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Abstract

Some fundamental biological questions can be answered only by taking an 
“ecology of place” approach—by studying a focal system over long periods of 
time. One of these fundamental questions is the degree to which population 
dynamics are a function of social behavior. Long-term studies of yellow- 
bellied marmot populations of known pedigree have examined the role of 
kinship in social behavior and organization. Additional studies of physio-
logical energetics, feeding behavior and nutrition, and hibernation revealed 
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how marmots adapt to life in a seasonal environment, while studies of genet-
ics, dispersal, and demography uncovered the demographic variables that 
underpin local and regional population dynamics. My research team and 
I determined that these montane marmots live in mother-daughter-sister 
groups, or matrilines, that are defended by an unrelated male. The groups 
are localized near rocky outcrops that provide two limiting resources—suit-
able burrows for hibernation and predator escape, and access to meadow 
foraging areas. Population dynamics are largely a function of fertility and 
age of first reproduction. Both parameters are strongly affected by the social 
behavior of dominant females, who can delay reproductive onset in younger 
subordinates. Although by delaying reproduction subordinate females lose 
direct fitness that is not compensated by increased indirect fitness (fitness of 
relatives), the alternative of dispersing is worse: dispersal increases the prob-
ability of mortality and does not increase the likelihood of early reproduc-
tion. The fundamental reproductive strategy of a female is to join or form a  
matriline even if she faces possible reproductive suppression. Consequently,  
the survival and fecundity variables that drive the dynamics of local yellow- 
bellied marmot populations result largely from the fitness-maximizing 
strategies of individuals. These same strategies determine the dynamics and 
persistence of the regional metapopulation because they cause large colo-
nies to export individuals to vacant patches, which then become occupied 
by the new matriline. This case study, which has been rooted in a single 
location for more than 40 years, illustrates how population dynamics can 
be understood from the perspective of individuals acting to maximize their 
individual fitness in a patchy, seasonal environment.

Introduction

Behavior and population dynamics

More than 50 years ago, I became familiar with the then-revolutionary idea 
that population dynamics might be treated from a social behavior perspec-
tive rather than from a demographic perspective (Calhoun 1952). This idea 
was also expressed by Errington (1956), who argued that “we must not ig-
nore the role of social intolerance” as a factor limiting higher vertebrate 
populations. While there had long been an understanding that factors such 
as food resources, weather, disease, or predation could affect population 
dynamics, this new line of thinking stressed that natality, mortality, and 
dispersal could be influenced by interactions among individuals. Socially 
mediated events, such as whether individuals were accepted by groups or 
decided to leave them, might reasonably be viewed as having a profound 
influence on the number of individuals in a population.
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Calhoun (1952) marshaled several lines of evidence to support the impor-
tance of social interactions to population dynamics. Perhaps most striking 
was his work with a laboratory population of Norway rats given as much 
food as they wanted. He noted that the population stabilized at a density 
substantially lower than what could be achieved if rats were individually 
housed in cages stacked into the same overall space. Removal of the cage 
walls allowed social interactions, and population densities dropped dramat-
ically as a consequence. It was a powerful illustration, even if the context was 
artificial, that social dynamics could be critical to population dynamics.

Consideration of such work led me to realize that the role of interactions 
among individuals in population dynamics could be readily examined under 
natural conditions. What was required was a social species whose behavior 
could be observed and its consequences for population dynamics measured. 
Additionally, because social interactions might be only one among multiple 
factors (e.g., severe weather; Armitage 1994) such a study must be carried 
out over several generations. And, because of the potential for geographic 
variation in predation or climate, it was necessary to track populations in 
a single place through time rather than make inferences based upon com-
parisons among populations. Finally, I wanted to study several local popu-
lations simultaneously so that possible effects of habitat variation could be 
evaluated. From such place-based research, it seemed to me that general 
principles relating social behavior to population dynamics could be identi-
fied despite the variability inherent in biological systems.

Based in part on these initial ideas, I initiated a study of the yellow- 
bellied marmot, Marmota flaviventris, in the Upper East River Valley in the 
vicinity of Gothic, Colorado, in the United States (38 o  58' N, 106 o  59' W;  
elevation 2900 m) that has continued for 41 years. A wealth of detailed infor-
mation has accumulated during this long-term study on the basic ecology 
and dynamics of these high-elevation populations; on the life histories, kin 
relationships, and social behavior of numerous individual marmots; and on 
the population consequences of rare extreme climatic or predation events. 
These data have contributed to a general understanding not only of how 
social behavior affects population dynamics, but also of how social behavior 
and group structure reflect individual strategies for maximizing inclusive 
fitness. In this chapter I review how a long-term study, conducted in a single 
location, has provided general insights into relationships between individual 
fitness, social behavior, and population dynamics. 

The social species

The yellow-bellied marmot is a diurnal, ground-dwelling squirrel that occu-
pies meadow habitat in a forested landscape. The animals live in permanent 
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burrows dug in patchily-distributed rocky outcrops or talus. Because they 
are diurnal, are localized near their burrows, and are readily trapped and 
marked, the behavior and life histories of individuals were readily charac-
terized. In the Upper East River Valley, marmots hibernate for about eight 
months each year in a permanent burrow that is suitable for over-wintering. 
Not all their burrows can function as hibernacula; thus this special burrow 
is a critical resource. The animals emerge from hibernation in late April or 
early May, mate soon after, and give birth after about 30 days of gestation. 
Young-of-the-year are weaned after three to four weeks of lactation and 
emerge above ground between June and mid-July. During the remaining 
active season, all age classes forage in the meadow, grow, accumulate fat, 
and prepare to hibernate in late August or early September (Armitage 1998). 
Because young must reach a minimal size and reproductive females must 
accumulate fat for successful hibernation, the short growing season restricts 
reproduction to once annually. This greatly simplifies characterizing age-
specific reproduction and survival.

Initial results

We initiated work on yellow-bellied marmots in 1962, recording social be-
havior and population numbers of five discrete clusters of individuals (“col-
onies”) for 10 years. Over this time period, changes in population numbers 
were not correlated among the five colonies; numbers declined at some sites 
and increased at others. Because there were no obvious environmental fac-
tors that caused this variation in population dynamics, we saw a potential 
role for social behavior. We therefore asked whether variation in social be-
havior could explain the variation in population dynamics.

We found considerable variation in overall rates of social interaction 
as well as in rates of amicable versus agonistic behaviors both within and 
among colonies (Armitage 1977). Although overall rates of social behavior 
were unrelated to changes in colony numbers, agonistic behavior (social in-
tolerance) was associated with population decline and failure to recruit new 
residents whereas amicable behavior (social tolerance) was associated with 
recruitment of new females into groups that shared home ranges (Armitage  
1975). Further detailed analysis revealed that patterns of social behavior 
were affected not just by colony numbers, but also by the age-sex structure 
of the population, the individual behavioral phenotypes of the residents and 
potential recruits, the number of years residents had lived together, and the 
way in which space was shared (Svendsen and Armitage 1973, Armitage 
1977).

Thus, at the end of this initial study I had evidence for the link between 
social behavior and population dynamics postulated by Calhoun and  
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Errington. But the links were much more complex than a simple feedback 
loop in which social behavior adjusted reproduction, recruitment, and dis-
persal in a way that regulated colony size. Instead of responding only to col-
ony numbers, social behavior seemed to depend on idiosyncrasies of colony 
structure and history. It is important to note that I could discern the vari-
ability and complexity of the relationship between behavior and population 
dynamics because I followed the same populations in the same places for 
several generations. If I had observed one population for one or two years, 
I might have reached different conclusions depending on which population 
I observed in which year. 

The book Sociobiology (Wilson 1975) stimulated me to rethink my re-
search program. Prior to Wilson’s book, social behavior was thought to be 
a group-selected trait that prevented overexploitation of resources by regu-
lating population at an optimal density (Wynne-Edwards 1962, 1965). Wil-
son and other evolutionary biologists like G. C. Williams (1966) suggested 
instead that social behavior reflected the fitness-maximizing strategies of 
individuals, and that population dynamics reflected the demographic con-
sequences of those individual strategies. I found these ideas exciting; they 
suggested a new way of thinking about the relationship between social be-
havior and population biology. Consequently I asked a new research ques-
tion: Can marmot social behavior be understood as the result of selection 
to maximize individual fitness? Because individuals gain fitness not only 
through their own reproduction but also through that of kin (Hamilton 
1964), understanding marmot group structure was critical for answering 
this new question. We therefore spent considerable effort characterizing 
marmot social organization.

Social Organization

In the Upper East River Valley yellow-bellied marmots occupy habitat 
patches that range in size from 0.15 to 7.24 ha (Armitage 2004a). In the 
early years of our study we concentrated on large patches that supported 
large aggregations, called colonies. On these sites adult males maintained 
non-overlapping territories that included home ranges of 2.3 adult females 
on average (Armitage 1986), and we concluded that the fundamental so-
cial group in yellow-bellied marmots was a harem: an adult male plus one 
or more females. But there was more to group structure than that. As we 
followed the turnover of individuals in the study populations, we learned 
that all adult males were immigrants to the sites, whereas most of the fe-
males were born there. Females formed mother-daughter-sister groups that 
persisted through time with extensive home-range overlap. We called these 
groups “matrilines” (Armitage 1984). Unrelated immigrant males attached 
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themselves to, and defended, one or more matrilines. Because all juvenile 
males disperse but only about half of the females do, and because adult male 
residents at a site rarely exceed two, population dynamics essentially are a 
consequence of what females do (Armitage 1991).

In contrast, a group of yellow-bellied marmots living on small patches, 
formerly designated as satellite sites (Svendsen 1974), often consisted of a 
male and an adult female together with young-of-the-year or yearlings. Ini-
tially we thought that the social organization on small patches differed from  
that on large patches, because the small patches contained a greater propor-
tion of immigrant females. However, by observing populations on satel- 
lite sites for many years we determined that they, too, consisted of matri-
lines—just fewer, smaller ones than on colonial sites (Armitage and Schwartz 
2000). We therefore concluded that the social organization of yellow-bellied 
marmots was matrilineal, and that patch area influenced the size and num-
ber of matrilines but not the basic social structure.

Could the matrilineal structure account for the patterns of social be-
havior? Analysis of correlations between relatedness and social behavior 
suggested that it is critical. Adult males are antagonistic toward other males 
regardless of relatedness, which can account for the lack of male home-
range overlap and the fact that all juvenile males disperse (Armitage 1974). 
Amicable behavior predominated among members of a matriline, whose 
coefficient of relatedness (r, the probability that homologous alleles in two 
individuals are identical by descent from a common ancestor) equals 0.5 on 
average, whereas agonistic behavior predominated among adult females of 
different matrilines (r ≤ 0.25; Armitage and Johns 1982), which explains the 
greater space-use overlap (space-use is a measure of the sharing of the criti-
cal resources of food and burrows) among close kin (r = 0.5) than among 
more distantly related individuals (r < 0.5; Armitage 1996a). A recent analy-
sis of alarm calling in yellow-bellied marmots further suggests that kinship 
matters for behavioral interactions: 42% of the variation among individuals 
in the rate of calling was attributable to whether the caller was an adult fe-
male with newly-weaned young (Blumstein et al. 1997).

Costs and Benefits of Living in a Matriline

What are the fitness consequences of this differential treatment of kin and 
the resulting matriline social structure? Individuals of social species may 
gain fitness, measured as the number of gene copies contributed to future 
generations, either directly or indirectly. Direct fitness accrues to individu-
als who produce offspring, whereas indirect fitness accrues to individuals 
who assist in the reproduction of non-descendant kin. Total or inclusive fit-
ness is the sum of direct and indirect fitness (Hamilton 1964). We therefore 
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evaluated consequences of matriline life for these two routes to fitness, and 
for inclusive fitness.

There is considerable variation in reproductive success among females 
within matrilines. On average, only 48% of the adult female yellow-bellied 
marmots reproduce in any given year (Blumstein and Armitage 1998). Much 
of this reproductive skew occurs because females vary considerably in age 
of first reproduction. Although yellow-bellied marmots are reproductively 
mature at the age of two years (in their third summer), many delay breeding; 
only 34% of females observed throughout their lives reproduced as two-
year-olds. The average age of first reproduction was 3.15 years, and some 
females had their first litter at age six years (Armitage 2003a). The average 
age of first reproduction does not capture the considerable reproductive 
skew; some females may reproduce only once during as many as 10 years 
of residency, whereas other females may reproduce as many as five times 
(Armitage 1991, 2002). Age of first reproduction does not affect the sub-
sequent per-year probability of breeding, litter size, or survival (Armitage 
2003a). Consequently, females that start reproducing earlier pay no cost, 
and individual fitness decreases as age of first reproduction increases (Oli 
and Armitage 2003).

Why do females delay reproduction? Because forgoing reproduction in 
a given year represents a loss of direct fitness, females who do so will have 
lower inclusive or total fitness unless there is a compensatory increase in 
indirect fitness. Our extended tracking of 428 females from weaning until 
their disappearance from our study sites provided the data we required to 
estimate the direct and indirect components of inclusive fitness using Oli’s 
(2003) method, and thus to assess whether delayed reproduction could be 
explained by kin selection (Hamilton 1964). Delayed breeders did not sur-
vive better or produce larger litters, and they had lower direct fitness (Oli 
and Armitage 2003). However, nonreproductive females had higher indirect 
fitness than reproductive females (Oli and Armitage 2008) because all of  
their fitness came from the offspring produced by their reproductive kin, 
and their presence enhanced the reproductive output of older females  
(Armitage 2003a). By contrast, reproductive females gained no indirect fit-
ness from their nonreproductive kin; all of their fitness was direct. Overall, 
the inclusive fitness of reproductive females was 2.3 times that of nonrepro-
ductive females (Oli and Armitage 2008).

Before we concluded that delayed reproduction is not a fitness- 
maximizing strategy, we considered the possibility that delayed breeders 
could compensate to some extent by overproducing sons; a son who survives  
to reproduce will sire an average of 12.7 young during his lifetime, compared 
to 7.1 for a successful female (Armitage 2004a). However, to be successful a 
son (or daughter) must survive to reproductive age, and males suffer higher 
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mortality than females. Yellow-bellied marmots are long-lived; female gen-
eration time is 4.5 years and some females live beyond age 10 years, but no 
known-aged male lived beyond nine years (Schwartz et al. 1998). Male and 
female mortality are similar in the first year of life; but from age one year 
onward, male mortality exceeds that of females. This difference in mortal-
ity is related to the different reproductive strategies of males and females. 
Male yearlings avoid adult males; any social contact between yearling and 
adult males is almost entirely agonistic (Armitage 1974). As a consequence, 
yearling males typically disperse, whereas only about half of the female year-
lings do so. Males continue to move widely at age two years, apparently 
seeking females. Even after settling down, adult males are more active than 
females; they spend long days patrolling their territory and expand it to in-
clude widely dispersed females (Salsbury and Armitage 1994). Marmots are 
vulnerable to predators when they are moving above ground, particularly 
if they are dispersing through unfamiliar areas or areas far from burrows; 
hence, males suffer higher mortality than females (Van Vuren and Armitage 
1994). Only about 16% of one-year-old males live to age three, and only about 
6% of these successful males account for the difference in average reproduc-
tive output of males and females who survive to breeding age. Thus about 1% 
of yearling males become highly successful. This calculation suggests that 
females are unlikely to gain fitness by overproducing sons. Indeed, females 
who delay reproduction produce the same 1:1 sex ratio of weaned young as 
other females. Thus, we can exclude the likelihood that females compensate 
for a loss of direct fitness by producing highly successful sons.

If forgoing reproduction reduces inclusive fitness, why do females delay 
reproduction? Could many two-year-olds simply be too immature or lack 
enough food to breed? We tested these possibilities by comparing the body 
masses of reproductive and nonreproductive two-year-olds, and by provid-
ing supplemental food to two colonies. Nonreproductive females did not 
have lower body masses than reproductive two-year-olds; the key differ-
ence was whether older females were present (Armitage 2003a). Similarly, 
a slightly lower fraction of two- and three-year-old females reproduced in 
the supplemented colonies, whereas all older females in both colonies re-
produced in every year of the five-year experiment (Woods and Armitage 
2003). In both colonies, young females reproduced only when an older fe-
male died, or after moving to the edge of the matrilineal home range (Woods 
and Armitage 2003).

The association of early reproduction with absence of older females sug-
gested that delayed reproduction could result from reproductive suppres-
sion. Further analysis indicated that indeed, a young adult female is unlikely 
to wean a litter if an older female is present, even if the older female is her 
mother. About 20% of two-year-old females reproduce in the presence of 
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older females, whereas about 48% reproduce when older females are absent. 
Similarly, about 33% reproduce for the first time as three-year-olds when 
older adults are present, whereas 58% do so if older adults are absent. Some 
of the two- and three-year-olds who succeed in reproducing when older 
adults are present do so by moving away and establishing a home range 
that overlaps only slightly with that of the older adults. Reproductive sup-
pression was not density-dependent (Armitage 2003a); it occurred at the 
same frequency whether one or two older females were present. Analysis 
of behavioral data suggested that dominant, older females actively suppress 
litter production in subordinate, younger females via agonistic behavior 
(Armitage 1965).

Why should older females suppress reproduction by younger kin? We 
suspect that there is a limit to the number of individuals that a matrilineal 
home range can support, because average per-capita fitness, measured as 
net reproductive rate (average number of offspring produced per individual 
in her lifetime), initially increases with matriline size, only to decrease in 
the largest matrilines (Armitage and Schwartz 2000). The decrease prob-
ably reflects greater reproductive suppression in large matrilines (Armitage  
2007), but it also could reflect resource constraint. If there is a limit to ma-
triline size, females would maximize their direct fitness by filling those lim-
ited spaces with daughters (r = 0.5) rather than with more distantly-related 
nieces or grand-daughters (r = 0.25). Hence, we expect reproductive compe-
tition to occur within matrilines, as well as between matrilines.

Reproductive competition is mediated through agonistic behaviors that 
determine whether individuals are allowed to share a matrilineal home 
range, and, if so, whether they are allowed to reproduce. Adult females may 
force yearling females—even their full sisters—to disperse from their na-
tal site (Armitage 1986). They suppress the reproduction of other females 
(whether related or not) through infanticide or aggressive behavior that ei-
ther reduces litter production or forces females to move to a new, and prob-
ably inferior, home range (Armitage 2003a). One such pattern of conflict 
between unrelated females continued for seven years. The dominant female 
caused the subordinate female to change home ranges in the fourth year. 
The abandoned space was colonized by descendants of the dominant female, 
who consequently recruited into her matriline six reproductive daughters 
who produced 63 grand-offspring, whereas the subordinate female recruited 
only two reproductive daughters who produced seven grand-offspring  
(Armitage 1992). The aggressive behavior of the dominant female clearly 
enhanced her direct fitness.

Because females in all of our study areas formed matrilines, we hypoth-
esized that group living brings fitness benefits. We found several benefits. 
First, recruiting daughters into the natal group eliminates dispersal and its 
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attendant mortality. Furthermore, average survival of matriline residents in-
creases as group size increases (Armitage and Schwartz 2000), perhaps be-
cause larger groups are more likely to detect predators. Living in a matriline 
also enhances reproductive success. Fitness, measured as net reproductive 
rate (average number of lifetime production of offspring per individual), 
increased with matriline size except in the largest matrilines (Armitage and 
Schwartz 2000). Reproduction was especially high for females living with 
younger or same-age kin in the absence of older females (Armitage 2003a). 
As yet we do not understand the mechanisms behind these reproductive 
effects of group living.

Our long-term longitudinal studies of individual yellow-bellied marmots 
suggest that the major components of the reproductive strategy of females 
enhance direct fitness. They involve selective tolerance of home range shar-
ing by kin and suppression of reproduction by younger, subordinate females 
(Armitage 1999, 2003a, 2007). Recruitment of daughters into the matriline in-
creases survivorship, aids in defense of the matrilineal home range against in-
cursions of neighbors or immigrants (Armitage 2003a, 2003c), and enhances  
reproduction. Recruitment of daughters increases the likelihood that a fe-
male will produce reproductive descendants (Armitage 2002). Reproductive 
suppression of younger females increases the probability of recruiting ad-
ditional daughters that are more closely related than granddaughters. Popu-
lating the matriline with reproductively suppressed daughters is an effective 
strategy for maximizing a female’s genetic legacy to future generations be-
cause it will be daughters, rather than more distantly related kin, who will 
reproduce to continue the genetic lineage (Armitage 1991, 1992, 2003a).

An Alternative Strategy

But one major fitness problem remains: why do young females remain in the 
natal matriline if it means they will lose direct fitness that is not compen-
sated for by increased indirect fitness? Is there an alternative strategy that 
would increase inclusive fitness?

The obvious alternative is to disperse and attempt to breed in another 
habitat patch. Most females who disperse do so as yearlings (Armitage 1991); 
they experience higher mortality than yearlings who stay home (Van Vuren 
and Armitage 1994). Even if they survive dispersal, they have a low prob-
ability of becoming established and breeding in the non-natal site. Only 
six of 32 female yearling dispersers trapped at a colony site were success-
ful immigrants, and none was successful if philopatric yearlings (marmots 
born into the colony) were present (Armitage 2003c). Furthermore, suc-
cessful immigrant females are older when they reproduce than are philo-
patric females. A philopatric female can reproduce at age two years, but an  
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immigrant is unlikely to reproduce before age three years (Armitage 2003c): 
only 20 (26%) of 77 immigrants of breeding age reproduced in their year of 
immigration (Armitage and Schwartz 2000). By contrast, 39.6% of philopat-
ric females reproduced as two-year-olds (Armitage 2003a).

Thus, dispersal and subsequent immigration into a new site does not ap-
pear to be a viable strategy. Compared to philopatric females, dispersers face 
greater mortality while dispersing, have a lower chance of reproducing even 
if they do survive, and are older when they reproduce. Furthermore, the 
philopatric female has a finite chance of avoiding reproductive suppression;  
in some highly successful matrilines nearly all females weaned litters  
(Armitage 2007). Even if the philopatric female does suffer suppression, it may 
be short-lived if the older female loses her competitive edge or dies young; 
and she may have the opportunity to move to a vacant space in the habitat  
patch, and bud off a new matriline of her own (Armitage 2003a, Armitage 
and Schwartz 2000). Indeed, yearling females appear to prefer to remain in 
their natal colony: experimental removal of adult females greatly decreased 
dispersal rates (Brody and Armitage 1985), indicating that much dispersal is 
forced by adult aggression.

We conclude that joining a matriline is the best strategy for female  
yellow-bellied marmots. Matrilines provide direct fitness benefits, through 
enhanced survival and reproduction of successful females, that outweigh 
the fitness costs of reproductive suppression. In effect, we can view matri-
lines as social groups characterized by cooperation (reproductive enhance-
ment) and competition (reproductive suppression).

Reproductive Strategies and Population Dynamics

Having established how individual behavior affects the demographic pa-
rameters of survivorship, reproduction, and recruitment, we can now ex-
amine how individual behavior affects population dynamics. But first we 
need to examine some characteristics of changes in population numbers. 
As was true for the first 10 years of study, population numbers and growth 
rate at the study sites continued to fluctuate widely over 40 years of obser-
vation and were uncorrelated among sites (Armitage 1977, 2003b; Oli and 
Armitage 2004).

Equivalent temporal and spatial variation in demographic parameters 
accompanied this population-level variation. Survival rates varied both spa-
tially and temporally; juvenile survival rates varied among sites and over time, 
whereas adult survival rates varied only among sites (Ozgul et al. 2006a). 
Similarly, the breeding probability of reproductive and nonreproductive  
adult females and litter size varied over space, whereas the breeding prob-
ability of reproductive adults varied only over time (Ozgul et al. 2007).
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We could attribute some of the fluctuation in demographic variables 
to stochastic events. For example, we observed instances where a badger 
(Taxidea taxus) predator heavily impacted juvenile survival at one colony in 
one year, but did not affect any other colony (Armitage 2004b). Similarly, we 
observed cases where late summer drought or unusually late snow melt re-
duced both juvenile and adult overwinter survival and fertility in some sites, 
whereas sites only 5 km away were characterized by typical demographic 
patterns (Armitage 1994, 2003b). Although weather variation explains some 
of the variation in demography (Schwartz and Armitage 2005), much of the 
variation among colonies and through time appeared to be due to variation 
in demographic parameters that were affected by social behavior, such as age 
of first reproduction and fertility.

We could assess the relative contributions of these demographic variables 
by analyzing life tables that we constructed from our long-term longitudi-
nal life history data. We first pooled our data into a single age-structured 
projection matrix and used elasticity analysis to explore how much a pro-
portional change in each demographic variable affects the projected finite 
rate of population growth (Oli and Armitage 2004). This elasticity analysis 
indicated that juvenile survival would have the largest relative influence 
on population growth rate, and that the importance of the demographic 
factors did not differ between years characterized by negative or positive 
population growth. We then conducted a retrospective analysis (a life table 
response experiment, or LTRE; Caswell 2001) that documents the extent 
to which observed changes in population growth rate is a function of in-
dividual demographic variables. The LTRE indicated that changes in fertil-
ity, followed by age of first reproduction, made the largest contributions to 
observed annual changes in the population growth rate (Oli and Armitage 
2004). Increased fertility, increased juvenile survival, and decreased age of 
first reproduction made almost equal contributions to increases in that rate, 
whereas decreased fertility followed by increased age of first reproduction 
made the largest contributions to decreases in that rate (Oli and Armitage  
2004). Because this study focused on the same populations over many 
years, we had sufficient statistical power to demonstrate that the demo-
graphic factors driving population increases might differ from those driving 
population decreases. This study was one of the first to demonstrate such  
differences.

We can now ask the question: How do individual fitness strategies trans-
late into population growth and decline? Change in the number of adult 
residents is closely related to change in the size and number of matrilines; 
immigration is of minor importance (Armitage 2003c). Matriline size in-
creases when females recruit their daughters, and the number of matrilines  
increases primarily by the fission of large matrilines (Armitage 1996b, 2002). 
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Recovery following population decline is particularly instructive. In one 
colony that was reduced to one adult female, the number of resident adults 
increased to four in two years because three two-year-old daughters were 
recruited and two of them weaned litters. Population growth rate was high 
because of the early age of first reproduction and the high fertility of the 
surviving female and her daughters. Population growth rate subsequently 
declined when a two-year-old recruit failed to reproduce and fertility of the 
older adults declined (Armitage 1973). In another colony, population recov-
ery following a weather-induced decline also occurred through the recruit-
ment of daughters. The number of adult females was reduced to three. One 
failed to reproduce, one probably became coyote (Canis latrans) prey, and 
the third founded a matriline. Over a seven-year period, nine adult females 
were recruited in the multigenerational matriline. This kin group spread 
out over the habitat patch to occupy burrow sites and foraging areas, and 
then it split into three matrilines of closely related individuals (Armitage 
2003b). Interestingly, only one of the nine recruits reproduced at the age of 
two years, and she was one of two two-year-olds who split off to form one 
of the new matrilines.

These specific examples, combined with quantitative analyses of demog-
raphy, make clear that the fitness-maximizing decisions of females drive the 
size and number of matrilines at a site and hence have large effects on the 
dynamics of local populations.

Because we monitored five major sites throughout our long-term study 
and up to 18 sites in some years, we could use our data to test new ideas in 
population biology. Our studies of genetics and dispersal (Schwartz and 
Armitage 1980, Van Vuren and Armitage 1994) demonstrated that the local  
marmot populations were not isolated; gene flow occurred through dispersal  
and immigration. We realized then that we were working with a meta-
population—a regional cluster of local populations whose dynamics were 
linked to some extent by movement of individuals—and that we could use  
our data to test metapopulation models (Ozgul et al. 2006a, 2006b, 2007). A  
presence/absence analysis (a stochastic patch occupancy model, or SPOM) 
of marmots at 21 sites (Ozgul et al. 2006a, 2006b, 2007) revealed that persis-
tence of the yellow-bellied marmot metapopulation depended strongly on 
large, highly productive colony sites and that smaller, less productive satel-
lite sites made a significant contribution to long-term persistence when re-
gional stochasticity was high (Ozgul et al. 2006b). These results are in large 
part a consequence of female reproductive strategies: recruitment behavior 
of adult females at large colony sites produces large matrilines with high 
reproductive success (Armitage 1984, Armitage and Schwartz 2000). When 
yearlings are not recruited, they disperse and may colonize available habitat 
patches—either satellite sites or available space in colony sites (Armitage 
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2003c). In this way the regional production of young is distributed among 
all suitable sites, which stabilizes the metapopulation in the face of spatial 
and temporal environmental stochasticity.

Environment, Body Size, Social Organization, and Life History

Our long-term, place-based studies suggested that a seasonal environment 
with short summers, long, cold winters, and a patchy distribution of suitable 
habitat leads to decisions by individuals about when to disperse. These deci-
sions shape the social organization of the marmots in a way that has con-
sequences for M. flaviventris life history and population dynamics. Is this 
model of the relationship between environmental constraints, individual 
decision-making, life history, and population consequences consistent with 
what we see in other species?

Analysis of different marmot species makes it clear that variation in dis-
persal patterns can help explain variation in survivorship. Patterns of age-
specific survival differ between the yellow-bellied marmot and three other 
marmot species (M. caudata aurea, the golden marmot; M. olympus, the 
Olympic marmot; and M. vancouverensis, the Vancouver Island marmot). 
These three species have greater survivorship than do yellow-bellied mar-
mots beyond the age of one year, and survivorship does not differ between 
the sexes (Blumstein et al. 2002). Why do these differences occur among 
such similar species? Our long-term research suggested that age of dispersal 
is the key. Yellow-bellied marmots disperse at least one year earlier than do 
the other three species. We lack long-term studies of the other species, but 
the available data indicate that males disperse at an older age than yellow-
bellied males and move less widely. Because dispersal and movement are 
risky, survivorship is higher than in yellow-bellied marmots. Cross-species 
comparisons support the notion that examining the age of dispersal can help 
to explain life history parameters such as survivorship.

The differences in dispersal patterns also help explain differences in so-
cial structure and patterns of reproduction among marmot species. Yellow- 
bellied marmots have a relatively simple group structure in which single males 
defend groups of females. The other three species have more complex group 
structure, and hence can be considered more social. Males of these other 
marmot species do not always disperse; they form social groups each con-
sisting of a dominant monogamous reproductive pair and a variable number  
of adult nonreproductive subordinates of both sexes (Armitage 2000). The 
dominant male mates only with the dominant female (Cohas et al. 2006) 
and sires on average only six young (Lenti Boero 1999). A greater proportion 
of males mate, but the reproductive success of those individuals appears to 
be much lower than that of successful yellow-bellied marmot males.
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Females of the three more social marmot species also delay dispersal to 
age two or older and disperse at about the same rate as males. Because many 
yellow-bellied marmot females disperse as yearlings, their survivorship is 
lower than that of the more social marmots, and this difference persists at 
older ages. The age of first reproduction for these more social species is at 
least one year older than that of yellow-bellied marmots. We do not know 
why yellow-bellied marmots differ from these other marmot species in their 
dispersal, but we can speculate that environmental differences affecting the 
cost/benefit of dispersal are responsible.

The role of environmental factors in explaining dispersal is supported 
by broadening our cross-species comparisons to include ground-dwelling  
squirrels. All ground-dwelling squirrels (Cynomys, the prairie dogs; Sper-
mophilus, the ground squirrels; and Marmota, the marmots) live in a  
seasonal environment and in social groups of varying complexity (Armitage  
1981, Blumstein and Armitage 1998). The level of social complexity, as de-
fined by the extent of cohabitation of overlapping generations, appears to 
be a function of body size and the length of the growing season: larger 
species, such as marmots, with a short growing season are socially more  
complex than either smaller ground squirrels or large species with a long 
growing season. The major factor underlying this pattern of sociality is that 
it takes longer for the young of larger species to reach a body size that al-
lows them to be independent. In areas with a short growing season, it may 
take several years for young to get big enough to disperse. Sociality is the 
result of the young deciding to remain in their natal areas for multiple years 
(Armitage 1981, 2007). We can predict that further examination of species 
of marmot other than the yellow-bellied marmot will reveal that differences 
in dispersal patterns and sociality will ultimately be explained by environ-
mental differences such as size and dispersion of suitable habitat patches, 
forage quality, and temporal uncertainty that affect the costs and benefits 
of dispersal.

This comparison of yellow-bellied marmots with other marmot spe-
cies and ground squirrels suggests that the approach of examining the re-
lationship between behavior, social structure, and population dynamics 
has explanatory power that extends beyond a single species. Calhoun and 
Errington posited the importance of social interactions to population dy-
namics. Wilson’s work provided a basis, by explaining behavioral decisions 
in terms of fitness, for understanding social interactions. Our detailed stud-
ies of yellow-bellied marmots demonstrated how decisions by individuals 
lead to social structure, which in turn has consequences for life history and 
population dynamics. By linking individual decisions to environmental 
constraints, our studies of yellow-bellied marmots also provide a framework 
to explain observed patterns in other, less well-studied species.
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Why Have General Insights Emerged from the Study of Marmots  
in One Place?

This study began with a relatively narrow focus on testing general ideas 
about social behavior and population regulation. At the beginning I did not 
anticipate that it would continue for 40 years (it still continues under the 
direction of Dan Blumstein), or that it would expand into a broad research 
program with relevance to such new areas as sociobiology, metapopulation 
ecology, life-history evolution, or global change biology.

Several factors contributed to the ability of our research to contribute 
so broadly. Of primary importance was the obvious need to collect basic 
life-history data consistently in the same populations and over long periods 
of time. If we missed a year, we lost critical information on the life histories 
and kin relationships of these long-lived animals. Furthermore, depending 
on which year was skipped, we could have missed the effects of drought or 
late spring snow cover on survival and reproduction, or the effects of a major 
predation event (see also Grant and Grant, chapter 4). These rare, stochastic 
events often provide unexpected insights into ecological problems.

Because funding agencies did not support long-term research, the mar-
mot research program was actually a collection of many short-term proj-
ects, on various fundable topics, that were carried out by graduate students  
(table 7.1). Although these projects could have been conducted with yellow-
bellied marmot populations anywhere, they benefited from and contributed to 
the accumulated knowledge of the Upper East River Valley and its inhabitants.  
Graduate students assisted in the core activities of trapping and marking 
marmots and recording life-history data. But perhaps more importantly, 
their work provided an integrated picture of how this species is adapted for 
living in an environment with a short summer and a long, cold winter.

For example, physiological and energetics studies revealed that yellow-
bellied marmots are heat intolerant, highly conservative of energy and wa-
ter, and have high growth efficiency. These characteristics seem to be related 
to the need to conserve energy during the long period of hibernation and to 
achieve reproduction and growth during the short summer. Genetic studies 
revealed that marmot social groups are outbreeding primarily because all 
young males disperse and resident, territorial males are immigrants. Female 
yearlings did not disperse when adult females were absent or experimentally 
removed (Brody and Armitage 1985), and the timing of yearling dispersal 
was strongly affected by social interactions between yearlings and adults 
(Downhower and Armitage 1981).

Phenological studies indicated that marmots adjust the timing of their 
emergence from hibernation to local cues associated with impending snow-
melt (Armitage 2005), and that late snowmelt at higher sites is associated 
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with reduced litter size and a smaller proportion of females breeding (Van 
Vuren and Armitage 1991), perhaps because growing season length is deter-
mined by snowmelt date. Recent changes in the association of emergence 
cues with actual snowmelt may explain the recent finding that yellow- 
bellied marmots are emerging from hibernation about 23 days earlier than 
they were in 1976 and are emerging through a deeper snow cover (Inouye 
et al. 2000). Because the beginning of the growing season has not changed 
over the same time period, marmots face longer periods of activity before 
food becomes available. How do they cope with this increased demand 
on their fat reserves, and how does that affect reproductive success and  
competition? What cues initiate the termination of hibernation, and are 
these cues now maladaptive? Answering these questions may be critical; 
an analysis of marmot climate space and phylogeny indicates that marmots 
may be more vulnerable than many mammals to global climate change  
(Davis 2005).

Energy-flow studies indicated that yellow-bellied marmots use a small 
percentage of available plant production. This finding stimulated research 
on foraging behavior that revealed that foraging areas are influenced by 
plant distribution and predation risk (marmots dig new escape burrows in 
foraging areas; Armitage 2003e); that sharing of foraging areas is strongly 

Ta b l e  7. 1 .  Topics of yellow-bellied marmot research

Topic Principal Investigators

Social behavior and organization K. B. Armitage, D. W. Johns
Habitat characteristics G. E. Svendsen
Energy flow D. L. Kilgore, Jr.
Food selectivity and foraging behavior B. A. Frase, K. B. Armitage
Food supplementation B. C. Woods
Individuality K. B. Armitage, G. E. Svendsen, D. H. Van Vuren
Genetics O. A. Schwartz
Metabolic rate, water balance and  
 environmental temperature

J. M. Ward, Jr.

Thermal energy exchange J. C. Melcher
Energy conservation and hibernation  
 physiology

K. B. Armitage, D. T. Blumstein, B. C. Woods

Reproductive energetics K. B. Armitage, C. M. Salsbury
Body size and growth rates C. M. Salsbury, J. F. Downhower, G. E. Svendsen
Scent marking K. Brady
Play behavior S. Nowicki, S. H. Jamieson
Time budgets K. B. Armitage, C. M. Salsbury, E. L. Barthelmess
Dispersal A. K. Brody, J. F. Downhower, D. H. Van Vuren

References in Armitage 1991, 1998; Armitage and Van Vuren 2003
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influenced by kinship, and that marmots are selective feeders (Armitage 
2003d). These studies suggest that marmots are not food limited. Food sup-
plementation experiments support this interpretation: food addition did 
not increase survival of young (Woods and Armitage 2003a), survival rates 
of adult females, female recruitment, or litter size. Nor did it decrease mean 
age of first reproduction (Woods and Armitage 2003b).

Finally, predation and mortality during hibernation were implicated as 
major causes of population decline (Armitage 1996b); these factors plus fe-
male competition for reproductive success (which limits immigration and 
recruitment) appear to maintain yellow-bellied marmot population density 
below the limits set by food availability.

The diverse insights into determinants of marmot social organization, 
behavior, life history, fitness, and population biology have certainly been key 
to our ability to predict and understand these same attributes in other spe-
cies, and hence to generalize beyond one species in one place. But perhaps 
of equal importance has been the quality of the detailed demographic data. 
These proved amenable to analysis by new methods that were unavailable 
when the data were collected (e.g., life table response experiments) for the 
purpose of answering completely new questions (for example, the dynamics 
of metapopulations or the potential consequences of climate change). As 
yet, only a fraction of all the data collected over 40 years of study has been 
analyzed. Imagine what can be learned by capturing more from long-term, 
place-based studies like ours!
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