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TI5 NOW GENERALLY AGREED thar ‘CHL'i;l-]iT_'f'-. that 15,
group living, has both cosrs and benefits. Among the
benefirts are increased awareness of predarors through
mcreased vigilance (Armitage er al. 1996; Blumstein 1996}
and alarm-calling {Sherman 1977; Blumsrein and Armitage
rgg7al, Major costs are a loss of reproducnon; increased
social complexity in ground-dwelling sciurids 15 associared
with a smaller proportion of females breeding, a greater
time to age of Arst reproduction, and a decrease in litter size
(Blumstein and Armitage 1998), Many groups are cooper-
ative breeders; these groups are typified by considerahble re-
productive skew (Keller and Reeve 1994; Sherman et al.
iyas), m which only one or few mature females reproduce
in a reproductive season (Solomon and French 1997; Blum-
stemn and Armitage 1999). However, one benefit of increased
social complexiry and cooperative breeding s increased ju-
venile survival,
In this paper 1 deseribe the costs and benefits of group
living in marmots {Marmata) and present a historical analy-
sis of the probable evolutionary events that led to socialicy.

Social Systems of Marmots

Currently, fourteen species of marmots restricted to the
northern hemisphere are recognized (Barash 198g). Six spe-
cies occur in western North America; only the range of the
woodchuck, M. momax, extends into eastern Canada and
the United States. Two species, the alpine marmot (M. mar-
muota) and the steppe marmor (M. bobak), occur in Europe;
the remaining six species occur in Asia. Typically marmots

occur i alpine or subalpine environments, with the ex-
ception of the steppe marmaot, which lives on the Eurasian
prairie, and the woodchuck, which lives in low-elevarion
woodland/meadow habirars. Range disteiburion and halbi-
tar characreristics of the fourteen species are described else-
where (Armitage zooo).

Marmot species have been placed in either three {Allainé
zooo) or four (Armitage 1996b; Blumstemn and Armitage
tuga; Armitage zooo; Armitage and Blumstein zooz ) social
groups (table 3o.1). The major difference between three-
and four-group categories is that in the three-group svstem,
the restricted family and extended family systems are com-
bined into a group of “species with complex level of soci-
ality™ (Allainé 2000; p. 23). The basic social unit of this
group 15 the family (Bibikow 19g&), but my mterpretation
of the available literature is that family structure differs be-
tween the restricted and extended family groups, in that sub-
ordinate adules arc not normally present in the restricted
family groups. Information is unavailable for assigning the
Himalayvan marmot (M. fimalayana) and Menzbier’s mar-
maot M. menzbieri) to social groups, but they probably
have extended families.

The social systems should be considered “types,” as they
vary considerably. In M. monax, in Chio, 25% of the fe-
male oftspring remained with their mother through the hrst
hibernation, and moved to different burrows as vearlings
(Meier 1992). Nearly 73% of the yellow-bellied marmot
{M. flaviventris) macrilines consist of one female; large ma-
trilines occur only on larger habitar patches {Armitage and
Schwartz 2000). On smaller habitar patches, only a repro-
ductive pair may be present, and mating 15 monogamous



Table 30,1  Soda systems of Marmors

Social system Specas
Soliany M, monax
Famale kin groug M. fenventrs

Rastricted farmly M, cabgata, M olpmpus M @ncouvenanss

Extersded 1armly A, baliacing, M. bobak, M bioisen,

i camschatica, M. caddata, M. mamors,
[P AL

SOURCE: Modified from Amnitape 2000 and Blumshein e al 2004

{Armitage and Downhower 1974: Armitape 1991). How-
ever, some males achieve polygymy by expanding their
home ranges to include two or more small patches with te-
males (Salsbury and Armitage 1994). Many alpine marmot
tamilies consist only of a reproductive pair, with or without
infants {Amold 1990a, 1990b; Perrin et al. 19923 Sala et al.
1996 Lenti Boero 1999,

This variation within social systems is primarily a con-
sequence of demographic processes, In yellow-hellied mar-
mots, a female immigrant to a habitat patch torms a
matriline of one {Armitage 1991, 2002). Recruitment of
z-yvear-old daughters increases matriline size; mortality de-
creases matriline size, and may redoce a matriline to one
adult temale {Armitage 1973, 1991, 1996b, 2002, 2003a).
Similar processes occur in alpine marmots, with one major
exception: solitary individuals are virtually nonexiscent. An
immigrant becomes resident in a family either by Alling a
vacancy or by evicting an adult resident (Arnold rogoa;
Sala et al. 1992; Lenti Boero 1go9; Grimm et al. 20013 ). The
tamily structure ot grey marmores (M. barbacina) is simpler
on less favorable habicat than on favorable habitar (Mak-
hatluta 1991,

There may he a fifth social system. In the steppe marmaot
(ML Bobal) in cenceal Kazakscan, Familics consisted of one
mature female and male plus old nonbreeding males and
subadulrs. Subordinare adules were nor reporeed, and dis-
persal apparently occurred ar age two (Mashkin ragr).
Families of steppe marmots in the Ukraine consisted of an
adult female with or withour offspring and twao or three
adult males. Again, no subordinare adulr females were re-
ported {Nikol® skii and Savchenko 1999). One group had
rwo adult females, bur one soon dispersed. The black-
capped marmot (M, camisehatica) may be a superspecies,
and one or more of the three sub-species may be a sepa-
rate species (Boveskorov er al. 1996). Family groups of
M. e, camtschatica on average consisted of 1.8 adult males,
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Characiensiics

hating systern pobagynodus, litle cverlap of female haome ranges; disparsse &
yaung; soktary hibernaton

Mather daughtersister grodps persist through tree s matnlines: terrdarial
e defends one of more matriines, thus mating pokgynous, yearkng
dizpersal, walitary of grows hibereation

Adult male typicaly with ane 1o three femaes and yearlings, mating witha
thie farmly: idperas &5 J-yaa-akds! group libemation

Typecal 1a'|'|l:.' ol adufl teritona par, subandinale sdults, ard yearlings;
mateg Mmoncgamas of polyandgaous, disperse at age three o clder; group
miberratan

1.7 adult females, and 4.3 young (less than halt of the fam-
tlies produced young in any given year; Mosolov and To-
karsky 1904). Families of M. c. bungei usually consisted of
parents and progeny; about halt of the marmots lived alone
or tn pairs {Yakovlev and Shadrina 1996). Neither of these
studics reports the presence of subordinate adults, a major
characteristic of the extended family,

The uncertainty regarding the full variery of marmot so-
cial systems derives from the lack of long-term scudies of
soctal structure and dynamics. Because marmors are long-
lived species, known individuals must be followed for sev-
eral generations to determine the typical social system and
its variability. Except tor M. marmota, marmot research on
the Eurasian marmots concentrared on population changes
tollowing exploitation of marmots for food, fat, and fur or
reduction and recovery of marmor populations in programs
to evaluate the role of marmors as a plague vector [Bibikow
1996}, Resulrs are presented as population averages; for ex-
ample, percent of temales of different ages breeding, size of
famulies {e.g., Pole and Bihikov 1991; Shubin rag1). Thesc
studies enable one to infer the nature of the social svsrem
and s relanionship to the age of frsr reproducnion and of
dispersal; some of the characreristics of social systems to be
discussed later are based on such population dara.

Sociality evolved ar least rwice (Kruckenhauser er al.
1ga#; Steppan et al. 1999}, once in the Eurasian clade and
once in the Morch American clade. The solitary M. meonaes
has a hasal position in the Eurasian clade and suggests char
ancestral marmots were asocial. The female kin group and
restricted family social groups occur in the North American
or caligata clade and the extended family species occur in
the Eurasian clade.

Llncertamty of the exact nature of the social svstem of all
fourteen marmot species does not refure thar this mono-
phyletic genus (Steppan et al. 1996) has diverse social sys-
tems. This diversity raises two guestions: (1) why did soci-
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ality in this penus evolve, and (2} why are there diverse so-
cial systems? The attempt to answer these guestions re-
quires understanding the evolutionary history of Marmota,

Evolution in a Harsh Environment

Historical record

Both DNA hybridization studies (Giboulet et al. 2002) and
the fossil record {Black 1972: Mein rogz) indicare that the
first Sciuridae evolved in the Oligocene in North America.
The first true ground squirrel, Miospermoplilus, appeared
by late Oligocene and was the ancestor of the spermaophiles
[Spermaphilns), prairie dogs (Cymomys), and marmaots,
These ground-dwelling squirrels radiated in North America
in the Miocene and liocene. Although M. vetis appeared
in the Miocene in what is now the United States {Mein
tg92l, the earliest incontrovertible tossils are M. wirmar
trom the late Miocene, about eight million years ago (Polly
2003, One radiation led to large-bodied forms, such as
M. nevadensis and Paenemarmota barbowri, the largest of
the ground-dwelling squirrels (Kurtén and Anderson 1980,
These large forms did nor survive into the Pleistocene. Mar-
mots reached Eurasia in the late Pliocene or early Pleisto-
cene. All extant species evolved in the Pleistocene (Black
rg72: Mein rogz).

Early marmots probably inhabited conl, moise habitars
in the basin-and-range country of the North American west
(Polly reo3), and occurred as far souch as Mexico (Cushing
1945 In Europe, all modern species are known only from
the late Pleistocene. Marmots were associated with the
mndra-forest-steppe fauna, which occupied the periglacial
landscape (Aimina and Gerasimov 1973; Zimna 1996).
Marmors were widespread in European lower mountain
ranges (Kalthoff 1o99ga) and are common species of the
“locss fauna™ of the lare Pleistocene (Rumiancsey and Bilbs-
kov 19o4). The environment was characrerized by cold win-
ters and shorr, warm summers in a grassy landscape (£im-
ina and Gerasimov 1573 ).

Marmar distribunion changed dramanically with warm-
ing and advance of the forests ar the end of the lase glacia-
non. Marmor populations from Porcupine Cave, Colorado,
about 740,000 1o Boo,000 vears ago, are related 1o M. mo-
nax (Polly tooz). By about soo,000 years ago M. monax
appeared in Plesstocene locations m the eastern Unired
Srates and was promment in fossil deposits m Missour
abour 1 g,000 years ago. Marmola flaviventns now lives in
Colorado; fossils were found in numerous sites in western
MNorth America daring from less than 12,000 vears ago
(Kurtén and Anderson 198a). Some of these sites are south
of the present range of M. faviventriz, such as the Newberry

Mountains of southern California {Goodwin 1u8a), The
steppe marmaot retreated from central Europe and the al-
pine marmaot became restricted to the higher Alps Moun-
taing, Marmota primigenia, tound m middle and late Pleis-
tocene loess deposits along with some M. bolbak tossils in
the middle Rhine region, became extinct as retorestation
occurred north of the Alps (Kalchott 1999b). In Italy, fossils
trom the Hoor level of cave deposits are M. marmaota, Mar-
maots trom other levels (Upper or late Middle Pleistocenc)
have a more massive skull and a larger mandible {Aimar
ragz). Several characters are in concordance with M. mar-
mota and indicate a possible shife roward a smaller size as
warming occurred.

This briet review of the historical recard indicates thar
marmots have been large-bodied ground-dwelling squir-
rels for several million years and adapeed to an apen, cool
landscape. Adaptation to a cool environment is evident in
current species. Activity of M. marmata (Turk and Armold
rghi) and M. faviventels (Webb 1980; Melcher et al. 199a0)
is much more restricted by hear than by cold during the ac-
Ve Scason.

The harsh environment

Considerable evidence supparts the interpretation that cur-
rently species of marmots occupy harsh environmenes (Ar-
mitage and Blumstein 200z). Environmental harshness or
severity is not readily defined and can include physical fac-
tors such as cold and droughr and biological facrors such as
mrense predation and disease. | will emphasize physical fac-
tors, such as length of winter and air cemperature, which af-
fect growth, reproduction, and survival of marmorts. Be-
cause climaric records from marmaor habitats are generally
unavailable, biological features will be presented as evi-
dence for environmental harshness.

Many specics of marmors lose mass after emergence from
hibernanion. Heavy snow causces mass loss in the Olym-
pic marmor (M. (ympes, fig. 3o.1), the hoary marmor
(M. caligata), and the steppe marmot, Mass loss typically
oceurs for up to several weeks in the woodchuck and in the
alpine and long-tailed (M. candata) marmots. Mass loss 1
associated with the use of far reserves in the grev and black-
headed marmors (Armitage and Blumstein 1002 and refer-
ences therein),

In the long-tailed and grey marmots, up to 48% of the
embryos are reabsorbed in bad years (e.g., a cold spring).
Becawse far accumularion s much lower in reproducnive
females than in barren females in many marmaor species,
reproduction is often not possible in successive vears unless
the litter 15 small {Bones: et al. 1996; Armitage and Blum-
stein 2oo1). Marmota bobak, M. marmota, M. olympus,
and M. sibirica usually skip © year between successful re-
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2o0c) that, coupled with a metabolic rate lower than thar
predicted from body mass {metabolism equations and a tis-
sue growth efficiency about five imes greater than that of a
typical homeotherm; Kilgore and Armiatage 1978; Armitage
and Salsbury 1e92) allows marmots to accumulate fat re-
serves and use them efficiently during the hibernation and
early post-hibernation seasons,

Consequences of large size

The major consequence of large size is that there is insutfi-
cient rime during the actuve season for young to marure be-
tare their first hibernation, with the exception of the wood-
chuck. The active seasen of the woodchuck, which s abour
7.5 months, is 2 to £ months longer than that of any other
marmot {Armitage and Blumstein zoo0z2). As a result of the
combination of large size and a short active season, the
young of all other species of marmots remain in their natal
environment for their first hibernation or longer, This re-
tention of young forms the basic social unit of marmots
[Armitape 1981, rogah, 2000},

The age of maturicy may be estimated by calcularing a
maturity index {MI) by dividing the body mass ar a speci-
hed age by the body mass of an adult, For this calculation,
body mass values must be used from the same time of vear
to minimize the effects of fattening. Dispersal can occur
when M1 = o.5, but only M. monax achieves thar value in
its first summer (Blumstein and Armitage rogo) and dis-
perses. The young of all other species of marmors have Ml
values = 0.45 and do not disperse. However, yearlings of
all species reach an M1 = o.76, but only M. flaviventris
disperses (Armitage rogga). Thus, most species of mar-
mors have delaved dispersal; thar s, dispersal occurs 1 or

maore years bevond the year in which the MI for dispersal is
reached.

A second conseguence of larpe size is delayed repro-
duction. Reproduction is possible the year after an M1 of
about o.64 is achieved {Blumstein and Armitage 1goa).
Only M, mronax reaches that M1 as a young and is the only
species of marmot to reproduce as a yearling, All marmors
have a MI > o.7 as yearlings, and apparently could repro-
duce at age 2 vears {Armitage 1gguoa). However, many spe-
cies do not reproduce until age three. Delayed reproduction
refers to those species that reproduce at least 1 year later
than they otherwise could as indicated by the ML However,
tor many species reproduction s delaved tor more than
r year bor many members ot the social group. Population
means are available tor some species from life table analy-
ses; otherwise | made rough estimates based on population
structure and the percentages of various age groups that re-
produce {table 30.2). In all species for which data are avail-
able, the realized age of first reproduction is larer than the
age of reproductive maruricy, even though all species have
been reported to reproduce at the recorded age of maruriry.
Furthermore, the age of dispersal for at least three species,
M. zibirica, M. marmota, and M. bobak, 15 older than the
age of first reproduction {Blumstein and Armitage 1999;
Armitage 1gogal. Delayed dispersal and delayed reproduoc-
tion characterize the more complex marmot social systems
{table 30.1).

Group Living and 5ocial Behavior

As a consequence of retaining offspring in the family or ma-
trilime, marmaor social groups are based on kKinship. Burrow-

Table 30.2 Age of first repraduction for femate marmots

Aepe ['!.'ve:.a".]

feproductive  Pogadation
Lo fatuniy (Rl 4] References
M. Ravivenirse 2 302 Sclumartz el & 1998
B coudata awres k| =3 Elumitein and Amokd 1908
M. ¢ caudars il Darvydaw 19391
AL sibuea 3 Bk 1906
M, marmals i =3 Arnnid 19590s
A, Badak 2.3 =3 Iashken 19971 Shutan 1991
&, monax 1 ca, 1.5t Srigder and Chitislian 1960
M. vancoueerenss E| .33 Eryant 1956
B baibacing 2 13} ¥ | Fake &nd Boikay 1991 Bibkoy 1931
M. calgala L] =3 Earash 197dad; Holmes 15984
M. ohmpus 3 =3 Gh Barash 1873

“Spedies are ited i onder af increasng body mass ST Pmengen e

tAhors calnaatians



mates are more closely related than a random sample of
the population. Burrow-mates in M. olympus on average
are related by o.41 (Barash 1989); those of M. calipata,
o.39 (Armitage 199é6b): and those of M. faviventris, by o.5
{Armitage and Johns 1982, The dynamic processes leading
to patterns of relatedness have been best analyzed in M.
wiarmota and M. laviventris, In the alpine marmot, average
relatedness between dominant and subordinate females is
0.13 (Allainé zooo); in the vellow-bellied marmot it 15 o.5
{Armitage 1991 ). The difference in average relatedness is a
consequence of the recruitment patterns of the two species.

In the yellow-bellied marmot, daughters are recruited by
their mothers into the matriline. Daughters trom ditterent
vear classes or litcermate sisters may be recruieed. However,
turnover in the territorial male may result in maternal halg-
sibs being recruited, and demographic processes may lead o
grandmother-granddaughter or aunt-nicce relationships,
Under these conditions, average relatedness can temporar-
ily decrease to o.z5. These matrilines divide to form twa
groups, with cach group having an average relatedness of
0.5 (Armitage 1984, 1991). One result of the hssion of ma-
trilines is that they are small; mean matriline size measured
over eleven habitar sites was 1.38 (N = 744} {(Armitage
and Schwartz rocol. Matrilines are terricorial and share re-
sources, such as burrow sites and foraging areas, with other
members of the matriline—but not with members of neigh-
boring matrilines. Use of space serves as an indirect mea-
sure of resource sharing. Space-use overlap averages about

q M

g
than predicted for all other degrees of relatedness { Armirage

for adult females related by 0.5 and 13 much less

rog6a). For adules related as aunt—niece, space-use overlap
averages about 4%.

The major factor that reduces average relaredness in
alpine marmaons is that only 1§% {Vanoise, France; Allainé
rooo) to 18.3% (Berchresgaden, Germany; Arnold 1993) of
the territorial females inherited the rereitory of their hirch.
On average, 17.5% 10 21.5% of the females take over a
neighboring rereitory. In an 8-vear study of a high alricnde
colony in northern Italy, no female became reproducnive in
her naral family, one female was an immagrant from an ad-
jacent family, and three female immigrants from ourside the
colony successfully reproduced (Lenti Boero 1994, 1999).
Similarly, immagrant males replaced resident males; no res-
ident male was known to have two successive female pare-
ners (Lent Boere 1999}, Regardless of the degree of relar-
edness within alpine marmaor families, rerritories are stahble
and overlap s shight (Perrin er al. 1993; Lenn Boero 1996;
Sala er al. 1996). Transfer among growps commonly occurs
i golden marmots (M, eandata anrea); most transfers are
from larger to smaller groups (Blumsrein and Amaold 1998).
Translocations from one family to another also occur in M.
menchieri, M. ¢. candata, M. baibacing, M. bobak, M, zi-
birica, and M. camitschatica (Mashkin 2003 and refer-
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ences therein), Intergroup transfer occurs more frequently
in golden marmots than in alpme marmots {Blumstein and
Amold 1998), but the dynamics of intergroup transfer are
generally unknown. Long-term studies of the demographic
characteristics of the immigrating animals and of the resi-
dents and the consequences of such transters on the like-
time reproductive success of all the participants are needed.
Some consequences of the variable kinship in extended
families will be discussed later.

In general, rates of amicable and agonistic behavior {Ar-
mitage 1977) are related to the social system. Amicable
behavior among woodchucks 1s mostly limited to mother-
otfspring interactions; agonistic behavior characterizes the
social interactions of this solitary species. The rate of greet-
ings is much higher in the species in the restricred tamily
groups than in the yellow-bellied marmor. Agonistic behav-
1or in the restricted family groups is rare and occurs primar-
ily when the adulr male repels intruders or chases periph-
eral males {reviewed in Armitage 2003a). In the extended
tamilies, agonistic behavior occurs primarily becween mem-
bers ot different groups, and amicable behavior predomi-
nares within groups [Armirage 190é6b), However, when a
territorial takeover occurs, subordinates may be chased and
subsequently disappear (Lenti Boero 1994). The territorial
pair defends against adult same-sex intruders {(Amold 19933
Lent Boero 199a) and fighting may occur, with the [oser
being expelled almost immediately atrer the ight (Hacklin-
der and Arnold 1999). Somerimes the intruder male does
not expel the old territory owner and both males remain in
the group. Because of varable relaredness in the exrended
family groups, the relationship of rates of social behavior
and nearest neighbor associations, such as during foraging,
should be decermined. This study would be especially inter-
esting, becawse evidence suggeses thar reproductive suppres-
sion (ro be discussed subsequently) is kin-biased.

The relationship berween kinship and social hehavior
has been most intensively studied in che vellow-bellied nar-
mot, Morher—daughrer and sister—sister amicable behavior
greatly exceeds agonistic behavior, whereas aunt-niece ag-
onistic behavior greatly exceeds amicable behavior in three
colonies observed for 30 years (Armmtage 2002), Mothers,
daughrers, and sisters typically associare in the same marri-
line; their aunts andfor nieces live in different marrilines.
The same pattern s evident when social behavior of adul
females in four colonies 15 analyzed as a funcnon of the de-
pree of relatedness (rh. Amicable behavior exceeds agonisnic
behavior by 5.5 nmes when r = o.g; at all r = .25, ago-
nistic behavior exceeds amicable behavior by an average of
§.4 fimes {Armutage 2ooz). Behavior is related 1o recruit-
ment of female yearlings; recruitment is more likely when
the amicablefagonistic ratio 13 high and when amicable be-
haviors predominate among adult females {Armitage 1986a,
1guéhl,
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Benefits of Group Living

Delaved dispersal in marmots with a tamily social structure
is associated with ncreased survivorship. Afrer the firse
year, survivership of the golden marmot did noe differ sig-
nificantly from that of the Olympic and Vancouver Island
marmots, and was significantly greater than that of the vel-
low -bellied marmot (Blumstein et al. zooa). The life table
of the steppe marmol (Shubin 1991 is similar to that of
the golden marmot and indicates higher survivorship, sim-
tlar to that of the other family social groups. Only for the
yellow-bellied marmotr did males have lower survivorship
than females (Schwartz et al. 1998; Blumstein et al. 2o02].
Lower survivorship in males is associated, im part, with
much higher rates of dispersal by male yearlings and exten-
sive movements by older males, either searching for females
or d::t'-::nn:lirlg a very large territory (Van Vuren and Armi-
tage 1994b; Schwartz et al. 19g8).

Group size aftects ftness, measured as survivorship and
net reproductive rate (NRR), in yellow-bellied marmots.
Mean matriline size for eleven habitat sites varied from
1.17 to 1.24. Survivorship and NRR increased as mean ma-
triline size increased, decreased slightly in large matrilines,
and varied berween sices wich similar mean macriline sizes.
Although there was no direct measure of site qualicy, sur-
vivorship, but not NRR, was closely related to the area of
the habitat patch (Spearman rank correlanion = 0.45, 0.1 =
P > o.o5). The number of females was directly correlared
with habitat area; possibly the larger number of temales on
a patch provides increased detection of predators (Armitage
and Schwartz 1o00). Marmots vswally alarm-call when a
predator is detected. Alarm-calling is not aleruistic; we have
never observed a caller to become a victim. Similarly, callers
did not sufter predation in other marmaot species (Barash
1975b). Variotion in the rate of alarm-calling by vellow-
bellied marmors was best explained by direct parental care
(Blumstein et al. 1997), More females on a habitar parch is
associated with more hitrers, hence the Likelihood char alarm-
calling wall occur increases. Although a female mav eall to
warn the offspring, other marmots will also be alerred.

When marreiline size was considered over all halarat sites
and rhe average per year calculared, both survivarship and
MRR were significantly related to matriline size. The rela-
nionships were curvilinear; survivorship was only slighcly af-
tected by martriline size, but the relationship explained mose
of the variation (R* = o.97). Matriline size explained less of
the variation (R* = o.67) when sites were treated separately.
The difference berween the amounts of variation in surviv-
orship explamed by the rwo analyses suggeses that there
is 2 major effect of habitar quality on survivorship, NRR
was strongly affected by marriline size; NRR increased
as marriline size increased o a maximum ar three, then

decreased m matrilines of ltour and fve (Armitage and
Schwartz zo00).

Although the optimal matriline size is three, matrilines
of this size vccur only 4.7% of the time. The low frequency
of the optimal matriline size raises the question of why it
does not occur more often, The three major reasons seem to
be habitar size, demography, and Fl.'Pl'l.HJl.ll'.'Ti'-'l.' competition,
Small habitar patches never develop large matrilines; 5%
of the large matrilines [= 1) oceurred at three localities, Al-
though these are among the larger localities, size 1s a nec-
essary but not a sufhicient condition tor the development
ot large matrilines. These localities have numerous burrow
sites and large meadows with abundant torage {Svend-
sen 1974% Kilgore and Armetage 1978; Frase and Armitage
ra8q); larger areas with widely spaced, small resource
patches have smaller matrilines. Demography affects the
tormation of large matrilines as follows. Assume that a fe-
male first reproduces at age 3 years {the population mean),
She would be five years old when her hrst daugheer would
become an adult ar age 2, and 6 years old when she could
recruit her second daughrer. Only 31% of the 3-vear-old
temales reach age 6 years {(Schwartz er al. 19g8), and a fe-
male’s first 2-year-old has a 6% probability of reaching
age three. Thus there is a o.22 probahilicy that both chese
demographic events will occur within a matriline. How-
ever, even it favorahle demographic events occur i a fa-
vorable habitat, marriline size may be limited by reproduc-
tive competition {Armitage 2oo3d), which will be discussed
as a cost of group living.

In marmaors with a tamily social system, there is no indi-
cation that group size atfecrs NRR. Repardless of group
size, only the dominane rerritorial female reproduces {Bibi-
kow 1gg6; Blumsrein and Armirage 19909; Armitage roaggal,
However, group size may affect survivarship through social
thermoregulanion during hibernation (Armold 1988, 1093).
In the alpine marmor, mortalicy may be high when parenrs
hibernare with juveniles; the entire group may die {Amuold
ragob; Lent Bocro 19949 ). Maortalicy resulrs from a greater
loss of mass when juveniles are present, and is especially se-
vere in hibernacula of low qualicy (Arnold rogob).

Increased survivorship occurs under twao conditions:
(1) the absence of juveniles and (2} the presence of subor-
dinate adules with the territorial pair and juveniles. When
juveniles were absent, loss of mass was lower and surviv-
orship greater the larger the number hibermnmanng rogether,
When juveniles were present, there was no influence of
group size on winter morctality {(Armold 19g3), bur the pres-
ence of older, subordinare animals significantly reduced
mortality. Only potential full sibs engaged i alloparental
care by warming infanrts; mass loss of the subordinates was
grearer bur survivorship of infants was grearer. Overall,
there was almost no mortality when territorials, subordi-
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research is needed to evaluate the role and evolution of so-
cial thermoregulation in marmots.

Costs of Group Living

One potential cost of group living is increased disease trans-
mission. A group of four Vancouver Island marmots hi-
bernated rogether and all died from a bacterial infection
(Bryant et al. zooz). Female vellow-bellied marmors that
tailed to reproduce had more fleas than those that repro-
duced, and marmots that died during hibernation had more
tHeas than the survivors, Yearlings with greater tlea infesta-
tions grew more slowly {(Van Vuren 1996). Infant winter
mortality ot alpine marmots increased with the ecroparasive
load of the tamily, but there was no relationship berween
ectoparasite load and group size or marmot density (Ar-
nold and Lichtenstein 1993). Both of these reports suggest
that ectoparasites attected individual hiness, but neither
tound evidence that the parasitism was a cost of sociality.
Plague toci—concentrations of mbected marmots— occur
regularly in marmots such as M. baibacing and M. sibirica.
Plague apparently 1s most decrimental when associated with
droughr or food shortape. Morralicy during plague epizoo-
tics is small, and may reach 1o to 1 5% populanons guickly
recover (Bibikow 19g6). Some populations of M. sibirica
develop genetic resistance to plague, which is retlecred in a
difference in gene frequencies and the level ot heterozvgos-
ity between plague-tree and intected populations (Batbold
2o02). There is no evidence that plague intections are a cost
of sociality; plague 1s present in many other nonsocial spe-
cies in the same geographic area (Bibikow rogs). Thus
available evidence does nor support disease as a cost of so-
cinlirys in face, some of the severe vieal infecnions seem ro be
restriceed 1o the asocial M. monax (Armitage zoojal.

The major cost of socialicy is decreased reproduction. In
yellow-bellied marmors, reproductive compeninion occurs
between adjacent matrilines. A numerically dominant ma-
triline reduces reproductive frequency in the numerically in-
ferior matriline. Within a marriline, adults may chase vear-
lings, even when the yearlings are full sibs, from the colony.
This activiry results in resources becoming available o the
offspring of the adule rather than te other indiveduals (Ar-
mitage 1eBsh, 1001c).

The primary cause of decreased reproduction is repro-
ducrtive suppression, Evidence mdicates thar reproducrive
SUPPression Occurs o every marmor species [Armitage
1gghb; Blumstein and Armitage 1oga), For example, in the
biennial-breeding hoary marmor a female skips an addi-
tional vear if her coresident breeds. When subordinare fe-
males breed, they produce half as many young as dominant
females [Wasser and Barash 1983).

In the alpine marmot, M. mrarmota, the domnant ter-
ritorial female suppresses the reproduction of the subardi-
nate females, even in those years when the dominant female
skips reproduction, Although subordimate fermales copulate,
they fail to wean a litter {Amold 1990a; Perrin et al. 1993:
Lenti Boero 19o9). Reproductive suppression in alpine mar-
mots apparently is mediated through social behavior, Social
interactions were most frequent during gestation, and the
dominant females ininated most of the agonistic behavior
{Hacklander et al. zoo3). Subordinate temales were not de-
nicd access to males: some copulated and developed nipples,
which indicates pregnancy {Armitage and Wynne-LEdwards
zooz). Social status was unrelated to estradiol concentra-
tions during mating: glucocorticoids increased in all adule
temales, with higher levels in subordinates ([Hacklander et
al. 2o003), The aothors suggest that suppression occurs by
the negartive effects of stress acting on the hypothalamic-
pirmrary-gonadal axis. Dominant females apparently pay a
cost for reproductive suppression; reproductive success de-
creased as the number of adule subordinate females in the
tamily increased.

Bur what of males? Extended family groups often con-
tain several adult males, bur only one is a dominanr territo-
rial. Among adulr subordinate male alpine marmots ar least
3 years old, sons had androgen levels as high as the territo-
rial male, whereas non-sons had signihcantly lower levels,
similar to those of z-year-olds (Armold and Diccami 1gg7).
Corncosrerond and androgen levels were positively corre-
laced in teerivorial males and negatively correlared in sub-
ordinare males. Corticosteroids were neganvely correlared
with body mass in sons and were high regardless of body
mass in non-sons. High corncosceroid levels are associated
with less mass gaing only those individuals with sufficient
summer mass gain are capable of both surviving hiber-
nation and sustaining the energenic costs of reproduction,
Thus, suppression of compenitive males may act through di-
rect conflict during the mating season and through impair-
ment of energetic processes needed to sustan reproducrion.

Male suppression is kin-biased, Non-sons received more
imjuries from Aghtmg, and large sons are tolerated, Large
sons are critical for social thermaregulation and may also
be more competitive for taking over an adjacent territory
(Amold and Dittami 1997) Although there may be fimess
gaing from the favorable treatment of sons, there 18 a pos-
sible firness cost, Sons compere with their fathers for repro-
duecnve sueeess, such thar the terntorial male does not fa-
ther all the offspring (Amold et al. 1a94).

In alpine marmaots, males may cause reproducrive failure
of females, Territory takeover by males impaired reproduc-
tion of dominant females if the takeover occurred afeer the
mating period, despite clear evidence of pregnancy in the
torm of enlarged nipples and late molt (Hacklinder and



g6t Chapter Thirty

through its effect on the age of first reproduction is a major
demographic mechanism of population dynamics. Retro-
spective analyses of a lite table response experiment revealed
that age of first reproduction made a major contribution to
annual changes in the projpected population growth rate
(O and Armitage 2o0o4).

Why Remain in the Group, Given Suppression?

The major reason for remaining in the group is the high cost
ot dispersal. In the alpine marmaot, dispersers and evicted,
tormer terricorials form the toating part of the population.
As many as 50% of the floaters mav be killed by predators;
survival of those floaters that do not establish territorial res-
idency is virtually nil, whereas annual mortality of subordi-
nates living with resident territorials 1s abour 4% [Amold
rg93; Grimm et al. zoo3). By contrast, mortality of dis-
persing yvearling vellow-bellied marmots is only 14% more
than that of philopatric yearlings, and overwinter survival
does not differ between dispersing and philopatric yearlings
[overall mean = Bg.3%).

Why the difference between the two species? Alpine mar-
mots live in open habitat in forests; all available space is
filled with family territories of abour 2.5 ha (see fig. 13 in
Arnold rogg). Similarly, steppe marmot families occurred
over millions of hecrares until abour the 11th century (To-
karski er al. ragr). In effect, the only available habitar was
occupiced, and a disperser had almost no probability of sur-
viving unless it tound a vacant territorial position or was
sufficiently large and strong to displace a resident terni-
torial. Presumably older and larger marmots had a muoch
higher probability of success. By concrast, radio-tracking of
vellow-bellied marmors revealed thar unoccupied patches
of habitat were widely available (Downhower 19688; Van
Vuren 1990} Although many of these sites did nor have re-
sources sufficient for long-rerm residency, chey did provide
shelter and hibernation sites during dispersal. Marmots thar
delayed dispersal unnl age two did not have increased sur-
vival, presumably because increased size was not an advan-
tage for utilizing the widely available habitar parches. Simi-
larly, burrow sices are readily available to dispersing young
woodchucks, and young individuals readily dig new bur-
rows (Armitage zooib), Thus delaved dispersal does nor
occur in these species, as there 1s no known compertitive ad-
vantage that can be gamed by delay. By contrast, alpine mar-
mots cannot dig a hibernaculuom in 1 year {Amold 1991),
and delav dispersal until they are competitive for abraining
a territorial position in a satarated environment (Armitage
rgaih). | believe thar differences in the probability of suc-
cessful dispersal, which results in delaved dispersal in many

species of marmots, is the major factor leading to the di-
versity of social systems,

Furthermore, marmots may gain direct fitness in a vari-
ety of ways, Subordinate male alpine marmots may father
some of the offspring (Arnold et al. 19u4; Goossens et al.
rgg¥). In addition, males gain indirect fitness benehis from
alloparental care, which leads to a male-biased population
sex ratio [Allaingé et al. 2000} and polvandry. A subordi-
nate female may reproduce in the family group (Mikhailuta
rggr; Goossens ot al. 1998) or may bud off to form a new
group or matriline, or ascend to the territorial position
n her natal group {Amold rogoa; Armirage and Schwartz
zooo; O and Armitage 2oo03). She may also mate in one
group and escape suppression by the territorial dominant
by joining a neighboring group {Goossens et al. 1g98). Fi-
nally, by being a member of a matriline of two or three adule
females, her reproductive success is higher than char of liv-
ing alone [Armitage and Schwartz 2000).

Summary

Marmots evolved as large-bodied, ground-dwelling squir-
rels that occupied cool, maoist, open landscapes. Large size
allowed marmots to use more fbrous diets and to efficiently
store and use tat during hibernation. Warming and the ad-
vance of the foreses at the end of the last glaciation restricted
the distriburion of mest species of marmorts to high eleva-
nons, harsh environments thar are characrerized by a shaorr
growing scason, Thus all species of marmors excepr the
woodchuck require at least one addinonal growing season
for young to reach marriry. The rerention of young in ther
nacal environment for their first hibernation or longer forms
the basic social vt of marmors, Thoas che evalurion of
adaprarions for hibernartion led o the evolurion of socialicy.

Marmort sociality cvolved rwice in two subgenera ro form
four social groups: solicary and extended family groups in
the subgenus Marmota, and female kin growps and re-
stricted family groups i the subgenus Petromarmola, So-
cial behaviors are generally amicable within socal groups
and agonistic berween social groups, Behaviors are kin-
biased, with ¢losely related kin treated more favorably than
more distanely relared kin. Most social groups are charac-
terized by delaved dispersal and reproducrion.

Delayed dispersal occurs becanse habirar sararanion pro-
vides almost no opportunity for a small animal to survive
by becoming resident as an immigrant in a social group,
Only large individuals have a high probabality of success-
fully compering for the dominant position within a family,
Dielayed reproduction is the result of reproductve compe-
tition; the dominant female {or male in extended families)
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suppresses the reproduction of subordinates. This loss of  productively suppressed subordinates apparently choose
reproduction is the major cost of sociality. A major benefit  the best alternative available to them by remaining in the
s increased survivorship. In yellow-bellied marmots, net re-  social group until they can escape suppression, bud off to
pr::dm:l.":w rate increases as the number of matrilineal mem-  form a new Eroup, or take over the dominant prositien
bers increases, but decreases in the largest matrilines. Re-  within their group or an adjeining group.



