1st and 3rd quartiles were 3 and 19

locations, respectively. There were 2,769 sites with docu-

mented signs of feeding or bedding, including 1,744 sites not

associated with telemetry locations. Grizzly bears excavated

pocket gopher nests or food caches at 275 of these sites.

Remains of pocket gophers were detected in 51 of the total

6,662 feces collected and analyzed. Models were specified with

somewhat fewer observations than given here (see n values in

Tables 1–4) because data were missing for some explanatory

variables in many of the observations.

Seasonal patterns of exploitation.—Exploitation of pocket

gophers by grizzly bears, whether reckoned as frequency or

size of excavations, peaked during April and May when this

activity composed about 20–25% of all observed grizzly bears

activity (Fig. 2A). Although total volumes of excavations

declined (Fig. 2A), average depths of excavations tended to

increase with date (Fig. 2A): DEP2 ¼ �5.6 þ 1.6 ln(JD þ 1),

where DEP is depth of excavation and JD is Julian date (r2 ¼
0.04; d.f. ¼ 1, 156; F ¼ 6.1; P ¼ 0.015). Average number of

exploited food caches and probabilities of finding caches in

individual digs also peaked during April–May (Fig. 2B).

Frequency of pocket gopher in grizzly bear feces and average

number of exploited nests peaked in April and declined through

July. By contrast, proportion of individual digs containing

exploited nests peaked during July after an increase that started

with advent of parturition among pocket gophers in May (Fig.

2C). Moreover, the ratio of feces containing pocket gopher

remains to total number of exploited nests increased through

the growing season (Fig. 2C), suggesting that number of

gophers captured by bears per nest was lowest during spring

and highest during late summer into fall.

Fortnightly, there was a strong relation between snowmelt

and grizzly bear exploitation of pocket gophers (Fig. 3).

Virtually no consumption of pocket gophers or their food

caches occurred prior to the advent of significant melt in mid-

April (Fig. 3A). After early May, the frequency of pocket

gopher exploitation by bears declined as snow depths also

lessened. Volume of excavation peaked in late May (Fig. 3A),

however, coincident with the culmination of snowmelt and

peaks in average numbers of exploited nests and food caches

and proportion of caches in individual digs (Figs. 3A–C).

Exploitation of caches dropped dramatically during June after

snow cover had disappeared. During April–June, proportion of

digs containing exploited nests increased, whereas average

number of exploited nests per feeding site generally declined

(Fig. 3C).

Comparative energetics of consuming pocket gopher food
caches.—The remains of what were probably pocket gopher

food caches occurred in 90 of 724 scats collected during April

and May 1977–1992. Food caches comprised 5.3% 6 0.9%

(�XX 6 SE) of fecal volumes pooled for the 2 months averaged

over all years. By individual month, the putative remains of

caches comprised 8.8% 6 1.4% and 3.7% 6 1.0% of fecal

volume during April and May, respectively. Annually, volume

ranged from 0% to 16% during April and 0% to 15% during

May, with peak volume pooled for both months occurring in

1980 (11%) and 1988 (11%). The bulbaceous roots of

oniongrass comprised 66% and 52% of total putative cache

residue in bear feces during April and May, respectively.

The rewards and costs of exploiting pocket gopher food

caches differed from those of exploiting individual roots (i.e.,

biscuitroot and yampah roots; Table 1). The mean volume of

caches exploited by grizzly bears (Table 1) differed little

from mean volume of unexploited caches collected by other

TABLE 1.—Parameter estimates related to energetics of Yellowstone grizzly bears consuming pocket gopher root caches and individual roots of

biscuitroot and yampah, 1986–1992. Sample sizes (n) and SEs are given for mean values of variables obtained from field samples, but not for

values derived by calculation. A clawometer is a 5-tined potato fork modified to approximate the front paw and claws of a bear.

Food

Parameter estimate (�XX 6 SE)

Mass of cache

remains or

excavated root

(g)

Estimated dry

matter digestibility

of cache or root

(proportion)

(D)

Volume excavated

per individuated dig

(dm3)

(E)

Proportion of

rewards that were

caches vs. nests

(F ¼ D � E)

Volume excavated

per cache

(dm3)

(G ¼ F/3.9)

Number of paw-

sized digs per

cache or root,

using biscuitroot

as the standard

Resistance to

extraction of

clawometer

(kg/dig)

Pocket gopher caches

April 104.2 6 24.0

(n ¼ 14)

0.53 6 0.04

(n ¼ 21)

55.3 14.1

37.8 6 9.4

(n ¼ 10)

0.48 6 0.06

(n ¼ 10)

3.3 6 0.6

(n ¼ 17)

May 85.6 6 12.8

(n ¼ 57)

0.59 6 0.02

(n ¼ 75)

50.7 12.9

Biscuitroot roots 0.90 6 0.04

(n ¼ 102)

0.62 6 0.02

(n ¼ 76)

3.9 6 1.2

(n ¼ 30)

1.0 6.0 6 0.5

(n ¼ 50)

Yampah roots 0.78 6 0.04

(n ¼ 76)

0.72 6 0.01

(n ¼ 60)

4.7 6 2.7

(n ¼ 21)

1.2 8.6 6 0.6

(n ¼ 32)
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researchers in Idaho and Utah (44.1 g dry weight—Barnes et al.

1980; Stuebe and Anderson 1985), suggesting that grizzly bears

consumed a small part (; 44� 38¼ 6 g) of each cache. Even so,

individually excavated roots were much smaller (;0.8–0.9 g;

Table 1) than a reward of this size. On average, grizzly bears

excavated roughly 13.5 times the volume of soil to obtain a cache

compared with the volume they excavated to obtain an individual

root (Table 1), although soils excavated to obtain individual roots

were ;2 times more resistant to the clawometer compared with

soils excavated to obtain caches.

Effects on probability of exploitation.—On the basis of

telemetry locations of marked bears, the odds that Yellowstone

grizzly bears had exploited pocket gophers or their food caches

at a site were strongly related to 7 factors considered in this

analysis (Table 2). Grizzly bears most often exploited pocket

gophers during or shortly after snowmelt on gently sloping

sites with abundant yampah, spring beauty, and oniongrass. A

typical site also had little or no forest overstory or coarse

woody debris (deadfall; Fig. 4). Factors related to forest

structure (deadfall and overstory basal area) had a greater effect

(� ¼ 66.0) than factors related to abundance of potential

herbaceous root foods (yampah, spring beauty, and oniongrass;

� ¼ 17.3). Amount of deadfall, time since snowmelt, and

forest basal area had the greatest individual effects.

Except for the effect of oniongrass, effects specified from

telemetry locations were confirmed in the analysis of feeding

sites only from both marked and unmarked bears (Table 2; Fig.

4). In addition, a positive effect of total graminoid cover and

a negative effect of bluegrass (Poa) abundance were identified.

Time since snowmelt, abundance of yampah, site slope, and

amount of deadfall had the greatest individual effects in this

model.

Effects on intensity of exploitation.—Average numbers of

nests and food caches exploited by grizzly bears at feeding sites

were related to 4 and 5 factors, respectively, considered in this

analysis, including a polynomial of excavated volume (Table

3). Numbers of exploited nests and caches both increased with

increasing total volumes of excavations and decreased with

increasing mean depths. Exploited nests were most numerous

at sites with abundant Elymus, whereas exploited food caches

were most numerous during the wettest months at sites with

abundant spring beauty. Total excavated volume was greatest

on sites with gentle slopes and abundant spring beauty shortly

after snowmelt (Table 3). Excavated volume otherwise tended

to be smallest after wet winters and abundant precipitation

during the current and previous month. Time since snowmelt

and abundance of spring beauty had the greatest individual

effects on excavated volumes.

Effects on probability of finding a nest or cache.—Volumes

of individual digs differed depending on whether a reward was

obtained and whether it was a nest or cache. Canonical analysis

indicated that most differences were attributable to length and

width of digs. The 1st canonical variate accounted for 91% of

total variation (Wilks’ k ¼ 0.80; d.f. ¼ 9, 3074; F ¼ 32.4; P ,

0.0001), and standardized coefficients for length, width, and

depth of excavations were 0.77, 0.59, and 0.07, respectively.

Lengths and widths were both least where no reward had been

obtained and greatest where both a nest and cache had been ex-

TABLE 2.—Logistic regression models relating explanatory factors to the log odds that pocket gophers or pocket gopher food caches were

consumed by Yellowstone grizzly bears at a site, 1977–1992; for telemetry locations only, with or without signs of feeding and for sites with signs

of feeding only, including sites from unmarked bears. ß refers to an estimated parameter and � to change in AICc with deletion of the

corresponding variable. Statistics are for goodness-of-fit tests.

Explanatory variable or statistic

Log odds

Telemetry locations only Feeding sites only

ß SE � ß SE �

Constant �1.5 0.30 8.5 3.7

Proximal factor

Yampah abundance (index) 0.52a 0.26 1.8 0.72a 0.14 23.4

Spring beauty abundance (index) 0.75a 0.33 2.9 0.77a 0.21 11.1

Oniongrass abundance (index) 0.84a 0.33 4.1

Poa spp. abundance (index) �0.36a 0.14 4.9

Total graminoid cover (%) 0.000012b 5.0 � 10�6 7.1

Total forest basal area (m2/ha) �0.44a 0.18 4.5 �0.39a 0.12 10.8

Amount of deadfall (index) �1.4a 0.48 10.4 �0.46 0.14 12.1

Slope (8) �0.040 0.020 2.9 �0.0021b 0.00063 14.7

Distal factor

Number of days after snowmelt �0.012 0.0038 8.9 �0.053 0.0066 60.6

Number of days after snowmelt (squared) 0.00027b 0.000045 28.2

Statistics

G2 (d.f.) 368 (2 � 103) 841 (2 � 103)

P 1.00 1.00

R2
L 0.84 0.71

n 1,689 2,104

a Coefficient is for data transformed by ln(x þ 1).
b Coefficient is for data transformed by (x)2.
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ploited. Otherwise, individual digs where a cache had been

exploited were substantially wider than digs where a nest had

been found (3.6 6 0.15 dm versus 3.0 6 0.12 dm, respectively).

Mean depths of digs for nests (1.5 6 0.04 dm) and caches (1.5 6

0.03 dm) were nearly identical.

Consistent with the previous results, odds that bears found

pocket gopher nests or food caches in individual digs were

strongly related to excavated volumes (Table 4; Fig. 5). At any

given volume, bears were more likely to have found and

exploited a cache than a nest, although the probability of

finding both declined relative to unit increases in sizes of

excavations (Fig. 5A). Otherwise, the odds of finding a nest in

a dig were greatest on sites with abundant Deschampsia
cespitosa and Elymus and following dry winters (Fig. 5D).

Caches were more likely to be found in wide digs at high

elevations early in the year or during wet months that followed

2 dry months (Fig. 5). Precipitation during the current month,

date, and volume of excavation had the greatest individual

effects on odds of finding a cache.

DISCUSSION

Although grizzly bears have morphological features that

facilitate efficient digging (e.g., long claws, large suprascapular

muscles, and large postscapular fossa—Davis 1949; Herrero

1978), these features are not well developed compared with

other species that specialize in scratch digging (Mattson 1998).

Even so, excavated foods are a distinguishing feature of grizzly

bear diets (Herrero 1985; Mattson 1998). Given that the

energetic demands of digging are high (Hildebrand 1985) and

that grizzly bears lack well-developed physical adaptations,

bears likely compensate behaviorally by digging at times and

places when costs are low and benefits high. As elaborated in

the following sections, this analysis showed that grizzly bears

were highly selective when exploiting subterranean foods.

How important are pocket gophers to Yellowstone grizzly
bears?—Yellowstone’s grizzly bears frequently sought out and

exploited pocket gophers during spring, consuming both

gophers and vegetal foods that the gophers had cached.

Consistent with hypothesis 1, food caches were a primary

source of energy. This was partly reflected in the extent to

which grizzly bear foraging was sensitive to the availability of

caches. The frequency and size of excavations by bears

declined after May, commensurate with a precipitous drop in

their success finding caches. This decline in use occurred

despite continued success finding nests, and even despite an

increase in the apparent rate at which they consumed pocket

gophers from or near exploited nests. This interpretation is

consistent with the finding that pocket gopher remains in

grizzly bear feces during spring were less frequent (1–4%) than

putative food cache residues (3–9%). The only evidence for an

effect of parturition on vulnerability of gophers was the greater

success of bears in finding nests with progression of the

growing season. Otherwise, in contradiction to hypothesis 4,

grizzly bears did not increase their exploitation of nests during

or shortly after peak parturition among gophers, nor was the

apparent reward per nest greatest at that time.

Conditions profitable for exploiting pocket gophers were

apparently widespread only during spring and were restricted to

fewer favorable microsites thereafter. Most likely, this was

TABLE 3.—Multiple regression models relating explanatory factors associated with site features or weather to total volume of excavations and

total number of pocket gopher food caches or nests exploited by Yellowstone grizzly bears at feeding sites, 1986–1992. ß refers to an estimated

parameter and � to change in AICc with deletion of the corresponding variable. Models were specified for numbers of nests or caches (y)

transformed by (y þ 0.5)0.5.

Explanatory variable or statistic

Total volume of excavations (dm3) Number of nestsa Number of food cachesa

ß SE � ß SE � ß SE �

Constant 10.0 1.4 0.11 0.16 1.8 0.19

Proximal factor

Spring beauty abundance (index) 0.97b 0.24 4.7 0.37b 0.12 1.7

Elymus abundance (index) 0.023a 0.0079 1.6

Slope (8) 0.0024a 0.00095 0.5

Total volume of excavations (dm3) 0.00029 0.000029 21.8 0.00026 0.000038 15.9

Total volume of excavations (dm3; natural log) 0.26b 0.032 30.9 0.33b 0.046 17.5

Depth of excavations (dm) �0.10a 0.022 6.9 �0.43 0.12 3.9

Distal factor

Number of days after snowmelt �0.59b 0.10 11.4

Total winter precipitation (cm) �1.2b 0.44 1.2

Cumulative 2-month precipitation (cm) �0.0044a 0.0017 0.7

Current month precipitation (cm) 0.31b 0.13 0.6

Statistics

F (d.f.) 15.1 (5, 140) 97.9 (4, 130) 63.8 (5, 130)

P ,0.0001 ,0.0001 ,0.0001

R2 0.35 0.75 0.71

n 146 135 136

a Coefficient is for data transformed by (x)2.
b Coefficient is for data transformed by ln(x þ 1).
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because, after May, number of food caches declined, difficulty

of excavation increased, and burrowing by pocket gophers

deepened (see below—Turner et al. 1973). Excavations by

grizzly bears also tended to deepen during the growing season

but, at their deepest, averaged only ;2 dm. Most caches were

shallower than this (Barnes et al. 1980; Teipner et al. 1983).

Conversely, most runways and nests were much deeper (3–15

dm), especially after soils thawed and dried (Barnes et al. 1980;

Moore and Reid 1951; Teipner et al. 1983; Turner et al. 1973).

Thus, in contradiction to aspects of hypothesis 5, bears dug no

deeper for nests than for caches. These patterns suggest that

grizzly bears exhausted available caches at the same time that

gophers were reducing their caching activity and beginning to

burrow deeper. This would have predictably resulted in major

declines in the energetic rewards of pursuing pocket gophers

and pocket gopher food caches.

Although pocket gophers and pocket gopher food caches

generally were not a major source of energy and nutrients for

Yellowstone’s grizzly bears, they were a consistent food that

composed a sometimes substantial part of bears’ diets during

April and May. In 1980 and 1988, putative food caches alone

composed over a 10th of spring fecal contents. More

significantly, exploitation of pocket gophers composed ;20–

25% of all feeding activity by grizzly bears during spring. For

this reason alone, the open habitats favored by bears for

exploiting pocket gophers were important as a location of

concentrated springtime grizzly bear activity. Managers de-

siring to minimize encounters between grizzly bears and

humans should consider these habitats when designing

conservation plans.

How does weather affect exploitation of pocket gophers?—
Consistent with hypotheses 2 and 3, the dynamics of snowpack

accumulation and melt apparently affected exploitation of

pocket gophers by grizzly bears more than any other suite of

factors. Snowpack in most areas where grizzly bears exploited

pocket gophers reached depths of about 1 m in late March and

early April, with exploitation of pocket gophers beginning as

terminal melt started in late April. At that time, I observed

bears digging through .5 dm of snow, precisely targeting nests

and food caches on the ground below. Levels of exploitation

and success at finding caches peaked for bears during snow-

melt, dropping sharply as soon as snowmelt was complete.

No doubt, this pattern reflected both peak availability of pocket

gopher food caches and peak vulnerability of caches and

gophers to grizzly bears (Ingles 1952; Turner et al. 1973;

Youmans 1979). Moreover, soils saturated by snowmelt were

much easier to excavate than soils any other time of year.

Consistent with hypothesis 6, grizzly bears were least

successful in finding nests and made the smallest excavations

after wet winters. Assuming that number of nests was positively

correlated with number of pocket gophers, this result probably

reflected declines in pocket gopher populations subjected to the

stresses of a deep persistent snowpack. On the other hand, small

excavations also could have been caused by pocket gophers

remaining longer at shallow depths because of prolonged

snowmelt and the resulting prolonged saturation of soils.

Residual to the effects of snowpack and snowmelt, grizzly

bears exploited more caches or were more successful in finding

caches in individual excavations during the wettest months of

the growing season. This ancillary effect could be attributed to

TABLE 4.—Logistic regression models relating explanatory factors to the log odds that pocket gopher nests or food caches were found by

Yellowstone grizzly bears in an individual excavation, 1986–1992. ß refers to an estimated parameter and � to change in AICc with deletion of the

corresponding variable. Statistics are for goodness-of-fit tests.

Explanatory variable or statistic

Log odds

Nest present Food cache present

ß SE � ß SE �

Constant 19.2 6.6 �8.2 1.2

Proximal factors

Volume of individual excavation (dm3) 0.54a 0.064 74.7 0.61a 0.082 55.7

Width of individual excavation (dm) 1.1a 0.26 16.6

Deschampsia cespitosa abundance (index) 0.041b 0.013 7.0

Elymus abundance (index) 0.22 0.070 8.0

Elevation (m) 6.5a 1.8 11.1

Distal factors

Total winter precipitation (cm) �1.3 0.50 6.1

Current month precipitation (cm) 2.2a 0.28 85.4

Cumulative two-month precipitation (cm) �0.095 0.033 6.4

Julian date �5.6a 0.78 70.2

Statistics

G2 (d.f.) 1,159 (1 � 103) 1,182 (1 � 103)

P 0.37 0.90

R2
L 0.29 0.33

n 1,204 1,269

a Coefficient is for data transformed by ln(x þ 1).
b Coefficient is for data transformed by (x)2.
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both greater ease of digging by bears and greater rates of root

caching by gophers. Root caching is positively related to rates

of burrowing (Anderson and MacMahon 1981). Some studies

have shown a positive relation between burrowing and soil

moisture (Kuck 1969; Miller 1948), although this result has

not been universal (Bandoli 1981; Miller and Bond 1960).

Persistent wet soils could also force pocket gophers to store

caches at shallower depths, where bears would be more

successful at finding them.

How do site features affect exploitation of pocket goph-
ers?—Grizzly bears most often exploited pocket gophers in

gently sloping, nonforested valleys. These conditions are

consistent with what is known of the habitat distribution of

northern pocket gophers, including their avoidance of conifer

forests (e.g., Hansen and Beck 1968; Vaughan 1974) because

of the scarcity of subterranean foods (Anderson and Mac-

Mahon 1981).

Consistent with hypothesis 7, exploitation of pocket gophers

by Yellowstone grizzly bears was positively associated with on-

site abundance of preferred root foods, especially spring beauty.

Spring beauty is a substantial part of pocket gopher food caches

wherever it occurs (Aldous 1945; Stuebe and Anderson 1985;

Tryon 1947; Youmans 1979). Moreover, spring beauty’s

ephemeral stems desiccate and virtually disappear shortly after

snowmelt. Spring beauty might have indicated not only sites but

also times that favored grizzly bear foraging on gopher food

caches. Yampah and oniongrass were also positively associated

with sites where grizzly bear exploited pocket gophers. Like

spring beauty, oniongrass and yampah are often important parts

of pocket gopher food caches (Aldous 1945; Barnes et al. 1980;

Moore and Reid 1951; Tryon 1947; Turner et al. 1973;

Youmans 1979). Moreover, oniongrass was the most common

FIG. 2.—Monthly diet and activity related to consumption of pocket

gophers or their food caches by Yellowstone grizzly bears: A) sites

where signs of pocket gopher exploitation were observed as

a proportion of all feeding sites, 1977–1992, and mean total volumes

and depths of excavations, 1986–1992; B) mean number of caches

exploited at a feeding site and proportion of individual diggings with

signs of a food cache, 1986–1992; and C) relative frequency of pocket

gophers in grizzly bear feces, 1977–1992, and mean number of nests

exploited at a feeding site and proportion of individual diggings with

signs of a nest, 1986–1992. The period of peak parturition is shown

for pocket gophers. Error bars correspond to 1 SE.

FIG. 3.—Factors related to consumption of pocket gophers or their

food caches by Yellowstone grizzly bears, fortnightly, during spring

and early summer: A) mean snow depth and sites where signs of

pocket gopher exploitation were observed as a proportion of all sites

with feeding activity, 1977–1992, and mean total volume of

excavations, 1986–1992; B) mean number of caches exploited at

a feeding site and proportion of individual diggings with signs of a

food cache, 1986–1992; and C) mean number of nests exploited at

a feeding site and proportion of individual digs with signs of a nest,

1986–1992. The period of peak parturition is shown for pocket

gophers. Error bars correspond to 1 SE.
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part of putative cache residues found in grizzly bear feces during

this study, and abundances of both species are positively

correlated with density of pocket gopher mounds (Youmans

1979).

Other plants, although not important pocket gopher or bear

foods, are known to be affected by gophers or were positively

associated with foraging on pocket gophers by bears during this

study. In particular, biomass of mesic-site species of Elymus
increases with persistent high densities of gophers (Ellison and

Aldous 1952; Laycock and Richardson 1975; Turner et al.

1973). Thus, it is not surprising that high biomass of Elymus
was associated with greatest number of exploited nests and

greatest odds of finding nests in individual excavations. Odds

of finding nests were also high at sites where hairgrass was

abundant. This is consistent with a positive association between

hairgrass and pocket gophers in alpine meadows in Colorado

(Thorn 1982). The explanation for this relation is not obvious,

except that hairgrass is abundant only on open sites and, in

contrast to species such as Carex aquatilis, indicates seasonally

dry rather than persistently wet soil moisture in meadows

typical of the Yellowstone ecosystem (Mattson 1984).

How important were pocket gophers to grizzly bears in
1850?—Grizzly bear and pocket gopher ranges once over-

lapped much more extensively than they do now, suggesting

that relations between grizzly bears and pocket gophers in the

Yellowstone region are a relict of a condition that was once

widespread. Exploitation of pocket gophers by grizzly bears

was probably commonplace in the western contiguous United

States 150 years ago (Brown 1985; Storer and Tevis 1996). If

so, then the widespread extirpation of grizzly bears nearly led

to the loss of unique behaviors associated with unique relations

between gophers and bears.

It is likely that grizzly bears would have exploited pocket

gophers only where seasonally frozen or saturated soils

occurred because vulnerabilities of pocket gophers and their

food caches are tied to snowmelt. If so, exploitation of gophers

would have been restricted either to high latitudes with cold

winters or high elevations with abundant snow. Such con-

ditions are common within the ranges of northern pocket

gophers, Sierra pocket gophers (Thomomys monticola), and

northern or high-elevation populations of pygmy pocket

gophers (T. umbrinus). Conditions most like those associated

with heavy exploitation of pocket gophers by Yellowstone

grizzly bears occur throughout the mountains of Colorado,

Utah, and Wyoming. If restoration of grizzly bears is con-

templated in these regions, pocket gophers should be

FIG. 4.—Univariate and bivariate relations between proportions of sites where Yellowstone grizzly bears excavated pocket gophers or their food

caches, 1977–1992, and A) abundance of spring beauty and yampah at the site, B) forest overstory basal area and amount of coarse woody debris

(deadfall), C) number of days after complete snow melt at Lake Yellowstone weather station, and D) site slope. Gray mesh surfaces show relations

using only telemetry locations of radiomarked bears. Open mesh surfaces show relations using only sites with signs of feeding, including sites not

associated with radiomarked bears. Circles and associated error bars denote proportions and SEs for quintiles and are shown to illustrate goodness

of fit. Filled circles and solid lines are for relations using all activity sites of radiomarked bears. Open circles and dashed lines are for relations

using only sites with signs of feeding or bedding from marked and unmarked bears.
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considered a likely source of food for the bears and included in

habitat evaluations.

ACKNOWLEDGMENTS

Many people made substantial contributions to marking bears and

collecting site data used for this analysis. Of those, a few deserve

special recognition: S. Alt, D. Burrup, L. Cayot, D. Delsordo,

D. Dunbar, G. Green, M. Haroldson, J. Henry, B. Hoskins, C. Hunt,

J. Jonkel, K. Kendall, M. Knapp, J. Orpett, D. Reinhart, B. Schleyer,

E. Shannahan, and R. Swalley. D. Stradley contributed the most of any

to radiotracking marked bears. T. Arundel made the map of pocket

gopher and grizzly bear distributions. R. Knight provided general

supervision for this study. The United States National Park Service,

Wyoming Department of Game and Fish, United States Fish and

Wildlife Service, and United States Forest Service funded data

collection. The United States Geological Survey Forest and Rangeland

Ecosystem Science Center funded completion of this study. I very

much appreciate the generous support, monetary and otherwise, of

M. Collopy, C. van Riper III, and R. Kirby, currently or formerly of

this bureau. Most of this study was conducted prior to the formulation

and institutionalization of animal care and use guidelines. An

Institutional Animal Care and Use Committee approved this study’s

protocols during years when United States federal guidelines ap-

plied (guidelines are summarized at http://www.mammalogy.org/

committees/index.asp).

LITERATURE CITED

ALDOUS, C. M. 1945. Pocket gopher food caches in central Utah.

Journal of Wildlife Management 9:327–328.

ANDERSON, D. C., AND J. A. MACMAHON. 1981. Population dynamics

and bioenergetics of a fossorial herbivore, Thomomys talpoides
(Rodentia: Geomyidae), in a spruce–fir sere. Ecological Mono-

graphs 51:179–202.

AVERY, T. E. 1975. Natural resources measurements. McGraw-Hill,

New York.

BANDOLI, J. H. 1981. Factors influencing seasonal burrowing activity

in the pocket gopher, Thomomys bottae. Journal of Mammalogy

62:293–303.

BARNES, V. G., JR., K. A. FAGERSTONE, R. M. ANTHONY, AND J. EVANS.

1980. Effects of strychnine baiting in forest plantations on pocket

gophers and other small mammals.—Job Completion Report,

Forest–Animal Damage Control Research Project, U.S. Fish and

Wildlife Service, Denver Wildlife Research Center, Denver,

Colorado.

BLANCHARD, B. M., AND R. R. KNIGHT. 1991. Movements of

Yellowstone grizzly bears. Biological Conservation 58:41–67.

BROWN, D. E. 1985. The grizzly in the Southwest. University of

Oklahoma Press, Norman.

BURNHAM, K. P., AND D. R. ANDERSON. 1998. Model selection and

inference: a practical information-theoretic approach. Springer,

New York.

FIG. 5.—Univariate relations between proportion of individual grizzly bear excavations containing exploited pocket gopher food caches or

nests, 1986–1992, and A) volume of the excavation, B) precipitation during the current month, C) Julian date, and D) total winter precipitation.

Circles and associated error bars denote proportions and SEs for quintiles and are shown to illustrate goodness of fit. Filled circles and solid lines

are for relations involving pocket gopher food caches, and open circles and dashed lines are for relations involving nests.

740 JOURNAL OF MAMMALOGY Vol. 85, No. 4



CRAIGHEAD, J. J., J. S. SUMNER, AND J. A. MITCHELL. 1995. The grizzly

bears of Yellowstone: their ecology in the Yellowstone ecosystem,

1959–1992. Island Press, Washington, D.C.

DAVIS, D. D. 1949. The shoulder architecture of bears and other

carnivores. Fieldiana Zoology 31:285–305.

DAWID, A. P. 1979. Conditional independence in statistical theory.

Journal of the Royal Statistical Society B 41:1–31.

DESPAIN, D. G. 1990. Yellowstone’s vegetation: the consequences of

history and environment in a natural setting. Roberts Rinehart,

Boulder, Colorado.

DIRKS, R. A., AND B. E. MARTNER. 1982. The climate of Yellowstone

and Grand Teton National Parks. U.S. National Park Service

Occasional Paper 6.

ELLISON, L., AND A. M. ALDOUS. 1952. Influence of pocket gophers on

vegetation of subalpine grassland in central Utah. Ecology 33:177–

186.

HALL, E. R. 1979. The mammals of North America, Volume 1, 2nd ed.

John Wiley & Sons, Inc., New York.

HAMER, D., S. HERRERO, AND K. BRADY. 1991. Food and habitat use by

grizzly bears, Ursus arctos, along the continental divide in

Waterton Lakes National Park, Alberta. Canadian Field-Naturalist

105:325–329.

HANSEN, R. M., AND R. F. BECK. 1968. Habitat of pocket gophers in

Cochetopa Creek drainage, Colorado. American Midland Naturalist

79:103–117.

HANSEN, R. M., AND A. L. WARD. 1966. Some relations of pocket

gophers to rangelands on Grand Mesa, Colorado. Colorado State

University Agriculture Experiment Station Technical Bulletin 88.

HERRERO, S. 1978. A comparison of some features of the evolution,

ecology and behavior of black and grizzly/brown bears. Carnivore

1:7–17.

HERRERO, S. 1985. Bear attacks: their causes and avoidance. Nick

Lyons Books, New York.

HILDEBRAND, M. 1985. Digging of quadrupeds. Pp. 89–109 in

Functional vertebrate anatomy (M. Hildebrand, D. M. Bramble,

K. F. Liem, and D. B. Wake, eds.). Harvard University Press,

Cambridge, Massachusetts.

HOLCROFT, A. C., AND S. HERRERO. 1984. Grizzly bear digging sites for

Hedysarum sulpherescens roots in southwestern Alberta. Canadian

Journal of Zoology 62:2571–2575.

HOSMER, D. W., AND S. LEMESHOW. 2000. Applied logistic regression,

2nd ed. John Wiley & Sons, Inc., New York.

INGLES, L. G. 1952. The ecology of the mountain pocket gopher,

Thomomys monticola. Ecology 33:87–95.

JOHNSON, D. H. 1999. The insignificance of statistical significance

testing. Journal of Wildlife Management 63:763–772.

KNIGHT, R. R., AND L. L. EBERHARDT. 1985. Population dynamics of

Yellowstone grizzly bears. Ecology 66:323–334.

KUCK, L. E. 1969. The effects of northern pocket gophers on

reforestation: activity and movements. M.S. thesis, University of

Idaho, Moscow.

KYBURG, H. E. 1969. Probability theory. Prentice-Hall, Inc., Upper

Saddle River, New Jersey.

LAYCOCK, W. A., AND B. Z. RICHARDSON. 1975. Long-term effects of

pocket gopher control on vegetation and soils of a subalpine

grassland. Journal of Range Management 28:458–462.

MATTSON, D. J. 1984. Classification and environmental relationships

of wetland vegetation in central Yellowstone National Park. M.S.

thesis, University of Idaho, Moscow.

MATTSON, D. J. 1997a. Use of lodgepole pine cover types by

Yellowstone grizzly bears. Journal of Wildlife Management 61:

480–496.

MATTSON, D. J. 1997b. Selection of microsites by grizzly bears to

excavate biscuitroots. Journal of Mammalogy 78:228–238.

MATTSON, D. J. 1998. Diet and morphology of extant and recently

extinct northern bears. Ursus 10:479–496.

MATTSON, D. J. 2000. Causes and consequences of dietary differences

among Yellowstone grizzly bears (Ursus arctos). Ph.D. dissertation,

University of Idaho, Moscow.

MATTSON, D. J., B. M. BLANCHARD, AND R. R. KNIGHT. 1991. Food

habits of Yellowstone grizzly bears, 1977–87. Canadian Journal of

Zoology 69:1619–1629.

MATTSON, D. J., AND T. MERRILL. 2002. Extirpations of grizzly bears in

the contiguous United States, 1850–2000. Conservation Biology

16:1123–1136.

MCDONOUGH, W. T. 1974. Revegetation of gopher mounds on aspen

range in Utah. Great Basin Naturalist 34:267–275.

MILLER, M. A. 1948. Seasonal trends in burrowing of pocket gophers

(Thomomys). Journal of Mammalogy 29:38–44.

MILLER, R. S. 1964. Ecology and distribution of pocket gophers

(Geomyidae) in Colorado. Ecology 42:256–272.

MILLER, R. S., AND H. E. BOND. 1960. The summer burrowing activity

of pocket gophers. Journal of Mammalogy 41:469–475.

MOORE, A. W., AND E. H. REID. 1951. The Dalles pocket gopher and

its influence on forage production of Oregon mountain meadows.

U.S. Department of Agriculture circular 884.

MURIE, A. 1981. The grizzlies of Mount McKinley. U.S. National Park

Service Science Monograph Series 14.

PEARSON, A. M. 1975. The northern interior grizzly bear Ursus arctos
L. Canadian Wildlife Service Report Series 34.

PHILLIPS, M. K. 1987. Behavior and habitat use of grizzly bears in

northeastern Alaska. International Conference of Bear Research and

Management 7:159–167.

PRITCHARD, G. T., AND C. T. ROBBINS. 1990. Digestive and metabolic

efficiencies of grizzly and black bears. Canadian Journal of Zoology

68:1645–1651.

REID, D. G., C. J. KREBS, AND A. J. KENNEY. 1997. Patterns of predation

on noncyclic lemmings. Ecological Monographs 67:89–108.

SALMON, W. C. 1984. Scientific explanation and the causal structure of

the world. Princeton University Press, Princeton, New Jersey.

SHIDELER, R., AND J. HECHTEL. 2000. Grizzly bear. Pp. 105–132 in The

natural history of an arctic oil field (J. C. Truett and S. R. Johnson,

eds.). Academic Press, San Diego, California.

STELMOCK, J. J., AND F. C. DEAN. 1986. Brown bear activity and

habitat use, Denali National Park—1980. International Conference

of Bear Research and Management 6:155–167.

STORER, T. I., AND L. P. TEVIS, JR. 1996. California grizzly. University

of California Press, Berkeley.

STREUBEL, D. 1989. Small mammals of the Yellowstone ecosystem.

Roberts Rinehart, Boulder, Colorado.

STUEBE, M. M., AND D. C. ANDERSON. 1985. Nutritional ecology of

a fossorial herbivore: protein N and energy value of winter caches

made by the northern pocket gopher, Thomomys talpoides.

Canadian Journal of Zoology 63:1101–1105.

TEIPNER, C. L., E. O. GARTON, AND L. NELSON, JR. 1983. Pocket

gophers in forest ecosystems. Intermountain Forest and Range

Experiment Station, Ogden, Utah, U.S. Forest Service General

Technical report INT-154.

THORN, C. E. 1982. Gopher distribution: its variability by Braun–

Blanquet vegetation units in the Niwot Ridge alpine tundra zone,

Colorado Front Range, U.S.A. Arctic and Alpine Research 14:45–51.

TRYON, C. A., JR. 1947. The biology of the pocket gopher (Thomomys
talpoides) in Montana. Montana State College Agricultural

Experiment Station, Bozeman, Technical Bulletin 448.

August 2004 741MATTSON—GRIZZLY BEARS AND POCKET GOPHERS



TURNER, G. T., R. M. HANSEN, V. H. REID, H. P. TIETJEN, AND A. L.

WARD. 1973. Pocket gophers and Colorado mountain rangeland.

Colorado State University Experiment Station, Fort Collins,

Bulletin 554S.

VAUGHAN, T. A. 1974. Resource allocation in some sympatric

subalpine rodents. Journal of Mammalogy 55:764–795.

WARD, A. L., AND J. O. KEITH. 1962. Feeding habits of pocket gophers

on mountain grasslands, Black Mesa, Colorado. Ecology 43:744–

749.

WEISBERG, S. 1985. Applied linear regression, 2nd ed. John Wiley &

Sons, Inc., New York.

YOUMANS, C. C. 1979. Characteristics of pocket gopher populations in

relation to selected environmental factors in Pelican Valley, Yellow-

stone National Park. M.S. thesis, Montana State University, Bozeman.

Submitted 28 February 2003. Accepted 30 July 2003.

Associate Editor was John G. Kie.

742 JOURNAL OF MAMMALOGY Vol. 85, No. 4


