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Abstract

Social behaviour was proposed as a density-dependent intrinsic mechanism that could
regulate an animal population by affecting reproduction and dispersal. Populations of
the polygynous yellow-bellied marmot (Marmota flaviventris) fluctuate widely from year
to year primarily driven by the number of weaned young. The temporal variation in
projected population growth rate was driven mainly by changes in the age of first
reproduction and fertility, which are affected by reproductive suppression. Dispersal is
unrelated to population density, or the presence of the father; hence, neither of these
limits population growth or acts as an intrinsic mechanism of population regulation;
overall, intrinsic regulation seems unlikely. Sociality affects the likelihood of reproduc-
tion in that the annual probability of reproducing and the lifetime number of offspring
are decreased by the number of older females and by the number of same-aged females
present, but are increased by the number of younger adult females present. Recruitment
of a yearling female is most likely when her mother is present; recruitment of philopatric
females is much more important than immigration for increasing the number of adult
female residents. Predation and overwinter mortality are the major factors limiting the
number of resident adults. Social behaviour is not directed towards population
regulation, but is best interpreted as functioning to maximize direct fitness.
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Introduction

It is generally recognized that vertebrate populations
have the capacity to increase their numbers far beyond
the numbers observed. Although populations fluctuate
from year to year, they appear to be regulated around
some mean density. Early models of population regula-
tion emphasized extrinsic factors, such as weather,
food, parasites and predators, and developed the con-
cepts of density-dependent and density-independent
regulation (see Krebs 1985, for review).

Subsequently, population biologists began to question
whether extrinsic factors acted as the primary control
agents and suggested that populations were self-limiting.
Errington (1956) stated ‘In analysis of the population
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dynamics of animals, we must not ignore the role of
social intolerance as a limiting factor. Social intolerance
may or may not be tied up with food supply or other
of the more obvious needs of a population at a given
time’. Experiments on Norway rats demonstrated the
potential role of social behaviour to influence popula-
tion growth. Two ways that social behaviour acted
were: (i) the development of local groups that restricted
the use of space to group members and (ii) social stabil-
ity within the group favoured reproductive success
(Calhoun 1952). Behavioural displays could serve as
cues to population density in a self-regulating feedback
system (Wynne-Edwards 1965). Dispersal could play a
major role in intrinsic regulation by maintaining popu-
lation density below carrying capacity (Lidicker 1962).
Briefly, social behaviour could affect population num-
bers through its effects on dispersal, reproduction and
recruitment.
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In a comprehensive review of population regulation
in mammals, a model was developed that predicted
that female territoriality, the threat of infanticide, and
the presence of male relatives in the natal home range
were the proximate mechanisms for intrinsic population
regulation (Wolff 1997). This model predicts that young
females exhibit reproductive suppression to avoid incest
or to conserve reproductive effort when threatened by
infanticide. Dispersal was viewed as having limited
potential to regulate population density, and it was fur-
ther suggested that intrinsic regulation was unlikely in
polygynous species.

It is quite difficult to determine which factor or factors
regulate population density in natural populations. For
example, predation is rarely detected and social behav-
iour cannot be readily observed in most species of mam-
mals. However, in diurnal, social mammals, it is possible
to describe the role of sociality in population dynamics.
In this work I, (i) present a graphical model for the role
of social behaviour in regulating population numbers;
(ii) present new data on population numbers from five
well-studied sites; (iii) test the model of population regu-
lation by using the new population numbers and previ-
ously published data and (iv) present an interpretation
of the role of social behaviour in population limitation.

The model

Population growth occurs through recruitment (animals
born in the site) and immigration. As population
increases, social competition increases (Fig. 1); as a con-
sequence of increased numbers, natality, recruitment
and immigration decrease and dispersal increases.
These processes cause the population and social compe-
tition to decrease. Subsequently, natality, recruitment
Natality, recruitment, and

Increased immigration decrease
social competition

Dispersal increases

Non-regulatory Non-regulatory

mortality mortality
(predation, (predation,
weather) weather)
Population Population
increases decreases

Natality, recruitment,
and immigration increase
Dispersal and
mortality decrease

Decreased
social competition

Fig. 1 A model for density-dependent intrinsic population
regulation. Arrows indicate the direction of change. Arrows
directed away from the cycle indicate mechanisms that counter
the population change; arrows pointing towards the cycle
enhance the direction of change.
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and immigration increase, dispersal decreases and the
population again increases. During the increase and
decrease phases, nonregulatory mortality such as preda-
tion may reduce numbers, but social competition is the
major factor that regulates animal numbers.

The animal

The yellow-bellied marmot is a large, diurnal ground-
dwelling sciurid that lives in montane and alpine areas
of western North America (Frase & Hoffmann 1980).
Populations in the Upper East River Valley, Colorado,
where this research was conducted, occur on patches of
rocky outcrops or talus associated with meadows inter-
spersed with aspen and spruce-fir forests and often bor-
dered with willows. Burrows are located under
boulders, in rocks, under tree or shrub roots or under
buildings (Svendsen 1974). The population sites
extended over a range of 5 km.

Sociality evolved as a consequence of large-bodied
marmots living in an environment with a short growing
season. Marmots cope with a long, cold season without
food by accumulating fat during the short growing sea-
son and hibernating. Because young cannot both prepare
for hibernation and grow to maturity, they are retained
in their natal area through at least their first hibernation
(Armitage 2007); this retention leads to the formation of
social groups. The basic social unit of the yellow-bellied
marmot consists of mother:daughter:sister kin groups.
The kin group may persist through time as a matriline.
Typically a matriline consists of one to five adult females,
yearlings (marmots in their second summer of life) and
young. Several matrilines may occur on a large patch and
are called colonies. Matrilines are territorial and exclude
other females from the matrilineal home range (=territory)
even if the excluded females are kin (r < 0.25). Thus,
space-use overlap is high among matrilineal females but
low among females of different matrilines (Armitage
1984). Small patches, designated satellites, generally have
an adult female and yearlings or young. Adult males
associate with and defend one or more matrilines and
usually are unrelated to the adult females (Armitage
1998). An adult male may not live with a satellite female
because a noncolonial male may include several satellite
sites within his territory (Salsbury & Armitage 1994).

Methods

Each year since 1962, marmots were live-trapped,-
weighed and reproductive status determined. Repro-
ductive status of females was determined by nipple
development (Armitage & Wynne-Edwards 2002). Vir-
tually, all individuals at the study sites were trapped
and marked each year. At the time of first capture, mar-



534 K. B. ARMITAGE

mots received a uniquely numbered Monel metal tag in
each ear for permanent identification. Each animal was
marked with a nontoxic fur dye for identification dur-
ing behavioural observations. Age was known for every
animal first trapped as a young. Age of animals first
trapped as yearlings or 2-year-olds was determined
from body mass. Animals first trapped at age three or
older could not be accurately aged, but were at least
3-years-old.

For this study, I tallied all of the residents in four age-
sex categories (young, yearlings, adult females and adult
males) at five sites (River/Bench, Marmot Meadow, Pic-
nic, and North Picnic colonies and Boulder satellite) that
were trapped every year from 1964 to 2002. Animals
trapped in 1962 and 1963 were not included in the
demographic analysis because not all sites were trapped
and observed in these years. However, data from these
years were used to verify age and sex of marmots in this
data set. The numbers for each site were summed over
all sites to determine the total number of residents at the
five sites. Behavioural observations occurred at all col-
ony sites but not at the satellite site Boulder. Observa-
tions occurred in the morning (07:00-10:00) and
afternoon (16:00-20:00) when marmots are most active
(Armitage et al. 1996) from June through August; total
hours of observation approximated 6000.

For previously published demographic analyses, a
postbreeding census partial life cycle model was used
(Oli & Armitage 2004). Five demographic variables
were parameterized: age of first reproduction, age of
last reproduction, juvenile survival rate, adult survival
rate and fertility rate. These variables were used to cal-
culate the projected population growth rate. Both pro-
spective (elasticity) and retrospective (life table
response experiment, LTRE) analyses were performed
to explore the functional dependence of projected popu-
lation growth rate and to quantify temporal changes in
growth rate to changes in the demographic variables.
Further details of the analytic procedure are presented
in Oli & Armitage (2004). The results from these studies
and the new analyses reported here are used to evalu-
ate the role of social behaviour in population dynamics.

Results: new population analyses

Populations fluctuated widely from year to year
(Fig. 2). The total number of residents increased signifi-
cantly over time at the five sites:

Total number = —1655 + 0.869 year, p = 0.009

However, this increase over time explained only a
small proportion of the variation in numbers (R? -
adj = 0.149). The number of young was directly related
to the number of adult females:
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Fig. 2 Population numbers of young, yearling and adult yel-
low-bellied marmots at five sites (River/Bench, Marmot Mea-
dow, Picnic, Boulder and North Picnic) from 1964 to 2002.

Number of young = 7.49 4 1.55
number of females, p = 0.008.

It is not surprising that the presence of more adult
females resulted in the weaning of more young. How-
ever, the result contradicts the predictions from the
model; the number of young should decline as the num-
ber of adult females increases (Fig. 1). This pattern per-
sists when birth rate is considered; birth rate was not
significantly related to the number of adult females and
<8% of the variation in birth rate was explained by the
number of adult females. Moreover, only 15.0% of the
variation in the number of young is related to the num-
ber of females, which suggests that other factors signifi-
cantly affect the production of young. A regression
analysis revealed that the number of young in a year pre-
dicted the number of yearlings in the subsequent year:

Number of yearlings = 0.26 + 0.503
number of young, p = 0.000.

This relationship explains most of the variation in the
number of yearlings (R” - adj = 0.649). The remaining
variation can be explained by differential survival of
young among the sites. On average, 49.3% of the young
survive as yearlings. Survivorship (measured by
capture-mark-recapture) varies among sites owing to
predation, summer drought and prolonged snow cover
(Armitage 1994, 2004a; Ozgul et al. 2006).

Although the number of adult males contributes sig-
nificantly (p = 0.007) to the total population, the number
is small (range 3-10, x = 6); thus, adult males contribute
little to population dynamics. The fluctuation in the
number of adult females is much greater than that of
adult males (SD = 4.1 vs. 1.5) and the number of young
fluctuates most widely (Fig. 2). From this description of
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population trends, one would expect that demographic
factors affecting the production of young would most
significantly influence population growth rate.

Results: previous published analyses

Temporal dynamics

The projected population growth rate (sensitivity analy-
sis) exhibited temporal fluctuations in all colonies (Oli
& Armitage 2004). Elasticity analyses indicated that
juvenile survival would have the largest relative influ-
ence on projected population growth rate. Juvenile sur-
vival ranked first in 32 years of the 37-year study (Oli
& Armitage 2004). Age of first reproduction ranked first
in the other 5 years; none of the other demographic
variables ranked first and rarely second. Elasticity of
population growth rate to changes in age of first repro-
duction and juvenile survival was significantly higher
in years of positive population growth than in years of
negative population growth.

Life table response experiment comparisons revealed
that the annual changes in population growth were
negative in 17 years and positive in 19 years. The
demographic variables varied substantially in their con-
tributions to changes in population growth. In some
years, one variable had a positive influence whereas
other variables had a negative influence (Oli & Armit-
age 2004). Overall, age of first reproduction (27.8%) and
fertility (38.9%) made the largest contribution to change
in population growth whereas the contributions of adult
survival were insubstantial. During population decline,
age of first reproduction and fertility made the largest
contribution to changes in population growth; in con-
trast, during increases, fertility and juvenile survival
made the largest contributions and age of first repro-
duction was a close third.

Sociality

The effects of sociality are expressed at the level of the
matriline and indicate that both cooperation and com-
petition occur. Both net reproductive rate (NRR) and
survival increase as matriline size increases to a peak of
three adult females (suggesting cooperation) and both
decline in matrilines of four and five (Armitage & Sch-
wartz 2000). High values of NRR occurred in large ma-
trilines when females of all ages reproduced, low
values occurred when nearly all young females failed to
wean a litter (suggesting competition) but some older
females did so (Armitage 2007). A female is more likely
to reproduce as her age increases and the presence of
an older female significantly decreases the probabil-
ity that a female of any younger age will reproduce
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(Nuckolls 2010). Although females in one matriline inhi-
bit reproduction in an adjoining matriline (Armitage
1986), most reproductive suppression occurs within a
matriline (Armitage 2003a). Similarly, reproductive sup-
pression in alpine marmots occurs when sexually
mature females living in the same territory as their
mother do not breed (Lenti-Boero 1999).

Younger females, 2- or 3-years-old, are most likely not
to reproduce if an older female is also present in the
matriline. Reproductive suppression is independent of
the number of older adults present, which indicates a
lack of density dependence. The primary effect of repro-
ductive suppression is to increase the age of first repro-
duction (Armitage 2003a). The percentage of younger
females that reproduce is lower when the older female is
reproductive than when the older female is nonrepro-
ductive. Although reproduction of a 2-year-old is signifi-
cantly less likely when her mother is present than when
her mother is absent, the 2-year-old is more likely to
reproduce if her mother is the older female than if the
older adult is not her mother, e.g. a sister (Armitage
2003a). As a consequence of reproductive suppression,
only about 20% of 2-year-olds reproduce when an older
female is present in the matriline, but more than twice as
many reproduce when an older female is absent.

Sociality affects reproduction in other ways. A female
is more likely to wean a litter if a same-age kin is pres-
ent and no older female is present. This effect does not
occur if an older female is present. When neither same-
age kin nor older females are present, a female is more
likely to reproduce if younger adult kin are present (Ar-
mitage 2003a). These patterns also suggest cooperation,
but the mechanisms underlying these relationships are
unknown.

In addition to the probability of reproducing, sociality
affects the total lifetime number of young produced.
Lifetime number of young increases as the average num-
ber of younger adults present increases and decreases as
the average number of older adults present increases, as
the average number of same-aged adults present
increases, and as relative matriline density increases
(Nuckolls 2010). Larger than average matrilines occur
when the matriline consists primarily of younger females
(Armitage & Schwartz 2000; Armitage 2007).

Dispersal

Virtually all males disperse, mainly as yearlings but
some as 2-year-olds (Armitage 1991, Schwartz et al.
1998). Dispersal by female yearlings is conditional and
is not a function of matriline density, total number of
adult female residents in a colony, body mass, the pres-
ence of her father or of agonistic behaviour (Armitage
et al. 2011). A yearling female is unlikely to disperse if
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her mother is present and social behaviour is amicable
with her mother, if she engages in play, and if space-
use overlap is high with her mother, with the other
matriline females and with other yearling females. A
variable selection procedure revealed that the critical
factor affecting the probability of dispersal was space-
use overlap with the mother; none of the social behav-
iour variables or other space-use variables entered the
model. Greater space-use-overlap with the mother pro-
moted philopatry, i.e., recruitment.

Dispersal by female yearlings does not occur when
adults are absent (Brody & Armitage 1985), thus some
female yearlings remain philopatric even though the
mothers are absent (Armitage et al. 2011). Furthermore,
female yearlings may remain philopatric when mothers
are absent if unoccupied space is available in the habi-
tat patch. The movement to unoccupied space leads to
the formation of a new matriline (Armitage 1984).

Discussion

Effects of sociality

Sociality affects demographic mechanisms of population
growth and decline. Reproductive suppression is the
major factor that determines the age of first reproduc-
tion, which strongly affects observed changes in pro-
jected population growth rate. Infanticide is a form of
reproductive suppression which occurs in the social
prairie dogs. Lactating black-tailed prairie dogs (Cyno-
mys ludovicianus) kill the offspring of close kin (Hoo-
gland 1985); this behaviour reduces fecundity (a
population effect) and increases the fitness of the lactat-
ing female (an individual fitness effect) whose offspring
populate the coterie. Sociality also affects fecundity; the
age structure of a matriline and matriline size can either
increase or decrease the number of offspring weaned
depending on the distribution of older, younger and
same-aged adult females in the matrilines. The way in
which sociality affects the demographic mechanisms of
population growth may depend, in part, on the life his-
tory characteristics of the species. When the population
density of a Uinta ground squirrel (Spermophilus arma-
tus) was reduced, age of maturity did not change and
changes in fertility contributed most to projected popu-
lation growth rate (Oli et al. 2001). The difference in the
importance of age of maturity (age of first reproduction)
between the social yellow-bellied marmot and the rela-
tively asocial Uinta ground squirrel likely results from
the ground squirrel typically reproducing at age 1 year;
thus, the opportunity to increase the age of maturity
appears to be limited and cannot be reduced in this
annual breeder as it cannot reproduce in the first sum-
mer of its life.

Food supplementation of Columbian ground squirrel
(Spermophilus columbianus) populations increased popu-
lation density (Dobson & Oli 2001). Fertility rate and
the age of maturity generally made the largest contribu-
tions to observed changes in population growth rate.
The Columbian ground squirrel typically reproduces at
age 2 years, but can reproduce at age one, i.e. in its sec-
ond summer of life. Thus, like the yellow-bellied mar-
mot, sociality can affect population growth by affecting
the age of maturity.

Although juvenile survival of yellow-bellied marmots
had the greatest effect in elasticity (prospective) analy-
ses, it was of much less importance in LTRE (retro-
spective) analyses. Its major effect was its contribution
to population decline (Oli & Armitage 2004). There is
no evidence that juvenile survival is affected by social-
ity, but is strongly affected by environmental factors,
especially those associated with the length of winter
(Ozgul et al. 2006). For example, the decline in popula-
tion in 1982 (Fig. 2) was associated with late snow
cover and low rainfall in June (Schwartz & Armitage
2003). Also, survival is low in late litters as there is
insufficient time for young to accumulate fat for hiber-
nation (Armitage ef al. 1976). By contrast, sociality
affects survival of juvenile alpine marmots (Marmota
marmota). The presence of nonreproductive adults in
the marmot family increases juvenile survival because
the adults warm the juveniles, thus reducing juvenile
metabolism and conserving their fat resources (Arnold
1988).

Although the density of marmots is affected primarily
by the number of young weaned, the density of adult
residents is determined mainly by the number of adult
females. The decline in the number of adult females
occurs by predation and overwinter mortality (Armitage
1996; Schwartz & Armitage 2003) and the increase in the
number of adult females occurs primarily by recruit-
ment within matrilines (Armitage 1973, 1984, 1996). Of
168 females added to the population, 47 (27.9%) were
immigrants and 121 (72.0%) were recruits. No immi-
grant successfully achieved residency in an established
matriline; immigration was successful only when unoc-
cupied space was available (because of over-winter mor-
tality) in a habitat patch (Armitage 2003b). As predicted
from the population model (Fig. 1), immigration was
more frequent when the density of adult females was
below the mean number of females for a site. However,
there was no difference in the rate of recruitment when
the density of females was above or below the mean, i.e.
recruitment was density independent, and recruitment
was as likely as immigration when densities were below
the mean (Armitage 2003b). Recruitment and/or immi-
gration occurred in half of the colony-years (a colony-
year is one colony in 1 year).
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Population regulation

Social behaviour can affect population dynamics by
infanticide, by delaying maturity, by limiting the size of
the breeding population and by initiating dispersal
(Krebs et al. 2007). In general, the impact of rodent
social behaviour on population regulation remains
problematical. We can ask the question: how are yel-
low-bellied marmot populations regulated? This ques-
tion is best answered by examining the role of the basic
social unit. A major factor that limits population growth
occurs at the level of the matriline where adult females
compete to determine whose offspring will be added to
the population. Evidence indicates that this marmot
population is not food-limited (Kilgore & Armitage
1978; Frase & Armitage 1989; Woods & Armitage 2003).
Because of the short growing season, marmot popula-
tions do not reach a density that is limited by food.
Time appears to be the critical factor that limits popula-
tion growth (Andrewartha & Birch 1954). Mortality fac-
tors, such as weather, reduce marmot numbers in a
density-independent manner. Predation is one major
cause of mortality, and most disappearances of mar-
mots during the summer were attributed to predators
(Van Vuren 2001). Although a particular predation
event can markedly reduce a local population (Armit-
age 2004a), the large majority of residents survive until
hibernation and there is no evidence that relates preda-
tion to population density.

Available evidence indicates that density-dependent
dispersal is fairly common in mammals, but some stud-
ies indicate no effect of population density (Matthysen
2005). In yellow-bellied marmots, dispersal did not vary
with population density, which is in contrast to the
population model (Fig. 1). Dispersal is related to the
fitness strategies of individuals and highly dependent
on mother:daughter relationships (Armitage et al.
2011).

Social competition, as expressed in reproductive
suppression, was also independent of population den-
sity as it is not influenced by the number of older
adults present. Nonregulatory mortality (Fig. 1) does
not vary with population density, but depends on the
presence of predators. For example, in some years,
badgers are not seen and there is no evidence of bad-
ger predation. In other years, a red fox (Vulpes vulpes)
may reside in a colony and heavily predate colony
young. The small effect of the number of adult
females on the number of young indicates that natality
does not vary with population density. Rates of social
behaviour are independent of population density
(Armitage 1975) and are strongly related to kinship
(Armitage & Johns 1982). Thus, available evidence
does not support population regulation by a density-

© 2011 Blackwell Publishing Ltd

SOCIALITY AND POPULATION DYNAMICS 537

dependent feedback model driven by social behaviour;
the model (Fig. 1) is rejected.

Marmot populations appear to be limited by environ-
mental factors such as drought and prolonged snow
cover (Armitage 1994). Snow cover persists longer in
the spring at the up-valley sites (e.g. Picnic, North Pic-
nic) than at the down-valley sites (e.g. River/Bench).
Prolonged snow cover was associated with a signifi-
cantly lower proportion of females weaning litters and
smaller litter size (Van Vuren & Armitage 1991). At a
higher elevation site, where snow cover typically lasted
30 days longer than in the East River Valley, no female
was known to reproduce in consecutive years (Johns &
Armitage 1979) and prolonged snow cover was associ-
ated with a total failure of reproduction and 100% mor-
tality of the previous year’s young (Woods et al. 2009).
Possibly both typical and extreme weather patterns
limit the marmot population to levels below carrying
capacity. This hypothesis is supported by the recent
finding that earlier snow melting resulted in earlier
emergence from hibernation and increased survival,
especially of adults, which produced a major increase
in population numbers between 2000 and 2008 (Ozgul
et al. 2010). The importance of prolonged snow cover in
limiting marmot populations was dramatically demon-
strated in the winter of 2010-2011 when heavy, late
snow cover into mid June resulted in the mortality of
50% of the adults and 80% of the young (D.T. Blum-
stein personal communication). When snow cover is too
thin during winter, the probability of survival by alpine
marmots decreases (Allaine et al. 2008).

In agreement with Wolff's (1997) model, dispersal
does not regulate yellow-bellied marmot populations.
Inbreeding, which is possible in about 10% of matings,
is not avoided (Armitage 2004b). It is also unlikely that
young females suppress their own reproduction to
avoid possible infanticide, especially given the strong
selection for early age of first reproduction and that
delaying the age of first reproduction did not improve
survival or increase the number of successful reproduc-
tive events or offspring production (Oli & Armitage
2003). Although some life history patterns are interpret-
able in terms of population regulation, the patterns are
more consistent with the population limitation hypothe-
sis (Murray 1999). This hypothesis predicts that over a
wide range of population density, changes in popula-
tion parameters are independent of density, but density
may affect population dynamics below or above this
range. Hence, the number of females explains little of
the variation in the number of young. There may be
some density effect at high numbers of adult females,
e.g. the number of young declined when the number of
females was high in 1998 and 1999 (Fig. 2). It is unclear
what sets the carrying capacity. For example, a burrow
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area may house three adult females in some years but
only one in other years with no apparent difference in
food abundance. Space seems to be critical; females
may require sufficient space where their young can for-
age safely from conspecific aggression and where
daughters can be recruited without the need to enlarge
the matrilineal territory. It is likely that the ultimate fac-
tors that set the carrying capacity are burrow sites and
food. However, predation, weather events and social
competition in most years and at most sites limit the
population below carrying capacity.

I conclude that social behaviour affects population
dynamics primarily through delaying maturity, reducing
fecundity and limiting the size of the breeding popula-
tion. These factors also affect fitness. I suggest that a more
consistent relationship occurs between reproductive and
behavioural events and individual fitness strategies. In
this context, population dynamics is viewed as a conse-
quence of individual attempts to maximize direct fitness.

Individual fitness

A female can maximize her fitness by producing repro-
ductive daughters. Because the mortality rate of dis-
persers is higher than that of recruits (Van Vuren &
Armitage 1994), the probability that a female will pro-
duce a reproductive daughter is greater by recruiting
the daughter into her matriline. Recruitment of daugh-
ters establishes potential competition between mother
and daughter over who reproduces and recruits daugh-
ters. The mother should enhance her direct fitness by
weaning more daughters and suppressing reproduction
by her daughter. Thus, the mother will incorporate
additional individuals with whom she is related by
r=0.5 rather than accepting granddaughters with
whom she is related by r = 0.25. However, the mother
to maximize her fitness must have grandoffspring; thus
eventually her daughters should reproduce. The highly
successful females do produce granddaughters (Armit-
age 2002) and the key factor is recruiting a daughter
(Nuckolls 2010).

Young adult females (below the population mean
age of adults) produce significantly more daughters
than sons and recruit more daughters than expected.
Older females (above the mean age) wean about twice
as many males as females (p < 0.001) and recruit fewer
daughters than expected (Armitage 1987). Is weaning
more males a successful reproductive strategy? This
question is difficult to answer because virtually all res-
ident, territorial males are of unknown origin and
nearly all male dispersers travel beyond our study
area. An adult male sires an average of 12.7 young
during his lifetime compared to an average of 7.1 for
successful females (Armitage 2004b). However, only

about 16% of 1-year-old males live to age three (Sch-
wartz et al. 1998) and only about 6% of the successful
males account for the difference in average reproduc-
tive success between males and females. Thus, only
about 1% of yearling males become highly successful
(Armitage 2010). It seems unlikely that producing
more sons than daughters is a successful reproductive
strategy in general, but producing more sons may
increase fitness when the probability of recruiting a
daughter is near zero.

But why do daughters choose to remain in their natal
area and encounter reproductive suppression? They do
not remain philopatric to gain indirect fitness benefits
as these do not compensate for the loss of direct fitness
(Oli & Armitage 2008). The alternative is to disperse
and attempt to become a resident in another habitat
patch. The probability of successful dispersal into a col-
ony is low; only six of 32 dispersing yearlings trapped
at a colony site became residents; none were successful
immigrants if philopatric yearlings were present (Ar-
mitage 2003b).

The philopatric yearling becomes an adult recruit
when 2-years-old, but the mean age of known-age
immigrants is 2.8 years. In effect, the immigrant is unli-
kely to reproduce until 3-years-old (Armitage 2003b)
and only 20 of 77 immigrants (all sites over 40 years)
reproduced in their first year of residency (Armitage &
Schwartz 2000). Thus, only 26% of immigrants repro-
duce by age 3 which is considerably less than the
39.6% of philopatric females. Of those females that
reproduced at least once, the mean age of first repro-
duction for the five sites in this report was 3.01 (N = 86)
for recruits and 3.7 (N = 18) for immigrants. However,
the age of some immigrants was unknown. If they are
assigned the minimal possible age (3 or 4), the mean
age of first reproduction decreases to 3.48, which is con-
siderably larger than that of recruits. For the five sites,
24.1% of the immigrants and 71% of the philopatric
females reproduced by age 3. When the higher rate of
mortality of dispersers is included in this scenario,
dispersers have a much lower potential reproductive
success than residents. In conclusion, philopatric
yearling females are choosing the best option for maxi-
mizing reproductive success. Not only are they more
likely to reproduce and to reproduce at a younger age,
they also increase their inclusive fitness from the bene-
fits of sociality, including indirect fitness benefits (Ar-
mitage & Schwartz 2000; Oli & Armitage 2008).

Although the effects of group size on fitness in mam-
mals needs much further study (Silk 2007), the adaptive
value of mammalian social systems, including the yel-
low-bellied marmot social system, is that sociality is
directed towards maximizing inclusive fitness, espe-
cially the component of direct fitness (Clutton-Brock

© 2011 Blackwell Publishing Ltd



2009). Thus, social systems, including those based on
kinship, are characterized by both cooperative and com-
petitive behaviours. It is not necessary to invoke kin
selection to account for the structure and function of
these social systems. If altruism cannot be demon-
strated, social behaviour can be explained by individual
selection (Gadagkar 2011).

Conclusion

Both intrinsic and extrinsic mechanisms affect popula-
tion dynamics of yellow-bellied marmots. Sociality and
behaviour processes associated with population
dynamics are best understood as ways to maximize fit-
ness and that have population consequences. None of
the behaviours, e.g. reproductive suppression, dis-
persal, are directed towards regulating population den-
sity but affect population dynamics such that
population numbers may increase or decrease as a
consequence of the interplay of cooperation and com-
petition.
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