Elizabeth J. Dyni" and Eric Yensen,” Department of Biology and Museum of Natural History, Albertson College,
Caldwell, Idaho 83605 USA

Dietary Similarity in Sympatric Idaho and Columbian Ground Squirrels
(Spermophilus brunneus and S. columbianus)

Abstract

We studied diets ol Spermophilius brummens, a rare endemic species, and 8. columbianas, a larger, widespread potential competi-
Lo in two areas where (hey were sympatric o learn if competition for food might be a factor in 5. brusinews’ rarily. Because the
diet of 5. Breomens was unknown, we also wished to determine if dietary specializations might explain the species” limited
distribution. Vegetation at the study siles was sampled using a point frame melhod. Fecal pellets were collected from live-trapped
squirrels and analyzed using a micrehistological twehniyue: plant parts (leaves/stems, seeds/lowers. roots/bulbs) were tallicd as
separate calcgories for each specics. At the two siles, 5. brunnens consumned 43-50 species of plants in 53-75 categories, although
only 18-20 calegories comprised >1% of the dict and only 5-7 compriscd »5%. Similarly, S. columbianus consumed 53-5% plant
species in 74-75 categories; only 10-17 categories comprised »1% of the diet and only 4-6 comprised >5%, Idaho and Columbian
ground squirrel diets were 30-52% similar at a site. whercas each species” dict was only 23-37% similar between sites. Diets were
not correlated with plant abundance in the habitat, indicating (hat diet selection was taking place. The diet of S. brunneus appears
typical of ground squirrels of the subgenus Spermaphifus. Both species wtilized similar resources. and habitat segregation prob-
ably accounted lor most of the observed dietary differences. The results sugeest that dietary overlap with 5. cofiunbianas relegales
S, briwrnens 10 less productive habitats and is a factor in 8. brunneus’ rarily.

Introduction lished data) and thus would have an advantage in
an aggressive interaction. Optimal foraging studies
of S. columbianus found that they attempt to
maximize energy intake rather than maximizing
nutricnt intake or minimizing feeding time
(Belovsky 1986, Ritchie 1988, Ritchie and
Belovsky 1990). If S. brunneus followed a simi-
lar strategy, and if diets were similar, then in or-
der for the two species to coexist sympatrically
we would predict that the larger species would
utilize the most productive habitats, and relegate
Ground squirrels of the subgenus Spermophilus the smaller species 10 habitats too unproductive
have similar diets and habits, and their geographic for the larger competitor.
distributions are almost always allopatric or
parapatric (Howell 1938, Durrant and Hansen
1954, Turner 1972, Hall 1981). However, through-
out much of its 125 x 90 km geographic range in
west-central Idaho (Yenscn 1991, the endemic
Idiho ground squirrel is sympatric with the widely-
distributed Columbian ground squirrel (8.

The Idaho ground squirrel (Spermophilus
brunneus) i1s one of the rarest North American
mammals. It has the smallest geographic range
of any Spermophilus, and certainly one of the
smallest ranges among North American mainland
mammals (maps in Hall 1981), Further. it is rare
within its limited range (pers. obs.). This research
was part of an effort to determine why S. brunneus
is so rare,

Consistent with this expectation, in Adams
County, Idahe, Columbian ground squirrels oc-
cupy mesic meadows. forest edges, sparsely-tim-
bered areas with open canopies, and ficlds, but
do not oceur in the more sparsely vegetated, rocky,
xeric meadows with shallower seils associated
with S. brunneus. Some meadows have both xe-

columbianuts). ric and mesic vegetation as a result of a mixture
Columbian ground squirrels are about one and of deeper and shallower sotls, and in these the
a half times as large as Idaho ground squirrels two species may occur adjacent to each other, with
thead and body 245-300 mm vs. 160-190 mm) S. columbianits always in the more mesic habi-
and two to three times us massive (450 vs. 170 g, tat. Plant species composition differs gtrlk]ng]y
lean weight of adult males; E. Yensen, unpub- in the mesic and xeric portions of the meadow,
- with xeric areas having obvicusly less total plant
‘Present address: Box 1663, Eastsound. WA 08245 cover, fewer grasses, more forbs, and plants of
“Address for reprints and correspondence. shorter stature (E. Yensen, unpublished data).
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At meadows with both species, we have occa-
sionally observed them foraging within a few
meters of each other in ecotones, and we have
also observed individuals of each moving up to
100 m from nest burrows to forage. Thus, both
species potentially had access to the same re-
sources, although in actuality there was habitat
segregation with only a small area of overlap (<500
m?2).

The only published information on Tdaho
ground squirrel diets is one anecdotal foraging
observation (Davis 1939:184). Columbian ground
squirrels cat mostly grasses, herbs, fruits, and bulbs
(Howell 1938). In central [daho, Lambeth and
Hironaka (1982) found 43 species in their diet,
of which silky lupine {Lupinus sericeius), yarrow
(Achillea millefolium), grusses and sedges were
the most important, whereas Elliott and Flinders
(1985) found balsamroot (Balsamorhiza
saggittata). yarrow (Achillea millefolium), clo-
ver { Trifolium spp.), fleabane (Erigeron speciosus),
silky lupine (Lupinus sericeus). alpine timothy
(Phlewm alpinum) and bluebunch wheatgrass
(Agropyron spicatum) were mosl important, In
British Columbia, clover (Trifolium dubium),
bentgrass (Agrostis alba), Kentucky bluegrass (Poa
pratensis), and dandelion (Taraxacum officinale)
comprised 98% of the diet (Harestad 1986).

The purpose of this investigation was to de-
termine if indeed Idaho and Columbian ground
squirrels had similar diets in areas where they co-
occur as a step toward understanding the rela-
tions between the two species in areas of poten-
1ial competition. A secondary goal was to determine
it S. brunneus had any dietary specializations that
might be responsible for its restricted distribution.

Study Sites

Two sites approximaiely 35 and 45 km NW of
Council, Adams Co.. Tdaho where 8. brunneus
and S. columbianus foraged in close proximity
were selected for study.

“Huckleberry” This site (Fig. 1) was ina 10-
ha meadow surrounded by ponderosa pine (Pinus
ponderosa). Douglas-lir (Pseudotsuga menziesii),
and grand [ir (Abfes grandis) forest and was lo-
cated 1.6 km N, 1.6 km E of Bear Guard Station.
Adams Co.. Idaho (45°05°N, 116°37'W, 1490 m
elev.). The lower (southern) portion of the meadow
was inhabited by Columbian ground squirrels, had
soils »2 m deep, and was dominated by grasses
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and associated forbs. In the upper meadow there
was a series of low, xeric, rocky ridges with shal-
low soils generally <1 m deep and intervening
grassy swales that were inhabited by ldaho ground
squirrels, There was a sharp contrast in vegeta-
tion cover between the xeric and mesic areas in-
habited by the two species. Squirrel trapping and
vegetation analysis were done in an area of ca. 2
ha that included both habitat types and the eco-
tone. The site was grazed by cattle in late sum-
mer. (See Yensen et al. [1991] for additional site
description).

“Squirrel Valley.” This site (Fig. 2) was at the
SE edge of a 5 km? meadow between Bear and
Steve’s Creeks, 1 km S and 1 km E of Bear townsite
(45°00°N, 116°39°W, 1320 m elev.). The study
site spanned Steve’s Creek. Columbian ground
squirrels occupied most of the creck bottom and
hillside to the east. The soils in the area occupied
by S. columbianus were >2 m deep and the area
supported a lush growth of mostly native and a
few introduced grasses and forbs. Just east of the
study site boundary was a hayfield with alfalfa
(Medicago sativa). In the bottom west of the creck
was an ecotone occupied by both species of ground
squirrels. Further west was a steep bank about 8
m tall with well-drained, gravel soils. Abhove this
was a grassy swale on shallower soils (<1 m deep
to a clay layery which supported a dense Idaho
ground squirrel population. The vegetation analysis
and squirrel trapping were done in an area of ca.
3 ha that included areas occupied by both squir-
rel species and an ecotone. The site was on a cattle
ranch, and was moderately grazed at intervals
throughout the growing season. Native vegeta-
tion had been partly replaced with introduced
pasture grasses. There was much less contrast in
vegetation structure or composition between the
areas occupied by the two species of ground squir-
rels than at Huckleberry.

Methods

Ground squirrels were trapped using unbaited 14
x 14 x 41 ¢m Tomahawk traps or burrow entrance
traps (Wobeser and Leighton 1979) set at burrow
openings immediately after a squirrel’s entrance.
All other openings to the burrow system were
blocked until the squirrel emerged into the trap.
Trapped squirrels were weighed, marked with
monel fingerling tags, and age (juvenile, yearling,
or adult when these could be distinguished}), sex,




Figure 1. Map of Huckleberry study site, Adams Co.. west-central Idaho showing capture locations of Spermophilus brunneus
(circles} and 8. coftembianus (squares) for fecal peilet analysis. Cross-hatching indicates an arca where both species
foruged. although burrow locations were in ureas separated by the dashed line; IGS = Tdaho ground squirrel area, CGS
= Columbian ground squirrel area. The shaded area indicates forested arcas: forest also occurs south of (he road. but is
not shown, The twoe ridges tupper right) have shallow soils and xeric vegetation.

reproductive condition, and trap location were
noted. Fecal pellets were collected from each
animal and stored in paper envelopes with salt
until processed. Voucher specimens of 8. brunneus
and §. eolumbianus were deposited in the Albertson
College Museum of Natural History.

Fecal pellets were collected at Squirre] Valley
on 9-17 June 1988 (soon after the pups were
weaned) and at Huckleberry on 30 June-8 July
1988 (prior to onscel of estivation of males).
Huckleberry is at higher elevation and the grow-
ing season lags about two weeks behind Squirrel
Valley (E. Yensen, unpublished data). but at the
time of pellet collection the squirrels’ active sea-
son at Huckleberry was about one to two weeks
more advanced than when pellets were collected

at Squirrel Valley. Both squirrel species have similar
seasonal activity cycles, emerging from hiberna-
tion in latc March or early April and reentering
seasonal torpor in late July or early August, al-
ways within a few days of each other at a site (E.
Yensen and P.W. Sherman, unpublished data).

We collected 181 herburium sheets at Huck-
leberry und 97 at Squirrel Valley as part of a larger
collection of 923 sheets from the general area.
These specimens were deposited in the Harold
M. Tucker Herbarium at Albertson College, Plant
collections at the two sites were made between
28 March-7 August 1987, 26 March-30 July 1988,
and 27 April-6 May 1989, and should be reason-
ably complete inventories of the species at each
site.
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Figure 2. Map of Squirrel Valley study site, Adams Co., west-central Idzho showing capture locations of Spermopiiluy brunneus
{eicles}y and S, colwnbianas (squares) for fecal pellet unalysis. Cross hatching indicates an area where both species
feraged. although burrow locations were in areas separated by the dashed line; IGS = Idaho ground squirrel area, CGS
= Columbian ground squirre] area. Vertical hatching indicates a sieep bank up to § m tall.

In the Taboratery, each group of pellets from a
single squirrel was soaked in water 5-15 min to
reinove salt, diluted with water, and homogenized
1 min in a Waring blender. Following Hansen's
(1978) method, the homogenate was washed
through a | mm sicve and collected below on a
0.1 mm sieve. A portion of the homogenate was
placed on each of five microscope slides, cleared
with Hertwig’s solution, and mounted using
Hoyer’s medium (Sparks and Malechek 1968).

Plant species in the diet were identified using
microhistological characters by compatisons to
4 collection of reference slides of leaves/stems,
flowers, secds, and roots. These were prepared
from mounted, catalogued specimens in the Harold
M. Tucker Herbarium at Alberison College us-
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ing the technique above. The plant specimens used
were collecled at the study sites or in the general
areq, and the sheets were so annotated. Botanical
taxonomy and nemenclature follows Hitchcock
and Cronquist (1973).

Plant fragments in fecal samples were identi-
fied and calegorized as leaves/stems, flowers,
seeds, and roots/bulbs. Frequency of occurrence
of food categories was recorded from 20 micro-
scope tields per slide using a phase-contrast mi-
croscope at 100X. Five slides were examined per
fecal cluster. Frequency of items in 100 fields was
then converted to percent relative density (Sparks
and Malechek 1968) using a table developed for
frequency-to-density conversion {Fracker and
Brischle 1944). Accuracy and precision of the




technique were calibrated using test slides with
known mixtures of plant species found at the sites
{Holechek and Gross 1982). Accuracy of identi-
fication of slide contents was >99% and preci-
sion of frequency of items averaged 90.9% (83-
96%, s=4.02% in 35 tests.

After collecting the fecal pellets, vegetation
at each site was sampled using a point frame
method which measurcd cover at 36 points in a
0.5 x 1 marea (Floyd and Anderson 1987}. Four
to six lranscets were established which crossed
each area where foraging squirrels had been cap-
tured {(hercafier, Idaho ground squirrel area,
Columbian ground squirrel area). Peint frame
sampling was done at 8-11 random intervals on
each of the transccts.

Dictary preferences were analyzed by com-
parison of a plant species” rank order of abun-
dance in the diet with its abundance in the veg-
etation sampling, This was done for all species
with >1% importance values in the vegetation
analysis. However, we did not use Johnson’s ( L9803}
rank preference indices because of the large number
of rare dictary categories which could not be re-
liably ranked.

Dietary and vegetation similarity were quan-
tified using the Bray-Curtis similarity index (C=2w/
a+b) with a computer routine provided in Ludwig
and Reynolds (1988). SYSTAT 5.0 (Wilkinson
1990) was used for statistical analyses: P<0.05
was accepted as the level of statistical significance.

Results

Vegetation Analysis

We recorded 98 species of vascular plants from
Squirrel Valley and 125 species from Huckleberry.
Ounly 38 species occurred at both. a 34.1% simi-
larity in species composition between sites.

Al Squirrel Valley, the Columbian ground squir-
rel area was dominated by grasses (graminoid
importance vilue = 70.4) with 96% total plant
cover (Table 1). The ldaho ground squirrel area
had fewer grasses (importance value = 56.2) but
more forbs {42.1) and high total plant cover (91%).
At Huckleberry, the contrast between Idaho and
Columbian areas was greater. The Columbian area
was again dominated by grasses (62.7) with 97%
cover, while the Idaho ground squirrel area had
fewer grasses {33.1) and less cover (59%).

At Squirrel Valley, the vegetation of areas oc-
cupied by 5. brunneus and 8. columbianus were
more similar (52%j) than at Huckleberry (3%,
Correspondingly, the lush meadows vsed by
Columbian ground squirrels at Huckleberry and
Squirrel Valley were 37% similar. whereas the
Idaho ground squirrel areas at the two sites were
only 25% similar. Thus, the mesic areas used by
S. columbianus were more similar to each other
at the two sites than the xeric areas used by S,
brunneus.

The Columbian ground squirrel areas were flo-
ristically less diverse. They had about half as many
species in the vegetation analysis as areas occu-
pied by Idaho ground squirrels (25 vs. 32 species
for Squirrel Valley and 17 vs. 35 at Huckleberry),
Point frame sampling found only one species (Poa
praetensis/compressa) common to all four areas

{Table 1}.

Diet Analysis

We analyzed fecal pellets from 49 ground squir-
rels: 14 5. brunneus and 12 8. columbianus from
Huckleberry and 12 and 11 individuals, respec-
tively. from Squirrel Valley. Four S. brunneus and
wo S. eolumbiarus from Huckleberry were
sampled from the common foraging area, as were
two of each species at Squirre]l Valley (Figs. 1
and 2).

There were a mimmum of 68 specics belong-
ing to 35 genera of plants in the fecal pellets of §.
brunneus and S. columbianus at the two sites.
Including the leaves/stems, flowers, seeds, and
roots/bulbs of each species as separate catego-
ries. and adding insects, fungi, bryophytes. and
Equiserum sp., we found a total of 141 food cat-
egories in the {ecal pellets (Table 2; a complete
list is available from the authors).

At Squirrel Valley, 5. columbianus had a more
diverse diet (74 categories and 58 plant species
in the fecal samples) than S. brunneus (55 cat-
egories and 45 plant species). Leaves of two bunch
grasses, Foa bulbosa and Bromus commutatus/
fectorum, were important for both species, as were
Asteraceae seeds. and leaves of lupine and al-
falta (Table 2).

At Huckleberry, each species of squirrel con-
sumed 73 dietary categories, consisting of a mini-
mum of 50 and 52 plant species for S, brunneus
and 8. columbianus, respectively (Table 2). Seeds
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TABLE 1. Vegelation analysis of areas used by Idaho (IGS) and Columbian greund squirrels (CGS) at two study sites in Adams
Co., [dgho. Data are importance values from point frame sampling. Specics with importance values <1 are not listed.
but arc included in totals.

Squirrel Valley Huckleberry

Species 1GS CGS 1GS CGs
ARropyvron cristatim 2.59 — - —
Agropyron intermedins 378 14.60 — 1.40
Agropyron spicatunt — 1.64 — —
Agrostis tenuis — — 5.51 —
Bromus commitaties 2.92 1.86 2.12 —
Bromus inermis 2,36 10.09 4.82 —
Festuca oving 3.63 — — —
Koeleria nitida 112 — — —
Phleun praiense 4.64 — — —
Pou praetensis/compressa 13.57 27.49 .66 14.22
Poa bulbosa 8.44 10.63 4.71 —
Poa seabrella — 4.61 —
Foa sp. 3.76 — — —
Stipa columbiana — 3.06 2.80 25.14
Siranion jubarum 1.12 — — —
Carex spp. — 0.81 — 14.09
Juncus spp. 4.13 — 251 7.09
Total Graminoids 36.22 70.39 23.06 62.65
Achillea millefolium 1.80 1.52 6.36 —
Altium tolmiel — — 1.83 —
Antermaria spp. 217 — 4.72 —
Balsamorhiza sp. 1.97 — — —
Cirsium spp. — 042 [ 1.58
Clurkic pudchella 1.31 — — —
FErigeron pumilus — — — 3.87
FErigeron sp. 242 2.07 — —
Eriogonum heracleoides — — — 6.18
Eriogommi sphacrocephalum — — 7.64 —
Ertogonn umbetlanom — — 4.05 —
Frasera albicauliy 111 — 1.26 —
Geavophviam diffusim — — 7.31 0.89
Geranitn viscosissimum — 3.84 — 4.58
Lomaticom gravi — — .76
Lupinuy laxiflorus 272 — — —
Lapinus leucophyitus 1.43 0.94 — —
Madia gracilis — — 1.44 —
Microseris sp. 1.68 — — —
Navarreria iniertexia — — 1.44 —
Penstemon spp. B — — 2.11
Paientilta glandulosa 0.87 — 1.54 -
Poteniilla gracilis 14,26 12,16 0.77 11.95
Potentilia recta — — 5.41 2.80
Potentifla sp. seedlings — — 3.68 —
Sedum stenopetaliun — — 1.83 —
Siddaleea oreganu 1.11 0.48 3.65 —
Spergularia rubra — - 2.03
Taraxacun: spp. — — — (.71
Total forbs 42.11 2485 65.40 37.41
Svmphorocarpus oreophttus — 252 0.48 —
Tutal shrubs 1.73 294 0.48 —
Eguisetuni sp. — 188 — —
maoss — — 1.07 —
Total non-vascular — 1.88 1.07 —

TOTAL 100.06 100.06 100.01 100.06
Total cover (%) 91.23 96.42 59.03 97.05
Total species 52 25 35 17
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TABLE 2. Food categories comprising >1% of diet of [daho greund squirrels (IGS) and/or Columbian ground sguirrels (CGS)
at two study sites in Adams Co., Idaho. Symbeols: + = <0.1%., Iv = leaves, st = stems., fl = flowers. Because o omitted
categories. totals may be higher than sum of amounts shown in table. A complete list of dietary categories is availabic
from the authors.

Huckleberry Squirre] Valley
(early July) (early June)
Food Category 1GS CGS 1GS CGS
n 14 12 12 11
Agropyron v 0 0 0 5.6
Bromus commuiaras/Tecrorm v 0.5 0 7.7 12.3
Rromus sp. fliseed 1.5 0.9 0 0.3
Danthonia californica tl/seed 1.9 0 0 0
Poa butbosa 1l 1.9 09 214 19.6
Poa protensis v 0 8.0 1.3 4.0
Poa sp. Iv 0.6 + 0 1.0
Poa sp. 11 + 0.9 2.8 0.4
Stipa sp. seed 17.4 553 0 +
aruss 1l 2.0 0 0 +
Carex sp. [Useed + 20 0 0
TOTAL GRAMINOIDS 26.3 68.4 34,7 435
Allitn sp. Iv + + 23 0
Allivon sp. seed 2.0 + 0 0
Calochortis eurvearpus seed 0 0 1.9 0
TOTAL OTHER MONOCOTS 3.l + 4.2 0
Achiltea millefolivmi v/ 0] 0 0 1.2
Artemisia arbuscrla Wil 0 0 0 L0
Arremisia doviciana v 0 ] 0 22
Erigeron pumilis 1v/st 0 0.6 1.2 0.9
Mandia sp. seed 59 + 0 0
Microseris nigrescens Iv/st 0 0 139 0.2
Tragopogon dubius seed 0 0 4.0 +
Asleraccae sced G4 0.6 8.7 39
Cryptanthe sp. v 0.2 0.1 + 1.3
Cryantha sp. seed 13.6 0.4 + 0
Plagiobothrys scoulert seed 3.3 0 0 0
Descurainia sp. 1v/st + + 0.1 1.2
Scrophulariaceae seed 1% 9.1 0 + 0
Polygonaceue? v 0.5 01 0 2.0
Collomia lineariy flfst 0 0 1.0 0
Colloria tinearis sced 0.6 1.2 0 0.1
Giliv uggregate seed 30 0.3 0 4]
Microsreris nutans 1v/st 0.2 0 1.8 +
Microsreris nurans seed 20 0.3 1.0 1.7
Polemeniaceac seed 1.4 28 { 0
Amelanchier alnifolio |v 0.3 1.8 0 U
Porentilla/Fragaria seed 0 1.8 0 +
Viola sp. 1v/st + 1.4 0.2 0.5
Lupinus sp. lv/st 0 59 9.3 44
Lupinus sp. flfseed 0 + + 8.0
Medicago sp. Iv/st 0 0 7.3 13.2
Lomatium sp, sced 4.5 0.3 0 0
Silene menziesii Iv/st 0 0.2 0 .4
unk 2 Iv 0 0 1.3 0.8
unk 3 root 0 0.4 1.4 0.2
unk 4 root/stem/bulb 1.6 0.1 1.8 +
unk 3 root/stem 0 4] 1.5 [
unk 7 sced 2.8 + + 0
unk 22 dicot tissue 1.2 0 0 0
TOTAL DICOTS 66.2 26.1 36.1 557
insects 4.3 5.4 5.1 0.7
TOTAL MISC. 4.4 54 5.2 0.7
TOTAL 100.0 100.0 100.0 100.0

*Castellefa sp.. Orthocarpus sp.. and/or Penstemaon sp.
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of needlegrass (Stipa sp.) were the only food cat-
egory utilized heavily by both species (Table 2).

The diets of the two species were more simi-
lar to each other at the vegetatively more homo-
geneous Squirrel Valley (52%) than at Huckle-
berry (30%). §. brunneus’ diet was only 10%
similar between sitecs whereas S. columbianus’
diet was 15% similar.

Although both species of ground squirrels at
both sites ate a large number of food categories,
most were present in small quantities. For example,
at Huckleberry, Idaho ground squirrels ate 75
categories of foods, but only 18 comprised >1%
of the diet. and only 5 comprised >5% of the dict
{Table 2). The patterns for Columbian ground
squirrels at Huckleberry and both squirrels at
Squirrel Valley were similar, although Idaho ground
squirels tended to have more food sources com-
prising >1% of the diet {18 and 20) than Columbian
ground squirrels (10 and 17). Only 44 of the 141
{31%) of the food categories were shared between
Squirrel Valley and Huckleberry.

Although the details were different. the two
squirrels consumed similar sets of dietary catego-
ries at Squirrel Valley in carly June. Leaves/stems
were most important, followed by flowers and
seeds. At Huckleberry in late Junc-carly July, both
squirrels also used similar dietary categorics, al-
though Idaho ground squirrels ate more seeds.
roots/bulbs, and fewer leaves/stems, than
Columbian ground squirrels (Table 3).

Within a species at the same site, fecal pellet
content varied considerably from squirrel to squir-
rel. Feod categories sampled from individual squir-
rels varied from 0 to 83% (X=34.39) similar.
Content of fecal pellets of individuasl §.
columbianus was most similar at Huckleberry
{60%) and most dissimilar at Squirrel Valley
(25.4% similarity), whereas similarity among S.
brunneus individuals was low at both sites (27.1%
similarity at Huckleberry and 34.1% at Squirrel
Vallay).

Rank order comparisons of ground squirrel diets
with plant abundance at each site indicated that
although the squirrels fed in small amounts upon
many plant species at each site, they were selec-
tive feeders. There was no correlation (Spearman
r = 0.086, P>{}.5) between a plant species’ rank
in the vegetation analysis and its rank in the diet.
Although several plant specics were common in
the diets. most of these were rare in the habitat,
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TABLE 3. Major patierns of resource utilization {percent-
age use) by ldaho (IGSY und Columbian ground
squirrels (CGS) attwo stody sites in Adams Co..

Idaho.
Huckleberry Squirre] Valley
(early July) (carly June)
Catcgory IGS CGS 1GS CGS
Leaves/stems 34 244 478 57.9
Flowers 5.4 2.4 243 30.1
Seeds 73.6 67.7 18.0 9.6
Roots/bulbs 13.2 .5 4.7 0.2
Insects 4.3 54 A1 0.7
Non-vascular
plants 0.1 0.0 0.1 1.5
TOTAL 100.0 100.9 100.0 100.0

and many werc too rare to appear in the vegeta-
tion analysis. Of the 44 species in the diets, half
{22) had ranks >25 in the vegetation analysis.

Discussion

Vegetation analysis confirmed what was appar-
ent to the eve: Columbian ground squirrels in-
habit areas with more luxuriant vegetation. Ei-
ther squirrel may be able eat plants in the arca
occupied by the other species, but the low den-
sity of food resources may make it unprofitable
for S. coluinbianus to attempt to maximize en-
ergy intake (Belovsky and Schmitz 1994) in more
xeric areas, leaving those areas open to exploita-
tion by S. brunneus with one-third the body mass.
In addition, the shallower soils in the xeric arcas
may not allow enough depth for Columbian ground
squirrel burrows. Foraging at a distance from a
burrow should increase the risk of predation for
a ground squirrel. Thus, the larger Columbian
ground squirrels would have higher energetic re-
quirements and should forage more efficiently and
safely in more productive habitats.

There was no indication of unique dietary spe-
clalization in S. branneus which would suggest
reasons for its rarity. Idaho ground squirrels ate
45 and 50 species of plants at the two study sites,
and the dietary categories differed more between
sites than between ground squirrel species.

Idaho and Celumbian ground squirrels appear
to select the same types of food resources. Of the
49 food categories that comprised =19 of the diet,
37 (75%) were consumed by both specics, de-
spite the differences in plant composition of the
areas and limited sample sizes. Further, the dietary




similarities within and between species and sites
paralleled vegetation similarities. indicating that
more similar resources were consumed when they
were available.

The dietary differences between species thus
appear to be the result of food plant availability
in xeric vs, mesic meadows rather than inherent
dietary preferences. Small pockets of mesic veg-
ctation in the xeric areas gave ldaho ground squir-
rels access to nearly all of the species available
to Columbian ground squirrels. although the
amounts were different. With one exception at
Squirrel Valley, xeric areas were no more than
100 m from the burrow of any Columbian ground
squirrel captured, so they weuld thus have ac-
cess 1o the resources there.

The growing season was about two weeks later
at Huckleberry than Squirrel Valley because of
elevation, but sampling at Huckleberry was done
three to four weeks after Squirrel Villey. This time
difference should not have affected the vegeta-
tion analysis, but the xeric areas at Huckleberry
were alrcady drying out by late June when green
vegetation would have been losing its nutritional
value (Murray et al. 1978), but more sceds were
available. This may cxplain the higher propor-
tion of seeds consumed at Huckleberry. Thus, the
dietary differences between sites was due partly
to season and partly to species composition. Idaho
ground squirrels ate more dicot seeds, roots and
bulbs whereas S. columbianus ate more dicot
leaves, grass seeds and tlowers, and grass leaves
at Huckleberry, but these foods are green longer
in wel meadows (E. Yensen, unpubl. data).
Lambeth and Hironaka (1982) and Elliott and
Flinders {1985) found that Columbian ground
squirrel diets varied considerably from one site
to another, sometimes with litile overlap among
sites.

Both species concentrated on a few impoertant
species, and also ate a little of a great many spe-
cies. Given the high degree of individual dietary
variation (34% similarity), our sample sizes were
too small to determine if the differences among
particular squirrels retlected individual dietary

preferences, or were simply an artefact of the sam-
pling process. However, like other studies of ground
squirrel diets (e.g., Fitch 1948, Hansen and Johnson
1976, Yensen and Quinney 1992), we did not find
any sex- or age-related differences in resource
utilization patterns.

In summary. we found broad dietary overlap
hetween S. brunneus and 8. columbianus suggest-
ing that the two are competitors for the same food
resources. Because of its larger body size, we would
expect 8. columbianus (o win any aggressive en-
counter and thus restrict S. brunnews to less pro-
ductive sites not used by 8. columbianus. How-
ever, many less productive sites lack pockets of
decp, well-drained soils (pers. obs.) needed for
nest burrows (Yensen. et al, 1991), limiting the
number of sites that could be occupied by S.
brunneus. Thus, dietary overlap with S.
columbianus suggests that competition could be
an important factor in S. brunneus” rarity.
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