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Summary. Seasonal energy intake was estimated for ten
populations of Columbian ground squirrels (Spermophi-
lus columbianus) in northwestern Montana. We calculat-
ed daily energy intake for an average ground squirrel
in each population using measurements of feeding time,
consumption rates of different vegetation types (mono-
cots vs. dicots), and the proportion of monocots and
dicots in the diet. These daily energy intakes were mul-
tiplied by the length of the plant growing season for
cach population to estimate seasonal energy intake, i.e.
over the ground squirre} active season. Amicable interac-
tion rates measured for each population varied with sea-
sonal energy intake, but not with environmental hetero-
geneity, sex ratio, or the ratio of adults to juveniles.
In particular, amicable interactions among adult-juve-
nile and juvenile-juvenile pairs increased as seasonal en-
ergy intake decreased. The proportion of females breed-
ing as yearlings increased as seasonal energy intake in-
creased. This suggests that “harsh” environments re-
duce the energy available for juvenile growth and devel-
opment, leading to delayed dispersal and age at first
reproduction. These responses may promote the forma-
tion of kin groups and increased amicable interactions
within those groups. The length of the plant growing
season may determine environmental ‘“harshness” ac-
ross elevational gradients, but at a particular elevation,
“harshness” may depend on factors determining daily
food intake.

Key words: Social behavior — Amicable interactions —
Energy intake — Ground squirrels — Plant growing sea-
son

Columbian ground squirrels (Spermophilus columbianus)
inhabit a wide range of habitats which vary in the length
of the plant growing season, food abundance, and eleva-
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tion (Shaw 1925; Moore 1937; Manville 1959; Belovsky
and Ritchie 1990). A number of different mechanisms
have been proposed to explain how environmental
“harshness” influences ground squirrel sociality, or the
rate of amicable (non-agonistic) interactions. Environ-
mental “harshness” may affect ground squirrels’ ability
to prepare for hibernation (typically lasting 8-9 months)
by influencing (1) the amount of time available for their
growth and fat storage (length of the active season),
and (2) the amount of energy available each day for
conversion into growth and fat storage (daily energy
intake) (Barash 1974, 1980; Hoogland 1979, 1981; An-
dersen et al. 1976; Webb 1980, 1981).

Barash (1974) hypothesizes that ground squirrel so-
ciality is related to environmental “harshness” as de-
fined by the portion of the year that squirrels can be
active feeding. When maturation rate is slow, juveniles
will remain near the natal burrow and delay dispersal
for two reasons. (1) Greater proximity of juveniles to
the natal burrow implies a greater encounter rate or
opportunity for interactions among kin. These interac-
tions are more likely to be amicable (Alexander 1974;
Hamilton 1964). (2) Delayed dispersal leads to a longer
period of interaction among subadults and adults. This
means that interactions are among familiar individuals,
and more likely to be amicable (Michener 1983, 1984).
If so, the whole population will exhibit a higher amicable
interaction rate and, hence, greater sociality.

Michener (1977) and Armitage (1981) suggest that
amicable interaction rates change only in response to
large differences in life history traits, such as age at dis-
persal and first reproduction. Such differences may re-
sult from large differences in energy intake between pop-
ulations but may also reflect differences in body size
of adults. For a given length of the growing season,
Juveniles that must attain a larger adult body size will
disperse and reproduce at a greater age than juveniles
attaining a smaller adult size (Armitage 1981).

Armitage (1977, 1982) suggests that sex ratio, kin
relationships, and age structure, which may vary with
random demographic changes (e.g. mortality, dispersal,
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Table 1. Basic population data for different ground squirrel populations, by site and year, in chronological order

Time observed Dyads Density Elevation Season length (days)
(anim hrs) (% /ha.) (m)
Snow-free Plant Observed
growing adults
FR 1982 88 15 12.2 757 178 106 102
FV 1982 308 28 21.3 788 183 116 112
BR 1982 198 45 21.3 1400 150 101 96
GL 1982 430 55 29.3 2030 89 89 89
RJ-1 1983 154 28 20.6 788 178 116 112
RJ-2 1983 432 66 25.0 788 178 116 112
JB 1983 510 55 15.2 795 178 116 109
MC 1983 264 66 171 788 178 116 112
JB 1984 495 105 16.6 795 178 105 107
EV 1984 286 78 144 788 178 118 110
EV 1985 176 15 10.5 788 178 101 102
RJ-3 1985 386 73 271 788 178 101 105
S ) sex ratio, and adult: juvenile ratio were estimated for
eason Distance Sex Adults/ . : . .
length to nearest  ratio juy ten different Columbian ground squirrel popula.tlons.
(days) colony (% males) These parameters were then related to rates of amicable
juv observed  (km) and agonistic interactions.
FR 1982 48 1.4 - 1.30
FV 1982 57 0.4 - 1.00
BR 1982 43 2.4 - 0.90 Study areas
CR}}-11?3§3 z; (1)'(2) 3; 138 The study was carried out at ten different locations in
RJ2 1983 56 0.2 0 0.70 northwestern Montana during the summers of 1982
B 1983 54 0.4 45 0.90 1985. Two sites, JB and EV, were sampled in two differ-
MC 1983 56 1.0 50 0.40 ent years, providing 12 samples of social interaction
JB 1984 52 0.4 45 1.20 rates and seasonal energy intake.
gz igg‘; ‘5’; 82 28 (1)-2(5) The sites ranged in elevation from 757-2030 m.
RI3 1985 49 02 <0 0.95 Length of the plant growing season ranged from 78-118

and/or emigration), may determine ground squirrel so-
ciality. This hypothesis generates a number of testable
predictions. For example, populations with a high degree
of relatedness among individuals or lower proportion
of adults would be expected to be more social. Similarly,
if a population is composed primarily of males, which
are more [requently agonistic, then the population may
be less social.

Finally, Webb (1981) argues that environmental het-
erogeneity (patchiness of suitable habitat) may influence
sociality. Ground squirrel colonies typically are grassy
meadows surrounded by a variety of habitat types that
are unsuitable for ground squirrels, e.g., rocky outcrop-
pings, plowed fields, dense forest, etc. Juveniles may not
disperse because suitable habitat is too distant or the
immediately surrounding habitat is too hostile. This de-
lay in dispersal might increase competition for food or
space with adults and other juveniles, increasing the
agonistic rate and decreasing sociality.

We examine the relative importance of these mecha-
nisms in different populations of Columbian ground
squirrels. Average body mass of adults and juveniles,
daily energy intake, length of the plant growing season,
distance to nearest ground squirrel colony, population

days and the number of snow-free days ranged from
89-183 days (Table 1). Vegetation varied significantly in
total biomass and proportion (by biomass) of monocots
and dicots, which differ in their food value to ground
squirrels. The sites are much more fully described in
Belovsky and Ritchie (1990).

Methods

The length of the active season for ground squirrels may be limited
by two possible factors that potentially control the onset and termi-
nation of estivation or hibernation: (1) progressive desiccation of
vegetation over the summer and/or (2) the covering of vegetation
by snow (Bintz 1984; Hudson and Deavers 1973). Consequently,
season length was calculated in two ways: (1) plant growing season,
the number of days from complete snow-melt until plant biomass
began to decline, and (2) snow-free days, the number of days from
complete snow-melt until the first snowfall of greater than one
inch in the fall.

Plant biomass was measured by clipping, drying and weighing
all live, above-ground vegetation in each of ten 0.1 m? plots set
5m apart in a transect across each colony (Belovsky and Ritchie
1990). The time at which biomass began to decline was determined
by clipping vegetation in a new transect every 5 days through June
and July (except at GL, the high elevation site, where snowfall
terminated the plant growing season). The length of the plant grow-
ing season for sites at the same elevation varied due to differences
in aspect to the sun, intensity of cattle grazing, and irrigation sched-
ules of nearby fields.



Observed length of the active season for ground squirrels was
measured as the time from date of first emergence to last immer-
gence for any ground squirrel in the population or age class. Season
lengths were recorded for both adults and juveniles.

Plant growing season (Table 1) is a better estimate of the length
of the active season for ground squirrels than snow-free days, since
the number of snow-free days may include the late summer period
in which vegetation is no longer digestible or succulent enough
for ground squirrel survival (Belovsky and Ritchie 1990; Webb
1980; Hudson 1962; Davis 1976; Blake 1972; Bintz 1984). Plant
growing season correlated very well with the observed length of
the active season for adults (r*=0.91, N=12, P<0.001).

Demography. At six study sites (RJ-1, RJ-2, RJ-3, JB, MC, and
EV), ground squirrels were live-trapped with Tomahawk wire cage
traps. Each captured squirrel was sexed, weighed, and checked
for reproductive condition. Each squirrel was also individually
marked with a numbered metal ear tag and colored strips of Safe-
Flag material looped through the ear tag and stapled; in this way,
individuals could be identified at distances greater than 100 m.
Feces deposited in the trap or at burrow entrances were collected
for diet analysis (Ritchie 1988; Belovsky and Ritchie 1990). Trap-
ping was conducted before and just after weaning so that litter
mates and mother-offspring pairs could be determined (Murie and
Harris 1978, 1984; Michener 1980a; Dobson and Kjelgaard 1985).

During foraging behavior observations (see below), the density
of squirrels at each site and year was measured as the maximum
number of squirrels seen during any half-hour interval divided by
the area containing the home burrows of the individuals observed.
This measure was corroborated at sites where individuals were
marked, since marked individuals comprised at least 90% of the
population. The ratio of adults to juveniles was determined from
the number of adults and juveniles comprising the maximum
number of squirrels seen during any half-hour.

Feeding. Average daily energy intake (I) was calculated for average
individuals, adults, and juveniles at each site according to the fol-
lowing formula:

I T
" [ewp+ci(l—p)]

where T is average daily feeding time, p is the proportion of mono-
cots in the observed diet, ¢, c; are the average times necessary
to consume 1 g (dry mass) of monocots and dicots, respectively,
and e,, e, are the average digestible energy contents (per g dry
mass) of monocots and dicots, respectively. The methods of mea-
suring all these parameters are reported in detail in Belovsky and
Ritchie (1990) and Ritchie (1988). The measurements were made
7-14 days after juveniles were weaned at each site.

Daily feeding time was estimated from scans of the colony
every half-hour during the day. The proportion of individuals ob-
served each half-hour during the day relative to the maximum
number of individuals observed any half-hour was assumed to rep-
resent the proportion of the half-hour spent feeding by an average
squirrel. The sum of these proportions over the entire day provided
an estimate of average daily feeding time.

Consumption rates of monocots and dicots at a site were calcu-
lated by measuring (1) the average number of bites of each food
type taken by individuals in a two-minute period and (2) the aver-
age mass per bite for each food type. Mass per bite was measured
by collecting and weighing portions of uneaten plants that corre-
spond to plant parts observed to be eaten by ground squirrels.
Biting rate and mass per bite were then multiplied to obtain con-
sumption rates (g/min) for each food type. The inverse of consump-
tion rate (min/g) was used to estimate cropping time.

The observed average proportion of monocots vs. dicots in
ground squirrel diets at a site was measured by analyzing feces
using microhistological techniques (Ritchie 1988; Belovsky and
Ritchie 1990). Digestible energy content of monocots and dicots
at each site were determined by in vivo feeding trials in which

[e.p+eil—p)] 6
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fresh vegetation from each site was presented to squirrels (Belovsky
and Ritchie 1990).

Seasonal energy intake was calculated by multiplying average
daily energy intake by the observed length of the active season
(Table 1). A separate calculation was made for adults, juveniles,
and all individuals combined at each site. Seasonal energy intake,
therefore, is a crude calculation of the total energy accumulation
by an individual during the active season.

Estimates of daily energy intake at intervals throughout the
active season were not made. It is possible that populations with
low daily energy intake during one part of the active season might
compensate with a higher energy intake at another time. This seems
unlikely, however, given the absence of major differences between
the sites in the seasonal thermal changes and phenology of vegeta-
tion (Belovsky and Ritchie 1990). Therefore, we are confident that
our measure of seasonal energy intake is adequate.

Social behavior was observed simultaneously with foraging
measurements at each site (7-14 days after weaning). Observing
during this period reduces the potential for error in comparing
sociality and feeding, due to potential seasonal variation in social
interaction rates (Dobson 1983; Michener 1983; Betts 1976) and
feeding. Social interactions were recorded during 5 min scans of
the colony performed every 15 min and focal observations of indi-
viduals. Interaction rates were expressed relative to the number
of dyads (potentially interacting pairs) in a population (Michener
1980b). The number of dyads in a population (D) can be computed
as

N

D=Y N—j, &)

j=1
where N is the number of squirrels in the population or age class.
Dyadic interaction rates provide the most accurate assessment of
the propensity for social interaction within a population (Michener
1980b). Dyadic interaction rates factor out population size but
not density as a potential factor affecting sociality, since a given
number of dyads may be closely or widely distributed in space.

Social interactions were classified by the age class of partici-
pants: adult-adult, adult-juvenile, or juvenile-juvenile, when sample
sizes were sufficiently large (> 5 dyads in each category). For popu-
lations with marked individuals, interactions were also classified
as being between siblings, non-siblings, mothers, or strange adults.

Interactions were defined using Betts’ (1976) ethogram for Col-
umbian ground squirrels. An interaction was considered agonistic
if an individual was displaced by another. Amicable interactions
were allo-grooming (grooming of one individual by another), kiss-
ing (rubbing noses), playing, or visually interacting without dis-
placement. Since interaction rates in different populations were
made by the same observers, subjective classifications of behavior
were comparable; however, our interaction rates may not be com-
parable to those recorded by other researchers (McLean 1984 ; Da-
vis 1984).

Results
Sociality, life history traits, and energy intake

The feeding parameters measured at each site are pre-
sented in Table 2 and were used to compute daily and
seasonal energy intake (daily energy intake x season
length).

The overall rate of amicable interactions increased
significantly as calculated seasonal energy intake de-
creased (Fig. 1a) (r=—0.87, N=12, P=0.003). Agonis-
tic interactions, however, did not change significantly
with seasonal energy intake (Fig.1b) (r=0.01, P=
0.998). This increase in sociality is entirely due to energy
consumption by juveniles, because overall amicable in-
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Table 2. Parameters for calculating daily energy intake at each site. Sample sizes are shown in parentheses

Cropping Times (min/g) Feeding time Observed Daily
(min/day) Diet Energy intake

Monocots Dicots (% monocot) ()]
(A) All individuals combined*
FR 1982 4.24+0.92(109) 2.06+0.57(22) 318 15.34+3.5(5) 1316
FV 1982 4.2241.73(88) 2.881+1.13(31) 339 5.84+2.4(5) 1197
BR 1982 5.924+3.51(70) 1.93+1.06 (113) 351 22.1+3.8(5) 1254
GL 1982 4.60+1.62(43) 2.01+0.69(80) 333 19.0+3.6(5) 1307
RJ-1 1983 4.03+1.91(43) 3.15+1.00(85) 455 36.8+8.9(6) 1299
RJ-2 1983 4.754+1.76(31) 3.74+2.06(72) 443 10.8+7.8(9) 1164
JB 1983 3.6341.38(95) 2.09+40.85(125) 325 24.9+421.6(12) 1252
MC 1983 3.87+1.29(37) 2.04+0.51(68) 425 38.31+17.8(16) 1203
JB 1984 3.47+1.25(280) 1.77+0.47(345) 321 35.7+12.6(13) 1265
EV 1984 4.68 1+ 0.95(106) 1.70+0.37(144) 295 21.7£14.1(13) 1261
EV 1985 4.01+0.99(38) 1.99+0.40(45) 321 29.2+7.0(8) 1241
RJ-3 1985 5.20+0.39(246) 2.71+0.20(251) 371 28.6+17.1(25) 1081
(B) Juveniles
FR 1982 - - - - -
FV 1982 - - - - -
BR 1982 - - - - -
GL 1982 - - - - -
RJ-1 1983 6.7411.88(23) 3.79+0.98(39) 400 46.5+24.7(3) 763
RJ-2 1983 8.27+2.63(10) 4.2542.00(31) 304 19.0+10.1(5) 609
JB 1983 4.38+1.81(54) 2.4240.57(62) 217 28.9410.3(8) 725
MC 1983 5.27+2.11(11) 2.63+0.91(28) 297 44.6+27.1(10) 769
JB 1984 5.124+1.13(118) 2.4040.61(144) 255 53.9+21.2(4) 598
EV 1984 5.5241.05(49) 2.03+0.56(77) 285 44.8419.6(6) 781
EV 1985 5.05+0.92(12) 2.23+0.73(20) 307 58.94+20.1(2) 769
RJ-3 1985 6.89+1.81(117) 4.9141.03(135) 357 39.3+10.8(13) 621
(C) Adults
FR 1982 - - - - -
FVv 1982 - - - - -
BR 1982 - - - - -
GL 1982 - - - - -
RJ-1 1983 4.57 +1.64(20) 2.4141.26(46) 455 10.5+4.2(3) 1745
RJ-2 1983 3.39+1.22(21) 2.63+0.89(41) 471 11.8+6.3(4) 1751
IB 1983 2.80+1.16(41) 1.68 +0.51(63) 365 26.6+8.1(4) 1844
MC 1983 3.00 +1.44(16) 1.62 4 0.67(40) 465 30.8+£12.2(6) 1802
JB 1984 2.5440.36(162) 1.51+0.21(201) 348 28.1+10.8(9) 1812
EV 1984 3.9540.62(57) 1.42+0.34(67) 313 16.3+7.4(7) 1720
EV 1985 3.46+0.76(26) 1.65+1.08(25) 330 18.8 +7.6(5) 1668
RJ-3 1985 3.36+0.93(129) 1.96+0.62(116) 384 13.24+8.9(12) 1807

2 Data from Belovsky and Ritchie (1990)

b Digestible energy content values were 9.44 kJ/g for monocots and 10.2 kJ/g for dicots at all sites and for all individuals (Belovsky

and Ritchie 1990)

teraction rates increased as juvenile seasonal energy in-
take decreased (r=—0.77, N=8, P=0.023) but showed
no relationship with adult seasonal energy intake (r=
0.10, P=0.81).

Amicable and agonistic interaction rates within par-
ticular age classes of dyads also changed with seasonal
energy intake. From a correlation analysis of the amica-
ble and agonistic interaction rates for the different age
classes of dyads against several independent variables
(Table 3), the following patterns emerged: (1) Amicable
interactions among juvenile-juvenile (J-J), and adult-ju-
venile (A-J) dyads increased as overall scasonal energy

intake declined. (2) Agonistic interactions among J-J and
A-J dyads also increased as seasonal energy intake de-
creased. (3) No relationships were found for adult-adult
(A-A) interactions.

Seasonal energy intake is the product of season
length and daily energy intake. Consequently, the impor-
tance of each of these factors on interaction rates can
be examined with multiple linear regression if the two
variables are log-transformed. Together, these two vari-
ables explained 82.7% (P <0.001) of the variance in ami-
cable interactions, 62.3% by season length and 20.4%
by daily energy intake. Both independent variables were
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Fig. 1A, B. The relationship between (A) amicable interaction rate
and seasonal energy intake (r=—0.87, N=12, P=0.003), and (B)
agonistic interaction rate and seasonal energy intake (r= —0.01,
P=0.998)

significant (season length: r,= —0.89, df=8, P=0.006;
daily energy intake: r,= —0.45, P=0.07).

At least three life history traits were also associated
with seasonal energy intake. The proportion of yearling
females that produced litters (a measure of age at first
reproduction) increased significantly with seasonal ener-
gy intake (Fig. 2) (r=0.95, N=4, P<0.05). In addition,
average litter size at weaning increased as seasonal ener-
gy intake increased (r=0.85, N=8, P<0.01). Litter mass
at weaning did not vary significantly across sites (F=
0.56, df=1, 74, P>0.20). However, average body mass
of individual juveniles at 7-14 days after weaning in-
creased with seasonal energy intake (r=0.85, P=0.02).
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Adult mass did not correlate significantly with seasonal
energy intake (r=0.01, N=8, P=0.96). Small juveniles
at a site also implied that juveniles were smaller relative
to adults, since adult mass/juvenile mass increased as
seasonal energy intake decreased (r=0.72, P=0.04).

Demographic patterns

Amicable interactions appeared to occur primarily
among kin (Fig. 3). Amicable J-J interactions mostly oc-
curred between siblings (r=4.04, df=16, P<0.001),
while agonistic interactions occurred primarily between
non-siblings (1=4.32, P<0.001). A similar pattern was
observed for A-J interactions, since amicable interac-
tions primarily occurred between mother and offspring
(z=4.55, P<0.001), but agonistic interactions occurred
mostly between strange adults and juveniles (r=4.12,
P<0.001). Since none of the sites was observed for more
than two years and paternity was unknown, we could
not examine the relationship between sociality and kin
structure in detail.

Social interaction rates showed little relationship to
other demographic variables and/or environmental het-
erogeneity. Amicable interaction rates were not correlat-
ed with either the ratio of adults to juveniles (r= —0.24,
N=12, P=0.51) or the population sex ratio (r=—10.09,
N=38, P=0.75). However, agonistic interaction rates ex-
hibited a marginally significant decline with increased
adult: juvenile ratio (r=—0.51, N=12, P=0.09). Like-
wise, amicable and agonistic interaction rates showed
no relationship with distance to the nearest ground
squirrel colony, Webb’s (1981) measure of colony isola-
tion (amicable: r=—0.18, N=12, P=0.60; agonistic:
r=-—0.33, P=0.30).

If dispersal is delayed and juveniles stay in greater
proximity to the natal burrow, population density and
encounter rates should increase. One measure of both
density and the potential for encounter is dyads per unit
area, or dyad density. Amicable interactions increased

Table 3. Matrix of correlation coefficients of amicable and agonistic interaction rates in dyads of different
age classes [Juvenile-Juvenile (J-J), Adult-Juvenile (A-J), and Adult-Adult (A-A)] against three different
measures of seasonal energy intake, dyad density, and juvenile body mass. Significant coefficients are

underlined

Interaction type

J-J A-J A-A

Amic Agon Amic Agon Amic Agon
Overall seasonal —0.878 —0.664 —0.814 —0.600 —0.465 —0.367
energy intake
Adult seasonal —0.022 —0.509 —0.589 —0.750 —0.129 0.017
energy intake
Juvenile seasonal —0.632 —0.876 —0.690 —0.498 —0.489 —0.466
energy intake
Dyad density 0.776 0.772 0.888 0.320 0.441 0.591
Juvenile mass —0.562 —0.605 —0.814 —0.597 0.049 —0.784
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Fig. 2A-C. The relationship between three life history variables
and seasonal energy intake. In (A), the proportion of yearlings
breeding is presented for four sites (RJ-3 1985, RJ-2 1983, and
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marked (r=0.85, N=8, P=0.02). In (C), the average mass of juve-
niles 7-14 days after weaning (+ S.E.) is presented for these same
eight sites (r=0.85, P=0.02)

significantly with dyad density (r=0.62, N=12, P=
0.05), but agonistic interactions did not (r=0.10, P=
0.79). In addition, amicable interactions among J-J and
A-J dyads increased with dyad density (Table 3).

In our populations, overall seasonal energy intake
is negatively correlated with dyad density (r= —0.58,
N=12, P=0.04) and juvenile mass after weaning (see
above), as expected if food limits density. We used a
multiple linear regression to separate the effects of these
three factors on interaction rates. For overall amicable
interactions, only seasonal energy intake was significant
when all three variables were included, and it explained
72% of the variance in amicable interaction rate (P=
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pared between dyads involving siblings (open bars) and non-siblings
(shaded bars). For A-J interactions, agonistic and amicable interac-
tion rates are compared between dyads involving mother and off-
spring (dotted bars) and strangers and offspring (solid bars)

0.04, df=15). Due to small sample sizes (N=6 in some
cases), analyses by age category were not conducted.

Discussion
Competing hypotheses

Environmental “harshness . Barash (1974) considers the
length of the active season for ground squirrels to be
set by the time vegetation is not covered by snow, with
“harshness” increasing as this period declines. However,
this definition may not be appropriate at lower eleva-
tions, where the ground squirrels’ active season may be
limited by declining or drying vegetation (Belovsky and
Ritchie 1990; Hudson 1962; Blake 1972; Davis 1976;
Bintz 1984). Furthermore, Webb (1980) argues that a
long foraging season does not necessarily indicate a less
“harsh” environment, since average daily feeding time
can affect the total time ground squirrels have to forage
over the active season. These arguments are not all inclu-
sive, however, because sites with abundant food may
provide more energy per unit time and ground squirrels
could potentially compensate for a shorter active season
with greater energy returns each day. Our seasonal ener-
gy intake parameter (daily energy intake x length of
the plant growing season) combines all of these impor-
tant aspects of harshness.

Using seasonal energy intake as a reflection of
“harshness”, the hypothesis that ground squirrel socia-
lity increases with environmental “harshness” is clearly
supported (Figs. 1, 2). In particular, increased sociality
in this study results from higher rates of amicable inter-



action among siblings and mother-offspring pairs, exact-
ly as Barash (1974) predicts. Furthermore, “harsh” envi-
ronments lead to a lower proportion of yearlings repro-
ducing, smaller litters, and smaller juveniles relative to
adults (Fig. 2), as predicted by Armitage (1981) and Mi-
chener (1977).

Demographic variation. Armitage (1977) argues that vari-
ation in sociality among marmot populations might re-
sult from random demographic variation. Random mor-
tality, reproduction, emigration, and dispersal of indi-
viduals in relatively small (<25 inds) populations could
result in large differences among populations in age
structure, sex ratio, and kin structure. Accordingly, ami-
cable interactions would be most likely in populations
composed of kin and a high proportion of subadults
and/or females. Our data do not support this hypothesis;
we found only a weak correlation between increased
agonistic interactions and increased proportion of
adults. Our data represent a fairly weak test of this hy-
pothesis, however, because we could not measure details
of kin structure in most populations, thereby reducing
our sample size.

Environmental heterogeneity. Webb (1981) found that
agonistic interactions in yellow-bellied marmots (Mar-
mota flaviventris) increased as colonies became more iso-
lated, i.e., farther from suitable marmot habitat. We did
not find this relationship in our study, perhaps for two
reasons. First, our colonies were generally isolated by
cultivated fields and roads, which may be less of a barrier
than the talus slopes, rock cliffs, and dense forest in
Webb’s (1981) study. Second, agonistic interaction rates
are probably not a sufficient description of sociality (Ar-
mitage 1981; Dobson 1983; Barash 1974); in our study,
agonistic interactions show much less variation than am-
icable interactions.

Factors affecting sociality

Our results suggest that both daily energy intake and
length of the growing season define environmental
“harshness” and independently determine sociality.
Other workers (Webb 1980; Hoogland 1979, 1981; Ar-
mitage 1981) have also argued this point. In our study,
differences among colonies in daily energy intake are
due to variation in the thermal environment, as it affects
daily feeding time (Belovsky and Slade 1986; Belovsky
and Ritchie 1990) and vegetation abundance and quali-
ty, as they affect cropping rate of plant food (Belovsky
and Ritchie 1990).

The length of the active season for ground squirrels,
based on plant growing season, is important in this study
when comparisons are made across an clevational gra-
dient. If comparisons are made between populations
with similar plant growing seasons but different food
abundances or daily feeding times, daily energy intake
is more important. For example, at two colonies with
very similar plant growing seasons and elevations (EV
1985 and RJ-3 1985), ground squirrels at RJ-3 consumed
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160 kJ less energy per day than those at EV, but exhib-
ited more than twice the rate of amicable interactions.

Why should energy intake be so important to ground
squirrel sociality? Due to the relatively short length of
the active season, ground squirrels have a limited time
to obtain sufficient energy to reproduce and store fat
for hibernation. Small differences in daily energy intake
by individuals can lead to large differences in their
growth rate, reproduction, and preparation for hiberna-
tion (Ritchie 1990). Consequently, differences in energy
intake may affect the life history and dispersal patterns
of juveniles, which in turn may affect social interaction
rates.

Is sociality adaptive?

While our study was designed to test what proximate
factors (e.g. “harshness”) might lead to variation in so-
ciality, several points about the ultimate adaptive value
can be made. Increased amicable interactions could not
be explained as arising from more frequent encounters
among kin or population members as density increases.
Instead, amicable interactions occurred more frequently
than expected by random encounter, suggesting some
potential adaptive value for sociality.

If energy intake is important to survival and repro-
duction, sociality might not be adaptive if it reduces
feeding time or cropping rates of food. This is especially
true since sociality increases as daily energy intake de-
creases. However, we found no correlation between so-
ciality and cropping rate (r=0.17, N=12, P=0.53) or
feeding time (r= —0.24, P=0.33). These results suggest
that observed levels of sociality may not cost much in
terms of energy intake, perhaps because time spent in
social interactions is a very small part of the total time
budget. However, these data do not indicate whether
social interactions are energetically more costly than
other behaviors.

If sociality increases independently of density and
is not costly to energy intake, why should it be favored
in “harsher” environments? Our study provides less in-
sight on this question, but we suggest some possibilities.

First, as seasonal energy intake decreases, individuals
might expand their home ranges to try to increase their
daily energy intake, thereby increasing the potential for
intrusion by other population members. Intrusion on
an individual’s home range should reduce food abun-
dance and energy intake by the resident, and conse-
quently fitness. If the intruder was kin, however, inclu-
sive fitness might increase. Therefore, as home range
areas and intrusion rates increase in response to decreas-
ing energy intake, emhancing the proximity of kin
through amicable interactions may tend to make in-
truders be kin.

A second possibility is that related individuals shar-
ing their home range may also share in the defense of
that area, reducing the time and energy cost of chasing
intruders. Sharing the costs of chasing intruders may
become beneficial as intrusion rates increase in response
to lower seasonal energy intake. Coalitions of kin appear
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to serve a similar function in other social mammals
(Dunbar 1984; Silk 1982; Lamprecht 1978) as well as
other ground squirrel species (Hoogland 1981; McLean
1984).

Increased social interactions might also further re-
duce predation risk and the time spent watching for and
hiding from predators (Hoogland 1981, 1983; Alexander
1974). As a result, individuals facing an energy shortage
in “harsh” environments may increase amicable interac-
tions to share the time cost of vigilance and thereby
improve their food intake rate.

Conclusion

Our study supports Barash’s (1974) original idea that
sociality of ground squirrels increases with environmen-
tal “harshness”, as defined by seasonal energy intake.
As seasonal energy intake decreases, juveniles reach
adult size more slowly and subadults delay reproduction.
Consequently, juveniles and subadults may remain near
their natal burrow, increasing encounters among kin.
However, increased amicable interactions are not ex-
plained solely by increased encounters among kin; when
kin interact, they are more likely to be amicable in
“harsh” environments. This study does not support the
idea that variation in sociality is determined by either
random demographic variation among populations (Ar-
mitage 1977, 1982) or degree of colony isolation (Webb
1981). Therefore, we suggest that the social behavior
of animals may be linked to their ability to acquire ener-
gy or nutrients.
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