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Fifty-percent (36/72) of golden marmot (Marmota caudata aurea) pups that
emerged above ground their first summer in Dhee Sar, Khunjerab National Park,
Pakistan, died before their first hibernation. At least 22% (8/36) of this mortality
was attributed to infanticide by new adult male group members. Carcasses were
not cannibalized, thus infanticide probably was not a form of resource exploita-
tion. Adult females who lost their entire litters to presumed infanticide were not
more likely to breed in subsequent years; an observation inconsistent with infan-
ticide being a form of sexual selection. Results are consistent with the hypothe-
sis that males may kill unrelated pups to avoid providing care to unrelated
young even though killed pups include potential future mates.
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INTRODUCTION

Although once considered dysfunctional and aberrant, there are now a variety
of functional explanations of infanticide, the killing of young by older conspecifics
(reviewed in HAuSFATER & HRpY 1984). Infanticide has been well documented in
many species of sciurid rodents (SHERMAN 1981, 1982 and references therein;
McLEAN 1983, BRoDY & MELCHER 1985, HooGLAND 1985, TRULIO et al. 1986, TRULIO
1987, DoBsoN 1990, VESTAL 1991, PERRIN et al. 1994, CouLoN et al. 1995, but see
MICHENER 1982 for a discussion on why infanticide may not be so common). Func-
tional hypotheses to explain infanticide in sciurid rodents include: resource-
exploitation — the young are eaten (e.g., SHERMAN 1981, HooGLAND 1985, TRULIO et
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al. 1986, VESTAL 1991); sexual selection — adult males kill unrelated young to increa-
se their reproductive success in future breeding attempts (HooGLAND 1985); mini-
mization of “investment” into unrelated young (McLEAN 1983); or most commonly,
the reduction of competition for limiting resources such as nest sites and/or food for
either the perpetrator or for the perpetrator’s descendants (SHERMAN 1981, Broby &
MELCHER 1985, HooGLAND 1985, TRULIO et al. 1986). Infanticide has previously been
reported only in one Old World sciurid (PERRIN et al. 1994, CouLON et al. 1995). In
this paper I describe evidence for, and discuss the function of, infanticide in another
Old World sciurid, the highly social golden marmot (Marmota caudata aurea).

MATERIALS AND METHODS

The general social behavior of golden marmots was studied from 1988 to 1993 in
Khunjerab National Park, Pakistan (details and results in D.T. BLUMSTEIN & W. ARNOLD
unpublished data). Briefly, golden marmots were generally found in monogamous associa-
tions but lived in groups containing up to 7 adults which tended to be male-biased. In
Khunjerab, marmots had a 4-5 month active season between late April and late September
during which adults could potentially breed once. Breeding did not occur every year: only
17% of 89 social-group-years (a social group studied for a year) had young emerge above
ground. From 1990 to 1993, causes of mortality of pups during their first summer was stud-
ied in detail. Marmot litters were completely live-trapped and marked as soon as they emer-
ged above ground. Over 2400 hr of direct and regular observations on social groups were
made during 465 days of field work; additional, and unquantified, observations were associat-
ed with regular livetrapping of marmots. A full census of each social group was attempted at
least once each week. Because marmots did not disperse before their third summer (D.T.
BLUMSTEIN & W. ARNOLD unpublished data), pup disappearance was always equated with mor-
tality, and we attempted to determine the cause of each disappearance. Necropsies were per-
formed on all pup carcasses recovered.

RESULTS

Pups emerged above ground in 11 different social groups; some marmot
social groups produced pups in more than 1 year. We trapped all pups in 16 lit-
ters (n = 72 pups, median/modal litter size at emergence from the natal burrow =
4, range = 2-9). Of these pups, 50% (36/72) died at some point during their first
summer.

Predation on pups was strongly inferred from sign (footprints and fresh scats)
from predator kills (n = 5), finding predated remains of a pup (n = 1), or from see-
ing a healthy pup alive 1 day that suddenly disappeared after a Tibetan red fox
(Vulpes vulpes montana) was spotted hunting around that social group (n = 2). I
estimate predation was responsible for at least 22% (8/36) of these pup deaths.

Infanticide may also have been responsible for another 22% (8/36) of first
summer mortality. I never observed an adult marmot killing a pup, but strongly
infer infanticide from the following observations. Two unconsumed pup carcasses,
and one “scavenged” carcass were found possessing small puncture and/or bite
wounds to the head and/or feet, tail, and back. While two weasel species (Mustela
erminea and M. altaica) are found at the study site (BLUMSTEIN 1995), I do not think
the bites were caused by weasels; weasels were not commonly seen around mar-
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mots, the carcasses were not consumed, and bite wounds were not restricted to the
neck. The bite wounds could have been produced by other, larger, marmots and
their location and pattern is consistent with wounds inflicted on a fleeing marmot.
Adult males were much larger than pups: adults generally weighed between 3-5 kg,
while pups were weaned at about 0.4 kg, and reached about 1.3 kg by late August
(D.T. BLUMSTEIN & W. ARNOLD unpublished data). Additionally, two injured and
limping pups were observed in two different social groups. Examination of these
pups revealed what appeared to be small bite wounds on their back and legs; both
pups later died.

Groups where pups were inferred to be killed by infanticidal marmots had
one unique feature; a new adult male marmot joined the social group after the
pups emerged above ground. Three social groups had new males move in, 12
groups had no new members, and one group had a new adult female. The presence
of a new male significantly reduced juvenile survivorship. Only 24% (5/21) of pups
survived the first summer in groups with a new adult male while 31/51 survived
when no new male was present (2 = 6.7, P = 0.01). There was no evidence of differ-
ential pup survival in the group with a new adult female; 3/4 survived their first
summer with a new female, 33/68 survived when there was no new female (Fisher
exact P = 0.36).

Pups observed limping seemed to avoid areas where the new male was, even
if this meant not interacting with other group members. Pups in groups without
new males seemed fully integrated into the social group as evidenced by play, greet-
ing, and the sharing of sleeping burrows. Pups in groups with new adult males
were not obviously “protected” by other residents, including putative parents and
older siblings. However, there was a tendency for groups with pups to be more like-
ly to “resist” the immigration of new males; 4/6 immigrations into groups with
pups were associated with aggression towards the immigrant male, while only 6/26
immigrations into groups without pups were associated with aggression towards
the immigrant male (Fisher exact P = 0.06).

Females in groups where a new male was inferred to be infanticidal the previ-
ous season weaned young at similar frequencies as females who did not lose young
to infanticidal males in the previous season; 1 of 3 females weaned young following
infanticide the year before, whereas 2 of 10 females weaned young who suffered no
infanticide the year before (Fisher exact P = 1).

DISCUSSION

I assume male intergroup movement caused infanticide as previously reported
in the closely related alpine marmot (Marmota marmota; PERRIN et al. 1994, COULON
et al. 1995). As with these two previous reports, my sample sizes of inferred infanti-
cide are small. Infanticide in other sciurids often occurs before pups are weaned
and emerge from their natal burrows (HooGLAND 1995). Both male and female gold-
en marmots changed social groups throughout the active season (D.T. BLUMSTEIN &
W. ArRNOLD unpublished data). It is possible that by focusing on post-emergence
infanticide, I underestimate the actual frequency of infanticide and miss potential
additional functions of infanticide. For instance, there are different functions of
male and female black-tailed prairie dog (Cynomys ludovicianus) infanticide (HooG-
LAND 1995). While golden marmot reproduction was rare, and thus there were a
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small number of potential infanticidal events, 22% of golden marmot pups appear-
ed to be killed by infanticidal males. Such high frequencies, with the exception of
black-tailed prairie dogs, are rare among sciurids (HooGLAND 1995: 125). Why are
male golden marmots infanticidal?

Infanticide may simply be the non-adaptive consequence of male aggression.
New males may attempt to become dominant to all residents and pups may neither
be able to flee nor to fight back successfully. However, because there may be a cost
to killing female pups who might become future potential mates (HOOGLAND 1995),
there should be some fitness benefit to maintain infanticidal behavior.

Because the two recovered carcasses attributed to infanticide did not appear to
be consumed, and because casual examination of marmot scats did not reveal clum-
ps of marmot hair, infanticide appeared not to be a resource-exploitation strategy.

Although the pattern of infanticide is consistent with the sexual-selection
hypothesis — only males were thought to be infanticidal — there was no direct evi-
dence that infanticide increased the probability of weaning young the next year in
this relatively small data set. It is likely that maternal care has some energetic/
physiological costs (e.g., thermoregulation of young during hibernation [ARNOLD
1993]) and that infanticide reduces these costs making it more likely that females
will breed with infanticidal males in subsequent years (COULON et al. 1995). Arguing
against the sexual-selection hypothesis for golden marmots are the observations
that sexually-selected infanticide has generally been assumed to work on a shorter
relative time scale (e.g., PACKER & PUSEY 1984), and that the infrequency of female
breeding makes it less likely that infanticidal males will be present when a female
can/does breed.

Burrow systems could be viewed as somewhat limiting resources since mar-
mots colonized no new areas (D.T. BLUMSTEIN & W. ArNoLD unpublished data). If
so, both sexes would benefit from infanticide to reduce competition for these
potentially limiting resources. That infanticide was only observed associated with
intergroup movement by males but not females may be an artifact of small sample
sizes. However, male infanticide may reflect the true pattern for golden and other
Old World marmots (PERRIN et al. 1994, CoULON et al. 1995).

Infanticidal males could have minimized their own investment into unrelated
pups (PIEROTTI 1991). Such investment could have occurred during the summer
(e.g., allogrooming, alarm calling, territorial defense) or during the first hiberna-
tion (e.g., social thermoregulation that may benefit young more than adults;
ARNOLD 1993). However, none of these behaviors were obligatory, so a new resident
could enter a group and not “invest in young”. Nevertheless, if new male residents
behaved aggressively towards subsequent intruders, they might “protect” the social
group’s young whether related or not. It seems odd that adult males killed unrelat-
ed female pups who could conceivably become future mates (see also PERRIN et al.
1994, CouLoN et al. 1995, HooGLAND 1995). More detailed data on reproductive suc-
cess are required to conclude that adult male golden marmots kill unrelated young
to avoid providing care to unrelated young.
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