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TOOTH BREAKAGE AND DENTAL DISEASE AS CAUSES OF
CARNIVORE-HUMAN CONFLICTS

BRUCE D. PATTERSON,* ELLIS J. NEIBURGER, AND SAMUEL M. KASIKI

Department of Zoology, Field Museum of Natural History, 1400 South Lake Shore Drive,
Chicago, IL 60605-2496, USA (BDP)
1000 North Avenue, Waukegan, IL 60085, USA (EJN)
Tsavo Research Centre, Tsavo East National Park, P.O. Box 14, Voi, Kenya (SMK)

Large carnivores that become marauders and man-eaters are frequently thought to be old
or infirm, apparently incapable of normal predatory behavior. To evaluate whether this
“infirmity theory” offers a general explanation for animal-human conflicts, we examined
teeth and jaws of lions (Panthera leo) in museum collections. Although tooth wear and
breakage are normal in lions, they are rarely accompanied by severe pathologies. Although
the infirmity theory may explain specific instances of carnivore-human conflict, including
the infamous case of Tsavo’s man-eating lions, most other conflicts can be linked to alter-
native explanations, especially prey depletion in human-dominated areas, which trigger the
opportunity and necessity of exploiting people or livestock (or both) as prey.
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Carnivores worldwide are threatened by northern Europe, across the whole of Asia
shrinking populations and geographic rang- and North America south as far as the Tal-
es. Even in areas where they are not targets ara seeps of Peru (Kurtén and Anderson
of direct persecution, carnivores typically 1980; Turner and Antén 1997). Lions re-
have large area and energy requirements  mained widespread into historic times, oc-
that limit population size. In addition, the Cur[ing in» North Africa, easternmost Eu-
dietary dependence of carnivores on other rope and Asia Minor, and southwest Asia.
animals often brings them into conflict with Only 2 centuries ago, their range stretched
humans, especially in areas where native  into central India (Pocock 1931). But loss
wildlife has been extirpated and replaced by of habitat and shrinking populations of prey
domesticated stock. Attacks on humans and  p,ve triggered dramatic contraction of lion
lives.tock‘ invariably motivate campaigns of populations and range. The species now oc-
eradication. Understanding the circum- .y nies 4 small fraction of its range of just
stapces that lfaad large carnivores to alter 100 years ago (Kingdon 1997), although li-
their food habits and attack humans and do- ons can recover and reestablish themselves

mestltci 11vesftock 15 a ccl:rtlaal lljssui f;’; 9(:80n— when accorded adequate space and protec-
servation of apex predators (Fran )- tion (Hunter 1998; Stuart-Hill and Gross-

m;iiwrgg::t\i’g;:sOl}a::nsiff:;fid nolo::lela?iljl; man 1993). The continual threat that lions
& pop pose to rural people and their herds of cat-

si than the lion (Panth leo). Duri
1zes ion (Panthera leo). During tle, sheep, and goats is a primary reason for

the late Pleistocene, the lion was perhaps h ) . . .
the most widely distributed terrestrial mam- the persecution and extirpation of lions
(Frank 1998).

mal, with a range from southern Africa to ) .
Conventional wisdom and numerous an-

* Correspondent: bpatterson@fieldmuseum.org ecdotes suggest that chronically injured or
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infirm carnivores are especially dangerous
to people and their livestock. Deprived of
the ability to hunt and kill natural prey,
such individuals may be predisposed to at-
tack humans and stock. The famous tiger
hunter Jim Corbett repeatedly found that
notorious man-eating tigers had broken
teeth or claws, crippling arthritis, necrotic
appendages, or prior gunshot wounds (Cor-
bett 1946, 1955, 1957). In 2 studies of ma-
rauding jaguars (Panthera onca) killed
while attacking or preying on livestock,
most individuals had prior human-inflicted
wounds that diminished their ability to hunt
(Hoogesteijn et al. 1993). The “infirmity
theory” also has been invoked repeatedly
to explain attacks by African lions. In many
parts of Africa, rural people customarily ex-
plain the disappearance of goats and other
livestock by saying ‘“Ah, there is an old
toothless lion about. We must turn out and
kill him, or he will soon begin eating us”
(Fitzsimons 1919). Although purely anec-
dotal and post hoc, numerous authors have
invoked the infirmity theory to explain in-
stances of man-eating and marauding by
Panthera leo (Dyer 1973; Kruuk 1980;
Taylor 1959; Yamazaki and Bwalya 1999).

In related work, the 2 senior authors ex-
amined 3 notorious man-eating lions from
Africa and found that each exhibited tooth
and jaw breakage; 2 had sustained traumas
consistent with the infirmity theory (Nei-
burger and Patterson 2000a, 2000b, 2002).
One of the infamous ‘“‘man-eating lions of
Tsavo” (Patterson 1925) had a broken low-
er canine that had developed a severe root-
tip abscess. The Mfuwe man-eater (Proth-
ero 1996; W. Hosek, in litt.) had a fistulous
lesion and occluded mandibular foramen
associated with repair of a severe mandib-
ular fracture. Both injuries would have pre-
vented the lions from delivering a killing
bite (Leyhausen 1979) to either the nape or
throat of typical bovid or equid prey. Either
might cause lions to alter hunting and pred-
atory behavior in ways that elevate the like-
lihood of their including humans and live-
stock as prey.
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However, broken teeth and bones are
common among large carnivores, casting
doubt on a causal relationship between tooth
breakage and man-eating or marauding be-
haviors. Van Valkenburgh (1988) tallied the
incidence and frequency of tooth breakage
in various carnivore taxa as represented in
major museum collections, finding that
>25% of individuals in modern free-ranging
populations have =1 broken teeth (Van Val-
kenburgh 1988; Van Valkenburgh and Hertel
1993). On average, 53.1% of the broken
teeth in her lion sample were canines, fol-
lowed by carnassials (26.5%), and incisors
and premolars (each 10.2%). Because most
animals with broken teeth behave normally,
instances of man-eating seemingly require
additional causes. Dental diseases associated
with these breaks, such as severe caries,
bone erosion along the jaw margins, pulp
exposures and abscesses, may be more di-
rectly responsible for the altered behavior of
man-eaters. Herein, we survey both tooth
breakage and apparent dental disease to as-
certain whether dental diseases of the sort
that we associated with the man-eaters also
typified “‘normal” lions.

MATERIALS AND METHODS

We examined the holdings of skulls of P. leo
with permanent dentitions in 3 international
study collections. These coincided with those
studied by Van Valkenburgh (1988) in her dental
survey: the Field Museum of Natural History,
Chicago (FMNH; n = 22), the National Museum
of Natural History, Washington, D.C. (USNM;
n = 72), and the National Museums of Kenya,
Nairobi (NMK; n = 66). The majority of spec-
imens in all 3 collections were taken by sport
hunters during the 1st half of the 20th century,
and most represented free-living lions without
recorded misdemeanors against humans. Fre-
quencies of damaged dentitions in these collec-
tions should approximate those obtained in free-
living lions. We also examined a collection of
lion skulls in Tsavo East National Park, Kenya
(TENP; n = 23), representing lions that were
killed outside the park by rangers of the Kenya
Wildlife Service. Most were obtained during an-
imal control operations against man-eaters, ma-
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rauders, or threatening lions, although 2 resulted
from euthanasia of mortally injured lions. If
tooth breakage or dental disease is routinely re-
sponsible for bringing lions into conflict with
humans, this sample should exhibit higher fre-
quencies of such traumas than the museum col-
lections.

Like Van Valkenburgh, we distinguished teeth
broken before and after death by assessing tooth
wear. Only tooth fractures that became subse-
quently worn were tallied in our study. Breakage
and wear on each of the 30 teeth (i 3/3, c 1/1,
p 3/3, m 1/0, total 30) were recorded on data
sheets by the 2 senior authors. Superficial dental
disease was evaluated (by EJN), either by direct
examination (FMNH collection) or by studying
digital images recorded on a digital camcorder
(Sony DCR 900). Unlike Van Valkenburgh, we
considered unbroken teeth that were sufficiently
worn to expose pulp cavities =1 mm in diameter
to be ‘“damaged” because such exposure opens
the tooth and jaw to infection and abscesses that
could affect behavior. Consequently, the inci-
dence of damaged teeth in our samples exceeds
that reported by Van Valkenburgh, whose defi-
nition reflected her principal interest in dental
strength. Lack of access to radiographic facilities
restricted our assessments to superficial dental
disease: pulp exposures, alveolar erosion, pitting
of the jaws, and the like. To estimate age, we
used tooth-wear and suture-closure criteria es-
tablished for a large sample of known-age, free-
living lions from South Africa (Smuts et al.
1978). Our analysis was based on 153 specimens
for which both age and dental damage could be
accurately determined.

To examine frequencies of damaged denti-
tions and variation among discrete age classes,
we used nonparametric methods (Siegel 1956)
to assess correlation (Spearman rank) and dif-
ferences (Mann—Whitney U-test for 2 samples;
Kruskal-Wallis median test for 2 samples and
multiple groups). An alpha value of P = 0.05
was used to evaluate statistical significance, al-
though we considered alpha values below 0.1 as
marginal.

RESULTS

Over all samples, 63 of 153 lions had
damaged dentitions. This damage often
takes the form of worn and broken teeth,
which exposes the pulp cavity of the tooth

Vol. 84, No. 1

to infection and decay (Fig. 1). Less fre-
quently, erosion of the alveolus and pitting
of jaw margins accompanied tooth wear
and breakage. In a few cases, major traumas
to the head and face had produced aberrant
occlusion patterns, often reflected in asym-
metrical wear on the teeth. The prevalence
of such damage in 41.1% of the lions we
examined underscores the hazards of killing
and feeding on large powerful prey and the
intense selection pressures that must oper-
ate on anatomy and behavior of predators.

The frequency of damaged dentitions
varied over 10 adult year-classes (x> =
38.35, d.f. =9, P < 0.0001) but not by sex
? = 3.53,df =1, P = 0.06). Older lions
were more likely to have damaged denti-
tions than younger lions, and frequency of
damaged dentitions was positively correlat-
ed across age classes 3—12 years (r, = 0.82,
n = 10, P = 0.004). A quarter (24%) of
lions less than 6 years had damaged denti-
tions, whereas 82% of older lions exhibited
damage of some sort (U = 1,658; P <
0.0001). Age profiles of each sample (Fig.
2) also reflect this tendency for older age
classes to contain higher proportions of
damaged individuals, tending to be ‘‘top-
heavy” on the left side.

Contrary to predictions, the Tsavo East
sample containing ‘“‘problem lions” did not
exhibit a higher incidence of damaged den-
titions. We observed no significant differ-
ences among samples from different mu-
seums in the incidence of dental damages
¢ = 5.15, df = 3, P = 0.16). Only 23%
of the TENP sample was damaged, whereas
damaged dentitions comprised 33%, 43%,
and 50% of the FMNH, USNM, and NMK
samples, respectively. These differences
may simply reflect age differences among
the samples (Fig. 3). Lions in the TENP
sample averaged 4.9 years, whereas
FMNH, USNM, and NMK lions averaged
6.0, 6.2, and 5.5 years, respectively; age
differences between samples are significant
x? =10.99, d.f. =3, P = 0.01).
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Fi6. 1.—Examples of dental damage in lions, Panthera leo: a) maxilla—incisors and canines with
pulp exposures (NMK OM 3388 [National Museums of Kenya; Osteology, Mammals]), b) maxilla—
broken incisors and right canine with pulp exposures (NMK OM 2517), ¢) maxilla—broken incisor,
incisors and canine with pulp exposures (NMK OM 2536), d) mandible—broken left p4 with alveolar
erosion (NMK OM 7713), e) mandible—broken left p2 with alveolar erosion (NMK OM 2506), f)
mandible—broken left p4 with alveolar erosion (NMK OM 2524), g) maxilla—right P4 with pulp
exposures from wear (NMK OM 2517), h) maxilla—left P4 with pulp exposures and alveolar erosion
(NMK OM 7932).

This content downloaded from 5.151.0.2 on Sat, 28 Jan 2017 18:14:32 UTC
All use subject to http://about.jstor.org/terms



194 JOURNAL OF MAMMALOGY Vol. 84, No. 1
>10 |
in ) - % i ——f b
years 461 ?4%////% Ef///////ﬁ ,
<4 _ ____

FMNH

NMK

USNM TENP

Fic. 2.—Age tables for 4 samples of lions (Panthera leo) showing the relative frequency of in-
dividuals with dental damage. Bars to left of vertical line denote individuals with damaged dentitions,
and those to the right denote intact ones. Sample sizes are Field Museum of Natural History (FMNH),
18; National Museums of Kenya (NMK), 46; National Museum of Natural History (USNM), 67;

Tsavo East National Park (TENP), 22.

DISCUSSION

Our results establish that approximately
40% of the lions we examined had damaged
dentitions. Few would argue that broken
teeth or heavily pitted jaws constitute dam-
age, but exposed pulp cavities constitute a
more equivocal class of conditions. Pulp
exposures are normal for older lions, par-
ticularly on the canine and incisor teeth
(Smuts et al. 1978). Accordingly, virtually
any old lion will show some signs of dental
damage, whether or not the pulp exposure
has given rise to associated infections or ab-
scesses. The high incidence of pulp expo-
sures undoubtedly contributes to the higher
incidence of dental damages among older
lions. It also explains the discrepancies be-
tween the dental damages we report and

12 —T

6 o o

J T

Age (in years)

FMNH NMK TENP USNM

Fi16. 3.—Age distribution for 4 samples of li-
ons. Box indicates middle 2 quartiles, small
square indicates median, and vertical line repre-
sents range. Museum abbreviations as for Fig. 2.

those noted on 3 of the same collections by
Van Valkenburgh (1988).

We defined dental damages on the basis
of superficial evidence. Our survey did not
use radiographic or magnetic-resonance im-
aging that would help to identify and delim-
it internal decay. However, our inspections
resemble those used to detect human caries.
To qualify as ‘“damaged” in our study, a
pulp exposure had to exceed 1 mm in di-
ameter—few caries of this magnitude re-
main undetected or untreated in humans.
Rather, the large number of substantial pulp
exposures we detected in lions, coupled
with a much lower incidence of associated
pathologies, implicate some undetermined
mechanisms for retarding the onset of in-
fection, be they components of the saliva,
elements of the immune system, or struc-
tural components of the teeth.

Contrary to the infirmity theory, we
found that the lowest incidence of dental
damage among the sample we predicted
would show the highest incidence, the
“problem-lion”” sample from TENP, Kenya.
A striking feature of this sample was its age
profile. With the exception of 1 old female
that had attacked, killed, and partially con-
sumed a child (S. Andanje, in litt.) and 2
others euthanized for injuries sustained
from buffaloes, the TENP sample consisted
mainly of younger lions, apparently in ex-
cellent health, taken on the farms and
ranches that border the park near Voi.
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Lions typically leave their natal prides at
2-3 years of age (Bertram 1978; Schaller
1972). Although males almost invariably
disperse, females also must leave produc-
tive prides in highly favorable habitats be-
cause continual recruitment of females
would otherwise swell prides to unsustain-
able size. Most problem lions from Tsavo
are =5 years of age (Fig. 3). Studies else-
where suggest that these lions would be too
young to contest established territories in
the park; instead, they disperse outside the
park onto neighboring farms and ranches
where they come into conflict with humans.
If the lions shot by animal control rangers
of the Kenya Wildlife Service typify the
greater population of lions living outside
the park, then ranchlands constitute a dis-
persal “‘sink’ for lions; most individuals
are born elsewhere (in this case, within the
parks), and mortality exceeds reproduction.
Under such conditions, conflicts between li-
ons and humans may arise from low avail-
ability of natural prey without accompany-
ing infirmity or disease in the predators.
Demographic and ecological studies of li-
ons in Tsavo’s ranchlands are needed to
confirm these inferences. However, they ac-
cord with findings that a minority of lion
attacks on humans in Uganda involve in-
capacitated animals (Treves and Naughton-
Treves 1999).

Any phenomenon as complex as man-
eating and marauding seldom has a single
cause. Despite its widespread use to explain
man-eating post facto, the infirmity theory
clearly lacks predictive power. Numerous
factors may lead carnivores to man-eating,
either singly or in interaction (e.g., Kerbis
Peterhans et al. 1998); opportunity and ne-
cessity are apt to be 2 of the most prevalent
(B. D. Patterson, in litt.). The diverse cau-
sation behind these phenomena in turn re-
quires diverse solutions; for example,
Stander (1990) advocated translocation for
the occasional stock raider but elimination
for more habitual offenders. Finally, ani-
mal-human conflicts and their resolution
are equally complex from a human stand-
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point: local culture, government policy, and
international trade all influence the attitudes
of local people toward predators (Wood-
roffe 2000). The fates of many carnivore
species depend on an understanding of the
interactions among these variables.

ACKNOWLEDGMENTS

We are grateful to the authorities of the Na-
tional Museum of Natural History, (USNM)
Washington, D.C., National Museums of Kenya
(NMK), and Tsavo East National Park (TENP)
for permission to study their skeletal holdings;
the kind assistance of H. Kafka (USNM), O.
Mwabi (NMK), and N. Kio (TENP) is expressly
acknowledged. Research authorization of the se-
nior author by the Kenyan Government (OP/13/
001/25 C 86) and the Kenya Wildlife Service is
very much appreciated (thanks especially to R.
Bagine). The hospitality of R. Muasya, S. An-
danje, P. Leitoro, and the excellent staff of the
Manyani Field Training School while the senior
author made various trips to Tsavo are gratefully
acknowledged. Museum visits were made pos-
sible with the support of J. and C. Jacobus and
the Barbara E. Brown Fund for Mammal Re-
search (Field Museum of Natural History),
which also funded the analyses. We thank B.
Van Valkenburgh and an anonymous reviewer
for helpful suggestions on the manuscript.

LITERATURE CITED

BERTRAM, B. C. R. 1978. Pride of lions. Scribner, New
York.

CORBETT, J. 1946. Man-eaters of Kumaon. Oxford Uni-
versity Press, London, United Kingdom.

CoRBETT, J. 1955. The temple tiger, and more man-
eaters of Kumaon. Oxford University Press, New
York.

CORBETT, J. 1957. Man-eaters of India. Oxford Uni-
versity Press, New York.

DyYER, A. 1973. Classic African animals: the big five.
Winchester Press, New York.

Fitzsimons, E W. 1919. The natural history of South
Africa. Vol. 1. Longmans, Green and Co., London,
United Kingdom.

FrRANK, L. G. 1998. Living with lions: carnivore con-
servation and livestock in Laikipia District, Kenya.
United States AID contract number 623-0247-C-00-
3002-00. Mpala Research Centre, Nanyuki, Kenya.

HOOGESTEDN, R., A. HOOGESTEUN, AND E. MONDOLFI.
1993. Jaguar predation and conservation: cattle mor-
tality caused by felines on three ranches in the Ve-
nezuelan llanos. Pp. 391-407 in Mammals as pred-
ators (N. Dunstone and M. L. Gorman, eds.). Sym-
posia of Zoological Society of London 65:1-485.

This content downloaded from 5.151.0.2 on Sat, 28 Jan 2017 18:14:32 UTC
All use subject to http://about.jstor.org/terms



196 JOURNAL OF MAMMALOGY

HUNTER, L. 1998. Pride of Phinda. Bringing back lions
to South Africa’s coastal plain. BBC Wildlife 16:20.

KERBIS PETERHANS, J. C., C. M. KusiMBA, T. P. GNOSKE,
S. A. ANDANIE, AND B. D. PATTERSON. 1998. Man-
eaters of Tsavo. Natural History 107:12—-14.

KiNGDON, J. 1997. The Kingdon field guide to African
mammals. Academic Press, San Diego, California.

Kruuk, H. 1980. The effects of large carnivores on
livestock and animal husbandry in Marsibit District,
Kenya. UNESCO Integrated Project in Arid Lands
(IPAL), Geneva, Switzerland.

KURTEN, B., AND E. ANDERSON. 1980. Pleistocene
mammals of North America. Columbia University
Press, New York.

LEYHAUSEN, P. 1979. Cat behaviour: the predatory and
social behavior of domestic and wild cats. Garland
STPM Press, New York.

NEIBURGER, E. J., AND B. D. PATTERSON. 2000a. Man
eating lions—a dental link. Journal of the American
Association of Forensic Dentists 24:1-3.

NEIBURGER, E. J., AND B. D. PATTERSON. 2000b. The
man-eaters with bad teeth. New York State Dental
Journal 66:26-29 + cover.

NEIBURGER, E. J., AND B. D. PATTERSON. 2002. A fo-
rensic dental determination of serial killings by three
African lions. General Dentistry 50:40—42.

PATTERSON, J. H. 1925. The man-eating lions of Tsavo.
Zoology: leaflet 7. Field Museum of Natural Histo-
ry, Chicago, Illinois.

Pocock, R. 1. 1931. The lions of Asia. Journal of the
Bombay Natural History Society 34:638-665.

PROTHERO, W. 1996. The reluctant hero and the man-
eater. Safari 29:122-124.

SCHALLER, G. B. 1972. The Serengeti lion; a study of
predator-prey relations. University of Chicago Press,
Chicago, Illinois.

SIEGEL, S. 1956. Nonparametric statistics for the be-

Vol. 84, No. 1

havioral sciences. McGraw-Hill Book Company,
New York.

SMuTs, G. L., J. L. ANDERSON, AND J. C. AUSTIN. 1978.
Age determination of the African lion (Panthera
leo). Journal of Zoology (London) 185:115-146.

STANDER, P. E. 1990. A suggested management strat-
egy for stock-raiding lions in Namibia. South Afri-
can Journal of Wildlife Research 20:53-60.

STUART-HILL, G., AND D. GROSSMAN. 1993. Parks, prof-
its and professionalism: lion return to Pilanesberg.
African Wildlife 47:267.

TAYLOR, J. 1959. Maneaters and marauders. A. S.
Barnes and Co., New York.

TREVES, A., AND L. NAUGHTON-TREVES. 1999. Risk and
opportunity for humans coexisting with large car-
nivores. Journal of Human Evolution 36:275-282.

TURNER, A., AND M. ANTON. 1997. The big cats and
their fossil relatives: an illustrated guide to their evo-
lution and natural history. Columbia University
Press, New York.

VAN VALKENBURGH, B. 1988. Incidence of tooth break-
age among large, predatory mammals. American
Naturalist 131:291-300.

VAN VALKENBURGH, B., aAND E HERTEL. 1993. Tough
times at La Brea: tooth breakage in large carnivores
of the late Pleistocene. Science 261:456—459.

‘WOODROFFE, R. 2000. Predators and people: using hu-
man densities to interpret declines of large carni-
vores. Animal Conservation 3:165-173.

YaMmazakl, K., AND T. BwaLYA. 1999. Fatal lion at-
tacks on local people in the Luangwa Valley, Eastern
Zambia. South African Journal of Wildlife Research
29:19.

Submitted 8 January 2002. Accepted 20 August 2002.

Associate Editor was Ronald E. Barry.

This content downloaded from 5.151.0.2 on Sat, 28 Jan 2017 18:14:32 UTC
All use subject to http://about.jstor.org/terms



	Contents
	190
	191
	192
	193
	194
	195
	196

	Issue Table of Contents
	Journal of Mammalogy, Vol. 84, No. 1 (Feb., 2003), pp. i-ii+1-345
	Front Matter [pp. i-341]
	Predicting Patterns of Mammalian Species Diversity from a Process-Based Simulation Model [pp. 1-19]
	Influence of Landscape Elements on Population Densities and Habitat Use of Three Small-Mammal Species [pp. 20-25]
	Habitat-Related Differences in Rabbit (Oryctolagus cuniculus) Abundance, Distribution, and Activity [pp. 26-36]
	Patterns of Apparent Extirpation among Isolated Populations of Pikas (Ochotona princeps) in the Great Basin [pp. 37-54]
	Sea Otter Population Declines in the Aleutian Archipelago [pp. 55-64]
	Estimating Survival and Capture Probability of Fur Seal Pups Using Multistate Mark: Recapture Models [pp. 65-80]
	Black Bear Home-Range Sizes in Washington: Climatic, Vegetative, and Social Influences [pp. 81-91]
	Evaluation of Landscape Models for Wolverines in the Interior Northwest, United States of America [pp. 92-105]
	Dependence on Cacti and Agaves in Nectar-Feeding Bats from Venezuelan Arid Zones [pp. 106-116]
	Identifying Voucher Specimens Involving Risk: Shrews from Chornobyl, Ukraine [pp. 117-122]
	A Reliable Molecular Method of Gender Determination for Mammals [pp. 123-128]
	Genic Differentiation and Phylogenetic Relationships among Tropical Harvest Mice (Reithrodontomys: Subgenus Aporodon) [pp. 129-143]
	Phylogenetic Diversification within the Sorex cinereus Group (Soricidae) [pp. 144-158]
	Taxonomic Status of White-Backed Hog-Nosed Skunks, Genus Conepatus (Carnivora: Mephitidae) [pp. 159-176]
	Temporal Genetic Variation in a Coyote (Canis latrans) Population Experiencing High Turnover [pp. 177-184]
	Bullar Volume in Subterranean and Surface-Dwelling Caviomorph Rodents [pp. 185-189]
	Tooth Breakage and Dental Disease as Causes of Carnivore -- Human Conflicts [pp. 190-196]
	Group Size but Not Distance to Cover Influences Agile Wallaby (Macropus agilis) Time Allocation [pp. 197-204]
	Alternation of Echolocation Calls in 5 Species of Aerial-Feeding Insectivorous Bats from Malaysia [pp. 205-215]
	An Experimental Test of Clutter Tolerance in Bats [pp. 216-224]
	Fig-Seed Predation by 2 Species of Chiroderma: Discovery of a New Feeding Strategy in Bats [pp. 225-233]
	Activity and Habitat Use of Lesser Mouse-Deer (Tragulus javanicus) [pp. 234-242]
	䑡楬礠偡瑴敲湳⁡湤⁄畲慴楯渠潦⁗潬映䅣瑩癩瑹⁩渠瑨攠䉩愁䉯睩攁籡⁆潲敳琬⁐潬慮搠孰瀮′㐳ⴲ㔳�
	Social Behavior and Group Formation in the Coypu (Myocastor coypus) in the Argentinean Pampas [pp. 254-262]
	Positional Behavior of Japanese Giant Flying Squirrels (Petaurista leucogenys) [pp. 263-271]
	Daily Movements and Maximum Speed in Ctenomys talarum (Rodentia: Ctenomyidae) in Artificial Enclosures [pp. 272-277]
	Reproductive Biology of a Solitary Subterranean Bathyergid Rodent, the Silvery Mole-Rat (Heliophobius argenteocinereus) [pp. 278-287]
	Reproductive Parameters of Wild Female Amur (Siberian) Tigers (Panthera tigris altaica) [pp. 288-298]
	Seasonal Body Temperature Fluctuations and Energetic Strategies in Free-Ranging Eastern Woodchucks (Marmota monax) [pp. 299-310]
	Activity and Space Use by Degus: A Trade-Off between Thermal Conditions and Food Availability? [pp. 311-318]
	Reviews
	Review: untitled [pp. 319-321]
	Review: untitled [pp. 321-323]
	Review: untitled [pp. 323-324]
	Review: untitled [pp. 324-325]
	Review: untitled [pp. 325-326]
	Review: untitled [pp. 326-327]
	Review: untitled [pp. 327-329]
	Review: untitled [pp. 329-331]
	Review: untitled [pp. 331-333]
	Review: untitled [pp. 333-334]

	Books Received [p. 335]
	Eighty-Third Annual Meeting of the American Society of Mammalogists [pp. 336-339]
	Comments and News [pp. 342-344]
	Back Matter [pp. 345-345]



