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REPRODUCTIVE SUCCESS OF COLONIAL AND NONCOLONIAL 
FEMALE YELLOW-BELLIED MARMOTS (MARMOTA FLAVIVENTRIS) 

DIRK VAN VUREN AND KENNETH B. ARMITAGE 

Department of Systematics and Ecology, University of Kansas, Lawrence, KS 66045, 
Present address of DVV: Department of Wildlife, Fish, and Conservation Biology, 

University of California, Davis, CA 95616 

Previous work comparing reproductive success of colonial and noncolonial yellow-bellied 
marmots (Marmota flaviventris) indicated that noncolonial females had lower fitness; they 
reproduced less often and their offspring had a lower survival to age 1 year. This work, 
however, may have been affected by a bias in sampling effort. We initiated a new study 
and found no significant differences between colonial and noncolonial females in litter size 
or frequency of reproduction. We did, however, recapture a lower percentage of noncolonial 
offspring as yearlings; this may have resulted from early dispersal, higher mortality, or 
both. Further, survival of noncolonial offspring from age 1 to 2 years was lower; the cause 

probably was a higher dispersal rate of noncolonial versus colonial yearlings, coupled with 
lower survival of dispersers. We suggest that lower fitness of noncolonial females, as in- 
dicated by the apparently lower survival of their offspring and their lower likelihood of 
recruiting daughters to form matrilines, derives from lower quantity and quality of resources 
at localities of noncolonial females. 

Key words: Marmota flaviventris, reproductive success, colony, sociality 

Understanding the evolution of sociality 
in mammals requires an evaluation of fit- 
ness costs and benefits of group living (Al- 
exander, 1974). One approach has been to 

compare social systems among closely re- 
lated species living in different ecological 
settings (Barash, 1974; Hoogland, 1981; 
Jarman, 1974). Alternatively, some species 
of mammals exhibit variable social systems 
that range from solitary to group living 
(Lott, 1991), thereby permitting intraspecif- 
ic comparisons of the fitness consequences 
of sociality (Boyce and Boyce, 1988; Cow- 
an, 1987; Packer et al., 1990). 

The yellow-bellied marmot (Marmota 
flaviventris) is a large, hibernating, ground- 
dwelling squirrel that lives in social groups 
called colonies. Not all marmots, however, 
are colonial; some lead a relatively asocial 
existence outside of colonies, variously de- 
scribed as isolated, peripheral, or satellite 
(Downhower and Armitage, 1971; Svend- 
sen, 1974), herein collectively termed non- 
colonial. Both behavioral phenotypes, co- 

lonial and noncolonial, may exist within the 
same population; thus, this species exhibits 
an intraspecific variation in social behavior 
(Lott, 1991). 

Living in a social or a solitary setting 
may entail different sets of costs and ben- 
efits. Armitage and Downhower (1974) 
compared reproduction and survival be- 
tween colonial and noncolonial individuals 
in a population of yellow-bellied marmots 
located near Rocky Mountain Biological 
Laboratory, Gunnison Co., Colorado. Mean 
litter size was similar for colonial and non- 
colonial females, but frequency of repro- 
duction was about twice as great for colo- 
nial females as for noncolonial females. 
Further, about one-half of colonial young- 
of-the-year were recaptured as yearlings, 
whereas noncolonial young were rarely re- 

captured. Downhower and Armitage (1971) 
proposed that disappearance of noncolonial 
young resulted from mortality or early dis- 
persal and concluded that noncolonial fe- 
males were reproductively less successful 

Journal of Mammalogy, 75(4):950-955, 1994 950 



November 1994 VAN VUREN AND ARMITAGE-REPRODUCTIVE SUCCESS IN MARMOTS 951 

than colonial females. These data suggested 
that noncolonial females produced fewer 
young per year than did colonial females, 
and, because survival of dispersers presum- 
ably is poor (Anderson, 1989), few, if any, 
of their young survived to reproductive ma- 
turity. 

Fitness differences between colonial and 
noncolonial animals suggested a difference 
in habitat quality as well. Immigration into 
colonies by females is uncommon; most 
colony residents are born there (Armitage 
1991; Armitage and Johns, 1982; Schwartz 
and Armitage, 1980). In contrast, most non- 
colonial females are immigrants, either 
from colonies or from localities inhabited 
by noncolonial marmots (pers. obser.). This 
net movement of marmots from colonies, 
where fitness is relatively high, to localities 
occupied by noncolonial marmots, where 
fitness presumably is low, suggests a 
source-sink relationship (Pulliam, 1988). 

Armitage and Downhower (1974), how- 
ever, estimated production and survival of 
young-of-the-year through trapping and ob- 
servation, and these results may have been 
affected by a bias of sampling effort toward 
colonies. Colonies were trapped more in- 
tensively than were localities inhabited by 
noncolonial marmots and were trapped ear- 
lier in the season, before most dispersal oc- 
curred. Further, intensive behavioral obser- 
vations of marmots were conducted 
regularly at colonies, but rarely at localities 
inhabited by noncolonial marmots; visual 
observation improved trap efficiency. Both 
frequent trapping and intensive observa- 
tions promote the detection of survival and 
reproduction. 

Our objective was to re-evaluate repro- 
ductive success of yellow-bellied marmots 
near Rocky Mountain Biological Labora- 
tory by focusing intensive sampling effort 
on both colonial and noncolonial marmots 
to assess litter size, frequency of reproduc- 
tion, and survival of young until 1 year old. 
Further, we determined the time of dispersal 
of yearlings to elucidate the possible role of 
early dispersal in low recapture rates of 

noncolonial yearlings. Finally, because evo- 
lutionary fitness can be measured as the 
number of offspring that survive to repro- 
ductive maturity (Armitage, 1986a), we 
employed radiotelemetry to determine sur- 
vival of yearlings until 2 years old, the age 
of first reproduction. 

MATERIALS AND METHODS 

The study was conducted from 1983 through 
1989 in the upper East River Valley near Rocky 
Mountain Biological Laboratory. Elevation 
ranged from 2,850 to 3,900 m; common plant 
communities were spruce (Picea) forests, aspen 
(Populus tremuloides) woodlands, and subalpine 
meadows dominated by tall forbs and grasses. 

Yellow-bellied marmots were common in the 
upper East River Valley and were studied since 
1962 (Armitage, 1991). Marmots lived at dis- 
crete habitat patches, usually rock outcrops or 
talus adjacent to meadows. Larger patches were 
inhabited by a colony, defined here as a circum- 
scribed locality that typically supported one 
adult (-2 years old) male and two or more adult 
females, many of whom had overlapping home 
ranges and interacted socially. Colonies con- 
tained as many as 12 adult females (Armitage, 
1991). Smaller patches were inhabited by non- 
colonial marmots, typically only one adult fe- 
male and sometimes an adult male. Six colonies 
and 14 localities inhabited by noncolonial mar- 
mots were studied. Marmots hibernated from 
September until early May. 

Fieldwork began each year in early May, 
when marmots first emerged from hibernation. 
All marmots at each locality were live-trapped 
several times during the summer active season; 
individuals were identified with numbered ear 
tags. Successful reproduction in females was 
suggested by swollen nipples during gestation 
and lactation and subsequently was confirmed 
when a litter appeared aboveground, typically 
late June through mid-July. Frequency of repro- 
duction was computed by dividing the total 
number of litters by the number of possible 
pregnancies, defined as the number of adult fe- 
males present each year, summed over the 7 
years of the study. Litter size at emergence from 
the natal burrow was determined by trapping 
and by observation. Litters whose size was not 
accurately known were excluded from analysis. 

Survival of young from first emergence at the 
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natal burrow until emergence from the hiberna- 
tion burrow at age 1 year (first-year survival) 
was evaluated by intensive trapping at all local- 
ities, of both colonial and noncolonial marmots, 
beginning before yearlings emerged from hiber- 
nation and continuing for several weeks. Time 
of dispersal and survival from 1 to 2 years old 

(second-year survival) were evaluated by surgi- 
cally implanting radiotransmitters (Van Vuren, 
1989) in yearlings, both colonial and noncolo- 
nial. Transmitters had a range of ca. 5 km and 
an expected life of -1 year. Surgery and the 

implanted transmitter had no discernable effect 
on subsequent survival, growth, or reproduction 
(Van Vuren, 1989). Instrumented marmots were 
radiolocated every 1-3 days until entry into hi- 
bernation, then again upon emergence from hi- 
bernation when 2 years old. 

We defined a disperser as a marmot that per- 
manently left its natal home range to establish a 

new, non-overlapping home range; most dis- 

persers emigrated duirng their yearling summer 
(Van Vuren, 1990). Time of dispersal was de- 
fined as the midpoint of the interval, usually 1- 
3 days, that was bounded by the last day the 

yearling was located in its natal home range and 
the first day it was located elsewhere. 

Mortality of instrumented marmots during the 
active season was suggested by an invariant ra- 

diosignal and subsequently confirmed by recov- 

ery of the transmitter, usually with remains of 
the marmot (Van Vuren, 1990). Mortality over 
winter was indicated by failure of the marmot to 

emerge from its hibernaculum. Because trans- 
mitters of some marmots expired prematurely, 
overwinter mortality sometimes could not be 

distinguished from early-season dispersal. Such 
instances, and any others in which status (either 
dead or alive) was uncertain, were excluded 
from analysis. 

RESULTS 

We detected no differences in mean litter 

size (t-test, t = 0.07, P > 0.90) or frequen- 
cy of reproduction (G-test of independence, 
G = 0.26, P > 0.50) between colonial and 

noncolonial females (Table 1). Because 

some females were responsible for more 
than one litter during the 7 years of the 

study, the assumption of independence of 
observations was violated for both tests. We 

doubt, however, that this violation unduly 

TABLE 1.--Reproductive success of colonial 
and noncolonial female yellow-bellied marmots 
near Rocky Mountain Biological Laboratory, 
Gunnison Co., Colorado, 1983-1989. Litter size 
and successful reproduction were determined 
when offspring first emerged from the natal bur- 
row. First-year survival of offspring was deter- 
mined by intensive trapping, and second-year 
survival of offspring was determined by radio- 

telemetry. 

Reproductive Nonco- 
measure Colonial lonial P 

Litter size 

9 4.20 4.18 >0.90 
SD 1.34 1.42 
n 49 33 

Frequency of reproduction 
Litters/female 0.64 0.60 >0.50 
n 105 70 

First-year survival 

Recapture rate 0.55 0.35 <0.005 
n 233 139 

Second-year survival 

Survival rate 0.78 0.59 <0.10 
n 86 27 >0.05 

influenced the biological significance of the 
results. 

A higher proportion of colonial young 
was recaptured as yearlings than of non- 
colonial young (G = 13.68, P < 0.005; Ta- 
ble 1). Time of dispersal of noncolonial 

yearlings (median = 17 June, n = 21) was 
earlier in the season (Mann-Whitney test, W 
= 1,855, P = 0.02) than was time of dis- 

persal of colonial yearlings (median = 7 

July, n = 48). Second-year survival of non- 
colonial marmots was substantially lower 
than that of colonial marmots; the differ- 
ence approached statistical significance (G 
= 3.46, 0.10 > P > 0.05; Table 1). 

DIscusSIoN 
Unlike results of earlier study on the 

same population of yellow-bellied marmots 

(Armitage and Downhower, 1974), we 
found that production of young, as indicat- 
ed by frequency of reproduction and litter 
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size, did not differ between colonial and 
noncolonial females. We attribute the dif- 
ference in results between studies to a bias 
in sampling effort toward colonies in the 
earlier study; apparently, many noncolonial 
females were producing litters that were not 
being recorded. 

Frequency of reproduction overall was 
somewhat higher in our study (>0.60) than 
in the earlier study 

(-0.48), 
probably be- 

cause snow in the upper East River Valley 
melted unusually early during some years 
of our study. Date of snow melt is nega- 
tively correlated with frequency of repro- 
duction among localities in the study area; 
apparently, earlier snow melt means a lon- 
ger growing season and greater access to 
resources and, thus, a higher likelihood of 
successful breeding by females (Van Vuren 
and Armitage, 1991). 

We recaptured substantial numbers 
(35%) of 1-year-old offspring from locali- 
ties of noncolonial marmots. As hypothe- 
sized by Downhower and Armitage (1971), 
many of these yearlings dispersed earlier 
than did colonial yearlings, thereby explain- 
ing, in part, the low recapture rate of non- 
colonial yearlings reported previously (Ar- 
mitage and Downhower, 1974). Other 
noncolonial yearlings that we trapped had 
not yet dispersed, but were difficult to ob- 
serve or trap; we discovered them only after 
intensive effort. Nonetheless, survival of 
noncolonial young to age 1 year, as indi- 
cated by rate of recapture, remained signif- 
icantly less than survival of colonial young. 

Second-year survival was substantially 
lower among noncolonial (59%) than 
among colonial (78%) marmots; although 
the difference was not statistically signifi- 
cant, we suspect that it was biologically sig- 
nificant. Most males, whether colonial or 
noncolonial, dispersed before 2 years old 
(Van Vuren, 1990). Most noncolonial fe- 
males also dispersed before 2 years old, but 
most females born at colonies did not dis- 
perse (Van Vuren, 1990). Thus, the rate of 
dispersal from localities inhabited by non- 
colonial marmots was higher. Because sur- 

vival during the summer active season was 
lower for dispersers than for nondispersers 
(Van Vuren and Armitage, 1994), the high- 
er rate of dispersal among noncolonial mar- 
mots should result in a somewhat lower sur- 
vival rate to age 2 years. 

Our results indicate that colonial living 
conferred no advantage to females in pro- 
duction of offspring. Young of colonial fe- 
males, however, had a higher probability of 
being recaptured at age 1 year and of sur- 
viving from age 1 year to age 2 years. Also, 
yearling daughters of colonial females were 
more likely to become recruited as adult 
residents of their natal colony (Armitage 
and Downhower, 1974). 

Localities of noncolonial marmots were 
significantly smaller in area and contained 
significantly fewer burrows than did local- 
ities of colonies (Svendsen, 1974). We sug- 
gest that lower recapture rates of noncolo- 
nial yearlings may have occurred because 
resources, such as suitable hibernacula, 
food, and space, were insufficient to sup- 
port a female and her offspring on a long- 
term basis. Some young may have per- 
ceived this limitation and dispersed during 
their summer of birth; others may have re- 
mained and hibernated, only to suffer high 
overwinter mortality. Further, because bur- 
rows of noncolonial marmots were closer to 
potential hiding cover for predators than 
were burrows in colonies (Svendsen, 1974), 
noncolonial young may have been more 
vulnerable to predation. Almost all nonco- 
lonial young that survived to yearling age 
dispersed (Van Vuren, 1990). Dispersal dur- 
ing the first summer of life has been sus- 
pected on a few occasions, but never con- 
firmed; hence, the effects of first-summer 
dispersal and mortality on recapture rates 
cannot be distinguished, and first-summer 
dispersal may account, in part, for the lower 
recapture rate of noncolonial yearlings. 

Noncolonial females seldom recruited 
their daughters (Van Vuren, 1990), presum- 
ably because of lack of resources. This low 
likelihood of forming matrilines, and the 
loss of direct fitness benefits that accrue 
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from matriline formation, may be an addi- 
tional fitness cost of a noncolonial existence 
(Armitage, 1988). The lower fitness of non- 
colonial females suggests that they should 
seek residency in a colony. Immigration 
into colonies was uncommon, probably be- 
cause colony residents are highly aggres- 
sive toward strangers (Armitage and Johns, 
1982); those few instances of successful 
immigration usually occurred when the dis- 
appearance of a colony resident left vacant 
space (Armitage, 1984). 

The demonstrated reproductive success 
of noncolonial females suggests the possi- 
bility of intraspecific variation in the mating 
system. Yellow-bellied marmots have a har- 
em-polygynous mating system that derives 
from the clumped distribution of colonial 
females (Armitage, 1986b). Because harem 
males rarely leave their territories (Armi- 
tage, 1974), most litters born outside of col- 
onies apparently were fathered by nonco- 
lonial males. Thus, males that do not 

acquire a territory within a colony have oth- 
er opportunities for reproductive success. 
These opportunities, however, may be lim- 
ited; the clumped distribution of colonial 
females probably facilitates territorial de- 
fense by males, and noncolonial males may 
have difficulty defending territories large 
enough to include more than one noncolo- 
nial female. 

ACKNOWLEDGMENTS 

This study was funded by The American So- 
ciety of Mammalogists, Sigma Xi, the Theodore 
Roosevelt Memorial Fund of the American Mu- 
seum of Natural History, the Rocky Mountain 
Biological Laboratory, the Lee R. G. Snyder 
Memorial Fund, The University of Kansas, Uni- 

versity of Kansas Graduate Honors and Gradu- 
ate Summer Fellowships (to D. Van Vuren), 
University of Kansas General Research Fund, 
and The National Science Foundation (to K. B. 

Armitage). We thank C. M. Salsbury for com- 
ments on an earlier version of the manuscript. 

LITERATURE CITED 

ALEXANDER, R. D. 1974. The evolution of social be- 
havior. Annual Review of Ecology and Systematics, 
5:325-383. 

ANDERSON, P K. 1989. Dispersal in rodents: a resident 
fitness hypothesis. Special Publication, The Ameri- 
can Society of Mammalogists, 9:1-141. 

ARMITAGE, K. B. 1974. Male behaviour and territori- 
ality in the yellow-bellied marmot. Journal of Zo- 
ology (London), 172:233-265. 

. 1984. Recruitment in yellow-bellied marmot 
populations: kinship, philopatry, and individual vari- 
ability. Pp. 377-403, in The biology of ground- 
dwelling squirrels (J. O. Murie and G. R. Michener, 
eds.). University of Nebraska Press, Lincoln, 459 pp. 

. 1986a. Individuality, social behavior, and re- 
productive success in yellow-bellied marmots. Ecol- 
ogy, 67:1186--1193. 

. 1986b. Marmot polygyny revisited: deter- 
minants of male and female reproductive strategies. 
Pp. 303-331, in Ecological aspects of social evolu- 
tion: birds and mammals (D. I. Rubenstein and R. 
W. Wrangham, eds.). Princeton University Press, 
Princeton, New Jersey, 551 pp. 

. 1988. Resources and social organization of 
ground-dwelling squirrels. Pp. 131-155, in The 
ecology of social behavior (C. N. Slobodchikoff, 
ed.). Academic Press, San Diego, California, 429 pp. 

. 1991. Social and population dynamics of yel- 
low-bellied marmots: results from long-term re- 
search. Annual Review of Ecology and Systematics, 
22:379-407. 

ARMITAGE, K. B., AND J. F DOWNHOWER. 1974. De- 
mography of yellow-bellied marmot populations. 
Ecology, 55:1233-1245. 

ARMITAGE, K. B., AND D. 
W. JOHNS. 1982. Kinship, 

reproductive strategies and social dynamics of yel- 
low-bellied marmots. Behavioral Ecology and So- 
ciobiology, 11:55-63. 

BARASH, D. P. 1974. The evolution of marmot soci- 
eties: a general theory. Science, 185:415-420. 

BOYCE, C. C. K., AND J. L. BOYCE, III. 1988. Popu- 
lation biology of Microtus arvalis. I. Lifetime repro- 
ductive success of solitary and grouped breeding fe- 
males. The Journal of Animal Ecology, 57:711-722. 

COWAN, D. P 1987. Group living in the European 
rabbit (Oryctolagus cuniculus): mutual benefit or re- 
source utilization? The Journal of Animal Ecology, 
56:779-795. 

DOWNHOWER, J. F, AND K. B. ARMITAGE. 1971. The 
yellow-bellied marmot and the evolution of polyg- 
amy. The American Naturalist, 105:355-370. 

HOOGLAND, J. L. 1981. The evolution of coloniality 
in white-tailed and black-tailed prairie dogs (Sciuri- 
dae: Cynomys leucurus and C. ludovicianus). Ecol- 

ogy, 62:252-272. 
JARMAN, P J. 1974. Social organisation of the antelope 

in relation to their ecology. Behaviour, 48:215-267. 
Lorr, D. E 1991. Intraspecific variation in the social 

systems of wild vertebrates. Cambridge University 
Press, Cambridge, United Kingdom, 238 pp. 

PACKER, C., D. SCHEEL, AND A. E. PUSEY. 1990. Why 
lions form groups: food is not enough. The Ameri- 
can Naturalist, 136:1-19. 

PULLIAM, H. R. 1988. Sources, sinks, and population 
regulation. The American Naturalist, 132:652-661. 

SCHWARTZ, O. A., AND K. B. ARMITAGE. 1980. Genetic 
variation in social mammals: the marmot model. 
Science, 207:665-667. 



November 1994 VAN VUREN AND ARMITAGE-REPRODUCTIVE SUCCESS IN MARMOTS 955 

SVENDSEN, G. E. 1974. Behavioral and environmental 
factors in the spatial distribution and population dy- 
namics of a yellow-bellied marmot population. Ecol- 
ogy, 55:760-771. 

VAN VUREN, D. 1989. Effects of intraperitoneal trans- 
mitter implants on yellow-bellied marmots. The 
Journal of Wildlife Management, 53:320-323. 

. 1990. Dispersal of yellow-bellied marmots. 
Ph.D. dissert., The University of Kansas, Lawrence, 
150 pp. 

VAN VUREN, D., AND K. B. ARMITAGE. 1991. Duration 
of snow cover and its influence on life-history vari- 
ation in yellow-bellied marmots. Canadian Journal 
of Zoology, 69:1755-1758. 

. 1994. Survival of dispersing and philopatric 
yellow-bellied marmots: what is the cost of dispers- 
al? Oikos, 69:179-181. 

Submitted 17 May 1993. Accepted 12 March 1994. 

Associate Editor was Stephen H. Vessey. 


	Article Contents
	p. 950
	p. 951
	p. 952
	p. 953
	p. 954
	p. 955

	Issue Table of Contents
	Journal of Mammalogy, Vol. 75, No. 4 (Nov., 1994), pp. i-iv+813-1125
	Volume Information [pp.  1111 - 1125]
	Front Matter [pp.  iii - 1105]
	The Influence of University and Museum Professionals in the Formation of the American Society of Mammalogists [pp.  i - ii]
	Special Feature: Mammal-Plant Interactions
	[Introduction] [pp.  813 - 815]
	Plant Defenses and Optimal Foraging by Mammalian Herbivores [pp.  816 - 832]
	Effects of Large Mammalian Browsers on Architecture, Biomass, and Nutrients of Woody Plants [pp.  833 - 844]
	Effects of Nectarivorous and Frugivorous Mammals on Reproductive Success of Plants [pp.  845 - 851]
	Effects of Subterranean Mammalian Herbivores on Vegetation [pp.  852 - 859]

	Energy, Water, and Food Use by Springbok Antelope (Antidorcas marsupialis) in the Kalahari Desert [pp.  860 - 872]
	Reproductive and Behavioral Biology of the Gray-Tailed Vole [pp.  873 - 879]
	Role of Condensed Tannin on Salivary Tannin-Binding Proteins, Bioenergetics, and Nitrogen Digestibility in Microtus pennsylvanicus [pp.  880 - 889]
	Quantitative Habitat Associations of Small Mammals in a Temperate Rainforest in Southern Chile: Empirical Patterns and the Importance of Ecological Scale [pp.  890 - 904]
	Selective Feeding by Black-Tailed Deer: Forage Quality or Abundance? [pp.  905 - 913]
	Genic Variation and Systematics of Rice Rats (Oryzomys palustris Species Group) in Southern Texas and Northeastern Tamaulipas, Mexico [pp.  914 - 928]
	Distances Moved by Stephens' Kangaroo Rat (Dipodomys stephensi Merriam) and Implications for Conservation [pp.  929 - 939]
	Activity of Desert Mule Deer during the Breeding Season [pp.  940 - 949]
	Reproductive Success of Colonial and Noncolonial Female Yellow-Bellied Marmots (Marmota flaviventris) [pp.  950 - 955]
	Behavior of Hector's Dolphin: Classifying Behavior by Sequence Analysis [pp.  956 - 964]
	Taxonomic Status of Hylomys parvus and Hylomys suillus (Insectivora: Erinaceidae): Biochemical and Morphological Analyses [pp.  965 - 978]
	Impoverishment and Nestedness in Caviomorph Assemblages [pp.  979 - 984]
	Behavior of Red Foxes, Vulpes vulpes, Caching Eggs of Loggerhead Turtles, Caretta caretta [pp.  985 - 988]
	Association of Propulsive Swimming Mode with Behavior in River Otters (Lutra canadensis) [pp.  989 - 997]
	Snow Leopards and Blue Sheep in Nepal: Densities and Predator: Prey Ratio [pp.  998 - 1004]
	Home-Range Size in Relation to Age and Sex in Moose [pp.  1005 - 1012]
	Seasonal Changes in Testicular Function and Seminal Characteristics of the Male Eastern Spotted Skunk (Spilogale putorius ambarvilus) [pp.  1013 - 1020]
	Estimating Populations of Marine River Otters in Prince William Sound, Alaska, Using Radiotracer Implants [pp.  1021 - 1032]
	Scent Discrimination by Infant Nine-Banded Armadillos [pp.  1033 - 1039]
	Taxonomy of Microtus savii (Rodentia, Arvicolidae) in Italy: Cytogenetic and Hybridization Data [pp.  1040 - 1044]
	Variation in Gastrointestinal Characteristics of Male and Female White-Tailed Deer: Implications for Resource Partitioning [pp.  1045 - 1053]
	Reproduction of Dusky Dolphins, Lagenorhynchus obscurus, from Coastal Peru [pp.  1054 - 1062]
	Finding Mammals Using Far-Infrared Thermal Imaging [pp.  1063 - 1068]
	Male Traits As Life-History Variables: Annual Variation in Body Mass and Antler Size in Moose (Alces alces) [pp.  1069 - 1079]
	Letters to the Editor
	Animal Rights: A Reply to Howard [pp.  1080 - 1082]

	Reviews
	untitled [pp.  1083 - 1084]
	untitled [pp.  1084 - 1090]
	untitled [pp.  1090 - 1093]
	untitled [pp.  1093 - 1094]
	untitled [pp.  1094 - 1095]
	untitled [pp.  1095 - 1096]

	Books Received [p.  1097]
	Seventy-Fifth Anniversary Meeting: The Society of Mammalogists [pp.  1098 - 1103]
	Other Comments and News [pp.  1106 - 1110]
	Back Matter



