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Spermophilus brunneus

Abstract

Ldahe ground sequirrels. Spermophilus brunneus. ave associated with shallow, recky soils at most sites in their restricied range in

wesl-central [daho, These soils mav be <30 em deep above bedrock and water=saturated during carly spring. AU three sites in
Adams Co.. Ldaho. all burrow sv=lews in o conliguous arca were excavated using haond ols. Burrows with nests (nest burrows.
= Thwere 30-12T amin maximum depth. 700-2600 cm i lengih. had 3-11 openings. 2-13 branching tunnels. and 1-7 chambers.
Burrows without nests {guxiliary burrows. n = 931 were shorter (15-600 em). shallower 110-15 eml. had fewer entrances (1-8).
fewer hranching tunnels (01, and fewer chambers (0-2) than did nest hurrows. Four tvpes of auxiliary burrows were found: 1) par-
tially spen burrows under shrahs, 21 burrows excavated under large rocks. 31 plunging burrows that descended to a single chamber.
and 1 horizontd burrews similar o shallow pockel gopher hurrow systems. Nest burrows were located in small patches of well-
drained =oils >1 m deep. not in shallow scils: onlv auxiliary burrows were found on shallow soils. Thus although 5. brannews

extensively utilized shallow. rocky seils. nest burrows were placed in adjacent areas with deeper soils,

Introduction

Tdaho ground squirrels. Spermophifus brunneus, are
endemic Lo a [ive-county area of west-central Idaho.
There are two distinet taxa of S, brunneus. and the
nerthern form. which is known from onlv about two
dozen isolaled demes in Adams and Valley ¢oun-
ties. is the subject of this study. These demes arc
assoclaled wilh xeric ineadows surrounded by con-
lerous forest at mid-elevations (1130-1350 m) and
typlcally consist of << 200 adults (Yensen. in press).
These xeric meadows have shallow. rocky, reddish
loams or clavloams derived from decomposing
basalt lavas, Mesie meadows nearby have deeper
zoils and are often inhabited by Columbian ground
squirrels (5. columbianus).

The Idaho ground squirrel has received little
study., Except for its mating svstem (Sherman
19891, most details of its biology. including bur-
row structure, are undescribed. Davis (1939
stated that AL F. Borrell found Tdaho ground squir-
rel burrow entrances under rocks and logs at a site
near Bear Creck. and this statement has becn re-
peated in Taunal and popular works (e.g.. Larrison
1967, Burl and Grossenheider 1976, Larrison and
Johnson 1981).

Deseriptions of the burrow structures of other
North American and Furasian ground squirrels
{Spermophitus) have been summarized by Howell
{19381, Ognev (1947). and Reichman and Smith
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{19901, Townsend's ground squirrel (8, fownsendii)
and Washington ground squirrel (S, washingtoni)
are considered the species most closcly-related to
the Tdaho ground squirrel (Nadler er afl. 19841).
Townsend's ground scuirrel burrow svstems have
been described in some detail (Alcorn 1940,
Scheler 1941, Reynolds and Wakkinen 1987,
Revnolds and Laundre 1988). whercas Washing-
ton ground squirrel burrow svstems have been de-
seribed only bricflsy (Scheffer 19413, Columbian
ground squirrels are sympatric with S, brunneus,
and their burrow systems have been deseribed in
eastern Washinglon {Shaw 1924, 1926) and
Alherta (Young 19903,

Over the past decade we have repeatedly ob-
served 8. brumneus using burrows in xerie. rocky
meadows with <30 em of soil above basalt
bedrack. although thev were alse occasionally oh-
served in more mesic areas with deeper soils. Sell
moisture readings using Bouvoucous soil moisture
hlocks indicated that these shallow soils were near
or above feld capacity Tor several weeks each
spring. then dried cut rapidly in early summer.
Further. during some winters. the soil lreezes down
to at least 30 e¢m (], Dyver, pers. comm.). This studsy
was undertaken to provide a description aof S
brunneus” burrow systems and to helter understand
how they Tive in these shallow soils.

Study Areas

Three sindy slies were selected 1o represent a
diversity of microhabitats occupied by 5. bninneus.
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One, “Squirrel Manor.” has relatively deep soils

that (acililate drainage. whereas at the other two
sites basalt lava bedrock lies ¢lose to the surface.

“Squirrel Manor”

This 1 ha site was located on a south-facing 5%
slope 2 km 8 of Bear. Adams Co.. Idaho (TI9N,
RAW. NW 1/4 Sec. 11} at 1325 m elevation in
a relatively flat valley between Bear Creek and
Steve's Creek. Nearby hilisides were forested with
ponderosa pine (Pinus ponderosa) and other con-
ifers. The 1 ha study plot was dominated by diverse
bunch grasses (6-8 spp.) and forbs {25-30 spp.).
with small clumps of big sagebrush (Artemisia
fridentata). green rabbithrush {(Chnsothamnus
ciscidifforus), and Wyeth buckwheat (Friogonum
heracleoides). The reddish. clay-loam soil had few
rocks and a depth in excess of 2 m.

“‘Riley Ranch”

The 4 ha study area (TT9N. R3W. Sec. 34) was
8 km 5 of Squirrel Manor near Paradise Flat at
1370 m elevalion on a 10% east-facing slope in
a xeric meadow surreunded by ponderosa pine
forest, The soil was a reddish skeletal loam with
many basalt rocks at the surface weighing in ex-
cess of 100 kg, Soil depth varied from 30-70 om
al the center of the area to >1 m at the lorest
edges. The dominant plant was still sage (Artemisia
rigida). with small amounts of bunch grasses. and
spring forbs such as onions (Allium spp.).
Lomatium spp.. Frigeron pumilus, and camas
{Camassia quamash) and 453% bare ground. Ser-
viceberrv (Amelanchier alnifofia). bitterbrush (Pur-
shia tridentata). big sagebrush, rabbitbrush. and
snowherry  (Symphoricarpas spp.) oceurred  In
deeper salls at the cdges of the area. Columbian
graund squirrels occupied the deep soils along the
creek bottom at the east cdge of the study sile.

‘Huckleberry”

This 2 ha site (T20N. R2W. Sec. 7) was located
10 km NNE of Squirrel Manor at 1490 m eleva-
lion in a meadow surrounded by ponderosa pine.
Douglas fir {Psendotsiegae menziesii), and grand {ir
{Abies grandis) forests. The meadow was on an 8%
south-lacing slope with several low, rocky ridges
and intervening grassy swalcs,

Our 2 ha study plot included 1wo ridges and
the swale between them. The ridges were dominated

94 Yensen. Luscher. and Bovden

by Erogonum spp.. onions, Lomatium spp., Gilia
aggregata, Sedum stenopetolum, and Penstemon
deustis with 40% bare ground. The reddish,
skeletal, sandy loam was 0-80 em deep over basalt
bedrock. The intervening swale was dominated by
dence stands of grasses and forbs with 3% bare
ground. The soil was a dark leam Lo sandy loam
1-2 m deep with few rocks.

Methods

Tdsho ground squirrels were active above ground
from late March unil early August at the three
sites. Burrows were excavated in late July and early
August 1989 alier the adults had immerged below
ground into seasonal torpor and only a few voung
of the vear remained active above ground. At-
lempls Lo trap 5quir1‘els at burrow entrances were
unsuccessful. although at Squirrel Manor we had
previously trapped squirrels at many of the bur-
row entrances excavated. In most cases, burrows
could not be associaled with squirrels of known age
or sex.

At all three sites. we systematically excavaled
all burrow openings in a contiguous area {Squirrel
Manor. 600 m?® Huckleberry., 1500 m®: Riley
Ranch, 600 m?) then excavated a few burrows of
interest outside the selected area. At each burrow,
the area around an arbitrarily chosen entrance was
gridded into m? sections. Burrow entrance traps
{Woheser and Leighton 1979) were set al all en-
trances we could lind within a 5 m radius.

Burrows were injected with expanding poly-
urcthane foam (Felthauser and MeInroy 1983) ini-
tially, but the method was abandoned because the
foam cemented the rocks together making it dif-
ficult to remove the foam casting lrom the soil. We
found it faster and more efficient to follow the bur-
rows using hand tools.

Burrow syslems were mapped on graph paper
with depth measurements every 10 em. or as nec-
essary. Surface topography was determined using
a transit. Lengths of the burrow systems reported
below are horizontal distances rather than the run-
ning lengths of the tunncls, and depths are from
the surface 1o the hottom of the chamber or tunnel.

Idaho ground squirre]l burrow entrances were
distinguished rom those of other rodents at the
sites (Peromyscus maniculatus, Microtus montanus,
M. longicaudus. Thomoemys talpoides, Zapus prin-
ceps, and S. columbianus) by size. direct observa-
tion of Tdaho ground squirrel use, prescnce of




Idaho ground squirrel feces, recent wear at the bur-
row opening, and absence of soill mounds, Am-
biguous burrows were omitted from the analysis.
Idaho ground squirrels may modify burrows con-
structed by other species {see below). Henee, we
{ocus here on burrow use. rather than burrow con-
struction, by Idaho ground squirrels,

At each site. soil texture was determined using
a hydrometer, Soil moisture was measured using
a Bouvoucos soil moisture meter with soil moisture
blocks buried at 30-60 em. Soil lemperatures were
taken using a YSI lelethermometer and thermister
probes buried at 30-60 cm. Plant cover data were
obtaied using point frames. Soil texture, moisture.,
temperature. and plant cover data were collected
as parl of a separate study and will be reported
in detail elsewhere.

Results

Although Davis (1939) reported that burrow open-
ings were located under rocks and logs, we found
62 pereent of the burrow openings in the open.
24 percent under rocks, and 14 percent under
shrubs (see below), No logs were present at owr
three sites, although we did observe some burrow
entrances under logs at other siles.

Tdaho ground squirrel buirow openings were
4-15 em wide & = 6.3 £ 1.99 [SDp) and 4-17
em high x = 5.4 + 2.04} and entered the ground
at angles of 07 (into a slope) to 90° (X = 38.9°
+ 22.1°). Tunnels were nearly round in cross sec-
tion and 5-8 (X = 6.1) cm in diameter. ldaho
ground squirrels rarely make soil mounds cutside
their burrow entrances; observations of captive
squirrels and field observations of fresh burrows
indicate that soil is scattered as it is brought Lo the
surface.

We found two distinet calegories of burrow
systems: shallow (<50 em maximum depth), sim-
ple svstems lacking nests (hereafter, “auxiliary bur-
rows™), and deeper (> 50 ¢m maximum depths,
more  complex burrow svstems with nests
(hereafter, “nest burrows™.

Nest burrows were longer {700-2600 cm) than
auxiliary burrows (20-600 cm). decper 50-121 em
(vs. 10-45 ¢m), with more entrances {3-11. %X =
6.1 vs. 1-8.X = 1.8). more branch wunnels (2-13
vs. 0-4), and more chambers (1-7 vs, 0-2) (Table
1, all differences p < 0.001. Mann-Whitney
U-tests).

TABLE 1. ldaho ground squirrel burrow characteristics at three
study sites in Adams Co.. Idaho. Values are means
with range in parentheses.

Qe lotal
depth length #
slte n {cm) {em) entrances
auxiliary burrans
Squirrel Manor 19 24.6 147 1.8
(15-45) 120-5360 1-8)
Huckleberry 25 18.7 254 2.0
10-30) 120-200 -3
Riley Ranch 49 17.5 83 1.8
0-10) 115-600) 11-6}
nest burrows
Squirrel Manor 3 ik 1002 1.6
153-80} (T00-1320 13-
Rilev Ranch* 2 a6 2000 10.0

130-121)  {1430-2600) 19-117

*One wnnel could not be Tollowed below alarge rock at 121 em.

Auxiliary Burrows

We classified auxiliary burrows into four groups:

1) Horizental burrows {Figure 1A). We exam-
ined 40 of these burrows thal were superficially
similar 1o shallow pocket gopher burrows. They
were 25-600 (x = 147 £ 133) cm long. 10-44
X =19.0 £ 7.3) cm deep, and had 1-8 entrances
x = 2.1 + 1.6}. Most (30) were unbranched, Tn
several cases, carth castings or sudden changes in
tunnel diameter indicated thal these were originally
constructed by pocket gophers or voles and en-
larged by ground squirrels.

2) Shrub-covered burrows (Figure 1BR). These
consisted of horizontal tunnels, or trenches roofed
by branches of the shrub. that generally curved
around the main root of the shrub and incorporated
shrub canopy shape ito the burrow design. The
burrows were 15-280 x = 69 = 71) cm long and
10-30 (X = 16 = 7.5) cm deep. There were 1-4
entrances (X = 1.9). often under the prostrate
stems or canopy of the shrub. Some burrow svs-
tems were coextensive with one or more paths
through the shrub. The shrub species used varied
with the available species at each site: Artemisia
rigida al Riley Ranch, A. tridentata and Eriogonum
heracleoides at Squirre! Manor, and semishrubs of
E. sphaerocephalum and E. umbellatum at Huckle-
berry. We found more shrub-covered burrows at
Rilev Ranch where shrubs were more abundant.
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Figure 1. Auxiliary burrows of Spermophilus brunnens. A Horizontal burrow, top view above, side view below: “a” indicates loca-
tion of hidden entrance. B. Shrub-covered burrow. top view on lell. side view on right; b indicates path heneath shrub:
“¢” indicates trench. C. Rock-covered burrow, Lop view on leli, side view on right, D Plunging burres, side view. Ground

i shaded.

3) Rock-covered burrows (Figure 1C}, Tunnels
were dug under large rocks (mostly 50 x 75 em
and larger) that were somewhat flat on the hottom
and usually projected less than 15 em below the
surface. The burrows had [-4 entrances (X = 1.9)
opening at the Tower edge of the rock. and were
roofed by the rock itzelf, but sometimes continued
into the soil upslope from the rock. The burrows
were 13-160 (x = 64 + 38.5) cm long. The tun-
nels usually converged below the rock, and [re-
gquently there was a small chamber at or near the
point of convergence. These were found on the
rocky hillsides at Huckleberry and Riley Ranch.

4) Plunging burrows (Figure 11)). These were
short (20-120. x = 51 + 28.6 cm). usually un-
branched tunnels with a single entrance that
enlered the ground al a 13-90° (x = 40°} angle,
continued down steeply Lo 11-45 (X = 23 £ 10.5)
cm, and often ended in a small chamber. These
occurred in open places away from rocks and
shrubs. and were found at Huckleberry and Squir-
rel Manor.

Nests Burrows

We excavated seven nest burrows: all were localed
in deeper solls near ridge tops. Six of the nest bur-
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rows had a cluster of well-established entrances
leading into a small. vegelated mound thal was
10-20 ¢m tall and 1-3 m in diameter. The nest
burrows built in mounds all had old, soil-filled tun-
nels thal varied in distinctiveness and contained
occasional remmants of old chambers. Thus the
mounds were probably ereated by soil excavated
by the squirrels over a period of many vears. The
nest burrow thal lacked a mound was less com-
plex and had no old. plugged tunncls.

Nest burrows had 3-11 entrances (X = 6.1 =
3.1). Typically, at least ane shallow tunnel extend-
ing for =1 m a1l <30 cm depth led into the bur-
row system (Figure 2). Tunnels leading to nests fre-
quently dropped vertically 8-200 cm at some point
{Figure 2) and rapidly descended 10 45-50 e¢m
depths. The nest chamber was at or near the lowest
point in the burrow svslem, and was ofien near tun-
nel intersections.

Nesl chambers were found at depths of 32-113
cm X = 60.7 em). Chambers were oval (x = 19
x 20 x 15 em}. but several had small pockets or
other irregularities. The chambers were partially
filled with nest material composed moslly of
grasses, particularly Bromus commutatus, B. tec-
torum, Poa bulbosa, and P. scabrella. Leaves of




Ficure 2. Nest burrow of Spermophitus brunreus. A. Top view. B, side view. Symbols: “a™ old nest, *b™ fresh nest. “e” feces-filled
Z P E }
tunnel, *d™ hidden entrance. ~¢” vertical drops. “f" chambers.

Lomatium nudicaule were abundant, but leaves of
other dicots (Eriogonum heracleoides and Amelan-
chier alnifolia) were rare. Nests also included
Artemisia tridentata hark. Tragopogon dichius and
Balsamorhiza sp. sced heads, ponderosa pine
needles. horse hairs. and feathers of a Brewer’s
Blackbird {(Fuphagus cyanocephalus). One nest was
constructed almost entirely of mosses. Drains such
as those described by Shaw (1926) and Fdge
(1934) were not found under the nests.

Nest burrows were inhabited by adults and lar-
vae of darkling heetles (Tenebrionidae: Eleodes sp.}
and crickets (Grvllidae). Fleas and mites were
found in several nests.

Your burrow svstems had a single nest, two
svstems had one old and one fresh nest. and one
system had two fresh nests. The latter consisted
of a deeper, more complex system connected with
a simpler, shallower system via a plugged tunnel.

Additional Burrow Features

Hidden entrances (n = 18) were found in nest bur-
rows and in shrub-covered and horizontal auxiliary
burrows. These consisted of a nearly vertical,
sometimes spiralling, tunnel that ended in an
unusually small (4 em diameter) entrance covered

with leafl litter. Most hidden entrances were found

below shrubs.

Vertical shafis found in four nest burrows and
in one horizontal auxiliary burrow ascended from
near the lowest portion of the burrow system and
ended 3-4 cm below the surface. These resembled
the vertical tunncls used by some Furasian ground
squirrels (S. enthrogenss, S. fulvus. S. major. S.
pygmaeus, S. suslice, S, undulatus, and S. xanthro-
prymnus; Ogney 1947).

Shorl side tunnels measuring 3-10 cm long
were found in both nest and auxiliary burrows.
Penuska and Wade {1956) termed similar strue-
tures in Eastern chipmunk (Tamias striatus) bur-
rows “galleries,” and suggested they were probably
used for turning around. We found galleries near
entrances but occasionally elsewhere in both aux-
tliary and nest burrows.

Chambers were either widened areas of tun-
nels or hollows on the side of a tunnel that were
much larger than galleries. They were largest in
nest burrows (X = 9.2 x 9.8 x 10 em. n = 9.
The chambers in horizontal auxiliary burrows were
aboul as wide and long as nest chambers. but not
as tall (x = 6.0 ¢cm. n = 10). The chambers at
the end of plunging auxiliary burrows were slight-
Iy smaller (x = 82 x 9.7 x 6 ctn. n = 10).
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Chambers were found 30-300 ¢cm (X = 132 cm)
from the nearest entrance in nest burrows and we
did not discern any pattern in their placement.
Chambers were cither empty or were filled with
nest material. excepl for one with a lood cache in
the most complex burrow system excavated. The
cache was in a chamber (25 x 20 x 12 cm) at 42
em depth and contained 31 corms (33.4 g total}
of bicolor biscuit-root (Lomatium leptocarpum).

Latrine chambers were not found. although
feces were comnon in the deepest tunnels of a nest
burrow. in two side tunnels near nests, and in rock-
covered auxiliary burrows. Oceasionally we found
old, plugged tunnels that were full of feces in nest
burrows.

Intersite variation

Frequencies of auxiliary burrow types differed sig-
nificantly ameng sites (p < 0.001. G-test of in-
dependence using Williams® correction). The in-
crease in rock-covered auxiliary burrows from Squir-
rel Manor (0) to Huckleberry {n = 10: 20%) to
Riley Ranch (n = 14: 56%) paralleled the number
of large rocks present at each site. There were also
more shrub-covered burrows at Riley Ranch (n =
T: 28%) than at Squirre! Manor (n = 2: 11%) or
Huckleherry (n = 5: 10%). and this also paralleled
shrub abundance. The number of plunging burrows
was highest at Huckleberry (n = 11; 22%) where
there was mote open ground. Horizontal burrows
were more common and longer al Squirrel Manor
in = 13; 68%) and Huckleberry (n = 23: 47%)
than at Riley Ranch (n = 4; 16%) where the soil
was rockier. Squirrel Manor, which had the deepest
auxiliary burrows, also had the deepest soils.

Burrow Locations

All nest burrows were located in well-drained soils
>1 m deep. Four were near the top of a small
ridge. and three were near the lops of slopes in
deeper soil.

‘The proportion of ldaho ground squirrel habitat
with deep soils apparently sutable for nest bur-
rows was 3300 m? (35% of 1 ha) at Squirrel
Manor, 1300 m? (7% of 2 ha} at TTuckleberry. and
1950 m?* (5% of 4 ha) at Rilev Ranch.

Auxiliary burrows were located i both deep
and shallow soilx at all three siles. and in xeric and
mesic plant associations. but marshy areas and
sceps were avoided. Some auxiliary burrows oc-
curred >100 m from the nearcst known nest
burrow,
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At our study sites, we estimated that >90 per-
cent of ldaho ground squirrel burrows were aux-
iliary burrows. Auxiliary burrows occurred at
densities of 80-100/ha in the contiguous areas we
selecled for excavation.

Ciscussion

Townsend's ground squirrels also have 1wo types
of burrow svstems which correspond to our nest
and auxiliary burrows (Alcarn 1940. Reynolds and
Wakkinen 1987, Revnolds and Laundre 1988).
In these studies. auxiliary burrows were much more
common than nest burrows, Because the function
of auxiliary burrows is not established, we have
preferred the neutral term “auxiliary™ 10 such terms
as “escape burrows.” or “loraging burrows.”

We lound a squirrel in only one nest burrow.
The animal was non-torpid and escaped. T the
population was cntering scasonal torpor and nest
hurrows are used as hibernacula. animals sheuld
have been in their nest burrows. Some sciurids
ie.g.. Shaw 1926, Holekamp and Sherman 1989,
Kawamichi 1989 hibernate in special hibernation
dens. We suspect that ldaho ground squirrels con-
struet or separate burrows for hibernation, and that
these have well-plugged entrances that we did not
lind despile careful searching. As evidence of this.
at Huckleberry we found one burrew (nol reported
above) on 28 Julv 1989 with fresh soil around bolh
entrances, indicating current construction. This
burrow had 90 cm of horizontal tunnels and a steep
descent to a small chamber at 45 cm. This may
have been a hibernation den under construction
by a juvenile, the only age class active at the time.
P. W. Sherman {pers. comm.) has observed
marked Idaho ground squirrels emerge from hiber-
nation, use thal burrow system for a few days, then
move to the hurrow system in which young are
raised. These burrows have a single. steeply
deseending tunnel.

Variation in the proportions and dimensions of
auxiliary burrow lypes helween study sites in re-
sponse lo site characleristics seems reasonable,
Grinnell and Dixon {(1918) found thal 8. beecheyt
made deeper burrows in sofier soils. The ease of
tennel construction and availability of rocks and
shrubs should influence the assortment of auxiliary
burrows at a site.

All burrow entrances on rocky hillsides with
shallow, seasonally water-logged soils led to aux-
fliary burrows. The squirrels did not nest there.
However, we have observed S, brunneus using




these auxiliary burrows as temporary refuges, even
when the soil was saturated. P. W. Sherman (pers.
comm.) has seen S. brunneus emerge from burrow
entrances with muddy fur,

Shaw (1924) concluded that drainage was im-
portant in Columbian ground seuirrel nest burrow
placement. Elliott (1983) found that Columbian
ground squirrels placed 80% of their burtews in
dry seil, 20 pereent in moist soll, and 0% in wel
soil, and all of the “permanent”™ {=nest) burrows
were in the div cover type. However, Weddell
{1989) found that slope, position on slope. and
number of native forbs were the most important
variables for determining occupation of an area by
Columbian ground squirrels. Columbian ground
squirrel settlement in an area was alse associaled
with the presence of other squirrels and burrows.
Columbian ground squirrels were not restricted by
soil texture, depth, or drainage. and she found bur-
rows on shallow soils (25-51 em to bedrock).
However. Weddell did not indicate whether these
were nest or auxiliary burrows.

Although the role of s0il depth and moisture
in determining nest site suitability for ldaho ground
scuirrels is not setied, we found no burrows we
suspected of being nest burrows in soils <1 m
deep. At most sites where S. brunneus oceurs, Lhere
was a small area with deeper. well-drained soils
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