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Whether an animal lives alone or in a group may have fitness consequenc-
es. Among yellow-bellied marmots (Marmota flaviventris), fitness is thought to be
lower for noncolonial than for colonial females because juvenile survival, as
indicated by trapping, is lower. Trapping, however, may not be an accurate esti-
mate of survival. Low recapture rates of noncolonial juveniles may result from
early dispersal due to maternal behavior, or higher mortality due to predation or
inadequate resources for overwinter survival. Our objective was to determine if
survival was lower for noncolonial than for colonial juveniles, and to determine
the cause of the low recapture rate of noncolonial juveniles. Our results show
that survival of noncolonial juveniles was not lower than that of colonial juve-
niles. Noncolonial juveniles were not more vulnerable to predation during the
active season, nor was overwinter mortality higher. Some noncolonial juveniles
did disperse early, and most moved away from the natal burrow to hibernate,
thereby explaining the low recapture rate reported previously. Early dispersal
was not related to maternal behavior. Noncolonial females do not enjoy the ben-
efits of group-living, especially the opportunity to form matrilines; but they also
do not suffer the costs, such as competition for resources. 
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INTRODUCTION

Many species of vertebrates exhibit intraspecific variation in their social
systems. Within a species, or even within a population, some individuals live in
groups while others live alone (LOTT 1991). Such variation may result from one
behavioral phenotype responding to different environmental circumstances, differ-
ent phenotypes responding to the same environment, or both (LOTT 1991). Whether
an animal lives alone or in a group may affect fitness (HOOGLAND 1995). For exam-
ple, animals living in groups may benefit from reduced risk of predation (KENWARD

1978), improved food acquisition (CARO 1994), or lower energetic costs (ARNOLD

1990). Animals living alone may benefit from reduced intraspecific competition for
resources (PACKER et al. 1990), reduced aggression (LE BOEUF & BRIGGS 1977), or
lower disease transmission (SHIELDS & CROOK 1987).

The yellow-bellied marmot (Marmota flaviventris), a large, ground-dwelling
squirrel, shows intraspecific variation in its social system. Marmots hibernate 2/3
of the year and perform all maintenance, growth, and reproductive activities in the
remaining third (DAVIS 1976). Marmots live in either of two social environments.
Most marmots are colonial, in which two or more adult females live and mate with
one polygynous male (ARMITAGE 1974, ARMITAGE & DOWNHOWER 1974). Colonial off-
spring remain within the colony until they are 1 year of age, when typically all
males and about half of females disperse (ARMITAGE 1974, ARMITAGE & DOWNHOWER

1974, VAN VUREN 1990). Remaining female offspring then may be recruited to live
permanently within the colony, potentially contributing to their mother’s fitness
(ARMITAGE 1988). Thus, marmot groups are formed by retention of daughters in the
natal area (ARMITAGE 1984). 

Some marmots, however, are relatively asocial and live away from colonies on
smaller habitat patches (ARMITAGE 1974, 1986; SVENDSEN 1974; VAN VUREN & ARMI-
TAGE 1994a). The fate of the offspring of these noncolonial marmots is poorly known.
Colonial and noncolonial females do not differ significantly in production of off-
spring as determined by frequency of reproduction or litter size (VAN VUREN & ARMI-
TAGE 1994a). First-year survival of noncolonial offspring, however, is thought to be
lower because fewer are recaptured at age one the following year (ARMITAGE & DOWN-
HOWER 1974, VAN VUREN & ARMITAGE 1994a). Further, survival of offspring from age 1
year to 2 years is lower in noncolonial marmots (VAN VUREN & ARMITAGE 1994a). 

Lower survival of noncolonial offspring led to the conclusion that noncolonial
adult females had lower fitness than colonial females (ARMITAGE & DOWNHOWER

1974, BARASH 1989, VAN VUREN & ARMITAGE 1994a). Survival of offspring to age one,
however, was estimated by trapping, and the accuracy of trapping to estimate survi-
val is uncertain (VAN VUREN & ARMITAGE 1994a). Possibly, some marmots were alive
at age one but did not enter traps. Yet, despite intensive efforts to recapture all off-
spring still alive at age 1 year, the recapture rate of noncolonial yearlings remained
36% lower than that of colonial yearlings (VAN VUREN & ARMITAGE 1994a).

Three explanations were advanced to account for the lower recapture rate of
noncolonial versus colonial yearlings. First, noncolonial offspring may suffer higher
rates of predation during their first active season, between first emergence from the
natal burrow and first hibernation (SVENDSEN 1974, VAN VUREN & ARMITAGE 1994a).
Marmots often emit an alarm call when a predator is detected (ARMITAGE 1962,
1982), so predation risk may be lower in colonies, where larger group size presum-
ably results in increased probability of predator detection (SVENDSEN 1974). Further-
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more, burrows of noncolonial marmots are closer to potential hiding cover for pred-
ators than are burrows in colonies (SVENDSEN 1974, VAN VUREN & ARMITAGE 1994a).
Proximity of hiding cover may also increase the risk of predation (ARMITAGE 1982).

Second, noncolonial juveniles may disperse early, during their first active sea-
son, and suffer high mortality due to predation (SVENDSEN 1974); such early disper-
sal was suspected but never confirmed (VAN VUREN & ARMITAGE 1994a). Dispersal of
yearling marmots is influenced by adult behavior (DOWNHOWER & ARMITAGE 1981),
thus maternal behavior could promote early dispersal of noncolonial juveniles.
Colonial marmots, like other highly social species of ground-dwelling squirrels,
continue to invest in offspring by allowing them to remain within the natal area
until they disperse as yearlings or are recruited into the colony (ARMITAGE 1981,
1984). Cohesive behaviors between mother and offspring act to extend this associa-
tion in relatively social species but end during the natal summer in asocial species
(ARMITAGE 1981, MICHENER 1983, RAYOR & ARMITAGE 1991). Consequently, noncolo-
nial female marmots may show less cohesive behaviors when compared with colo-
nial females, thereby promoting early dispersal. Previous research showed that
behavior of female marmots does differ according to social environment. SVENDSEN

& ARMITAGE (1973) classified adult female marmots into different behavioral pheno-
types; aggressive females were usually noncolonial, social females were primarily
colonial, and avoider females either lived on the fringe of a colony or were nonco-
lonial (SVENDSEN 1974). Aggressive behavior of noncolonial females may encourage
early dispersal. 

Third, overwinter survival of noncolonial offspring may be lower because of
poor habitat quality (VAN VUREN & ARMITAGE 1994a). Marmots inhabit a seasonal,
relatively severe environment in which juveniles must grow rapidly in order to
store enough fat to survive hibernation (ARMITAGE et al. 1976, LENIHAN & VAN VUREN

1996). Marmots eat herbaceous vegetation and hibernate in burrows deep under-
ground. Localities inhabited by noncolonial marmots are smaller in size and con-
tain fewer burrows than localities inhabited by colonial marmots (SVENDSEN 1974).
Thus, noncolonial juveniles may lack the resources necessary for rapid growth or
an adequate hibernaculum. 

The objective of this study was to determine if survival to age one is lower for
noncolonial than for colonial marmots, and to determine the cause of the low
recapture rate of noncolonial offspring. We used radio telemetry to improve the
accuracy of survival estimates and to determine if noncolonial juveniles were dis-
persing early. We conducted behavioral observations to determine the role of mater-
nal behavior in early dispersal, and we measured summer weight gain and overwint-
er weight loss to determine the influence of habitat quality on overwinter survival. 

METHODS

This study was conducted from June 1991 through May 1993 in the East River Valley
near the Rocky Mountain Biological Laboratory, Gunnison County, Colorado. The study area
was approximately 4 km long and ranged in elevation from 2,800 to 3,050 m. Common habi-
tats were spruce forests (Picea spp.), aspen woodlands (Populus tremuloides), and subalpine
meadows dominated by tall forbs and grasses.

Distribution of marmots throughout the valley is clumped corresponding to the patchy
distribution of suitable habitat (SVENDSEN 1974), which is rock outcrops or talus adjacent to
meadows. The larger habitat patches are inhabited by a colony, defined as a discrete locality
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supporting one adult (2 years old or more) male and two or more adult females, plus year-
lings and juveniles (young of the year) (VAN VUREN & ARMITAGE 1994a). Up to 12 adult females
may live in a colony, interacting socially within areas of home range overlap (ARMITAGE 1991).
Noncolonial sites are smaller in area and are inhabited usually by only one adult female and
occasionally an adult male (VAN VUREN & ARMITAGE 1994a). Yearlings are uncommon at non-
colonial sites (SVENDSEN 1974). Nine litters at 3 colonies (localities 1, 4, and 5 in ARMITAGE

1974) and 13 litters at 11 noncolonial sites were studied.
Since 1962, marmots in the study area have been individually marked with ear-tags,

and personal life histories are known for most (ARMITAGE 1991). Each year every marmot is
captured, ear-tagged, weighed, and dye-marked for individual recognition. Locations inhabit-
ed by visibly pregnant females were monitored to confirm the appearance of a litter above-
ground. Juveniles were trapped soon after emergence from the natal burrow, thus maternity
and location of birth were identified. Weaning coincides with first emergence from the natal
burrow in woodchucks (Marmota monax) (GRIZZELL 1951, FERRON & OUELLET 1991), so we
considered date of weaning to be the day on which a litter was first observed aboveground.
Juveniles were re-trapped and weighed regularly throughout the active season until entry into
hibernation. The following spring intensive efforts were made to trap and weigh all offspring
that survived hibernation. 

Survival was determined through radio telemetry and trapping. Radio transmitters
were surgically implanted into juvenile marmots shortly after weaning; neither surgery nor
the transmitter had any effect on mortality or behavior (VAN VUREN 1989). Transmittered ani-
mals were monitored until hibernation in both years. In 1991, 10 noncolonial juveniles were
implanted with transmitters and, in 1992, 21 noncolonial and 7 colonial juveniles were
implanted. No colonial juveniles were implanted in 1991. Additionally, during 1992 transmit-
ters were implanted in five of seven noncolonial mothers to facilitate locating them for
behavioral observations. Juveniles with transmitters were located every 1 to 3 days until entry
into hibernation. 

Survival during the active season was calculated as the proportion of radioed juveniles
that were alive at entry into hibernation. Active-season mortalities of instrumented marmots
were suggested when the radio signal became invariant and were confirmed by recovery of
the transmitter, often with the remains of the marmot (VAN VUREN 1990). Overwinter survival
was determined for the winter of 1992-1993 only, and was calculated as the proportion of
juveniles entering hibernation that survived overwinter. Juvenile littermates almost always
hibernated together (LENIHAN & VAN VUREN 1996), and at least one juvenile from all litters but
one carried a transmitter. Thus, radio telemetry permitted the location of each litter and its
hibernaculum. Intensive trapping and observation, assisted by radio telemetry, were used to
determine which marmots were alive at entry into and at emergence from hibernation. Annu-
al survival was calculated as the proportion of juveniles marked at weaning that were recap-
tured the following year as yearlings. Success at recapturing yearlings was improved by trap-
ping intensively at each hibernaculum, beginning before emergence from hibernation.

To determine if early dispersal was occurring, we recorded the locations of colonial and
noncolonial juveniles regularly throughout their first active season, using radio telemetry
along with observation and trapping. Locations of juveniles were recorded, and distance from
the natal burrow was measured using a range finder. Because littermates remained together,
distance measures were pooled within each litter over 2-week intervals after weaning. Litter
means per interval were used to calculate grand means for colonial and noncolonial juveniles
for each 2-week interval. 

Behavioral observations were employed to describe mother-offspring interactions as
well as to determine the location of juveniles. Observations commenced soon after litters
were weaned (late June to mid-July) and continued until mid-August each year. Observations
were conducted when marmots were most active, during morning, late afternoon, and eve-
ning (ARMITAGE 1962). Five-minute scan samples were conducted (ALTMANN 1974), recording
the identity and location of all marmots within view. Social interactions were recorded during
the same period by all-occurrences sampling (ALTMANN 1974). Interactions were classified as
amicable (play, greet, groom) or avoidance/agonistic (rebuff, fight, chase, attack) (KING 1955,
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SVENDSEN & ARMITAGE 1973, ARMITAGE 1977). The time available for interaction was consid-
ered as the amount of time that both the mother and one or more offspring were above-
ground simultaneously and within 10 m of each other. A chi-square analysis was used to
determine whether amicable or avoidance/agonistic behavioral interactions occurred random-
ly among social environments (RAYOR & ARMITAGE 1991). The expected rate (calculated from
equation 7 of ALTMANN & ALTMANN 1977) of mother-offspring interactions was based on the
total number of interactions and the percentage of time available for interaction within each
social environment. 

To assess the possible effects of differences in habitat quality between colonial and non-
colonial marmots, we used data on weight at each capture to calculate and compare growth
rates, weight at entry into hibernation, and overwinter weight loss of colonial and noncoloni-
al offspring. Growth of juvenile marmots has two phases, a period of positive growth fol-
lowed by a period of stable body weight until entry into hibernation (LENIHAN & VAN VUREN

1996). Growth rate was calculated for each litter and was estimated using the slope of a
regression line fitted to weights of juveniles in the litter during the period of positive growth.
Weight at entry into hibernation was calculated for each juvenile and was estimated using the
mean of weights recorded after growth ceased. Overwinter weight loss was calculated for
those juveniles that survived hibernation (LENIHAN & VAN VUREN 1996). Colonial and noncolo-
nial sample variances were statistically different, so means were compared by a t-test for une-
qual variances (ZAR 1984). 

RESULTS

In 1992, survival of transmittered juveniles during their first active season
was identical for colonial (0.71, n = 7) and noncolonial (0.71, n = 21) offspring. No
colonial juveniles were radioed in 1991, but survival of radioed noncolonial juve-
niles (0.90, n = 10) was high. Nine transmittered juveniles died during the active
season (0.24, n = 38); all were attributed to predation. Identification of predators
was determined by tooth impressions on the wax covered transmitter and circum-
stances of the mortality (VAN VUREN 1990); predators identified included coyotes
(Canis latrans) and pine martens (Martes americana). Overwinter survival of nonco-
lonial juveniles (0.96, n = 26) was higher (χ2 = 7.89, df = 1, P < 0.005) than that of
colonial juveniles (0.55, n = 11) during the winter of 1992-1993. For 1991-1992,
annual survival of noncolonial juveniles (0.70, n = 23) was higher (χ2 = 10.36, P <
0.005) than that of colonial juveniles (0.26, n = 34). For 1992-1993, annual survival
of noncolonial juveniles (0.60, n = 42) did not differ (χ2 = 1.18, P > 0.25) from that
of colonial juveniles (0.43, n = 14). 

By 2 weeks after weaning all juveniles were ranging away from the natal bur-
row, but by 4 weeks noncolonial juveniles were moving further (Fig. 1). Noncoloni-
al juveniles went on exploratory excursions (JOHNSON 1989, VAN VUREN 1990) away
from their natal burrow area that involved overnight stays in burrows new to these
juveniles. Colonial juveniles, on the other hand, remained within the colony and
generally stayed in or near the natal burrow each night. Distances peaked at 10
weeks after weaning for noncolonial and at 12 weeks for colonial juveniles (Fig. 1).
Thereafter colonial juveniles ranged closer to the natal burrow, but noncolonial
juveniles did not. All colonial juveniles hibernated within 15 m of the natal burrow,
whereas noncolonial juveniles in only 4 of 13 litters hibernated within 15 m of the
natal burrow (Fig. 1). 

Some noncolonial juveniles moved long distances from their natal burrow.
One moved 520 m and then was killed by a coyote; another moved 350 m then
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hibernated alone. Two litters totalling nine juveniles moved 320 m with their moth-
ers then hibernated. 

Spatial relationships of mother and juveniles differed between social environ-
ments. Noncolonial mothers and their offspring were recorded together up to 425
m from the natal burrow, whereas the furthest distance recorded for a colonial
mother with offspring was 170 m. At least two noncolonial mothers temporarily
abandoned their litters. One moved 555 m away from her litter 5 weeks after wean-
ing, then returned 2 weeks later and hibernated with her litter. The other left her
litter 2 weeks after weaning; when she returned 5 weeks later most of her litter had
disappeared. In addition, 3 of 13 noncolonial mothers were killed by predators,
leaving orphaned litters behind. 

Mother-offspring interactions were recorded during 227 hr of behavioral
observations. Interaction rates were 2.56 interactions/hr for colonial females and
3.24 interactions/hr for noncolonial females. Amicable interactions between mother

Fig. 1. — Movements from the natal burrow by colonial
(solid circles) and noncolonial (open circles) juveniles from
weaning until entry into hibernation. Vertical bars represent
the mean ± 95% confidence intervals for each 2-week inter-
val. Week 16 represents the location of the hibernaculum.

Table 1.

Frequency analysis of amicable and avoidance/agonistic interactions by colonial and noncolonial 
female yellow-bellied marmots towards their offspring. 

Amicable Avoidance/Agonistic

expected observed expected observed

Colonial 47.35 40 3.9 3
Noncolonial 136.65 144 11.10 12
χ2 1.54 0.28
P > 0.10 > 0.75
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and offspring predominated; 92% (n = 144) were amicable for noncolonial females
and 93% (n = 40) for colonial females. The rate of amicable and avoidance/agonis-
tic interactions between mother and offspring did not differ from expected (P >
0.10) for either colonial or noncolonial marmots (Table 1). 

Growth rates (t = 2.36, df = 14, P = 0.03), weight at entry into hibernation (t =
5.74, df = 58, P < 0.001), and overwinter weight loss (t = 3.66, df = 32, P < 0.001)
were all significantly higher in noncolonial offspring compared with colonial off-
spring (Table 2). 

DISCUSSION

Intraspecific variation within a population may reflect environmental influ-
ences (DOBSON & MURIE 1987). Thus, social variation in yellow-bellied marmots
may represent phenotypically plastic responses to environmental conditions such as
availability of space, food resources, and hibernaculum quality. Models relating
resources to sociality show that group size should increase with increasing resour-
ce abundance (SLOBODCHIKOFF & SCHULZ 1988). Accordingly, marmot group size is
positively correlated with habitat patch size (SVENDSEN 1974). Variation in behav-
ioral phenotypes also influences social variation in marmots; a highly aggressive
female can exclude all other adult females from a habitat patch that otherwise sup-
ports a colony (ARMITAGE 1975). 

Predation is an important source of mortality affecting the behavior of prey
species. Protection from predators is cited not only as an important benefit of colo-
nial living but often as an impetus towards the evolution of sociality (BERTRAM

1978, HOOGLAND 1981, CAMPAGNA et al. 1992). Evidence from other vertebrate spe-
cies suggests that small groups incur a higher cost of predation (BIRKHEAD 1977,
KENWARD 1978, HOOGLAND 1981, CAMPAGNA et al. 1992, YOUNG & ISBELL 1995) than

Table 2.

Growth rate, weight at entry into hibernation, and overwinter weight loss for colonial and noncolo-
nial juvenile yellow-bellied marmots. Growth rates are based on litters, and weight at entry into 

hibernation and overwinter weight loss are based on individuals.

Colonial Noncolonial P

Growth rate (g/day)
Mean 17.0 22.2 0.03
SD 3.13 6.15
n 9 10

Weight at entry into hibernation (g)
Mean 1321 1746 < 0.001
SD 188 422
n 31 41

Overwinter weight loss (g)
Mean 383 593 < 0.001
SD 152 213
n 13 30



184 C. Lenihan and D. Van Vuren

large groups. Likewise, previous research on marmots suggested that predation risk
was higher in noncolonial marmots (ARMITAGE & DOWNHOWER 1974, SVENDSEN

1974). Because noncolonial groups are small, adult females spent more time in an
alert posture while feeding than did colonial females (SVENDSEN 1974). Further,
noncolonial sites contain fewer burrows in which to take cover from predators, and
these burrows are often located close to cover where predators may hide (SVENDSEN

1974). Nonetheless, we detected no difference in vulnerability to predation between
colonial and noncolonial juveniles. 

Three noncolonial litters were orphaned after the death of their mother and
one was deserted for 5 weeks, while no colonial litter was orphaned or deserted
during this study. Desertion by noncolonial mothers was also observed twice by
SVENDSEN (1974). Despite the absence of the mother in 4 of 13 litters, noncolonial
juveniles did not suffer higher predation. Apparently, noncolonial mothers did not
play an important role in predator detection or defense. 

Both colonial and noncolonial juveniles showed a pattern of exploratory
movement away from the natal burrow after weaning, followed by a return toward
the natal burrow as hibernation approached. Noncolonial juveniles, however,
moved significantly farther. Moreover, noncolonial juveniles often remained over-
night in areas far from the natal burrow and were less likely than colonial juveniles
to return to the natal area to hibernate. Noncolonial juveniles may have moved
more because they had more freedom to do so. Space within colonies is subdivided
by groups of related females called matrilines (ARMITAGE 1991). Members of a mat-
riline share common home ranges and may occupy the same burrow system, but
members of different matrilines never share burrows and show little home range
overlap (ARMITAGE 1991). Conversely, noncolonial localities are relatively isolated,
thus juveniles can range farther without encountering aggressive conspecifics. 

Dispersal is the one-way movement of an animal away from its home area
(LIDICKER 1975). No colonial juveniles dispersed, but some noncolonial juveniles
did. Home ranges of noncolonial adult females averaged about 300 m in length (D.
VAN VUREN unpub. data), so dispersal was defined as a one-way movement more
than 300 m away from the natal burrow. Two noncolonial juveniles from different
litters made such a move alone. Nine juveniles comprising two litters made such a
move accompanied by their mothers, thereby undergoing locational dispersal, in
which they left a familiar area but maintained social contact with their mother and
litter mates (ISBELL & VAN VUREN 1996). These results document early dispersal by
noncolonial juveniles, which has long been suspected (DOWNHOWER & ARMITAGE

1971) but never confirmed (VAN VUREN & ARMITAGE 1994a). 
Greater mobility of noncolonial juveniles provides an explanation for the low

recapture rates of yearlings reported in previous studies. Most colonial juveniles
hibernated in or near the natal burrow; those that survived were trapped upon
emergence the following spring. In contrast, most noncolonial juveniles hibernated
away from the natal burrow at locations that were known during this study only
because of radio telemetry. Thus, trapping efforts the following spring that focused
only on the natal area would have missed noncolonial yearlings that were alive but
living elsewhere. 

The hypothesis that maternal behavior promotes early dispersal of noncoloni-
al juveniles was not supported. Mother-offspring behavior did not differ between
colonial and noncolonial marmots. For both social environments, almost all inter-
actions were amicable. Similarly, ARMITAGE (1986) observed only amicable behav-
iors between colonial mothers and their offspring. If mother-offspring interactions
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are an appropriate measure of maternal care (RAYOR & ARMITAGE 1991), then colo-
nial and noncolonial mothers appear to be investing similarly in offspring during
the juvenile phase. 

Colonial and noncolonial marmots inhabit localities with significantly differ-
ent physical structure (SVENDSEN 1974), suggesting that habitat quality may differ.
Noncolonial juveniles, however, did not exhibit lower growth rates or hibernation
weights than colonial juveniles. Indeed, noncolonial offspring showed higher
growth rates and hibernation weights, suggesting that food resources may actually
be greater in noncolonial habitats. Noncolonial juveniles range over larger distanc-
es than colonial juveniles and as a result may be able to search out high quality
foods. Conversely, colonial juveniles range over smaller distances within the subdi-
vided space of the colony, foraging within the limits of their mother’s matriline.
Heavier weight at entry into hibernation results in a higher probability of overwint-
er survival (LENIHAN & VAN VUREN 1996), explaining the higher overwinter survival
of noncolonial offspring. 

Overwinter survival may also be influenced by hibernaculum quality. Because
there are fewer burrows at noncolonial sites, good hibernacula may be limiting,
thus contributing to higher overwinter mortality (SVENDSEN 1974). Noncolonial
juveniles lost more weight during hibernation than did colonial juveniles. This dif-
ference may result, in part, because noncolonial juveniles weighed more at entry
into hibernation; in Alpine marmots (Marmota marmota), the absolute magnitude
of overwinter weight loss was greater in larger marmots (ARNOLD 1990). But, higher
weight loss could also indicate lower hibernaculum quality (ARNOLD 1990). Nonco-
lonial juveniles, however, did not suffer higher overwinter mortality; possibly, high-
er weight gain during the active season compensated for any negative effects of
hibernaculum quality on overwinter weight loss. Further, noncolonial juveniles,
despite ranging widely during the active season, remained together and hibernated
as a group. Joint hibernation in groups of Alpine marmots resulted in increased
survival of juveniles (ARNOLD 1990).

CONCLUSION

Juvenile survival among marmots in the East River Valley varies from year to
year (ARMITAGE 1991), in part because of variation in environmental factors. For
example, predation pressure on marmots during summer varies among years (VAN

VUREN 1991), and overwinter survival of juveniles may be reduced by summer 
drought during the active season (ARMITAGE 1994) or persistent snow cover the fol-
lowing spring (ARMITAGE & DOWNHOWER 1974). Previous estimates of survival of
colonial offspring to age 1 year range 0.47 to 0.55 (ARMITAGE & DOWNHOWER 1974,
VAN VUREN & ARMITAGE 1994a). Survival of colonial offspring born in 1991 (0.26)
was substantially lower, leading to the unexpected result that survival of noncoloni-
al offspring was significantly higher than that of colonial offspring. Especially low
rainfall during the summer of 1991 and its effect on overwinter survival may be the
cause. Effects on survival varied geographically (ARMITAGE 1994), and colonies, per-
chance, may have been more severely affected.

Our results show that survival of noncolonial juveniles to age one was not
lower than that of colonial juveniles. Noncolonial juveniles were not more vulner-
able to predation during the active season, nor was overwinter mortality higher.
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Noncolonial juveniles may have hibernated in poorer quality burrows, but the
resultant energetic cost apparently was balanced by higher growth rates. Some
noncolonial juveniles did disperse, and most moved away from the natal burrow to
hibernate, thereby explaining the low recapture rate of noncolonial yearlings
reported in previous studies. 

An important benefit for females in colonies is the opportunity to form matri-
lines, groups of close kin which result from recruitment of daughters (ARMITAGE

1988). Members of a matriline may cooperate in defense of the home range against
conspecifics and in detection of predators (ARMITAGE & JOHNS 1982), although a
lower risk of predation in colonies has not been demonstrated. Matriline formation
is a form of parental investment; because dispersal has a survival cost (VAN VUREN

& ARMITAGE 1994b), females may improve their own direct fitness by retaining
daughters in the natal area (ARMITAGE 1988).

Coloniality, however, has several costs. Females compete for resources, espe-
cially burrows and foraging areas (ARMITAGE 1989), and reproductive success may
suffer because of reproductive suppression (ARMITAGE 1986) or infanticide (BRODY &
MELCHER 1985). Disease has long been considered a potential cost of sociality (ALEX-
ANDER 1974); although parasites decreased the fitness of Alpine (ARNOLD & LICHTEN-
STEIN 1993) and yellow-bellied marmots (VAN VUREN 1996), parasite loads did not
differ between colonial and noncolonial yellow-bellied marmots (VAN VUREN 1996). 

Noncolonial females rarely form matrilines, primarily because of insufficient
space (ARMITAGE 1988). Instead, almost all their offspring eventually disperse. A
higher rate of dispersal, coupled with lower survival of dispersers (VAN VUREN &
ARMITAGE 1994b), resulted in lower survival of noncolonial offspring from age one
to age two (VAN VUREN & ARMITAGE 1994a). Thus, noncolonial females do not enjoy
the benefits of matriline formation, but they also do not suffer the costs associated
with living in close proximity to conspecifics.
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