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Preface

Carnivores have always fascinated us, even though they make up only 10%
of all mammalian genera and only about 2% of all mammalian biomass. In
Greek mythology most of the gods adorned their robes and helmets with
depictions of carnivores, and the great hero Hercules’ most famous feat was
killing the “invulnerable” lion with his bare hands.

Part of our fascination with carnivores stems from fright and intrigue, and
sometimes even hatred because of our direct competition with them. Cases of
“man-eating” lions, bears, and wolves, as well as carnivores’ reputation as
killers of livestock and game, provoke communities and governments to adopt
sweeping policies to exterminate them. Even President Theodore Roosevelt,
proclaimer of a new wildlife protectionism, described the wolf as “the beast of
waste and desolation.” The sheer presence and power of carnivores is daunt-
ing: they can move quickly yet silently through forests, attaining rapid bursts
of speed when necessary; their massive muscles are aligned to deliver powerful
attacks, their large canines and strong jaws rip open carcasses, and their scis-
sor-like carnassials slice meat. Partly because of our fear of these attributes,
trophy hunting of carnivores has been, and to a certain extent still is, a sign of
bravery and skill. Among some Alaskan Inuit, for example, a man is not
eligible for marriage until he has killed a succession of animals of increasing
size and dangerousness, culminating with the most menacing, the polar bear.
Carnivore fur, glands, and musk are still treasured even though alternative
synthetic materials have been developed. Despite our close relationship and
fascination with carnivores, humans are still relatively ignorant of most species
in the order. This book synthesizes some of the recent advances in research in
the biology of carnivores.

The mammalian order Carnivora is characterized by great morphological,
ecological, and behavioral variation. Body sizes range from the 100-g least
weasel to the gigantic polar bear, weighing as much as 800 kg. Reproductive
rate may be as low as one offspring every five to seven years, as in some black
bears, or as high as three litters a year with eight offspring in each litter, as in
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some populations of dwarf mongooses. Carnivores inhabit every habitat or
vegetational zone, from short grassland (meerkat) to sparse woodland (dwarf
mongoose) to desert (fennec fox) to thick forest (banded palm civet) to oceanic
waters (sea otter). And the size of the home range may be relatively small (0.55
km?2: coati) or extremely large and nondefensible (1500—-2000 km2: African
hunting dog). In terms of behavior, species range from those that live alone
with only brief encounters between adults during breeding (ermine) to those
that form monogamous pair bonds (golden jackal) to those that live in large
extended packs with as many as 80 individuals (spotted hyena).

Although scientists have emphasized widespread interspecific differences
among carnivores, considerable variation and flexibility also occur within spe-
cies. In wolves, for example, adults weigh from 31 to 78 kg, litter size varies
from one to 11, home ranges extend between 103 and 12,950 km2, popula-
tions are found in every vegetational zone except tropical forests and arid
deserts, and adults live as solitaries or within extended packs comprising up to
21 individuals. Within carnivores, therefore, we can look for examples of
evolutionary adaptation at the interspecific level as well as investigate natural
selection at the intraspecific level.

From the time of R. L. Pocock’s and Dwight Davis’s classic studies in com-
parative anatomy and of G. G. Simpson’s pioneering work on the fossil record,
the carnivores have formed the centerpiece for many studies in comparative and
evolutionary biology. But until recently studies of carnivores which required
detailed knowledge of their habits and lifestyles in the wild were blocked by
our inability to find and track individuals easily. Because of their elusive,
nocturnal, fast, solitary, and often dangerous nature, details on most species
remained obscure. Today, as a result of improved research techniques (e.g.,
radiotelemetry and infrared spotting scopes), conservation and captive man-
agement programs, and a surge of interest in the ecological and evolutionary
significance of carnivore behavior, many species are better known.

Anyone who has tried to compile comparative data on the behavior, ecolo-
gy, and morphology of carnivores has quickly learned that no volume that
critically summarizes and evaluates recent research in carnivore biology has
been available. To meet that need, I have assembled this volume; it presents
critical reviews in rapidly developing and expanding areas of carnivore be-
havior, ecology, and evolution. It also elucidates the features of carnivores
which distinguish the group from other mammalian lineages so that non-
specialists will come to know them better.

I and all the contributors feel a deep gratitude to R. F. Ewer for her monu-
mental volume The Carnivores (1973, Cornell University Press), which laid the
foundation for modern carnivore studies. It is testimony to the longlasting
effect of her work that most of the contributors, though using very different
methodologies and theoretical predictions, refer to The Carnivores for framing
their questions.

Following a general introduction to the carnivores by John F. Eisenberg, the
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volume is organized in three parts: (1) behavior—acoustic and olfactory com-
munication; behavioral development; behavioral ecology of hyaenids and
canids; modes of solitary living; and group living; (2) ecology—the feeding
ecology of the giant panda and Asiatic black bear; adaptations for aquatic
living; ecological constraints on predation by felids; the consequences of small
size in mustelids; the rate of basal metabolism and food habits; and reproduc-
tive output; (3) evolution—morphological constraints on locomotion; denti-
tion and diet; the physiology of delayed implantation; molecular and mor-
phological approaches to phylogeny; and the fossil record. Each part is
preceded by a brief introduction outlining the main themes presented in the
chapters and explaining why certain subjects are included. Within each part,
chapters proceed from specific areas to more general ones; therefore each part
first deals with specific mechanisms that drive or constrain general evolution-
ary systems. At the end of the volume is an appendix by W. Chris Wozencraft
which presents a classification of the Recent Carnivora, including the pin-
nipeds. This listing, which is derived from Honacki et al. (1982, Mammal
Species of the World, Lawrence, Kans.: Association of Systematic Collections),
is not meant to present a new or final word on classification; indeed, some
authors have preferred the nomenclature of other taxonomies and have so
stated in their text. Rather, the appendix is intended as a reference guide,
modeled after that presented in Ewer’s volume, for translating species names
into common ones (or vice versa), for showing familial membership of species,
and for pointing out general taxonomic changes made in recent years.

Because this volume covers a broad taxonomic group and includes many
disparate research topics, several editorial decisions were necessary. The first
question addressed was general: what is a carnivore, or which species should
be included in a book dealing with the Carnivora? There is historical precedent
either for combining the terrestrial carnivores and aquatic pinnipeds in the
order Carnivora or for splitting off the terrestrial carnivores to form an inde-
pendent, ordinal group. Studies of the origin and phylogeny of carnivores and
pinnipeds continue to produce lively debate, as chapters in this volume attest.
The chapters deal mainly with the terrestrial (fissiped) carnivores or species
included in the following taxonomic families: Canidae (wolves, wild dogs,
jackals, foxes), Procyonidae (raccoons, coatis, kinkajou), Ursidae (bears),
Ailuropodidae (giant panda), Ailuridae (red panda), Mustelidae (weasels, mar-
tens, fisher, tayra, ratel, badgers, skunks, otters), Viverridae (civets, genets),
Herpestidae (mongooses), Hyaenidae (hyenas, aardwolf), and Felidae (wild
cats, ocelots, serval, caracal, lynxes, puma, leopards, jaguar, lion, tiger,
cheetah). I have thus excluded the pinnipeds from discussion; the behavioral,
ecological, and evolutionary features of adaptations for aquatic living set this
group apart from the terrestrial carnivores. A further, more practical reason is
that other volumes nicely synthesize recent advances in research on the pin-
nipeds. By considering only the terrestrial carnivores, this book avoids du-
plicating other publications.
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Even when the taxonomic limitations were set, another potential source of
confusion remained. The word “carnivore” in everyday language refers to a
dietary proclivity for flesh eating. Thus, describing a species as a carnivore
could refer to its taxonomic affiliation or to its dietary preference. Because the
general focus of this volume is on species taxonomically included as the ter-
restrial carnivores, “carnivore” refers to the taxonomic usage unless otherwise
stated. For example, where diet is analyzed, some ursids are described as being
herbivorous carnivorans or simply herbivores.

My primary criteria in making these decisions was consistency and defen-
sibility of argument throughout—that is, questions regarding taxonomy, pri-
ority of theoretical questions, method of citations, and other recurring features
across chapters were to be presented in the same fashion and as rigorously as
possible in each context so that at least ambiguity would be avoided. Because
consistency was a goal, however, the problem of overlap between chapters
became an issue. Even though repetition was eliminated whenever possible,
some overlap had to remain if each chapter was to stand on its own. Such
repetition reduces the burden of cross-referencing between chapters. Whenever
chapters deal with similar subjects, one chapter serves as the main source for a
given set of data or particular theoretical perspective. When other chapters
refer to the same material, a brief summary is given, along with cross-refer-
ences to the chapter(s) where more detailed treatment occurs.

Another editorial decision concerned the presentation of unorthodox views,
unpublished information, or disagreement among review chapters, which are
meant to present only facts and references. And indeed, the data compilations,
descriptions of field or experimental studies, and theoretical discussions in
most chapters are based on previously published, refereed work, but some
chapters include original data or theoretical arguments that offer a unique
perspective. I decided that these views should be aired also, so that future work
in carnivore biology might more rapidly test their validity. Nevertheless, in
cases where new information is presented, I have required the authors to refer
to background literature to introduce the conceptual problem or new meth-
odology and to elucidate why these new data are important in the broad
context here, wherein previous studies already established in a particular area
are being reviewed.

It is my hope that this collection of chapters brings the excitement and
beauty of carnivores closer to those who have not had the opportunity to study
them, especially to students in the behavioral, ecological, and evolutionary
sciences who are looking for a diverse and intriguing group to work on. And,
for my scientific colleagues, it is my intention that the problems and questions
raised by taking stock of what we have learned about carnivores will spur us
on to discover what we need to know in order to preserve them.

Jonn L. GITTLEMAN
Knoxville, Tennessee
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An Introduction to
the Carnivora

Jonn F. E1sSENBERG

The carnivores are a fascinating group. Trends in their evolution and the
convergent and parallel developments of life history strategies have intrigued
us all (Eisenberg 1986). Carnivora literally means “eaters of flesh.” Thus, the
ordinal name describes an attribute or aspect of a niche that some but not all
members of the order Carnivora occupy. The first flesh-eating mammal group
to appear in the fossil record, however, is not at all closely related to the
modern-day carnivores. The Deltatheridia appeared in the Paleocene and dom-
inated the carnivore niche for a considerable period of time (Van Valen 1966).
At the time of the Upper Eocene the first members of the order Carnivora may
be found as fossils (see Martin, this volume). These are generally assigned to
the family Miacidae. The miacids persisted until the Oligocene. When they are
first recognizable in the fossil record, they show enlarged canine teeth and
specialized shearing carnassial teeth. The shearing teeth involved the opposi-
tion of the fourth upper premolar with the first lower molar. The miacids did
not have an ossified tympanic bulla and the carpal bones remained unfused. In
the Late Eocene and Early Oligocene the more advanced carnivores make their
appearance, with an ossified bulla and a fusion of the scapholunar in the
carpus (Dawson and Krishtalka 1984).

The terrestrial carnivores, or Fissipedia, are often placed either in their own
order or as a suborder in opposition to the Pinnipedia, or aquatic carnivores.
That the two groups are related is not to be doubted. The pinnipeds are usually
divided into three families, the walruses, the true seals, and the eared seals.
King (1964) has argued for an independent origin for the eared seals and the
true seals. In short, she believed the eared seals to be more closely related to
bears and dogs and the earless seals more closely related to the weasel family.
This implies that adaptation to an aquatic existence occurred twice. Thus,
from her standpoint the Pinnipedia are an artificial assemblage.

Sarich (1969), however, presented biochemical evidence indicating that the
pinnipeds are a natural grouping deriving from a common ancestor. I have
found no one since Sarich who has disputed this viewpoint. Indeed, there has
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2 John F. Eisenberg

been growing support for the monophyletic origin of the pinnipeds. Given a
common origin for the Pinnipedia and in full recognition that they derive
ultimately from carnivore stock, it is convenient to consider the pinnipeds as a
separate taxon. But whether this taxon be given an ordinal name or be sub-
sumed as a suborder under the order Carnivora is somewhat arbitrary.

Wozencraft (this volume) reevaluates the evidence for and against a mono-
phyletic origin for the pinnipeds. It is clear from his taxonomic arrangement
and some of his comments that he leans toward the diphyletic origin. In any
event, more research needs to be done before the question can be resolved.
Research on pinnipeds is progressing at a rapid rate. Recent advances in radi-
otelemetry have allowed pinnipeds to be studied while at sea. A good summary
of recent research is included in the volume edited by Gentry and Kooyman
(1986).

Because this volume is concerned with the fissiped carnivores, I will confine
my discussion to this group. The terrestrial carnivores are classically divided
into two groups: the Arctoidea, in which the tympanic bulla is single cham-
bered, and the Canoidea, in which the bulla is incompletely divided by a low
septum. There is much dispute concerning the taxonomic validity of this divi-
sion (Stains 1984). Suffice it to say that there was a rapid early radiation, and
the subsequent lineages were well differentiated in the Eocene and Oligocene.

The Arctoidea (Feloidea) include civets, mongooses, hyenas, and cats. The
civets (Viverridae) are considered to be the most conservative in terms of
carrying forward ancestral characters into the present time. That civets and
mongooses are closely allied is not to be disputed, but the mongooses present
such a uniform assemblage with some derived characters that I choose to
consider them a separate family, Herpestidae. Wozencraft (this volume) has
affirmed the validity of separating the mongooses from the civets. The civets
then would be united within the family Viverridae.

Modern-day civets are confined to the Old World tropics, with one genus
extending into the Mediterranean region of Europe. Within this assemblage a
wide range of trophic specialization is shown; some members are frugivorous,
others more carnivorous, but generalist omnivores dominate. There is a strong
trend within the civets for adaptation to an arboreal way of life. However,
some members such as the African civet (Civettictis civetta) are terrestrial and
digitigrade. Nocturnality and solitary foraging dominates within the group.

The Herpestidae, on the other hand, tend to be diurnal, although there are a
few exceptions. Some members are semi-arboreal but many are terrestrial.
Some species of mongoose have become quite social and live in cohesive
groups that forage and defend exclusive territories.

The island of Madagascar has an interesting array of herpestid and viverrid
carnivores, suggesting successive colonization events. The ring-tailed mon-
goose (Galidia elegans) and its allies clearly are herpestids, whereas the Fan-
aloka civet (Fossa-fossa) and its allies are clearly viverrids. The enigmatic fossa
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(Cryptoprocta ferox) shows affinities with the viverrids but has diverged so far
from the ancestral stock as to obscure its exact relationships. It is the largest
carnivore extant on Madagascar and is a semi-arboreal predator.

The Hyaenidae include the aardwolf (Proteles cristatus) and the true hyenas.
This Old World radiation is most strongly expressed in Africa, although the
striped hyena (Hyaena hyaena) ranges through the Middle East on into penin-
sular India. The aardwolf is specialized as a termite feeder. The other three
extant species of hyenas are scavengers or active predators. The spotted hyena
(Crocuta crocuta), is highly social, living in matriarchal groups that show
territorial defense (Kruuk 1972).

The Felidae, or cat family, have members strongly specialized for a car-
nivorous way of life. Obviously having an origin in forested habitats, most
forms still retain the ability to climb well. With the exception of the cheetah
(Acinonyx jubatus), which is a pursuit hunter over short distances, most felids
are specialized for concealment and a rapid rush to overcome their prey. An
enduring tendency to live and hunt in a solitary fashion characterizes the
group; however, the African lion (Panthera leo) is a notable exception since it
is a highly social species (Kleiman and Eisenberg 1973).

The rest of the carnivores are grouped into a rather heterogenous as-
semblage, the Canoidea. Several distinct lines of descent may be noted. If we
exclude Australia and Antarctica, the Mustelidae, or weasel family, shows at
the present time a worldwide distribution, even South America having been
colonized at the end of the Pliocene by the long-tailed weasel (Mustela frenata)
and allies, as well as by the otters (Lutra species and the giant river otter,
Pteronura brasiliensis). Classically, the family is divided into five subfamilies.
The Lutrinae, or otters, are distributed worldwide with the exception of Aus-
tralia. Specialized for an aquatic life, they primarily exploit fish and shellfish in
their diet. The Melinae, or badgers and their kin, are a northern hemisphere
group broadly distributed and showing strong adaptations for digging. The
Mephitinae, or skunks and their relatives, are North American, but some Old
World Mustelinae resemble them. Noted for their bold markings in black and
white and their anti-predator defense system involving strong secretions from
specialized anal glands, skunks represent a distinctive group of terrestrial om-
nivores. The Mellivorina, or honey badgers, are a distinct Old World group
showing affinities to the Mephitinae as well as the Melinae. Finally, the Mus-
telinae are the typical northern hemisphere weasels and are among the most
highly specialized predators for feeding on rodents and ground-nesting birds.
Members of this subfamily have successfully colonized Africa and South
America.

The next easily distinguished family is the Canidae, or dog family. It was
widely distributed on all continents except Antarctica and Australia, but hu-
mans introduced Canis species to Australia 10,000 years B.P. The foxes,
wolves, and their kin represent an old lineage adapted for the cursorial pursuit
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of prey. The larger members, such as the gray wolf (Canis lupus), are often
highly social and exhibit group hunting, which allows them to bring down
prey much larger than themselves.

The remaining canoid taxa have presented some puzzles to taxonomists.
One can clearly distinguish the family Procyonidae with a New World dis-
tribution. They were early entrants into South America before the completion
of the Pliocene land bridge. These include the raccoons (Procyon spp.), coatis
(Nasua spp.), the kinkajou (Potos flavus), and their allies. Although the pro-
cyonids show affinities with the canids, they also share characters with the
bear family, Ursidae; and bears in turn show affinities with the canids. Con-
temporary bears are distributed worldwide, with the exception of Australia
and Africa. This group includes the largest extant members of the order Car-
nivora. Most species of bears are generalized omnivores, but some, such as the
sloth bear (Melursus ursinus), have specialized for feeding on ants and ter-
mites; the polar bear (Ursus maritimus) is the top carnivore of the region
bounding the Arctic Ocean, where it is a specialist feeder on seals.

Finally, we come to two puzzling genera, the lesser or red panda (Aslurus
fulgens) and the giant panda (Ailuropoda melanoleuca). These are Asian in
their present distribution and are presently found on the eastern and southern
escarpment of the Tibetan plateau. The red panda has specialized for herbivory
and includes a great deal of young bamboo in its diet, although it also preys on
small birds and mammals. The giant panda is a specialist bamboo feeder and
well known to one and all as the symbol of the World Wildlife Fund. Though
bearlike in its anatomy, the giant panda shows differences in its genital struc-
ture that lead one to believe it is not closely related to bears, although surely in
some way related. The red panda has been variously classified as a procyonid
or allied with the giant panda. I am inclined to follow Pocock and place each of
these unique genera in its own family, the Ailuridae and the Ailuropodidae
(Eisenberg 1981).

The giant panda continues to be controversial with respect to its taxonomic
status. That pandas are in some way related to bears is not to be doubted, but
it is the degree of relationship that remains in question. O’Brien et al. (1984)
have demonstrated by the study of allozymes that the giant panda branched off
from the true bears as early as the Miocene. If their interpretation is correct,
then, to my mind, to call the panda a bear would require that we call the
orangutan a human. It seems to me to serve no useful purpose to lump the
giant panda along with the bears in a single family. Of course, many people
would agree that the orangutan is not very dissimilar from a human. After all,
the origin of the name “orangutan” is from the Malay meaning “man of the
forest.”

I believe when disputes arise concerning the manner in which species are
classified, one could well turn to Simpson (1945:12): “It is often stated that the
purpose of classification is or should be to express phylogenetic relationships,
but in the first place no one has ever devised a method of classification that
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could express phylogeny sufficiently or consistently, and in the second place,
the system that is actually used in zoology was not devised for that purpose
and is notably incapable of serving it.”

“This is, as I see it, the primary purpose of classification: simply to provide a
convenient, practical means by which zoologists may know what they are
talking about and others may find out. It is helpful for this purpose, and it is
also a secondary but still essential aim that that classification be consistent
with the most important thing that evolutionary taxonomists have to talk
about, that is, with animal affinities.” (Simpson 1945:13.)

One can see from this overview that within the order Carnivora there has
been specialization for a wide variety of different feeding niches. Whereas, for
example, polar bears, wolves, lions, weasels, and otters are truly carnivorous,
many of the other members of the order show adaptations for a broader diet.
Given the variety of adaptations displayed by the extant Carnivora, what then
characterizes these animals? They have all descended from miacids that were
probably nocturnal, semi-arboreal small predators. The extant Carnivora all
possess enlarged canines, but the shearing adaptation of the molars is not
present in those forms that have adapted to a more omnivorous or herbivorous
diet. Our early carnivores may have well been plantigrade, but many modern
forms such as dogs and cheetahs that are specialized for cursorial pursuit of
prey have become digitigrade.

The present-day small carnivores include some forms that are rather conser-
vative in their morphology. The true civets of the Old World tropics probably
occupy an ecological niche similar to that occupied by the miacids in the
Miocene. These are nocturnal forms, many highly arboreal, that hunt small
vertebrate prey and also feed on fruit. Civets rely on the tactile senses, vision,
olfaction, and audition in locating prey and in orientation. Civets tend to be
solitary except for mating or when rearing young.

The importance of the olfactory system as the main channel of gathering
sensory information is retained by many of the extant carnivores but has
declined in importance among the felines. Many modern carnivores are diur-
nal, and vision is extremely important among such diurnal hunters as the
cheetah. Olfaction remains preeminent in pursuit hunters, such as many of the
family Canidae. As might be expected, the aquatically adapted otters have a
highly refined tactile system involving the vibrissae and the forepaws to assist
in locating food beneath the surface of the water. Olfaction is much less
important to aquatic forms.

The larger canids such as wolves are specialized for the pursuit of large prey
and frequently hunt in packs. The modern cats are specialized for concealment
and dispatch of prey after a short rush; in short, they are ambush hunters. The
modern cats are among the most carnivorous of extant carnivores. Many
members of the weasel family are also specialized predators, but in this case the
specialization is for smaller prey, and the weasel’s body form and size reflect
specialization on tunneling rodents as prey.
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In modern carnivores the relative brain size varies greatly. Rather large
brains are characteristic of the canids, ursids, and procyonids. The exact adap-
tive significance of this interesting difference is poorly understood. The rela-
tively large brains of the ursids are in conformity with their life history strategy
in that they tend to be very long-lived and highly iteroparous (Gittleman
1986).

To be a hunter requires a considerable capacity to learn and a corresponding
versatility in behavior. One can think of predator and prey coevolving through
time as the prey becomes craftier at avoiding the predator and the predator still
improves its techniques at ambush, capture, and dispatch of prey. Although we
think of carnivores as solitary hunters, as previously noted, some species of
carnivores hunt or forage in groups and have a rich social life. Group life
demands an ability to recognize individuals and exhibit considerable behavior-
al plasticity (see Gittleman, this volume).

Great variety is seen in the reproductive adaptations of the extant Car-
nivora. Of particular interest is the phenomenon of delayed implantation
found among the Mustelidae and Ursidae in the temperate-zone latitudes
(Mead, this volume). Here, the timing of mating appears to be geared to the
time when males are in optimal physical condition. Females may then exercise
some choice and may possibly have promoted the timing of mating to favor
optimum vitality in males. The significance of delayed implantation is dis-
cussed further by Mead. Whatever selective forces have been in operation to
set the time of mating, the female does not implant the blastocist until a
considerable time has elapsed. This permits an optimal season of birth, usually
a time when the demands of lactation can be met and the young at dispersal
will be confronted with an adequate food supply.

The evolution of social behavior by the Carnivora exhibits many interesting
contrasts. Whereas most small, nocturnal carnivores are solitary except for the
female-young unit and at the time of pairing, many carnivores have evolved
behavioral mechanisms promoting sociality. We find an enduring trend among
canids for a monogamous pair bond during the rearing of the young. Often the
male assists in provisioning the female, and in some canid species such as the
golden jackal (Canis aureus) and the black-backed jackal (C. mesomelas), the
young of the previous year may remain with their parents and assist in various
aspects of raising the next litter (Moehlman 1983). Lions are the only truly
social felid. Here, the social system is based mainly on a group of females,
probably related by descent, that cooperatively rear their young. Males protect
their group of females from other males, thereby ensuring some exclusivity in
mating. Cooperation among male lions in defense of prides of females has been
an active area of research in recent years (Schaller 1972; Bertram 1975).

Among the Procyonidae the coatis exemplify diurnal, social carnivores. The
females form bands during the later phases of rearing their young. The advan-
tages of group foraging and the possible antipredator effects of group living
have recently been the object of investigation (Kaufmann 1962; Smythe 1970;
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Russell 1983). The Herpestidae show several species with advanced sociality,
including the banded mongoose (Mungos mungo), the meerkat (Suricata sur-
icatta), and the dwarf mongoose (Helogale parvula). Group living serves an
important anti-predator function, and predator selection may well be the most
potent selective force in enhancing group life among the diurnal mongooses
(Rood 1983).

Archeologists concede that the domestication of the wolf was an early do-
mestication event resulting in the modern breeds of the dog. Thus, a medium-
sized social carnivore was the first species to be brought into intense contact
with humans (Zeuner 1963). The larger carnivores have held the fascination of
people for a long time. When humans were primarily hunters they were in
direct competition with large carnivores, and in some cases might have found
themselves a prey item. This has led to a duality in our attitudes toward large
carnivores. On the one hand, they are admired for their beauty, strength, and
efficiency in dispatching prey and, on the other hand, feared.

During the Neolithic when humans became domesticators of animal and
plant life, large predators became an even greater menace to the livestock now
under their control. This ultimately led to a constant war of atttrition between
the farmers and the predators. It is no wonder that with the advent of modern
fire arms large carnivores rapidly became exterminated over large parts of their
range. In fact, in the history of the settlement of the North American continent
by Europeans, the persecution of predators in favor of pastoral interests makes
up a large part of North American folklore. Yet, at the same time, respect and
intense curiosity concerning the lives of large carnivores remained high.

Small carnivores less often came into direct conflict with humans, although
the weasel family has been persecuted for centuries because of its proclivity for
raiding hen houses. On the other hand, many of the temperate-zone small
carnivores, and especially otters, have been harvested for their pelts. Ul-
timately, overharvesting led to attempts to domesticate certain forms of small
carnivores for a sustained yield of pelts. The mink (Mustela vison) is one classic
example of this process.

Now we are at a crossroads with respect to the future of the earth’s biomes.
There has been much discussion of attempts to preserve ecosystems intact. If
this course is to be followed, full recognition must be made that top carnivores
play an important role in structuring communities. The removal of a top
carnivore from an ecosystem can have an impact on the relative abundance of
herbivore species within a guild. In the absence of predation, usually one or
two species come to dominate the community. The consequence of this is often
a direct alteration of the herbaceous vegetation fed on by the herbivore guild
or assemblage. Top carnivores have an important role to play in the structur-
ing of communities and, ultimately, of ecosystems. Thus, the preservation of
carnivores becomes an important consideration in the discipline of conserva-
tion biology.

Because so much of the earth’s surface is being vastly modified by humans, it
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is only appropriate that recent field studies have focused on a wide variety of
carnivores on different continents. Much of this literature is scattered and has
not heretofore been brought together in a single volume. R. F. Ewer in 1973
published her classic, The Carnivores, in which she reviewed anatomy, be-
havior, reproduction, and aspects of natural history. The present work does
not attempt to duplicate her standard reference but, rather, pulls together the
threads on the behavior, ecology, and evolution of carnivores into one volume
that may serve as a guide and reference to the conduct of future studies of
carnivore biology. The time is indeed short, and we all hope that this volume
provides a useful synthesis.
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PART I

BEHAVIOR

INTRODUCTION

Behavioral studies of carnivores form an integral part in the history and
development of ethology, behavioral ecology, and other behaviorally oriented
disciplines. For example, mechanistic approaches in motivation theory were
guided by Leyhausen’s (1973, 1979) classic work on the ontogeny and loco-
motion of prey killing by felids and viverrids, as well as Eibl-Eibesfeldt’s (1950,
1956) observations of the play behavior and aggression of European badgers
and polecats. Further, Wilson’s (1975) groundbreaking volume on sociobiol-
ogy, which spurred the subdiscipline of behavioral ecology, used examples
from gray wolves (Canis lupus), African hunting dogs (Lycaon pictus), and
African lions (Panthera leo) to illustrate theoretical ideas of kin selection and
reciprocal altruism. Future research of carnivore behavior should continue to
provide important case studies for testing theory and revealing a more accurate
understanding of behavioral variation and mating systems.

On the surface the chapters in this section are varied and eclectic. Indeed,
with studies of carnivore behavior developing so rapidly, it is difficult to select
behavioral problems and individual taxa that represent the full diversity and
variation represented by carnivores. Nevertheless, these chapters reflect subject
areas in behavior that have received such considerable attention that critical
reviews are now appropriate to assess what is known and what directions
should be taken in the future.

The first two chapters describe mechanisms of communication that allow
carnivores to establish mating systems, modes of parental care, foraging pat-
terns, and other behavioral features. Utilizing much of the obscure German
literature, Peters and Wozencraft discuss the physical, physiological, develop-
mental, and evolutionary aspects of vocalizations. As most studies of carnivore
vocalizations are from captive animals, this chapter should provoke further
analyses of wild populations. Gorman and Trowbridge consider the impor-
tance of olfaction, both in terms of anatomical properties and functional
effects on reproduction and territory utilization. With many carnivore species
using olfactory means to communicate reproductive status, it will be interest-
ing to learn whether olfactory “fingerprints” designate individual fitness.

11
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Moving from communication mechanisms to ontogeny, Bekoff critically
reviews methodological problems and general trends in carnivore behavioral
development. Most studies of carnivore development are on captive individu-
als, which unfortunately often produce spurious results. Bekoff describes how
future studies may analyze carnivore development and life histories more
rigorously and why solid developmental data will provide the answers to
questions of individual dispersal patterns and subsequent mating strategies. At
present, intense discussion in evolution theory surrounds the interrelationships
of ontogeny, neoteny, and phylogeny of mammalian lineages. Data on car-
nivore behavioral development and life histories should have direct bearing on
some of these theoretical issues.

The remaining chapters in this part all concern various mating systems and
their ecology and evolution. Mills reviews recent field work comparing the
diet, reproduction, social organization, communication and denning of brown
and spotted hyenas (Hyaena brunnea and Crocuta crocuta, respectively); in
these species, which live in facultative groups, comparisons of specific differ-
ences in diet lead to the evolution of dramatic differences in social behavior
and reproduction. Clearly, the most well-studied family of carnivores is the
Canidae. Moehlman discusses the degree and kind of intraspecific variation
observed across nine species of canids and stresses the need to understand the
ecological factors selecting for intraspecific variation in order to uncover the
evolutionary forces influencing many interspecific trends. As multiple studies
are now available on some species in the Canidae, such as wolves, coyotes
(Canis latrans), silverbacked jackals (C. mesomelas), red foxes (Vulpes vulpes),
and gray foxes (Urocyon cinereoargenteus), finer resolution of analyses may
provide new insights into parallel or divergent trends of intra- and interspecific
variation.

Finally, the chapters by Sandell and Gittleman consider comparative evi-
dence for the evolution of solitary and group living, respectively. Although
most carnivores are solitary, little attention has been given to different forms of
solitary living and the ecological factors selecting for these forms. To date,
discussion has centered around the influence of diet, specifically, the distribu-
tion and abundance of foods, on individual home range movements and day
range patterns. Sandell reconsiders the evolution of solitary living in terms of
mating strategy, particularly the spatial patterning of males and females during
the breeding season. This perspective, which is more aligned with contempo-
rary issues in evolution theory and behavioral ecology, should force us to
reevaluate the supposed simplicity of solitary living. Gittleman analyzes the
comparative evidence for what ecological factors are associated with group
living. Previous discussion has emphasized that large carnivores (e.g., wolves,
African lions, spotted hyenas) live in groups to aid in bringing down large prey
whereas smaller species (e.g. dwarf mongoose, Helogale parvula, and banded
mongoose, Mungos mungo) reside in groups to ward off potential predators.
The comparative data do not support this size-dependent hypothesis; rather,
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anti-predatory factors and dietary characteristics are probably operating si-
multaneously to select for group living. As for primates (see Smuts et al. 1987),
when specific data are available on the composition, sex ratio, and relatedness
of individuals in carnivore groups, more detailed and accurate models of the
evolution of carnivore sociality will be forthcoming.

John L. Gittleman
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CHAPTER 1

Acoustic Communication
by Fissiped Carnivores

GUSTAV PETERS AND
W. CHRIS WOZENCRAFT

The domestic dog (Canis lupus f. familiaris) and cat (Felis silvestris f. catus),
which are quite vocal by mammalian standards, are not good representatives
of the acoustic activities of fissiped carnivores. Fissipeds are generally thought
of as mammals that communicate with smell rather than with vocalizations
(Gorman and Trowbridge, this volume). Nevertheless, several carnivore acous-
tic signals like the howling of gray wolves (Canis lupus), the whooping of
spotted hyenas (Crocuta crocuta), and the roaring of African lions (Panthera
leo) capture the human imagination as few other animal sounds do. It is
probably no accident that wolf howling—unlike other acoustic signals of car-
nivores—is one of the best-studied mammalian vocalizations (Theberge and
Falls 1967; Cohen and Fox 1976; Tembrock 1976a, 1976b; Fox and Cohen
1977, Shalter et al. 1977; Field 1978, 1979; Fox 1978; Harrington and Mech
1978a, 1978b, 1979, 1982, 1983; Schassburger 1978; Klinghammer and
Laidlaw 1979; Filibeck et al. 1982; Harrington 1986, 1987; Nikolskii and
Frommolt 1986).

Slater (1983) presented various concepts of the ways communication in
animals can be defined. Studies of mammalian communication rarely deal with
more than one of their four signaling modes (acoustic, olfactory, tactile, visu-
al); only the first two are considered in this book (see Gorman and
Trowbridge, this volume, for olfactory). Signals of different modes often occur
together, especially in close-range communication, and are qualitatively and
quantitatively interdependent. This has not been well studied nor will it be
considered here, but ought to be kept in mind when statements on the func-
tions of acoustic signals are evaluated.

Fissiped sound communication is covered in reviews by Tembrock (1963a,
1968, 1970), Fox and Cohen (1977), Pruitt and Burghardt (1977), and Wem-

This chapter is dedicated to Paul Leyhausen ard Giinter Tembrock, who contributed so substan-
tially to the study of carnivore behavior and acoustic communication by mammals.
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mer and Scow (1977). Ewer (1973) reviewed the subject on three pages, with
only an occasional mention of vocalization in other contexts, and did not
present structural data. This review summarizes acoustic communication by
fissiped carnivores and puts it into a wider mammalian perspective, following
Gould (1983). We have organized this topic around five basic ethological
concepts: (1) structure of acoustic signals, (2) motivation of acoustic signaling
behavior, (3) functions of acoustic signals, (4) ontogeny of vocalization, and
(5) evolution of acoustic communication.

The terms “acoustic signal,” “acoustic communication,” and “vocalization”
are used for any sound produced by animals, irrespective of structures and
mechanisms generating the sound. Signals produced by oscillations of the
vocal folds are designated as “vocal”; those generated in any other way, as
“nonvocal” signals. “Tonal” signals show a distinct frequency band or a har-
monic structure, whereas “atonal” or “noisy” have a broad frequency range
without such bands.

The taxonomy applied in this review follows Honacki et al. (1982), as listed
in the appendix of this volume. References on acoustic communication data
for fissipeds, grouped taxonomically, are listed in Table 1.3. Because this
review covers only the terrestrial fissiped carnivore families, the terms “car-
nivore” and “fissiped” will be used interchangeably throughout the text with-
out any phylogenetic implication. The Phocidae and Otariidae are not included
in this review.

Physical and Physiological Aspects
of Vocalization by Carnivores

Sound Production

Carnivores, like most mammals, generate sound by oscillations of the vocal
cords in the larynx. However, they can also produce signals in various other
ways (Gould 1983; Miiller-Preuss and Ploog 1983). The process of sound
generation by the vocal folds or other structures in the upper respiratory tract
and the modification of this sound in the oral and nasal cavity is poorly
understood in nonhuman mammals. The only well-studied carnivore acoustic
signal in this respect is felid purring (Denis 1969; Remmers and Gautier 1972).

A generally held assumption is that the tonal calls of mammals (the principal
exception being some whistle-type sounds produced by cetaceans and rodents)
are produced by oscillations of the vocal folds in the larynx. Atonal and par-
tially atonal sounds may be generated by the same process or may involve contri-
butions of other sound-producing sources to that of the vocal folds. Fully atonal
sounds can also be produced by structures other than the vocal cords. It is not
known whether the pure tonal, whistle-like calls of some carnivores, such as
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chirps in otters (Lutrinae) (Duplaix 1982) or “whistles” in jaguarundi (Felis
yagouaroundi) (Hulley 1976), can be produced in a way other than by oscilla-
tions of the vocal folds.

Comparative anatomical studies of the mammalian larynx have included
relatively few carnivores (Negus 1949; Kelemen 1963; Schneider 1964). Davis
(1964) compared the gross laryngeal anatomy of the coyote (Canis latrans),
black bear (Ursus americanus), Asiatic black bear (U. thibetanus), sloth bear
(Melursus ursinus), giant panda (Ailuropoda melanoleuca), raccoon (Procyon
lotor), coatimundi (Nasua nasua), and red panda (Ailurus fulgens). The ursid
larynx probably represents a more primitive type among caniforms, whereas
the canid and procyonid larynx are more derived, each with peculiar anatomi-
cal characteristics. The larynx of the giant panda is most similar to that of
ursids (Davis 1964) in spite of differences in the acoustic repertoires and pitch
of some vocalizations between bears and giant pandas (G. Peters 1982, 1985;
Schaller et al. 1985). Structurally, the canid larynx is more complex than that
of felids (Kelemen 1963); however, major qualitative differences between these
families are lacking in the normal range of their acoustic signals. There does
not appear to be a direct correlation between gross anatomy of a larynx and
the range and quality of sounds it can produce (Kelemen 1963). The length,
mass, and other physical dimensions and properties of sound-producing and
sound-modifying structures may be crucial. A correlation proposed by Pocock
(1916, 1917) between the degree of ossification of the hyoid apparatus and the
presence of roaring or purring in a felid’s acoustic repertoire was not verified
by G. Peters (1981a). Morphologically, the vocal folds of Panthera species,
with the exception of the snow leopard (P. uncia), differ from those of the
other felids studied; the structure of the larynx in species of Panthera enables
them to roar (Hast 1986).

Nonvocal sounds can be classified into three broad categories according to
the mechanism(s) and structures involved in sound production (for a more
detailed classification, see Tembrock 1977): (1) respiratory, (2) nonrespira-
tory, and (3) instrumental sounds.

Respiratory sounds used in communication are produced by stressed and
stereotyped exhalation and/or inhalation through the mouth and/or nose.
They differ from normal and increased breathing sounds by temporal pattern-
ing, duration, amplitude, and sound quality. Respiratory sounds may also be
components of complex vocalizations involving sounds generated by other
sources as well. Nasal exhalatory sounds are known in the giant panda (Klei-
man 1983; G. Peters 1985; Schaller et al. 1985), raccoon (Sieber 1984), kinka-
jou (Potos flavus) (Poglayen-Neuwall 1962, 1976b), red panda (Roberts and
Gittleman 1984), and the binturong (Arctictis binturong) (Wemmer and Mur-
taugh 1981). Nasal exhalatory sound as a component of a complex with
different sources occurs in the Viverridae (Wemmer 1977) and Felidae (G.
Peters 1978b, 1984a, 1984b). Oral exhalatory sounds may also occur together
with noisy inhalation and nasal respiratory sounds. Examples are the chuffing
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of ursids (Wemmer et al. 1976; G. Peters 1978a, 1984b) or the huffing in the
giant panda (Kleiman 1983; G. Peters 1985; Schaller et al. 198S5). It has not
been established whether the widespread carnivore hissing sound involves the
vocal folds or whether it is an exhalatory sound. Reschke (1960) differentiates
between “guttural” (laryngeal sound generation?) and “palatal” (without it?)
hissing in felids, whereas Eisenberg (1981) considered hissing an unvoiced
breathing sound.

Nonrespiratory sounds produced in the upper respiratory tract (e.g., by lips,
tongue, teeth, and/or cheeks) often involve several structures and may be
components of complex signals involving other sound-generating sources.
There is an overlap with respiratory sounds in cases where a forceful exhala-
tory jet of air is accompanied by a sound generated by the lips releasing the air.
Ursid chuffing, produced primarily by the lips (Meyer-Holzapfel 1957; Jordan
1976, 1979; Wemmer et al. 1976), has two such structural components (G.
Peters 1978a, 1984b). The exact mechanism of sound production of jaw-
clapping in the red panda has not been described in detail (Roberts and Gittle-
man 1984). “Chomping” in the giant panda probably involves both tooth
clicking and lip smacking (Kleiman 1983; G. Peters 1985; Schaller et al. 1985).

Instrumental sounds, which animals generate by interaction of parts of their
body with each other or their environment, are made by bears: during threat
behavior they slap their front paws against the ground or other objects (Jordan
1976, 1979).

A major conceptual problem exists in comparative mammal vocalization
studies because of the lack of data on the mechanisms of sound production
(Eisenberg 1974; Eisenberg et al. 1975). The way an acoustic signal is pro-
duced is essential for any classification system. An example of a mammalian
sound with structural uniformity that can be produced in different ways is the
click. Despite structural similarity and possible functional equivalence, clicks
produced by different structures must be classified as nonhomologous sound
types.

The physical size of a species influences the range of sounds it can produce.
As a general rule, large species can produce sounds of lower pitch than can
smaller ones (Hutterer and Vogel 1977); the same should hold true for individ-
uals of different size within the same species (Balph and Balph 1966; August
and Anderson 1987). Although this phenomenon was substantiated in an
interspecific comparison of many mammalian taxa (August and Anderson
1987), it is not true that signals of species within the same genus or family
generally follow this rule. “Whistles” of the puma (Felis concolor) and jag-
uarundi are much higher in pitch than homologous calls of other similar or
smaller-sized felids (G. Peters 1978b, pers. obs.). The giant panda’s “chirp” is
higher in pitch than any other sound known in a similar-sized carnivore (G.
Peters 1982, 1985; Schaller et al. 1985). Frequency parameters in “whistles” of
juvenile raccoons of the same age do not show a significant correlation with
body weight (Sieber 1986).
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Central nervous control of sound production by carnivores has been studied
in the domestic dog (Skultety 1962) and domestic cat (Kanai and Wang 1962;
de Molina and Hunsperger 1962; Skultety 1965). Lesions in the central grey
and parabrachial area of the brainstem in both species destroy the ability to
vocalize. In the domestic cat electrical stimulation of structures in the hypo-
thalamus and the rostral portion of the midbrain evoke agonistic voralizations
such as screaming, growling, and spitting. Mews can be elicited by stimulation
of the caudal portions of the midbrain and at different levels of the pons and
the medulla (Kanai and Wang 1962).

Properties of Sounds and Sound Transmission

Carnivores can produce a wide range of tonal, atonal, and mixed vocal and
nonvocal signals, with wide variation in all three structural dimensions: fre-
quency, amplitude, and time. The lowest frequencies recorded in carnivore
sounds are in the roar of lions at 50 Hz (Jarofke 1982), and the highest are up
to 107 kHz in the distress calls of juvenile ferrets (Mustela putorius f. furo)
(Solmsen and Apfelbach 1979). Most adult fissiped acoustic signals fall in the
frequency range below 10 kHz, even in the smallest species, the least weasel
(Mustela nivalis) (Huff and Price 1968; Gossow 1970; Heidt and Huff 1970).
Romand and Ehret (1984) reported occasional frequency components up to 60
kHz in distress calls of domestic cat kittens during their first months of life.
The only known pure ultrasonic signals in carnivores have been recorded in
domestic cats around the time when the kittens start to leave the nest at an age
of about one month. At that time the mother cat produces pure ultrasounds
around 50 kHz, the kittens around 80 kHz (Hirtel 1972). In a careful experi-
mental study Romand and Ehret (1984) did not detect pure ultrasonic calls in
kittens. Lehner (1978b) suggested that adult coyotes may be able to produce
ultrasonic sounds, whereas Huff and Price (1968) expressly stated that a least
weasel female and her four young at 3 weeks of age did not produce any calls
with frequency components in the range from 20 to 180 kHz.

There are very few direct measurements of call amplitude in carnivore
acoustic signals. Average sound pressure level (SPL) of isolation calls of domes-
tic cat kittens stays rather constant, around 70 to 75 dB, between day 1 and
105 (Romand and Ehret 1984). Indirect measurements of amplitude in distress
calls of juvenile ferrets reveal components with up to 90 dB (Solmsen and
Apfelbach 1979). The highest amplitude recorded from lion roaring was 114
dB SPL for a male and 110 dB in a female (Jarofke 1982). Amplitude measure-
ments of faint carnivore vocalizations like feline purring are not available.

Duration of signals may vary from between 10 and 20 ms, such as the felid
spitting sound (G. Peters 1980) or tooth clicking in the giant panda (G. Peters
1985), to continuous loud calls of large felids of several seconds’ length (G.
Peters 1978b; Rieger and Peters 1981), to continuous sound production for
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minutes on end in felid or viverrid purring (Denis 1969; Wemmer 1977; G.
Peters 1981a) or the ursid nursing sound (Schneider 1933; Meyer-Holzapfel
1957). Purring in the domestic cat may go on continuously for up to 2 h (Kiley-
Worthington 1984). A solo wolf howl lasts for up to about 11 s (Theberge and
Falls 1967; Harrington and Mech 1978b; Schassburger 1978). Composite
vocal signals like the structured call sequence of a roaring lion may last for up
to 40 s (Reschke 1960, 1966; Schaller 1972; G. Peters 1978b). Chorus roaring
in lions or chorus howling in wolves can have a duration of more than 1 min.
Call repetition rate is also an important temporal parameter in acoustic com-
munication (Schleidt 1973), but it is relatively little studied in carnivores.
Although there are experimental data for anurans and birds on sound trans-
mission in different habitats (Morton 1975; Wiley and Richards 1982;
Gerhardt 1983), this aspect of carnivore vocalization has not been studied.
Therefore, hypotheses about the adaptive significance of carnivore signals can
only be inferred from evidence in other vertebrates. Fissipeds are found in
nearly all types of terrestrial habitat, from arctic tundra to tropical rainforest.
Most species are terrestrial, some are semi-aquatic, semi-arboreal, or arboreal.
Carnivore families with species largely adapted to an arboreal way of life are
the Procyonidae and the Viverridae. As a structural adaptation for optimum
sound transmission, the long-distance calls of ground-living carnivores have
their highest amplitude below 1 kHz, which are the frequencies that are trans-
mitted best (Wiley and Richards 1982). Roaring by lions (Schaller 1972; G.
Peters 1978b; Jarofke 1982) and wolf howling (Theberge and Falls 1967;
Harrington and Mech 1978b; Schassburger 1978) both have their maximum
intensity below 0.5 kHz, the frequency range least affected by absorption in
open grassland (Morton 1975; Wallschldger 1981). Two arboreal viverrids,
the masked palm civet (Paguma larvata) and the African palm civet (Nandinia
binotata), and perhaps the common palm civet (Paradoxurus ber-
maphroditus), have relatively high-pitched, repetitive long-distance calls, a
possible adaptation for optimum sound propagation in higher forest strata
(Wemmer 1977). The same may hold for calls of the arboreal olingo (Bassari-
cyon sp.), with their highest amplitude near 4 kHz (Poglayen-Neuwall 1976a).
Another adaptation for optimum transmission in long-range calls involves the
daily temporal distribution of vocalizing activity. Lion roaring (Schaller 1972),
wolf howling (Harrington and Mech 1978a; Schassburger 1978; Klingham-
mer and Laidlaw 1979), roar barking by maned wolves (Chrysocyon
brachyurus) (Brady 1981), and coyote vocalization (Laundré 1981) are most
frequent around dawn and dusk (or during the night), when sound propaga-
tion in open habitat is optimal (Wallschlager 1981). Seasonal variation of
overall vocalization activity or in frequency of occurrence of specific signals, as
in the cases of wolves (Harrington and Mech 1978a; Klinghammer and Laidlaw
1979; Nikolskii and Frommolt 1986; Nikolskii et al. 1987) or coyotes (Laun-
dré 1981), has not been shown to be an adaptation to optimum sound propa-
gation but is probably influenced by circannual physiological rhythms related
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to reproductive state or factors such as long-range mobility or developmental
state of the young.

Sound Perception

Many studies of mammalian auditory physiology have used the domestic cat
and were not done with animal sounds as auditory stimuli that are biologically
significant to a cat, but with artificial sounds or with natural sounds whose
meaning to the domestic cat has not been established. Thus, relatively little is
known as to the specific perception and processing of the cat’s own vocal
signals or that of prey species.

Behavioral audiograms are published for domestic cat (Neff and Hind 1955;
Heffner and Heffner 1985b), domestic dog (Heffner 1983), raccoon (Wollack
1965), and the least weasel (Heffner and Heffner 1985a). Data on the auditory
response in a variety of carnivores published by Peterson et al. (1969) were
based on the measurement of the cochlear microphonic potential, recorded at
the round window membrane, and therefore cannot be equated with the be-
havioral audiograms.

The domestic cat and dog, the raccoon, and the least weasel all have a broad
range of best sensitivity of hearing, from 1 to 16 kHz, with no prominent
optimum (Heffner and Heffner 1985a). The cat’s hearing limits at 60 dB SPL
are 55 Hz and 78 kHz; the other three differ relatively little from this (Heffner
and Heffner 1985a, 1985b). Special aspects of sound perception such as fre-
quency discrimination (Elliott et al. 1960; Ehret 1977), temporal resolution
(Gerken and Sandlin 1977), and masking effects (Watson 1963) have been
studied in domestic cats.

Red foxes (Vulpes vulpes) were tested for localization performance with
pure tones between 0.3 and 34 kHz broadcasted from speakers 35.5° apart.
The animals showed the best performance for frequencies between 0.9 and 14
kHz, with an optimum at 3.5 kHz and a slight decrease at 8.5 kHz (Isley and
Gysel 1975). According to Heffner (pers. comm., in Gourevitch 1980:363),
domestic dogs can discriminate click sources about 4° apart. Minimum audible
angle function in the domestic cat was tested with pure tones between 0.25 and
8 kHz. Best localization performance with angles smaller than 10° is for fre-
quencies between 0.5 and 2 kHz; angular thresholds for wide band noise
signals are about 5° (Casseday and Neff 1973). Locatability of carnivore sig-
nals has not been studied experimentally; however, structural characteristics of
vocalizations have been discussed as adaptations to locatability (G. Peters
1984b; Sieber 1984), based on the mechanisms of sound source localization in
other mammals (Gourevitch 1980).

Most mammals are able to vocalize within minutes after birth and, given an
appropriate stimulus like cold, hunger, or pain, will do so frequently and at
high intensity. Hearing, however, develops gradually in carnivores during the
first weeks of life (Ehret 1983). Carnivore species studied in this respect are the
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domestic cat, domestic dog, and mink (Mustela vison) (Foss and Flottorp
1974; Olmstead and Villablanca 1980; Ehret and Romand 1981). Because of
differences in experimental procedure, conclusions about the onset of hearing
from the different studies are not directly comparable (Ehret 1983). In general,
the auditory perception of juveniles begins to develop in the lower and middle
hearing range of adults and then extends to even lower and then higher fre-
quencies (Ehret 1983). At thresholds above 100 dB SPL, hearing in domestic
cat kittens starts on the first or second day of life. It goes below this threshold
after the sixth day. Hearing first develops in the range between 0.5-2 kHz,
extending to 0.2—6 kHz until the sixth day, and full adult hearing range is
established by about one month of age (Ehret and Romand 1981). Olmstead
and Villablanca (1980) found first specific and differential directional auditory
responses to kitten and mother cat calls (orientation toward stimulus) and cat
growls (orientation away from it) in kittens at about 25 days. Kittens can be
senders of diverse vocal signals from their first day of life but do not attain full
receiver status until later, when auditory sensitivity and resolution have fully
developed (Brown et al. 1978; Ehret 1983).

The adaptive significance of auditory perceptual performance in carnivores
has been discussed only in a general context (Heffner and Heffner 1985a,
1985b). The complete vocal repertoire is well documented for all species in
which a behavioral audiogram is established (domestic cat, domestic dog,
raccoon, least weasel). The frequency range of acoustic signals in adults hardly
goes beyond 10 kHz (with the exception of the possible occurrence of ultra-
sounds in some species). Only some calls of juveniles have frequency compo-
nents in the ultrasonic range; however, in these calls the main energy is also
below 10 kHz. Therefore, the hearing range of these four species by far exceeds
the frequency range of the species’ acoustic signals, which are well within the
range of their best auditory sensitivity (1-16 kHz). Auditory perception by
juveniles also starts to develop in this range, especially in its lower portion,
where maternal vocalizations have their main energy. It has been argued that
hearing in the high-frequency range in carnivores is an adaptation to the
detection of small mammals, especially rodents, which have calls in the ultra-
sonic range. Juvenile and adult rodent ultrasonic vocalizations are in the range
from 17 to 148 kHz, mainly below 80 kHz (Sales and Pye 1974), so most are
within the hearing range of cats and weasels that specialize on this type of prey.
At present, there is no experimental proof that hearing of these calls actually
plays an important role in detection and capture of prey. High-frequency
hearing sensitivity seems to be important in the perception of high components
of neonate and juvenile vocalizations (Solmsen and Apfelbach 1979).

The Motivational Basis of Vocalization by Carnivores

The concept of motivation is still rather vague in ethology (Halliday 1983a),
and therefore studies discussing the motivational basis of vocalization differ in
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theoretical approaches. General motivational concepts were proposed by An-
drew (1963), Tembrock (1971, 1975, 1977), Kiley (1972), Cohen and Fox
(1976), and Morton (1977, 1982); and Scherer (1985) integrated mammalian
models in a review of vocal affect signaling in humans. August and Anderson
(1987) tested the motivation-structural rules postulated by Morton (1977,
1982) in a large sample of mammalian acoustic signals.

Research on the motivational basis of vocalization can be grouped into five
basic questions: (1) Why does an animal vocalize at all in a given behavioral
context? (2) How context-specific are vocalizations? (3) Is there a correlation
between a vocalizing animal’s motivation and basic structural characteristics
of its acoustic signals? (4) In what ways are changes in motivation reflected by
structural changes in the acoustic signals used? (5) Do vocalizations depend
only on the motivational state of the sender, or can they also refer to external
stimuli?

Some of these questions have been discussed in the literature, but there is no
holistic concept of the motivational basis of vocal behavior in mammals incor-
porating all of these areas. Questions (1) and (2) and to a lesser extent (5) were
discussed by Andrew (1964) for birds. His concept was adopted and detailed
for mammals by Kiley (1972). They argued that acoustic signals generally do
not convey information on the specific motivational state of the sender.
Rather, they convey the degree of interest attached by the sender to a stimulus
when there is a discrepancy between an observed and an expected pattern of
stimuli while the animal is prevented from obtaining its goal. This concept was
biased by its original formulation in a domesticated species (G. Peters 1981b).
Kiley-Worthington (1984) modified her concept of stimulus contrast (Kiley
1972) in relation to canid and felid vocalizations, which are slightly more
specific.

Questions (3) and (4) were discussed by Tembrock (1971, 1975, 1977) and
Cohen and Fox (1976). They suggested that a basic motivational and struc-
tural dichotomy exists between acoustic signals that promote approach and
those that cause increase of distance between sender and receiver. Within this
general framework Tembrock (1977) postulated basic structural parameters
for vocalizations in the behavioral contexts of friendly close-range interaction,
defensive and offensive threat at close distance, submission, and calls that
promote approach between sender and receiver over long distances.

Morton’s (1977, 1982) motivation-structural rules also concern questions
(3) and (4); this is currently the most widely accepted model and refers to a
classification proposed by Collias (1960). Morton (1982:188) noted that “the
sounds used by aggressive birds and mammals are low in frequency, whereas
fearful or appeasing individuals use high-frequency sounds.”

None of the motivational concepts published are sufficient to explain all
relevant phenomena described for carnivores (G. Peters 1978b, 1984b; Brady
1981; Sieber 1984). Acoustic appeasement signals of felids and ursids do not
fit into the model proposed by Tembrock (1977) because they are atonal and
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have an abrupt onset (G. Peters 1984a, 1984b). Morton’s (1977, 1982)
motivation-structural hypothesis lumps fearful and appeasing states in the
sender of a signal and therefore mixes different motivations. This is well sub-
stantiated by friendly close-range and appeasing vocalizations by fissipeds (G.
Peters 1984a, 1984b; Sieber 1984) and by other mammals (August and Ander-
son 1987) that do not fit the structural scheme of this model.

Motivation-structural rules must incorporate all three basic dimensions (fre-
quency, amplitude, time) in relation to the individual’s motivation. Morton’s
(1977, 1982) model predicts that the structure of relevant vocal signals follows
a code with two physical dimensions: sound quality (noisy/harsh versus tonal)
and frequency range. This is a variation of two parameters within the frequen-
cy dimension. According to Morton’s model, increasing aggressiveness of the
sender would be encoded in increasing harshness and lower pitch of the signal.
However, this also may be encoded in other ways, such as increasingly higher
intensity, longer duration, or higher repetition rate, with or without change in
sound quality or frequency.

Aggressive sounds described for various fissiped species (e.g., neotropical
canids, Brady 1981; raccoon, Sieber 1984) fit into Morton’s model. In wolves,
close-approach aggressive howling is significantly deeper in pitch than howling
of the same individual from a greater distance (Harrington 1987).

There is a growing literature on signals used to manipulate receivers, ways in
which receivers can exploit signals a sender is emitting, and the evolution of
such behavior (Wiley 1983). In a manipulating sender, this would mean that
motivation is not encoded in the vocal signal and/or an exploitation of decod-
ing mechanisms in the receivers. Selfishness of receivers can have two forms,
making use of signals addressed to another receiver (“eavesdropping”) or mak-
ing use of any imperfection of deceit detected in the sender’s signals (Wiley
1983). The encoding of aggressiveness in increasing harshness and lower pitch
of the signals used (Morton 1982) is based on a deceit of the receiver by
exploiting its decoding mechanisms that would correlate low pitch of a sound
with the sender’s size, size being an important factor in the outcome of aggres-
sive interactions (cf. Harrington 1987).

Functional Aspects of Vocalization by Carnivores

Functional concepts of vocalization refer to the interpretation of the sender’s
and receiver’s behavior associated with an acoustic signal and thought by the
observer to be influenced by this signal in a specific way. The functions of an
acoustic signal pertain to proximal causal relationships without regard to their
ultimate adaptive significance in the species’ evolutionary history. The inter-
pretation of motivation in the vocalizing individual and the functional context
of an acoustic signal are likely to be influenced by captive conditions, where
most studies have been done.
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Encoding and Decoding

In studying functional aspects of communication, one must consider the
motivation of the sender and the effect of its signal on the addressee(s) and
possible other receivers. W. J. Smith (1977) introduced the concepts of the
message and the meaning of a signal to differentiate between these two sides
from which one can view a communicatory act. Encoding of the message and
the decoding of the meaning of a signal are central to an understanding of
animal communication processes and the phylogeny of communication signals
(see Green and Marler 1979; Slater 1983; Wiley 1983); however, encoding
and decoding have not been well studied in carnivores. “Encoding” in
this review is defined as the mapping of the sender’s message(s) onto its vocal
signal, and “decoding” as the translation process by the addressee(s)
and any other receiver(s) of the signal on which the signal’s meaning to them
is based. The latter process incorporates more information about the
sender and the behavioral context than that encoded in the respective acoustic
signal.

Lactating ferrets react to playbacks of juvenile distress calls by approaching
the loudspeaker, irrespective of whether these are the calls of their own young
or not. Near the age of 21 days the juvenile calls have a frequency range from
0.1 to 55 kHz, with their main energy below 5 kHz. Females show the same
reaction to a modified call missing all frequency components below 16 kHz,
but not to calls missing all above 16 kHz (Solmsen and Apfelbach 1979).
Therefore, the frequency range with the highest energy in these calls does not
appear essential in eliciting the appropriate response in the addressee. This
finding is a caveat that the most prominent structural characteristics of an
acoustic signal should not be assumed to be those that encode its main
message.

Indirect evidence indicates that various structural parameters may contrib-
ute to the encoding of messages in carnivore acoustic signals. For example, in
coyotes an increase in frequency and amplitude modulation plus the addition
of “yipping” is characteristic of group “yip-howling” as compared with group
howling (Lehner 1978b). Experimental playbacks indicate that the latter call
type primarily serves in localization of the sender and in group reunion, the
former primarily in territory advertisement (Lehner 1982). These structural
differences between the two call types contribute to the encoding of their
different messages. Call repetition rate in ermine (Mustela erminea) “trilling,”
a friendly close-range call, is stereotyped and thus may also encode species
identity (Gossow 1970; G. Peters 1984b). Individual identity of the sender of
dwarf mongoose (Helogale parvula) “contact calls” is probably encoded in the
call’s pitch (Marquardt 1976; Rasa 1986). Differentiations of the same basic
type are the “play” and the “moving out” calls, their messages probably being
partially encoded in different repetition rates (Marquardt 1976; Maier et al.
1983). In meerkat (Suricata suricatta) alarm calls, the type of predator is partly
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encoded in call intensity (Moran 1984), whereas in dwarf mongoose alarm
calls it is mainly in call duration, frequency modulation, and noisiness (Maier
et al. 1983; Rasa 1983). Individual identity in mother raccoons’ “chitterl”
calls may be encoded in frequency characteristics and pulse repetition rate
(Sieber 1986), the latter structural parameter probably also contributing to the
encoding of the same message type in gurgles of serval (Felis serval) and the
caracal (Lynx caracal) (G. Peters 1983). In “whistle” calls of juvenile raccoons,
individual identity of the sender seems to be encoded in frequency parameters
and call duration (Sieber 1986); in wolf howling the energy distribution within
the, calls’ frequency range probably encodes the same message type (Theberge
and Falls 1967; Harrington and Mech 1978b; Schassburger 1978; Filibeck et
al. 1982).

The widespread occurrence of rapid rhythmical sound patterns in friendly
close-contact situations in mammals (Eisenberg et al. 1975; G. Peters 1984b)
indicates that this structural characteristic is important in encoding the mes-
sage of these signals. Defensive threat vocalizations, such as spitting by felids
or herpestids (Mulligan and Nellis 1975), often start abruptly at their full
intensity, this parameter being important for the encoding of the message. The
difference in the abruptness of onset may be important in the differentiation of
two call types of the red fox (Tembrock 1976a). A strong correlation was
found between the structural characteristics (frequency modulation, temporal
parameters) of the whistles of human shepherds addressed to their herding
dogs and messages of whistles that intended to stimulate or inhibit the dog’s
activity toward stock (McConnell and Baylis 1985). Close-approach howling
by aggressive wolves is significantly deeper in pitch than howling by wolves
that do not approach (Harrington 1987). There are currently no experimental
data for carnivores on the decoding of the meaning(s) of conspecific acoustic
signals, but structural characteristics that contribute to the encoding of the
message must also play a role in the decoding process.

Message Systems and Message Types

R. Peters (1980) defined four message systems in mammal communication
(including neonatal messages) and a total of 30 message types (Table 1.1). W.
J. Smith (1977) differentiated between behavioral and nonbehavioral messages
in animal communication, of which only the latter will be dealt with here
(Table 1.2); another classification of message types was presented by Halliday
(1983b).

A distinction can be made as to whether a message type is represented by a
particular acoustic signal or several signals (Tables 1.1 and 1.2, column 1) or
whether the message type is included additionally in one or several acoustic
signals that primarily encode another message (Tables 1.1 and 1.2, column 2).
An example of this distinction involves the individual identity of the sender.
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This message type is not known to be represented by a particular vocalization
in the fissipeds, but structural characteristics typical of the sender are present
in various types of acoustic signals that represent other message types. The sex
of the sender, on the other hand, may be encoded in a call peculiar to this sex
(Table 1.1, column 1). Sex-specific structural parameters may also be present
in various calls encoding other messages (Table 1.1, column 2).

One must realize that in most behavioral contexts in which animals vocalize,
signals are used in close temporal association with other signaling modes (e.g.,
visual or olfactory) that also contribute to their meaning for the receiver. This
classification of message types will not consider such interdependence here.

SyNopPs1s OF AcousTic MESSAGE TYPES

This section deals with message types as outlined by R. Peters (1980) and
discusses their presence in acoustic communication of carnivores. The follow-
ing survey cannot present a complete catalogue of each fissiped vocalization
known to represent the respective message type but is restricted to one or a few
examples in each relevant type. Neonatal message types are dealt with only as
far as they require additional comments compared with the equivalent adult
messages. Table 1.1 summarizes the presence of these message types in car-
nivore vocalization under the two different categories.

Integrative Message System

Play. Examples of species with calls to play are the ermine (Miiller 1970) and
the dwarf mongoose (Marquardt 1976; Maier et al. 1983; Rasa 1984). Play
can also be encoded in other signals by variation in syntax, rate of emission, or
other structural characteristics. A decrease in the call repetition rate by the
dwarf mongoose indicates a decrease in motivation to play (Rasa 1984).

Contact. Contact calls are made by some social herpestids such as the dwarf
mongoose (Marquardt 1976; Maier et al. 1983; Rasa 1986), the meerkat
(Ewer 1963), and the banded mongoose (Mungos mungo) (Messeri et al.
1987). In many carnivores, contact calls of the mother and juveniles are espe-
cially frequent when the latter start to make their first excursions from the nest
and try to follow the mother (e.g., Hirtel 1975; Roeder 1984b; Sieber 1984,
1986). It is likely that contact can also be encoded as an additional message in
other call types through increased or temporally stereotyped emission rate.

Affiliation. Not documented in carnivores as a specific acoustic signal, affilia-
tion calls help to establish and maintain the affiliative bond between the indi-
viduals in a group (R. Peters 1980). They probably can be represented by
signals that are used only toward certain group members or by the frequent use
of a type of vocalization in this context that otherwise is rarely used, e.g., tonic
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communication (Schleidt 1973). In both types of acoustic affiliation messages,
it may be difficult to discriminate them from acoustic signals encoding a con-
tact message.

Assembly. Wolves aggregate in response to a “woof” or a bark when close to
their den with cubs (Schassburger 1978). A message to assemble is probably
encoded in communal howling of coyotes (Lehner 1978b) or wolves (Har-
rington and Mech 1978a, 1978b, 1979; Schassburger 1978) or the chorus
roaring of lions (Schaller 1972) as an additional message to which stray mem-
bers respond by joining the group.

Identity. Any signal peculiar to one species encodes species identity; further-
more, a species’ identity call can be any vocalization that can be decoded only
by conspecifics of the sender. The structural parameters encoding species iden-
tity are influenced by the habitat and the signals of sympatric species. Irrespec-
tive of other messages, many signals have structural characteristics that encode
species identity as an additional message. However, experimental proof of
which structural parameters of a fissiped acoustic signal encode species identi-
ty is not available.

Sexual identity can be encoded by signals restricted to either sex, like the
“chitter2” and purring vocalizations in adult female raccoons (Sieber 1984), or
additionally by differences in energy distribution within the frequency range of
a call type (Jarofke 1982) or call sequence duration in lions (G. Peters 1978b).
Age-specific messages are known in carnivores. Wolves can discriminate be-
tween pup and adult howls (Harrington 1986). A rank-specific identity mes-
sage has not been documented for fissipeds; however, rank may be demon-
strated in the role an individual takes in group vocalizations like howling by
coyotes or roaring by lions. Among coyotes, the dominant individual often
initiates group “yip-howls” (Lehner 1978b), and among lions the dominant
male of the pride tends to start and terminate the chorus roaring with his calls
(G. Peters 1978b). High-ranking wolves are joined in chorus howling more
often than low-ranking individuals (Klinghammer and Laidlaw 1979). Aggres-
sive howling is performed only by the alpha male (Harrington 1987).

Familiarization. Familiarization cannot be physically represented by an acous-
tic signal because it involves a signal for recognition in later encounters with
the sender (R. Peters 1980).

Solicitation. There is some evidence that carnivores solicit a specific response
from conspecifics by uttering a special type of vocalization. This may be what
is represented by the dwarf mongoose’s “moving out” call, in which the alpha
female calls other individuals to start on the daily foraging tour (Maier et al.
1983; Rasa 1983, 1985). Distress calls of juveniles generally try to solicit care-

giving behavior by the mother. A call of the small Indian mongoose (Herpestes
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auropunctatus) with which conspecifics are attracted to food may encode
solicitation (Mulligan and Nellis 1975). The Malagasy ring-tailed mongoose
(Galidia elegans) utters specific calls when small prey are found, which may
solicit other individuals to approach (Albignac 1973). Solicitation may also be
encoded as an additional message in parameters such as emission rate or
intensity. This may be the case in the “chitter1” call uttered by young raccoons
trying to suckle (Sieber 1984).

Alarm. Klump and Shalter’s (1984) detailed classification of alarm calls should
be consulted for further differentiation. Some species have generalized preda-
tor alarm calls, for example, the meerkat (Ewer 1963) or small Indian
mongoose (Mulligan and Nellis 1975). However, Moran (1980, 1984) re-
ported that the meerkat has different alarm calls for different predator types,
as reported in the dwarf mongoose (Maier et al. 1983; Rasa 1983, 1985). Two
types of alarm calls by the giant river otter (Pteronura brasiliensis) have been
described, and it appears that other otters have a similar repertoire of alarm
calls (Duplaix 1980, 1982). The olingo has one type of alarm call (Poglayen-
Neuwall 1976a), whereas coyotes are known to have at least three different
calls (Lehner 1978b). Different intensity levels of the same type of alarm call
may represent different alarm messages, as in two forms of barking of the
red fox (Tembrock 1976b). Lions do not appear to have specific alarm vocaliz-
ations (Schaller 1972).

Distress. Distress calls are made by all neonate and juvenile carnivores suffer-
ing from pain, hunger, cold, or isolation from mother or siblings (Ehret 1980).
Adults in pain also utter such distress calls. Ewer (1963, 1973) stated that the
meerkat does not have a specific vocalization when suffering from pain. Fur-
ther differentiation of distress calls is necessary because they may encode dif-
ferent messages and accordingly the reaction of receivers will vary (Tembrock,
in litt.).

Satisfaction. A satisfaction message is represented by the continuous, pulsed,
low-intensity sounds like purring in felids (G. Peters 1981a), viverrids (Wem-
mer 1977), and procyonids (Sieber 1984) or the ursid nursing sound
(Schneider 1933). Neonate mustelines (Channing and Rowe-Rowe 1977) and
canids (Schassburger 1978) also have vocalizations that encode this message.
The functional significance of purring by adult individuals is not yet fully clear
(Leyhausen 1979; G. Peters 1981a).

Agonistic Message System

Territorial advertisement. Specific long-distance calls encoding territorial ad-
vertisement have been documented in several solitary carnivore species such as
the leopard (Panthera pardus) (Eisenberg and Lockhart 1972) and tiger (P.
tigris) (Schaller 1967), and in social species like the wolf (Field 1978; Har-
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Table 1.1. Message systems and types in mammalian communication according to R. Peters
(1980) as applied to vocalization in fissiped carnivores

Specific Included in other
System Type acoustic signal acoustic signal

Integrative Play
Contact
Affiliation
Assembly
Identity, species
Identity, sex
Identity, age
Identity, rank
Familiarization
Solicitation
Alarm
Distress
Satisfaction

R
v | 4 veu

+ 4+ 4+

Agonistic Territory advertisement
Submission
Defensive threat
Offensive threat
Dominance
Fighting

R
B B VIR

Sexual Male advertisement
Female advertisement
Courtship
Synchronization
Suppression
Copulatory signal

tacw++
e+ +

Neonatal Infant distress
Infant identity, species
Infant identity, sex
Infant identity, age
Infant identity, rank
Infant affiliation
Infant satisfaction
Neonatal contact
Maternal assembly
Maternal identity
Maternal alarm

+C+ vt v+ +
vt vvvu 4+

Note. + = present, — = not present, ? = may be present, U = unlikely to be present.

rington and Mech 1978a, 1978b, 1979, 1983; Schassburger 1978) and lion
(Schaller 1972).

Submission. Canid whines (Cohen and Fox 1976; Schassburger 1978) are one
example of a submission vocalization.

Defensive threat. Examples of defensive threat calls are spitting of felids
(Reschke 1960; Wemmer and Scow 1977) and herpestids, e.g., small Indian
mongoose (Mulligan and Nellis 1975).
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Offensive threat. Examples of offensive threat calls are widespread growl-like
vocalizations made by a variety of carnivores. Hissing of felids encodes a mild
offensive threat message (G. Peters 1983).

Dominance. Messages that encode dominance are related to the rank of an
individual.

Fighting. Fighting messages have not been found to be encoded in specific
carnivore acoustic signals, but they most certainly occur. Increased intensity
and/or emission rate of acoustic signals may encode as an additional message
that the sender is going to fight.

Sexual Message System

Male advertisement. A vocalization representing male advertisement seems to
be present in a specific “rut call” in the red fox (Tembrock, in litt.). In most
carnivores males that call to find a potential mate do so with signals encoding
other messages; the specific message of advertisement may be encoded in
increased calling rate, call intensity, or duration, and perhaps other structural
parameters. There is a marked increase of vocal activity during the mating
season by giant panda males (Kleiman et al. 1979; G. Peters 1982, 1985;
Kleiman 1983, 1985; Schaller et al. 1985) and snow leopard males (G. Peters
1980; Rieger and Peters 1981).

Female advertisement. Some females produce specific vocal types; examples
are pumas (G. Peters 1978a) and ringtails (Bassariscus astutus) (Willey and
Richards 1981). In other taxa, female acoustic advertisement during estrus is
encoded in the same signal form as in males. Females also increase vocalization
rate during estrus (G. Peters 1978b; Kleiman et al. 1979; Kleiman 1983).

Courtship. Courtship messages probably exist, although they have not been
demonstrated. Structural characteristics such as emission rate, regular tem-
poral patterning, or pitch of calls may encode this type as an additional
message.

Synchronization and suppression. Calls encoding synchronization or suppres-
sion are unlikely to be represented in acoustic communication of fissipeds.

Copulatory signal. In viverrids (Wemmer and Murtaugh 1981; Baumgarten
1985), herpestids (Albignac 1973), mustelines (Channing and Rowe-Rowe
1977), and procyonids (Poglayen-Neuwall 1976a, 1976b; Sieber 1984), females
utter specific calls during copulation. Felid males and females also have specific
vocalizations (G. Peters 1978b; Rieger and Peters 1981). It is likely that a
special rhythmical emission of a signal encoding other messages includes the
copulation message.
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Neonatal Message System

Infant distress. Infant distress calls are made by all mammals. Slight distress
felt by neonates and juveniles can be encoded in increased call intensity or rate
of calls encoding other messages (Hartel 1975; Haskins 1977, 1979; Romand
and Ehret 1984).

Infant identity. Juvenile females and males have not been found to have differ-
ent call types during ontogeny. Their calls may, however, differ in various
structural aspects, and these may change during ontogeny (Leschke 1969;
Tembrock 1976b). Although dominance relationships may develop quite early
in some species such as juvenile wolves (Mech 1970), there is no evidence what
role acoustic signals play in this process.

Infant affiliation. See the affiliation discussion, above.

Infant satisfaction. Juvenile raccoon “churring”, which is similar in structure
to felid or viverrid purring, represents infant satisfaction. The continuous
vibration of the body during vocalization may also be an important tactile
signal, as the animals usually are in close body contact when this sound is
emitted (Sieber 1984).

Neonatal contact. R. Peters (1980) does not present an explicit definition of
neonatal contact calls. It can be assumed that a message of this type indicates
that the young of the litter have body contact. This message may be repre-
sented by purring of felids and viverrids and equivalent sounds of other car-
nivores that also encode infant satisfaction. Blind young of zorillas (Ictonyx
striatus) and white-naped weasels (Poecilogale albinucha) utter contact calls
when the mother enters the nest (Channing and Rowe-Rowe 1977). This
behavioral context probably represents a message type not specified by R.
Peters (1980).

(The following maternal message types adopted from R. Peters (1980) break
from the preceding types because the sender of these messages is the mother,
and her young are the addressees. All other message types in the neonatal
system are defined with the juveniles as senders.)

&«

Maternal assembly. In response to the female raccoon’s “chitter1” call, young
aggregate and stay close to the mother (Sieber 1984). Felid mews and gurgles
probably can encode this as an additional message (Hairtel 1975; G. Peters
1983).

Maternal identity. An acoustic signal specific to the mother is not known in
fissipeds. Her identity is encoded in various calls in individual-specific struc-
tural parameters. Domestic cat kittens at an age of 21 days respond signifi-
cantly more often to calls of their mother than to calls of another cat (Hartel
1975).
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Maternal alarm. The grunts of mother raccoons are an example of maternal
alarm calls; the young react according to their developmental stage and their
physical location at the moment the mother calls (Sieber 1984). As an addi-
tional message, maternal alarm may be encoded in increased calling rate.

Nearly all message types defined by R. Peters (1980) are represented in
carnivore vocalization (Table 1.1). Moreover, there are vocalizations in these
animals that seem to represent message types not specified by this author. R.
Peters (1980) listed 122 signal forms distributed among 25 message types in
the wolf and 43 forms and 22 types in the domestic cat. Table 1.1 shows the
possible presence of 27 of the 30 defined message types in the acoustic signal
repertoire of fissiped carnivores (according to R. Peters’s procedure, the “iden-
tity” message type is counted as one type each in the integrative and neonatal
systems).

SyNoPsis OF AcousTiC NONBEHAVIORAL MESSAGE TYPES

Nonbehavioral message types found in fissiped acoustic signals are classified
according to the system outlined by W. J. Smith (1977). Table 1.2 summarizes
the presence or absence of Smith’s message types and is analogous to Table
1.1. Some of the message types used by R. Peters (1980) were inclusive of the
nonbehavioral messages originally defined by Smith, and these will not be
discussed.

Population classes. Poglayen-Neuwall (1976a) believed that the subspecies
message may be present in the olingo, although it is unlikely that the vocal
repertoires of different subspecies would differ in the presence of certain call
types that represent subspecies identity. Dialects have not been described in
carnivores. Structural differences in pitch, call duration, and frequency modu-
lation in the rutting calls of red deer subspecies (Cervus elaphus) (Tembrock
1965) suggest that similar differences may exist in different subspecies of
geographically widespread carnivores such as the wolf, leopard, or brown bear
(Ursus arctos). Tembrock (1965) found that in the barking sequences of the
arctic and red fox, individual identity appears to be encoded in the number of
calls per sequence, the duration of the barks, and their pitch. The call se-
quences of lions, leopards, and jaguars (Panthera onca) individually differ in
several structural characteristics (G. Peters 1978b). Wolf pups can discriminate
the howls of different adults (Shalter et al. 1977), illustrating that individually
specific structural differences are registered by conspecific receivers of this
signal. Individual identity is very unlikely to be encoded in a specific acoustic
signal in fissipeds.

Physiological classes. W. J. Smith’s (1977) message type “maturity” should be
considered in R. Peters’s (1980) age type, being represented by the vocaliza-
tions of mature individuals. The “breeding state” message is equivalent to R.
Peters’s (1980) female and male advertisement types.
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Table 1.2. Message types in animal communication according to
W. J. Smith (1977) as applied to vocalization in fissiped carnivores

Specific Included in other
Type acoustic signal acoustic signal
Identifying messages
Population classes
Species + +
Subspecies U ?
Population U ?
Individual U +
Physiological classes
Maturity + +
Breeding state + +
Sex + +
Bonding classes
Pair + ?
Family + ?
Troop + ?
Location messages U +
Note. + = present, — = not present, ? = may be present, U =

unlikely to be present.

Bonding classes. Bonding messages are represented by the individuals’ joining
together in the performance of communal vocalizations. This is seen with
members of a pair or family, for example, golden jackals (Canis aureus)
(Nikolskii and Poyarkov 1979), or with members of a group, like lions
(Schaller 1972) or wolves (Harrington and Mech 1978a, 1978b, 1983;
Schassburger 1978). It is not clear whether the specific bonding class is en-
coded as an additional message. This may happen in the coordination of the
vocal utterances of the individuals as they join the group. The howling rate of
wolves may be positively correlated with the number of adults in a pack
(Harrington and Mech 1978a).

Location. Although not demonstrated in carnivores as a specific signal, the
location message is present as part of other messages. Structural characteristics
in vocalizations that make the sound source easy to localize define this
message.

There are specific acoustic or additionally encoded messages not classifiable
within the systems presented above. In the case of the dwarf mongoose, an
individual on guard utters the contact call with increased intensity, thus infor-
ming the rest of the group (1) of its individual identity, (2) that it is on guard,
and (3) of its location (Rasa 1986). In the system of behavioral messages
defined by W. J. Smith (1977) this signal may be grouped (with one encoded
message) as the “attention behavior” message because the vocalizing individual
is monitoring the environment for predators. However, this call also encodes
the individual identity of the guard and, for the time the animal vocalizes, it
encodes that it is performing a specific role in the family group; thus, this
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complex message may represent a type not classified by W. J. Smith (1977) or
R. Peters (1980). This may also hold for vocal signals made by the small Indian
mongoose (Mulligan and Nellis 1975) and the ring-tailed mongoose (Albignac
1973) when they find small prey and for the “water call” of the banded
mongoose (Messeri et al. 1987), all of which probably also include a location
message. The individual-specific pitch of the adult dwarf mongooses’ contact
call is fixed by learning. When they become adults, individuals call at a pitch
not yet occupied by others in the family group (Rasa 1985). The message
encoded in the contact call’s pitch in fitting into the family’s pitch pattern may
be classified into Smith’s (1977) bonding classes (as an additional message) but
could also represent a kinship message. It is likely that acoustic signals of
carnivores encode more message types than have been listed thus far.

All nonbehavioral message types listed by Smith (1977) as occurring in
animal communication may be represented by acoustic signals in fissiped car-
nivores (Table 1.2). This information, together with that in the preceding
section, demonstrates that for carnivores vocalization is a highly versatile com-
munication mode. Indeed, nearly any type of message defined in animal com-
munication is represented by an acoustic signal of carnivores.

Ontogeny of Vocalization by Carnivores

Ehret’s (1980) detailed and comprehensive review of the ontogeny of sound
communication by mammals included data for domestic cat, some other felids
(mainly Panthera species), and the domestic dog. General aspects of ontogeny
of vocal communication by mammals were discussed in canid vocalization
studies by Tembrock (1976a, 1976b) and Schassburger (1978).

Comprehensive statements on ontogeny are reasonable only if based on a
large enough sample of individuals studied throughout their development from
birth until adulthood. Neonatal and juvenile acoustic types must be defined
within the same system as the acoustic signals of adults if hypotheses on the
ontogenetic precursors of the adult sound forms and the schedule of the spe-
cies’ complete vocal repertoire are to be proposed. To a limited extent this
situation is available only in a few species: wolf, domestic dog, red fox, rac-
coon, zorilla, ermine, least weasel, European polecat (Mustela putorius),
white-naped weasel, puma, domestic cat, and Panthera species.

During the ontogenetic unfolding of a species’ vocal repertoire the following
basic patterns of occurrence of an acoustic signal type may be represented,
irrespective of structural and/or functional changes during development: (1)
those that persist throughout life; (2) those that occur later during ontogeny
and then persist throughout life; (3) those that are restricted to certain juvenile
developmental periods; (4) those that are present only in adults.

In their first days of life carnivores have a relatively small acoustic reper-
toire; in some Mustela species and in the domestic cat there is only a general
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distress call with various modifications (Gossow 1970; Hartel 1975). Neona-
tal zorillas, raccoons, and white-naped weasels have three basic message types
represented by vocal signals: distress, contact, and satisfaction (Channing and
Rowe-Rowe 1977; Sieber 1984). In some domestic dog breeds, the neonatal
vocal repertoire consists of two differentiations of a call encoding the distress
message and one vocal satisfaction message (Bleicher 1963). Chihuahua pup-
pies have four different voeal signals at birth, all encoding distress (Cohen and
Fox 1976). During days 1-4 German shepherd dog puppies have four basic
vocalization types, one of them with two structural modifications, another
with three. With the exception of the development of barking at about 14 days
the repertoire does not change until about 52 days of age (Leschke 1969). The
neonatal vocal repertoire of wolves comprises three distress messages and one
satisfaction message (Schassburger 1978); according to Frommolt et al. (1988)
there are four types of distress calls and one sound type with an unknown
message. Neonatal distress calls in zorillas and white-naped weasels are re-
placed by a juvenile distress call at about 3 weeks of age, the latter type also
not being present after about the third month of life (Channing and Rowe-
Rowe 1977). The neonatal/juvenile distress call of raccoons persists until the
cubs are about two and a half months old (Sieber 1984); in wolves the cry
modification of the neonatal distress call system is not heard after about the
first month (Schassburger 1978). The neonatal distress calls of pumas and
lions are absent after about the end of the first month of life and then are
replaced by other distress call types; in other Panthera species the neona-
tal/juvenile distress call type can probably persist until about six months of age
(G. Peters 1978Db).

Examples of vocalizations that persist from birth are whines in canids
(Bleicher 1963; Cohen and Fox 1976; Schassburger 1978), whistles in rac-
coons (Sieber 1984), or purring in felids (G. Peters 1981a). Most adult vocal
types, or their precursors, occur quite early in juveniles and undergo structural
changes of various degree. The basic adult repertoire of canids is complete at
about 4 weeks (Tembrock 1958, 1959b; Cohen and Fox 1976). In raccoons
(Sieber 1984) and some Mustela species (Gossow 1970) most adult types are
present by about the third month of life. The main vocal forms of adult wolves,
including superimpositions and sequential combinations, develop between the
third and ninth week (Schassburger 1978). In Panthera species major adult call
types do not develop until after the first six months (G. Peters 1978b).

The neonatal and juvenile distress calls are restricted to a certain develop-
mental period during ontogeny. Juveniles of several Mustela species produce
different vocal types only for certain periods of their development (Gossow
1970; Solmsen and Apfelbach 1979). The purr and grunts of juvenile raccoons
are heard only in cubs one and a half to three months old (and in adults only
nursing females purr and grunt) (Sieber 1984). The scream of wolf pups is only
found at an age of about one to two months (Schassburger 1978).

Examples of vocal types that do not develop before adulthood are the struc-
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tured call sequences of the lion, the jaguar, and the leopard (G. Peters 1978b).
The call types composing these sequences also develop late, some not before
the second year of life. Specific vocal forms occurring during copulation in
felids (G. Peters 1978b) and in female raccoons (Sieber 1984) are found only in
adults. In some cases these probably have precursors in the vocal repertoire of
juveniles. An exact temporal sequence of the ontogenetic unfolding of a car-
nivore’s complete repertoire and the established derivation of adult types from
their juvenile precursors has not been fully documented.

As a general rule, the ontogenetic development of the vocal repertoire is
closely related to the physical and behavioral development of juveniles. In
raccoons the major developmental steps in the unfolding of the vocal reper-
toire occur around the time when the cubs start to leave the nest and around
the time of weaning (Sieber 1984). The main vocal developmental push in wolf
pups is during the phase of socialization, between 3 and 12 weeks of age when
pups are gradually weaned and social relationships are established between
littermates (Schassburger 1978; Frommolt et al. 1988). During ontogeny the
relative importance of the different communicatory channels changes, as well
as rates of signaling and frequencies of the occurrence of specific types (Roeder
1984b).

Romand and Ehret (1984) correlate structural changes in kitten vocaliza-
tions with the growth of the sound-producing and -modifying apparatus, but
this interdependence has not yet been quantified. As a general rule, fissipeds do
not attain full adult hearing range until about the end of the first month of life
(Ehret 1983). However, hearing starts earlier in the frequency range of signals
between the mother and littermates. Specific responses of domestic cat kittens
to mother and littermate calls begin at about 3 weeks (Hirtel 1975; Olmstead
and Villablanca 1980).

The domestic cat mother is especially responsive to juvenile distress calls for
about 30 days after the birth of the kittens (Haskins 1977). Experimental data
for ferrets (Solmsen and Apfelbach 1979) and raccoons (Sieber 1986) indicate
that nursing females generally react to neonatal distress calls by approaching
the sound source. The other main message type of neonates, satisfaction, is
also addressed to the mother, informing her that the young ones are well and
no immediate care-giving behavior is necessary.

Learning has not been shown to play a major role in the unfolding of the
vocal repertoire of any fissiped. Numerous involuntary experiments of isolated
hand-rearing by humans or nonconspecific nurse rearing of wild and domestic
carnivores did not result in atypical acoustic signals. The only controlled ex-
periment on the role of learning was carried out by Romand and Ehret (1984)
on the domestic cat. They studied early ontogeny of certain call types made by
kittens growing up under normal conditions and compared these with
deafened kittens and kittens reared in isolation. The calls of kittens of the latter
two groups differed in various quantitative parameters from those of normal
kittens. The structural changes in deafened kittens document that feedback
through the auditory system is necessary for full normal call development
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(Romand and Ehret 1984). Indirect evidence for the genetic basis of call struc-
ture in certain vocalizations is available in Panthera hybrids (Tembrock 1977,
G. Peters 1978b). The structured call sequences of these hybrids are intermedi-
ate in some parameters between the two parental species. However, certain
aspects show similarity to one or the other species (G. Peters 1978b).

General structural changes of acoustic signals that persist during most of
juvenile development (and throughout life) differ quantitatively in vocal (tonal,
atonal) and nonvocal signals (with the exception of possible tonal, whistle-like
sounds). Only tonal forms show considerable structural changes during on-
togeny. These are much less pronounced in atonal vocal signals like purring of
felids (G. Peters 1981a) and nonvocal ones like the snort of raccoons (Sieber
1984). Tonal signals, and the tonal component of mixed signals, with increas-
ing age undergo a decrease in fundamental frequency, upper frequency limit,
frequency range, and harmonic with highest intensity (Harrington and Mech
1978b; G. Peters 1978b; Solmsen and Apfelbach 1979; Romand and Ehret
1984; Sieber 1984). The frequencies with highest amplitude increase for some
time after birth and only then decrease during further development (G. Peters
1978b; Romand and Ehret 1984); this is known in other mammals, for exam-
ple, Peromyscus maniculatus (Hart and King 1966). In human baby cries the
fundamental frequency shows a similar ontogenetic change (Kent 1976). Dur-
ing the ontogeny of kittens, further call parameters like frequency and ampli-
tude modulation, duration, amplitude, and general structural variability also
change (Romand and Ehret 1984). In acoustic signals that are performed in
regular temporal sequences, the temporal emission pattern develops later than
the call types themselves, as in the Mustelinae (Gossow 1970), Canidae (Tem-
brock 1976a, 1976b), or Felidae (G. Peters 1978b).

Vocalizations that persist over a considerable period may change the mes-
sage encoded during ontogeny or in adults as compared with the message they
encode in neonates or juveniles. The juvenile contact calls of the zorilla and the
white-naped weasel in their adult derivation encode submission and, in an-
other modified version, greeting (Channing and Rowe-Rowe 1977). R. Peters
(1980) did not list a “greeting” message type, but it may be included in types
such as affiliation or solicitation. The juvenile distress cry in wolves probably is
the progenitor of various different signals in adults, including the howl, which
can encode several messages (Schassburger 1978). In general, the vocal reper-
toire of adult carnivores is richer in acoustic signal types than that of juveniles
and so is able to encode more message types. However, the precursors of many
adult signals already occur early in juvenile development.

Phylogenetic Aspects of Vocalization by Carnivores
To a limited extent, a comprehensive data base is now available that can be

used for intra- and interfamilial comparisons for all fissiped families except the
Ursidae. However, because of different classification systems adopted for the
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acoustic types, repertoire size sometimes is difficult to compare. Within the
Canidae it appears quite uniform, with about 10 to 12 basic types (Cohen and
Fox 1976; Tembrock 1976a, 1976b; Schassburger 1978). Thirteen types are
described in the raccoon (Sieber 1984), 15 in the domestic cat (McKinley
1981), and 12 in the Lutrinae (Duplaix 1982).

Within families there can be clear differences as to the presence of certain
types of acoustic signals; usually, though, different types of vocalizations that
are functionally equivalent replace each other in the repertoires of the different
taxa. In the Canidae there is a difference in vocalization between the vulpine
group and the canine group (Tembrock 1976a, 1976b; Schassburger 1978),
and among felids, some Panthera species clearly differ in certain vocal forms
from the other species (G. Peters 1978b, 1983). The giant panda has several
vocal types not present in other ursids (G. Peters 1982, 1985; Schaller et al.
1985). Close contact calls of Lutra species differ from those of the other
Lutrinae (Duplaix 1980). There are no signal types equivalent to spotted
hyenas’ “lowing” and “whooping” in the brown hyena (Hyaena brunnea)
(Mills 1981; Henschel 1986).

Signals that carnivores use in interspecific communication are common to
the repertoires of sender and receiver and encode an equivalent message in
both. This is true of the widespread agonistic sounds like growling, hissing,
and spitting, which have a similar basic structure in most carnivores. Another
form of interspecific acoustic communication involving dwarf mongooses and
hornbills (Tockus spp.) was described by Rasa (1983). The mongooses react to
hornbill predator alarm calls that are given in response to predators that prey
on the mongooses but not on them.

Various authors (e.g., Cohen and Fox 1976; Schassburger 1978; Kiley-
Worthington 1984) have proposed hypotheses as to the influence of the fol-
lowing criteria on size and structure of vocal repertoires in carnivores (and
mammals in general): (1) social structure, (2) habitat, (3) activity pattern
(diurnal versus nocturnal), and (4) duration of dependence of young on paren-
tal care in a species. These hypotheses are that (generally compared between
closely related species): (1) social species have a richer and more complex vocal
repertoire than solitary species; (2) species living in forest habitats have a more
diverse vocal repertoire than species of open habitats; (3) nocturnal species
have a more complex vocal repertoire than diurnal species; and (4) species
with a long dependence of the juveniles on parental care have a more complex
vocal communication between young and parents (mother). On the basis of the
carnivore vocalization data available, only preliminary statements as to the
soundness of these hypotheses are possible.

Repertoire size is quite uniform in all carnivores irrespective of the species’
social system. There is one established exception: the social spotted hyena’s
acoustic repertoire is larger than that of the solitary brown hyena (Mills 1981;
Henschel 1986). A basic conceptual aspect in the study of animal acoustic
communication is the graded versus discrete structure of the repertoire, in
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which structural and functional aspects must be differentiated from each other
(Klingholz and Meynhardt 1979). Carnivore species differ quantitatively in
this respect, but in general their acoustical system comprises discrete signals
and graded portions. A classification system based on sonographic analysis is
not automatically equivalent to the communication “potential” available in it
to sender and receiver. There is some evidence that the vocalization of arboreal
viverrid species differs from that of terrestrial species (Wemmer 1977). Wem-
mer argues that loud long-distance calls have likely evolved in arboreal forms
because predation risk is less in trees than on the ground. Valid evidence for
structural differences in vocal forms between forest and savannah species is
lacking, with the exception of that for the high-frequency long-distance calls in
some arboreal viverrids (Wemmer 1977). Differences in acoustic communica-
tion between closely related species with a diurnal versus a nocturnal mode of
life have not been documented. Nearly all carnivores have altricial young, but
it is not known in which way the duration of the juvenile dependence on
parental care influences the complexity of acoustic communication during this
period.

Summary

Fissipeds can produce a wide range of vocal and nonvocal acoustic signals.
The process of sound generation and modification in the various vocalizations
is not well understood. Irrespective of the species’ size, most signals in adults
are restricted to the frequency range below 8 kHz. The existence of pure
ultrasonic sounds made by adult fissipeds and of ultrasonic components in
audible signals is not well established. The hearing range of the carnivore
species studied exceeds the main frequency range of conspecific vocalizations
by at least three octaves. Current models of the motivational basis of acoustic
signaling behavior and motivation-structural correlations in their vocalizations
are not sufficient to explain all relevant aspects of fissiped behavior. In many
species a fundamental structural dichotomy exists between vocalizations dur-
ing friendly approach or close contact between sender and addressee and those
that result in withdrawal. Nearly all message types defined in animal com-
munication behavior are represented in fissiped vocalization, documenting the
functional diversity of this signaling mode. Still lacking is an understanding of
the way acoustic signals function with the other communication modes with
which they are associated in given behavioral contexts.

The ontogeny of vocalization by carnivores proceeds in accordance with the
general mammalian pattern. Neonatal and juvenile acoustic signals occupy a
higher (and wider) frequency range than those of adult conspecifics. The
acoustic repertoire of neonates and young juveniles is more restricted in num-
ber of signal types and messages encoded than is that of adults. During further
juvenile development the repertoire unfolds through structural and functional
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Table 1.3. References on vocalizations by fissiped carnivores

Taxon Comprehensives Limited Nontechnical
Herpestidae® Diicker 1965
Galidiinae

Galidia elegans

Mungotictis de-
cemlineata
Herpestinae
Herpestes auro-
punctatus
H. ichneumon
H. sanguineus
Mungotinae
Cynicitis pen-
icillata
Helogale par-
vula
Mungos mungo
Suricata suricat-
ta

Viverridae
Cryptoproctinae
Cryptoprocta
ferox
Fossa fossa

Paradoxurinae
Arctictis bin-
turong
Paguma larvata
Paradoxurus her-
maphroditus
Viverrinae
Civettictis civet-
ta
Genetta genetta

G. tigrina

Nandinia bi-
notata

Viverra zibetha

Viverricula indi-
ca

Felidae

Felinae
Felis aurata
F. concolor

Mulligan and Nellis
1975

Marquardt 1976¢
Maier et al. 1983
Messeri et al. 1987¢
Moran 1980

Wemmer 1977¢

Roeder 1984%

Wemmer 1977¢

Reschke 1960

Albignac 1973
G. Peters 1984b
Albignac 1973

Baker 1982

Rasa 1984<, 1986

Moran 1984

Albignac 1973
G. Peters 1984b
Albignac 1973
Wemmer 1977¢

Wemmer and
Murtaugh 1981

Wemmer 1977

Baumgarten 1985

Wemmer 1977

Wemmer 1977

G. Peters 1984b
Wemmer 1977¢

Reschke 1966; G.
Peters 1978a¢,
1981a¢, 1984a,
1984b

G. Peters 1984b

G. Peters 1978b¢,
1981a; Movchan
and Opahova
1981

Diicker 1960
Jacobsen 1982

Earlé 1981

Rasa 1983, 1985¢
Diicker 1962¢
Ewer 1963
Diicker 1965

Vosseler 1929

Huf 1965

Wemmer 1977

Ewer and Wemmer
1974

Gangloff and
Rapartz 1972;
Roeder 198456

Diicker 1971

Tembrock 1962,
1970; Wemmer
and Scow 1977
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Taxon

Comprehensive?

Limited

Nontechnical

E. margarita

E. serval

E. silvestris f.
catus

F. wiedii

F. yagouaroundi
Lynx caracal

L. lynx

L. rufus

Pantherinae
Neofelis nebu-
losa
Panthera leo

P. onca

P. pardus

P. tigris

P. uncia

Incertae sedis
Acinonyx juba-
tus

Hyaenidae
Crocuta crocuta
Hyaena brunnea

H. byaena
Proteles cris-
tatus

Ursidae

McKinley 1981;
Kiley-Worthington
1984

G. Peters 1983¢
G. Peters 1987¢

G. Peters 1980

Henschel 1986

G. Peters 1983¢

G. Peters 1984b

Denis 1969¢<; Hirtel
1972¢, 1975¢;
Haskins 1977¢,
1979¢<; Brown et
al. 1978¢; G. Pe-
ters 1981ac,
1983¢<; Romand
and Ehret 1984¢

G. Peters 1984b

G. Peters 1981ac,
1987¢

G. Peters 1978b¢,
1984a¢, 1984b¢
Schaller 1972¢; G.
Peters 1978bc<;
Movchan and
Opahova 1981;
Jarofke 1982
G. Peters 1978b-,
1984a, 1984b;
Movchan and
Opahova 1981
G. Peters 1978b¢;
Movchan and
Opahova 1981
G. Peters 1978bs¢,
1984a, 1984b;
Movchan and
Opahova 1981
G. Peters 1978b-<,
1984a; Rieger and
Peters 1981

Schaller 1972;
Movchan and
Opahova 1981;
G, Peters 1984b

Schaller 1972
Mills 1981

G. Peters 1984b

G. Peters 1978a,
1984b

Moelk 1944¢, 1979¢

Petersen 1979
Hulley 1976¢

Schaller 1972

Schaller 1967, 1972

Eaton 1974; Frame
and Frame 1981

Kruuk 1972
Owens and Owens
1978; Mills 1982
Rieger 1981
Kingdon 1977

Meyer-Holzapfel
1957¢<; Pruitt and
Burghardt 1977

(continued)
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Table 1.3. (Continued)

Taxon Comprehensives Limited« Nontechnical
Ailuropoda G. Peters 1985; G. Peters 1982, Kleiman 1983
melanoleuca Schaller et al. 1984b

Melursus ur-
sinus

Tremarctos or-
natus

Ursus amer-
icanus

U. arctos ssp.

U. maritimus

U. thibetanus

Incertae sedis
Ailurus fulgens

Canidae

Alopex lagopus

Canis aureus

C. latrans

C. lupus

1985

Jordan 1979¢

Roberts 1981¢

Cohen and Fox
1976¢; Tembrock
1976a¢, 1976b<;
Fox and Cohen
1977¢; Brady
1981¢

Lehner 1978a,
1978b

Field 1978<; Har-
rington and Mech
1978b¢<; Schass-
burger 1978¢

Tembrock 1975

G. Peters 1978a,
1984b

G. Peters 1984b
Wemmer et al. 1976;
G. Peters 1978a,

1984b
G. Peters 1978a

G. Peters 1984b

Tembrock 1960a,
1961; Lehner
1978b

Cohen and Fox
1976<; Tembrock
1960a, 1976a,
1976b

Cohen and Fox
1976¢; Tembrock
1976a, 1976b;
Nikolskii and
Poyarkov 1979¢

McCarley 1975;
Cohen and Fox
1976<; McCarley
and Carley 1976;
Tembrock 1976a,
1976b; Bekoff
1978<; Laundré
1981; Lehner
1982

Theberge and Falls
1967; Cohen and
Fox 1976¢; Tem-
brock 1976a,
1976b; Fox and
Cohen 1977; Shal-
ter et al. 1977+,
Field 1979; Har-
rington and Mech
1979, 1982; Fil-
ibeck et al. 1982;

Laurie and Seiden-
sticker 1977
Eck 1969

Jordan 1976

Couturier 1954
Schneider 1933¢

Roberts 1975+
Roberts and

Gittleman 1984
Tembrock 1970

Seitz 1959¢

Klinghammer and
Laidlaw 1979;
Nikolskii and
Frommolt 1986
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Taxon

Comprehensive«

Limited=

Nontechnical

C. lupus {£. fa-

miliaris

C. rufus

Chrysocyon
brachyurus

Cuon alpinus

Dusicyon cul-
paeus

D. thous

Lycaon pictus

Nyctereutes pro-
cyonoides

Otocyon mega-
lotis

Speothos venati-
cus

Urocyon cinereo-
argenteus

Vulpes chama

V. corsac

V. macrotis
V. vulpes

V. zerda

Bleicher 1963<;

Leschke 1969¢

Brady 1981¢

Brady 1981¢

Brady 1981¢

Harrington 1986,
1987; Nikolskii et
al. 1987; From-
molt et al. 1988

Cohen and Fox
1976¢; Tembrock
1976a¢, 1976b<;
Fox and Cohen
1977¢

McCarley and
Carley 1976;
McCarley 1978

Cohen and Fox
1976; Tembrock
1976a, 1976b

Tembrock 1976a,
1976b

Cohen and Fox
1976; Tembrock
1976a, 1976b

Tembrock 1976a,
1976b

Schaller 1972;
Cohen and Fox
1976; Tembrock
1976a¢, 1976b¢

Tembrock 1976b

Tembrock 1976a,
1976b; Lamprecht
1979¢

Cohen and Fox
1976; Driwa
1976; Tembrock
1976b

Cohen and Fox
1976<; Tembrock
1976b

Tembrock 1960a,
1976a, 1976b

Tembrock 1976a,
1976b

Tembrock 1958¢,
1959a¢, 1959b,
1960a, 1960b,
1961, 1963b,
19685, 1976ac¢,
1976b¢; Cohen
and Fox 1976¢

Johnsingh 1982

Frame and Frame
1981

Seitz 1955

Nel and Bester
1983¢

Egoscue 1962

Gauthier-Pilters
1962; Koenig
1970¢

(continued)
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Table 1.3. (Continued)

Taxon

Comprehensives

Limited=

Nontechnical

Procyonidae
Bassaricyon sp.

Bassariscus astu-

tus

B. sumichrasti
Nasua nasua
Potos flavus

Procyon cancri-
vorus
P. lotor

Mustelidae

Lutrinae
Aonyx cinerea
Enhydra lutris

Lutra longi-
caudis
L. lutra

L. perspicillata
L. sumatrana
Pteronura bra-
stliensis
Mephitinae
Mephitis mephi-

tis

Melinae
Meles meles

Mustelinae

Eira barbara

Ictonyx striatus

Martes ameri-
cana

M. foina

Mustela erminea

M. eversmanni

Willey and Richards
1981¢

Sieber 1984¢

Duplaix 1982¢

Rogoschik 1987¢

Duplaix 1980<,
1982¢

Gossow 1970¢; Far-
ley et al. 1987

Channing and Rowe-
Rowe 1977¢

Gossow 1970¢
Farley et al. 1987

Poglayen-Neuwall
1976a¢

Bailey 1974

Poglayen-Neuwall
1976b¢

G. Peters 1984b; Sie-
ber 1986¢

Duplaix 1982

Sandegren et al.
1973¢; Konstan-
tinov et al. 1980

Duplaix 1982

Duplaix 1982; Schef-
fler 1985¢

Duplaix 1982

Duplaix 1982

G. Peters 1984b

Poglayen-Neuwall
and Poglayen-Neu-
wall 1976¢

Belan et al. 1978

Gossow 1970

Poglayen-Neuwall
and Poglayen-
Neuwall 1965

Toweill and Toweill
1978¢; Poglayen-
Neuwall and
Poglayen-Neuwall
1980

Poglayen-Neuwall
1973

Kaufmann 1962;

H. J. Smith 1980

Poglayen-Neuwall
1962

Léhmer 1976¢

Goethe 1964

Verts 1967

Goethe 1964; Neal
1977
Goethe 1964

Poglayen-Neuwall
1975, 1978¢

Miiller 1970¢
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Table 1.3. (Continued)

Taxon Comprehensives Limited< Nontechnical
M. frenata Svendsen 1976
M. nivalis Gossow 1970¢ Huff and Price Heidt et al. 1968¢
1968¢<; Heidt and
Huff 1970¢
M. putorius Gossow 1970¢
M. putorius f. Solmsen 1978¢;
furo Solmsen and
Apfelbach 1979¢<
M. vison Gilbert 1969
Poelicogale albi-  Channing and Rowe-
nucha Rowe 1977¢

sComprehensive = nearly complete vocal repertoire; Limited = limited to a few vocalizations or
limited in data presented.

5Qrder of taxa follows Wozencraft (this volume, appendix). Papers listed under a family or
subfamily deal with three or more species of the respective taxon.

<Data on ontogeny of vocalizations included.

changes and the fission of existing forms and the appearance of new forms to
encode additional more specific and new messages. Some acoustic signals are
restricted to certain developmental periods. The important steps in the unfold-
ing of a species’ sound repertoire occur at the same time as decisive phases,
such as when the juveniles start to leave the nest or at around the time of
weaning. Hearing by juveniles, during the first week in the few species studied,
is restricted to the lower frequency range, which in the mother’s vocalizations
has the highest amplitude. Learning is not known to play an important role in
the unfolding of the acoustic repertoire of fissipeds or in the appropriate
contextual use of specific signals.

Phylogenetic aspects of vocalization are not well known for fissipeds. Nei-
ther the adaptive significance of structural characteristics of certain acoustic
signals, nor the composition and structure of a species’ whole repertoire has
been established. Acoustic signal repertoire size seems to be quite uniform for
most fissipeds studied, but this finding is not equivalent to the communicatory
potential available in it to sender and receivers.
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CHAPTER 2

The Role of Odor in the
Social Lives of Carnivores

MARTYN L. GORMAN AND
BEVERLEY |. TROWBRIDGE

Carnivores are complex creatures living complex social lives in which order
is maintained by the transmission of information between individuals. Some-
times the signals are passed visually, sometimes by sound, and very often by
odor.

Olfactory communication has a number of advantages over other forms of
signaling. It can be used when visual or auditory signals are difficult to detect,
for example at night, under the ground, or in dense vegetation. Odors can be
deposited in the environment as scent marks and thus provide a spatial and
historical record of an individual’s movement and behavior. As signals, scent
marks have the important property of remaining active for long periods, even
in the absence of their producer.

The odors used as signals by mammals are not equivalent to the pheromones
of lower animals. Mammalian odors are usually complex mixtures, not simple
chemicals, and responses to them are not stereotyped but depend upon con-
text, prior experience, and developmental status (Beauchamp et al. 1976).
Brown (1979) suggested, therefore, that the term “social odor” would be more
appropriate for mammalian chemical signals.

Carnivores are profligate in their use of social odors; they are equipped with
a dazzling variety of odoriferous organs, and they make full use of the olfac-
tory opportunities presented by their urine and feces (Gorman 1980; Mac-
donald 1980).

Sources of Social Odors
Odorous chemicals may be compounds derived from the diet, molecules
synthesized by the animal itself, or the products of bacterial metabolism; many

specialized scent organs are warm, moist, and anaerobic and provide ideal
conditions for the proliferation of bacteria.
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Figure 2.1. A brown hyena pasting (scent marking) a stem of grass with its anal pouch. (From
Mills et al. 1980, courtesy of M. G. L. Mills.)

Urine and Feces

When urine and feces are used as scent marks, one is faced with the difficult
problem of distinguishing between excretion and communication. One distinc-
tion is that signaling with urine and feces usually, but by no means always,
involves small, token volumes placed at specific, and often prominent, objects
that are reanointed frequently (Kleiman 1966; Macdonald 1985). Such token
marking is common in all the carnivore families, with the exception, perhaps,
of the Hyaenidae. In many species, including the hyenas, large quantities of
feces can accumulate at discrete sites, known as latrines, over long periods.

Skin Glands

Many carnivores have evolved elaborate organs whose function is the pro-
duction, storage, modification, and dissemination of odorous chemicals
(Schaffer 1940; Quay 1977). Although diverse in structure, they are all derived
from skin glands, whose primary roles are the maintenance of the pelage and
thermoregulation. Basically, there are two types of glands involved, flask-
shaped sebaceous glands and tubular sudoriferous glands. Scent organs con-
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Figure 2.2. The scent mark left by a brown hyena
consists of two distinct components. One is white,
lipid-rich, and of sebaceous origin; the other is
black, watery, and derived from apocrine glands.

taining sebaceous glands produce oily secretions that are long lasting, releasing
their volatiles only slowly, and that are used to mark objects and conspecifics.
Sudoriferous glands, in contrast, produce watery volatile secretions. Scents
derived from them are generally involved in short-term signaling and may be
applied to objects or released directly into the air. Many specialized scent-
producing organs contain both types of glands, indicating complex functions.

A most striking example is the anal pouch of the brown hyena (Hyaena
brunnea) (Mills et al. 1980). Brown hyenas normally live in small groups, the
members of which share and defend a large territory, although they forage
alone (see also Mills, this volume). As they move through their territory they
pause two or three times in every kilometer and scent mark grass stems with
their pouch (Figure 2.1). The paste they leave on the grass consists of two
distinct components, a white fatty deposit produced by sebaceous glands and
above it a smear of black watery, apocrine secretion (Figure 2.2). The white
paste remains detectable for several weeks, even to the human nose, and Mills
et al. argue that it functions as a signal to potential intruders that the area is
already occupied. In contrast, the black apocrine paste is thought to convey
information within the social group. Brown hyenas usually feed on small items
that are only slowly replaced (Mills 1978). It is important, therefore, that each
knows where other hyenas have foraged in the recent past and so avoids
unproductive areas. The black paste loses its odor within a few hours and may
indicate how long it has been since a hyena passed that way.
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Scent-producing Organs

Carnivores display an array of scent-producing organs that range in com-
plexity from simple, local increases in the density and size of skin glands to
anatomically complex structures. In general, scent glands are associated with
the face, the tail, the perineum, and in particular the anal region. The struc-
tures involved are briefly described here; for a fuller account the reader is
referred to Schaffer (1940) and Macdonald (1985).

THE ANAL REGION

In most species the skin immediately surrounding the anus is richly endowed
with a scattering of sebaceous and apocrine anal glands. There is no unequivo-
cal evidence that these function in olfactory communication, but the attraction
they engender in conspecifics suggests that they do.

Anal sacs are paired reservoirs lying lateral to the rectum and emptying by
ducts within the anus, onto the anal skin, or into an anal pouch. There is much
variation in the details of structure, but basically an anal sac is an invagination
of the skin into which apocrine or sebaceous glands, or both, secrete. These
secretions accumulate in the sac, together with sloughed epidermal cells, and
support rich populations of anaerobic bacteria that may modify the original
components (Gorman et al. 1974; Albone et al. 1978). The secretion is volun-
tarily expelled by contraction of the layers of muscle that surround the sac and
may be deposited at defecation onto objects or onto conspecifics. In some
species the secretion may be so violently ejected as to form a jet of material; the
most notorious example is the striped skunk (Mepbhitis mepbhitis) (Blackman
1911). Anal sacs are commonly found among carnivores, being absent only in
the Hyaenidae, although they are much reduced in most ursids.

Anal pouches are depressions of hairless skin, richly endowed with skin
glands, into which opens the anus. They occur primarily in the hyenas, where
the anus emerges toward the lower margin of the pouch, and in the viverrids,
where it opens more centrally. Usually the pouch is retracted and all that can
be seen is an oval or transverse slit. When it is to be used for scent marking, the
pouch is everted by muscular action that exposes its secretion-covered surface
and the openings of its skin glands. In the case of the brown hyena these glands
open over the whole surface of the pouch, although the apocrine and
sebaceous elements have different distributions (Figure 2.3). In the other spe-
cies of hyenas, particularly the spotted hyena (Crocuta crocuta), the major
secretory elements are a pair of grossly enlarged and lobulated sebaceous
glands that superficially resemble anal sacs and each of which opens into the
pouch by a duct (Matthews 1939). Hyenas use their anal pouches to mark, or
paste, objects in their territories, particularly stems of grass.

In viverrids, sebaceous glands are generally dispersed over the whole of the
pouch, although they may be particularly large and concentrated in certain
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Figure 2.3. The everted anal pouch of a female brown hyena. The anus (A) opens on the ventral lip
of the pouch, which is bisected by a groove (G) Myriads of sebaceous glands secrete a white
secretion and open onto the central parts of the pouch (W) Lateral to the sebaceous areas, and
separated from them by nonsecretory tissue, are two concentrations of apocrine tissue (B), which
produce a black secretion. The white secretion had been removed prior to the taking of the
photograph. V = vulva. (From Mills et al. 1980, courtesy of M. G. L. Mills.)

areas, for example, in the swollen crescent of tissue lying above the anus of the
small Indian mongoose (Herpestes auropunctatus) (Gorman et al. 1974).
Viverrids use their anal pouches to mark objects in their range and, in the case
of social species, their fellow group members.

THE TAIL

Supracaudal glands are elliptical masses of sebaceous and apocrine glands
situated on the dorsal surface of the tail, toward its root. They are restricted to
the Canidae but are widely distributed within the family, being absent only in
the African hunting dog (Lycaon pictus). Their function, and mode of use, is
unknown.

Subcaudal glands range from simple concentrations of skin glands on the
ventral surface of the root of the tail in some felids and possibly canids to the
complex subcaudal pocket of the European badger (Meles meles). In this badger
the skin between the anus and tail is deeply invaginated to form a deep,
relatively hairless pocket (Figure 2.4). The whole of the pocket is punctuated
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with the openings of enlarged sebaceous and apocrine glands whose creamy
white secretion accumulates within and which is used to mark the ground,
bedding, and conspecifics. The anal sacs do not open into the subcaudal
pocket, but inside the anus, as in all mustelids.

Perineal glands are found only in the Viverridae but are absent from the true
mongooses, the Herpestinae. These organs vary enormously in structure from
species to species but essentially consist of glandular tissue opening into a
simple depression in the skin, or into a distinct storage chamber, situated
between the anus and genital opening and sometimes extending more ante-
riorly. The glands appear to be used to mark objects in the environment. Many
mustelid species have a diffuse concentration of enlarged skin glands in their
ventral fur (ventral glands), forward of the genital opening. Also, in many
species in the Canidae, Viverridae, and Felidae diffuse glandular tissue opens
on to the chin, lips, and cheeks. The precise function of such facial glands is
unknown.

The Chemistry of Carnivore Social Odors

Relatively little is known of the chemistry of social odors in carnivores
(Albone 1984). A number of compounds have been isolated and identified
(Table 2.1), but in no single case has a specific chemical been unequivocally
associated with a particular behavioral function. Many proposed functions of
social odors, for example, individual or group recognition, are unlikely to be
achieved through the possession of single, unique chemical compounds, but
rather by differences in the relative concentrations of the constituents of a
complex chemical mixture. Such differences have been reported in a number of
species including the stoat (Mustela erminea) (Brinck et al. 1983), brown
hyena (Mills et al. 1980), red fox (Vulpes vulpes) (Albone and Perry 1976),
small Indian mongoose and Egyptian mongoose (Herpestes ichneumon) (Gor-
man et al. 1974; Hefetz et al. 1984), European badger (Gorman et al. 1984),
and European otter (Lutra lutra) (Trowbridge 1983).

Marking Behavior

Carnivores usually deploy social odors by one of three different methods:
(1) Odors may be placed on the substrate or onto objects in the environ-

Figure 2.4. (A). A European badger squat marking the ground with its subcaudal pocket. (B).
Vertical section through the subcaudal pocket of a male European badger. T = testis; A = anus;
P = perianal surface; Sg = glandular tissue; Sp = subcaudal pocket. (C). Longitudinal section
through the subcaudal pocket of a European badger. The 15-um section was stained with Mallo-
ry’s triple stain. A = anus; Sp = subcaudal pocket; S = sebaceous glands; Ap = apocrine glands.
(All from Gorman et al. 1984, courtesy of the Zoological Society of London.)



Table 2.1. Chemicals identified in carnivore social odors

Anal sacs and other anal structures

Volatile carboxylic acids

acetic

propionic

butyric

isobutyric

valeric

isovaleric

1socaproic

2-methylbutyric acids (Vulpes vulpes)=t

A similar range is found in Canis familiaris and C. latransy, Chrysocyon brachyurus and
Speothos venaticusd, Panthera leoe, P. tigrisd, Felis catus*, Mustela visones, Herpestes
auropunctatus’.

Longer chain fatty acids, with 10~22 carbon atoms are present in Herpestes ichneumon, with
2,4,6,10-tetramethylundecanoic acid specific to males.

Amino acids and amines

S-aminovaleric acid (Vulpes vulpes)f

ammonia (V. vulpes)c

putrescine 1,4-diaminobutane (V. vulpes, Panthera leo)<, (Mustela vison)a=

cadaverine 1,5-diaminopentane (V. vulpes, P. leo)<

2-phenylethylamine (P. tigris, possibly urinary in origin)/

Organosulphur compounds

5-thiomethylpentane-2,3-dione (Hyaena hyaena)ff

3-methylbutane-1-thiol, trans-2-butene-1-thiol, trans-2-butenyl methyl disulphide, butane-1-
thiol (Mepbhitis mephitis)s-»

2,2-dimethylthietane (Mustela vison)®!

2-propylthietane, 2-ethylthietane, 3-ethyl-1,2-dithiolane (Mustela erminea)=n»

2-propylthietane, 2-pentylthietane, trans- and cis-2,3-dimethylthietane, trans- and cis-3,4-
dimethyl-1,2-dithiolane (Mustela putorius)m.c.aa

Perineal glands

civetone, a macrocyclic ketone with 17 carbon atoms (Viverra civetta)«-=
long-chain fatty acid esters of macrocyclic alcohols (V. civetta)dd

Vaginal secretions

methyl-p-hydroxybenzoate (Canis familiaris)a.v
C2-C9 and isoC4-isoC8 fatty acids, 2,2-dimethylbutanoic and 2,2-dimethylhexanoic acids,
volatile amines (Mustela vison)b®

Urine

isopent-3-enyl methyl sulphide

2-phenylethyl methyl sulphide

4-heptanone

6-methylhept-5-en-2-one

benzaldehyde

acetophenone

2-methylquinoline

trans-geranylacetone (Vulpes vulpes)is

felinine, cysteine-S-isopentanol (Felis catus, probably from kidney)s-cc.ee

Urine contains a wide variety of potentially important odorants, including steroids, steroid
metabolites and conjugated steroids

4Albone 1984.
bAlbone and Fox 1971.

<Albone and Gronneberg 1977.

4Albone and Perry 1976.
eAlbone et al. 1974.
fAlbone et al. 1976.

gAnderson and Bernstein 1975.

#Anderson et al. 1982.
‘Bailey et al. 1980.

iBrahmachary and Dutta 1979.

¥Brinck et al. 1978.
MBrinck et al. 1983.
mCrump 1980b.

»Crump 1980a.

°Crump and Moors 1985.
PErlinge et al. 1982.

4Goodwin et al. 1979.
rGorman et al. 1974,
sGreaves and Scott 1960.
tHefetz et al. 1984.
“Jorgenson et al. 1978.
vKruse and Howard 1983.
wLederer 1950.

*Michael et al. 1972.
YPreti et al. 1976.
zRuzicka 1926.

aaSokolov et al. 1980.
bbSokolov and Khorlina 1976.
cTallan et al. 1954.
ddVan Dorp et al. 1973.
eeWestall 1953.

ffWheeler et al. 1975.
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ment, to be investigated immediately or at some future time. Feces, urine, and
durable sebaceous secretions are all regularly used this way.

(2) Odors may be applied to the animal’s own body or, more usually, to the
bodies of other members of the social group. Skin gland secretions are usually
involved in such behavior, and, again, the information remains available for
future investigation.

(3) More rarely, odors may be released into the air to be detected by con-
specifics, or by members of another species, at some distance. Volatile apocrine
secretions are particularly important in this context.

Object Marking

Social odors are a limited resource, whether they be feces, urine, or glandu-
lar secretions. Scent marking may also involve a significant investment in terms
of time and energy; for example, the white component of the secretion of the
brown hyena is 97% lipid, and over the course of a year each individual
deposits some 29,000 scent marks (Mills et al. 1980). One would predict,
therefore, that scent marks should be distributed in a way that maximizes their
chance of being discovered by the individuals for whom they are intended. This
indeed seems to be the case; a recurring feature of object marking is that scent
marks are placed not at random within the environment, but instead at visually
conspicuous, often elevated, and traditionally used landmarks. Placing marks
at such sites reduces the number of potential places to be searched, puts them
at nose level, and helps disperse their odor. In the absence of suitably elevated
sites, some species manufacture them. For example, along rivers in Greece,
European otters scrape up mounds of sand on which to mark (Mason and
Macdonald 1986). In many species, for example, gray wolf (Canis lupus)
(Peters and Mech 1975), marks are frequently placed along well-used tracks,
particularly at junctions, with the result that they are available for detection by
animals arriving from several directions.

Feces, urine, and glandular secretions are widely used in object marking by
all the carnivore families. The use of urine and feces is often, to use Mac-
donald’s (1985) terminology, token, and involves small volumes placed at
prominent and frequently revisited sites. In some species, for example, the red
panda (Ailurus fulgens), these sites receive such intense attention that large
accumulations of feces gather in a small area, resulting in the formation of
latrines, or middens.

Canids scatter feces throughout their ranges, either singly or at latrines. Red
foxes, for example, leave single tokens on top of conspicuous features such as
grass tussocks, and mole hills and may even defecate from a handstand posi-
tion in order to get them high (Murie 1936; Macdonald 1979). In the feature-
less tundra of the far North, arctic foxes (Alopex lagopus) defecate on rocks,
eskers, and on cast caribou antlers (Muuller-Schwarze 1983). In the case of the
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domestic dog (Canis familiaris), and probably in other species, the feces receive
a smear of anal sac secretion as they are passed (Ashdown 1968). Canids also
token urinate throughout their ranges, and almost all species elevate the marks
by cocking their leg to do so (raised leg urination, RLU). RLUs are, again, left
at prominent sites, usually after much sniffing. In their classic study of the gray
wolf, Peters and Mech (1975) tracked 13 packs as they moved around 240 km
of trails. In doing so they came upon an RLU every 450 m on average, 40% of
them at the junctions of the trails used by the wolves. The frequency with
which the wolves stopped to urinate was very much higher on the borders of
the territories than it was in the interiors. However, it seems that not all wolves
enjoy the right to indulge in RLU since the rate of marking does not increase
with pack size, indicating that RLU is the prerogative of the alpha pair. This is
also the case in the African hunting dog; the alpha male routinely places his
own RLU on top of that of the alpha female (van Lawick 1974; Frame and
Frame 1976; Frame and Frame 1981).

Spotted hyenas living in large and stable social groups in the Ngorongoro
defecate at latrines on the borders of their group territories (Kruuk 1972).
They visit them en masse, and after sniffing and scratching, they add to the
piles of visually striking white ordure. However, in areas with shifting popula-
tions such as the Serengeti, the feces are placed along tracks and at other
landmarks scattered through the range. Brown hyenas living in the vastness of
the Kalahari concentrate their latrines near the center of the territory, where
food is at its most abundant, and along any border that is shared with neigh-
bors (Mills et al. 1980). These hyenas go to extreme lengths to place their
marks at predictable sites; not only are 75% of latrines placed at conspicuous
Shepherd’s trees (Boscia albitrunca), almost all of them are to be found on
their south-facing sides!

All the extant species of hyena scent mark with their anal pouches, using
them to paste stems of grass, but the pasting behavior of the brown hyena is
particularly striking (Mills et al. 1980). During pasting a hyena bends a grass
stalk forward by walking over it until the root of the grass comes to lie between
its hind legs with the stalk running forward under its belly (Figure 2.1). Then
the hyena, with its tail curved up over its back and with its back legs slightly
bent, extrudes its anal pouch, which consists of two distinct regions (Figure
2.3). The large central area, which is normally covered in an accumulation of
white sebaceous secretion, has a distinct, deep groove running vertically from
top to bottom. Lying one to each side of the central area and separated from it
by nonsecretory epithelium, are two circular areas onto which open apocrine
glands producing a black secretion. Having extended its pouch, the hyena now
feels for the grass stalk, sometimes for several seconds, and eventually succeeds
in locating it in the central groove. The hyena then moves forward, pulling the
anal pouch along the grass stalk and at the same time retracting the pouch. The
effect is to smear a blob of white paste onto the grass. Then, as the pouch
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continues to retract, the nonsecretory parts of the pouch and the apocrine
areas collapse in turn onto the stem. In this way a thin smear of apocrine
secretion is deposited 1—2 c¢m above the white paste (Figure 2.2). The pasting
behavior of other hyena species is essentially similar except that only a white
sebaceous component is produced (Kruuk 1972, 1976; Kruuk and Sands
1972; Rieger 1977; Nel and Bothma 1983).

In the Ngorongoro spotted hyenas concentrate their pasting efforts along the
borders and at kills (Kruuk 1972), but in the Kalahari they paste throughout
their territory, as do brown hyenas (Gorman and Mills 1984; Mills and Gor-
man 1987). Pasting often appears to be stimulated by the presence of existing
pastings, particularly those made by strange hyenas (Kruuk 1972; Mills et al.
1980). The significance of differences in the pattern of scent deployment is
discussed in the section on the functions of scent marking.

African lions (Panthera leo) appear to defecate at random (Schaller 1972),
but most other felids, for example, the bobcat (Lynx rufus) (Bailey 1974),
defecate along trails and on top of elevated objects. Only within the core areas
of their ranges do domestic cats (Felis catus) and Scottish wildcats (F. sil-
vestris) bury their feces; elsewhere they are left prominently displayed (Corbett
1979; Panaman 1981; Macdonald 1985). The males of most felids token
urinate, spraying backward between their legs onto rocks, termite mounds,
trees, and other foci of attention (e.g., African lion: Schaller 1972; Cheetah,
Acinonyx jubatus: Eaton 1973; puma, Felis concolor: Hornocker 1979; bob-
cat: Bailey 1974; tiger, Panthera tigris: Schaller 1967). In the case of both the
lion and the tiger, anal sac secretions may be incorporated into the urine spray
(Schaller 1967; Brahmachary 1979).

Relatively little is known about the marking behavior of wild viverrids.
African civet cats (Viverra [Civettictis] civetta) use their perineal glands to
mark at civetries, which are accumulations of compacted feces in depressions
in the ground, and along the trails that run through their territories (Bearder
and Randall 1978). The frugivorous African palm civet (Nandinia binotata)
uses its gland to mark at territorial borders and around fruiting trees (Charles-
Dominique 1978). The social dwarf mongoose (Helogale undulata) marks
objects with a mixture of secretions from its cheek glands, anal sacs, and
pouch, and with feces and urine (Rasa 1973). In captivity, they sniff the object
to be marked for 3—4 s, grasp it in their forepaws, and stroke it a couple of
times with each cheek; then they evert their anal pouch and drag it across the
object, often from a handstand position, and finally sniff the object again. The
cycle is then repeated up to 20 or 30 times, the whole marking episode lasting
for 3—4 min.

Among the Mustelidae much of the available information on patterns of
scent marking in the wild comes from studies made in the winter when the
ground is covered in snow and it is relatively easy to follow the movements of
animals and to find their scent-marking sites. For example, Pulliainen (1982)
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was able to show that in Finnish Lapland pine martens (Martes martes) leave
anal sac marks throughout their ranges, males pausing to do so seven to eight
times per kilometer and females three to four times.

The European badger places blobs of anal sac secretion onto feces at latrine
pits (Kruuk 1978). In addition, it sports a subcaudal pocket whose secretion
comes to cover the skin and hair of the perianal region, mixed together with
anal sac secretions and often with fecal matter (Kruuk et al. 1984). This
mixture is used in “squat-marking,” a behavior in which the badger briefly
presses its nether region onto the substrate, leaving a scent mark (Figure 2.4).
Badgers frequently pause to squat-mark as they pass along the many paths that
traverse their group territories, the same spots being repeatedly re-marked
(Ostborn 1976). Conspicuous objects such as hummocks and tussocks are also
repeatedly marked by all passing badgers, sometimes from a handstand posi-
tion. In the wild, much of this squat-marking takes place near the sett, or along
the paths and at the latrines associated with the border of the territory (Kruuk
1978; Kruuk et al. 1984). Both sexes squat-mark, but males do so most fre-
quently and dominant females more frequently than subdominant ones (Kruuk
et al. 1984). Badgers also squat-mark on vegetation before taking it down into
their sett to be used as bedding, rejecting any vegetation that has been marked
by strange badgers (Kruuk et al. 1984).

European otters deposit feces (spraints) at nose height on top of prominent
objects, such as large rocks and tussocks of grass, throughout their home
ranges. Repeated sprainting and urination at these spraint piles by successive
generations of otters can lead to the formation of distinct mounds and to the
lush growth of nitrophilous grasses and algae, all of which makes them visually
conspicuous (Figure 2.5). Around the Rhue peninsula in western Scotland,
where otters forage exclusively in the sea, spraint piles are dispersed along the
coast in an organized manner, with most being clumped together at distinct
spraint stations (Trowbridge 1983). The organization can be clearly seen by
comparing the frequency distribution of distances between spraint piles with
the distribution that would result were the same number to be dispersed ran-
domly around the coast (Figure 2.6). Typically, a spraint station consists of a
number of spraint piles connected one to the other, and to the sea, by distinct
trails through the vegetation (Figure 2.7). The great majority of stations also
contain a relatively large pool of fresh water. Within stations, nearly 50% of
spraint piles occur right on the edges of the freshwater pools, with the rest
dispersed along the trails, many at junctions, thus ensuring their encounter
whatever the direction of approach by an otter. The stations are distributed
along the coast in a regular fashion, with a modal interstation distance of 50
m, and with very few stations closer together than 35 m or farther apart than
165 m (Figure 2.8).

With spraint stations spaced out in this way, at regular and frequent inter-
vals, any otter landing from the sea will never be more than a short distance
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Figure 2.5. (A). A European otter scent marking with feces (sprainting) (arrow). (B). Sprainting
(defecating) pile made by European otters on the west coast of Scotland. The mound, 42 cm high
and grass covered, formed as a result of otters’ sprainting at the same site for several generations.
(Photo B from Trowbridge 1983.)
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Figure 2.6. The frequency distribution of distances between spraint piles (# = 575) made by
European otters on the coastal plateau around the Rhue peninsula in western Scotland. The
expected distribution is that which would result were the same number of piles distributed at
random around the 15.9 km of coastline and is the mean of ten computer simulations. The two
distributions are significantly different at P < 0.001 (K-S test, D = 0.3051). (After Trowbridge
1983.)

Figure 2.7. A scale drawing of a
spraint station showing the major en-
vironmental features with which they
are associated on the Rhue peninsula.
(After Trowbridge 1983.)
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Figure 2.8. The frequency distribution of distances between spraint stations (# = 143) on the Rhue
peninsula. The expected random distribution is the mean of ten computer simulations and is
significantly different from the observed distribution (K-S test, D = 0.2804; P < 0.001). (After
Trowbridge 1983.)

from the nearest scent marks. Coastal otters require fresh water for drinking
and for washing salt from their pelage. By placing their spraints on prominent
objects, around and on the trails leading to freshwater pools, otters increase
yet further the likelihood of their being detected by other individuals. In other
coastal populations spraints accumulate at spaced intervals in the same way,
but the focus of attention may be different. Thus, Kruuk and Hewson (1978),
working just a few miles away on the Applecross peninsula, found that over
50% of spraints were concentrated at dens (holts), which themselves were
uniformly spaced approximately 1.1 km apart.

Social Marking

Sometimes, the object to be marked is another individual of the same spe-
cies. Such allomarking is particularly common in those canids, felids, viverrids,
and mustelids that live in organized social groups.

The behavior of the European badger is in many ways typical (Kruuk et al.
1984). When two badgers meet in the dead of night and away from their sett,
they often sniff each others’ flanks and rumps. These are just the regions that
receive attention during social squat-marking, whereby one badger wipes its
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anal region on the flank of another badger. Most of our detailed information
on social squat-marking comes from a study of captive animals living in a large
outdoor enclosure, but more casual observations of wild animals indicate that
they behave in a essentially similar manner (Gorman et al. 1984; Kruuk et al.
1984).

All the badgers in a clan squat-mark on each other, but not equally. In the
captive group of six adults, the dominant male made 66% of the social marks,
two other males 19%, and three females the remaining 15%. Of the marks
made by the dominant male, 78 % were directed toward the sows. In this way
the flanks and rumps of each badger came to bear a mixture of the secretions
of all the clan members, but a mixture dominated by the odor of the top-
ranking boar.

During courtship the dominant boar remains close to the sow, continually
sniffing her and attempting to mount. Most of these advances are met with a
growl and snap of the teeth. Typically, the male responds by squat-marking the
female.

There are close behavioral parallels between social marking in the badger
and in other species, including the dwarf mongoose, which uses its anal sacs
and pouch for allomarking (Rasa 1973). Here, too, the alpha male is responsi-
ble for most (65%) of the social marks, and these are applied to the alpha
female. The female is marked on a regular basis but particularly so when she
shows signs of being sexually receptive, with the frequency of marking reach-
ing a peak on the first day of her estrus (Figure 2.9).

Sometimes European badgers indulge in mutual squat-marking whereby two
individuals back into each other, with their tails raised and their subcaudal
pockets open, and press their anal regions together. This behavior is quite rare
but seems to take place when clan members have been separated for some
days. It is always accompanied by intense sniffing of the flanks. The return to
the group of temporarily absent members is a signal for intense allomarking in
a number of other species also. For example, Kingdon (1977, pers. comm. in
Macdonald 1985) describes how banded mongooses (Mungos mungo) indulge
in a veritable orgy of allomarking on such occasions, piling into a ball of
bodies and rubbing their anal pouches over each other. Rasa (pers. comm. in
Macdonald 1985) reports that dwarf mongooses behave in a similar manner
prior to combat with a pack of neighbors.

It is difficult to avoid the conclusion that allomarking, in all its different
facets, leads to a similarity of odor among the members of a social group,
allowing them to be recognized by their colleagues, even in the dead of night or
in the heat of battle.

Releasing Odors into the Air

All scent organs release odorous molecules into the air, and these may be
sampled by conspecifics during close encounters. Most carnivores, on meeting,
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Figure 2.9. The frequency with which dwarf mongooses allomark
before, during, and after estrus in the dominant female. The peak
around estrus is due to the dominant male’s marking the dominant
female. (After Rasa 1973, courtesy of Zeitschrift fiir Tier-
psychologie.)

sniff each other in the region of their scent organs or at places where secre-
tions have been applied to the body. Badgers sniff each other’s flanks, domestic
dogs the anal region, and so on.

Some scent organs appear, however, to be specialized for the release of
relatively large quantities of odor into the air, to be detected at greater dis-
tances by conspecifics, or by members of other species. Such organs usually
have important apocrine elements and among carnivores are most often used
when an individual is excited, aggressive, or perhaps frightened. Thus, the air
around fighting mink (Mustela vison) is usually redolent with a sickly sweet
odor released from the anal sacs. In this species massive blocks of apocrine
tissue open into the base of the anal sac, near its duct (Sokolov et al. 1980).

In some species the anal sacs appear to function primarily in defense against
predators. Most carnivores violently void the contents of their anal sacs when
in great distress. This tendency is most pronounced among the mustelids,
particularly in the genera Mellivora, Galictis, Ictonyx, Mephitis, and Con-
epatus, whose grossly enlarged anal sacs produce particularly disgusting secre-
tions (Aldrich 1896; Pocock 1921; Anderson and Bernstein 1975). The anal
sacs of the striped skunk are surrounded by powerful muscles contiguous with
those of the tail (Blackman 1911). When threatened, the skunk stamps its feet
in warning, arches its back, and throws up its hindquarters and tail toward the
enemy. As a result, the everted openings of the anal sacs are exposed and the
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sacs themselves are placed under great pressure. Should the adversary persist,
the skunk simply relaxes the sphincters around the ducts of the sacs, releasing
jets of the most noxious of chemicals.

Functions of Social Odors
Identity

Many species appear to be able to determine an individual’s gender using
olfactory cues. In some cases this judgment may result because scent marks are
deployed in different ways, or in different quantities, by the two sexes. Female
bushdogs (Speothos venaticus), for example, urinate from a handstand and
thus contrive to place their marks some 15 cm above those made by males
(Kleiman 1972). In other cases the distinction is based on differences in the
chemical composition of the odor. Both beagle dogs and domestic cats can
distinguish between the sexes on the basis of their odors (Veberne and de Boer
1976; Dunbar 1977). The Egyptian mongoose is one of the very few examples
for which an apparently sex-specific chemical has been identified; 2,4,6,10-
tetramethylundecanoic acid is present in the anal sac secretion of males but is
absent from females (Hefetz et al. 1984). Unfortunately, there is no evidence to
show that the substance is used to determine the sex of the marker.

An ability to distinguish between individuals on the basis of odor (but not
necessarily to recognize individuals) has been clearly demonstrated in the case
of the dwarf mongoose (Rasa 1973), the small Indian mongoose (Gorman
1976), the brown hyena (Mills et al. 1980), and the European badger (Ost-
born, 1976; Kruuk et al. 1984). In each of these species the relevent informa-
tion is encoded in glandular secretions, from the anal sacs and anal pouch in
the two mongooses and the hyena and from the subcaudal pocket in the
badger.

The European otter can discriminate between the feces (spraints) of different
individuals. Trowbridge (1983) has shown this by training an otter to discrimi-
nate between pairs of spraints, each member of any pair having been produced
by a different individual. The otter was trained to associate one spraint from
each pair with the reward of a cube of eel. The correct response after sniffing a
rewarded spraint was to move to a feeding bowl, 1.5 m away, and to wait for
the reward to be delivered. Following the presentation of an unrewarded
spraint the correct response was to remain stationary at the feet of the trainer.
In order to avoid any possibility of trainer bias, a number of spraints, the
identities of which were unknown to the trainer, were introduced at random
points in each trial. The results presented in Table 2.2 show that the otter
could distinguish between his own spraints and those of other individuals, and
between those of two other individuals, regardless of their sex. A comparison
of the “blind” presentations of spraints with those made when the trainer was
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Table 2.2. Discrimination by a captive otter between spraints from different individuals

Response to presentation

Otters providing the Yates
spraints Correct Incorrect % Correct x2

Self vs. female A 81 2 97.5 71.64
Self vs. male A 106 20 84.1 62.74
Self vs. female B 68 12 85.0 38.84
Female B vs. male A 79 10 88.8 53.34
Female B vs. Female A 109 13 89.3 70.14
Female A vs. male A 92 46 66.7 25.3a

Source. After Trowbridge 1983.
aP < 0.001.

aware of their identity showed that the otter required no help from the trainer
(Table 2.3).

The existence of a group odor produced by all the members of a social
group, and allowing an individual’s group membership to be recognized, is a
beguiling idea, but one that has yet to be conclusively demonstrated. What at
first sight might appear to be supporting evidence can usually be explained in
terms of the mixing of individual secretions during allomarking or as a result
of repeated marking of the same sites. Such is the case for the subcaudal
secretion of the European badger, a complex mixture of compounds that can
be resolved by gas chromatography (Gorman et al. 1984). A statistical analysis
of chromatograms of the secretions of 39 individuals from nine different clans
in Gloucestershire, England, demonstrated significantly greater variation be-
tween clans than within clans in the relative proportions of 14 out of 20
components. However, this does not necessary imply that the members of a
clan produce a similar odor; badgers rub their subcaudal pockets together
during mutual squat-marking and all members of a group squat-mark the same
objects. Both behaviors result in a physical mixing of the secretions of the
different badgers, leading to a similarity of odor within the clan. More than
just secretion may be passed during such encounters. It is now well established
that many scent organs support rich populations of bacteria that may, by their
metabolism, modify the animal’s own secretions (Albone et al. 1974, 1978).

Table 2.3. The effect of the trainer’s awareness of spraint identity
on a captive otter’s ability to discriminate between spraints

Responses to presentation

Correct Incorrect % Correct
Identity of spraint known 535 103 84.3
to trainer
Identity of spraint not 107 14 88.4

known to trainer

Source. After Trowbridge 1983.
Note. x2 = 1.63, df. = 1, P < 0.3. See Table 2.2 for data from trials.
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Indeed, in the small Indian mongoose individual differences in odor are due, at
least in part, to short-chain fatty acids produced by anaerobic bacteria living in
the anal sacs (Gorman et al. 1974). Cross infection between individuals during
allomarking, or while marking communal scent posts, may thus further in-
crease any similarity of odor profiles among the members of a social group.

Reproduction and the Detection of Estrus

There are clear indications that social odors are involved during sexual
interactions, but little evidence as to precisely what is being signaled, or by
which particular odor.

In many species the frequency of scent marking increases markedly in the
breeding season, and particularly during courtship as the female approaches
estrus. Such increases involve marking with scent organs, as described above
for the badger and dwarf mongoose, but in particular token marking with
urine. Macdonald (1979, 1985) showed that the rate of token urination by a
tame red fox vixen increased as the winter progressed, reaching a peak just
before mating in late January. The pungency of the urine of both vixens and
dog foxes increases during December to February, the breeding season, with
the result that scent marks can be detected from much greater distances, even
by humans (Jorgenson et al. 1978; Henry 1980). This coincides closely, in dog
foxes, with an increase in the concentration of two urinary volatiles, 4-hep-
tanone and 3-methylbutyl methyl sulphide, both of which peak in February
(Figure 2.10) (Bailey et al. 1980). In coyotes (Canis latrans) the rate of RLU
varies seasonally, with high rates during the breeding season, November to
February, followed by a decline through April, when the cubs are born, to a
minimum in May (Wells and Bekoff 1981).

As some owners of dogs suspect, male dogs can smell when bitches are
estrus. In formal demonstrations of this ability, sexually experienced male
beagles investigated urine and vaginal secretions collected during estrus for
longer than those collected during diestrus (Beach and Gilmore 1949; Doty
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and Dunbar 1974; Dunbar 1977, 1978). There is some evidence that vaginal
secretions may be involved in the recognition of the estrous state; methyl-p-
hydroxybenzoate appears in the vagina during estrus and, if applied to the
vulvae of diestrous bitches, causes males to attempt to mount, despite the
adverse reactions of the females (Goodwin et al. 1979).

Urine is a potentially rich source of information concerning reproductive
state. In female mammals blood titers of estradiol increase during the follicular
phase of the estrous cycle and drop abruptly at ovulation. Estrogen levels are
therefore an accurate indication of changes in female receptivity. Clearly,
males cannot follow changes in blood levels, but they can monitor odorous
free steroids in voided urine. The renal handling of steroids is very efficient,
and urine levels reflect accurately the production by the ovaries (Baird 1976).
The European otter, which is continually polyestrous if unmated (Gorman et
al. 1978; Wayre 1979), is one of the few species of carnivores for which we
have data on seasonal changes in levels of urinary estrogens. Trowbridge
(1983) collected 24-hour urine samples from an unmated female on a daily
basis over a period of two years. During that time estradiol levels peaked on 16
occasions, with a mean periodicity of 36 days (range 17—51). A sample of the
data, collected in the summer of 1979, is shown in Figure 2.11.
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Figure 2.11. Changes in the concentration of estradiol-17p in daily 24-hour samples in the
urine of a captive, unmated female European otter. (After Trowbridge 1983.)
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Temporal Information

Most social odors consist of complex mixtures of compounds of widely
differing volatility. Since these will evaporate at different rates, it is not incon-
ceivable that scent marks may contain temporal information. In fact, at least
one species, the dwarf mongoose, can discriminate between scent secretions of
different ages (Rasa 1973).

Leyhausen (1965) has argued that in populations of domestic cats several
individuals may make use of the same area, but with each doing so at different
times. He envisaged such a time-sharing scheme being based on the ability of
cats to tell the age of urine spray-marks, a fresh mark indicating that the area
was currently in use, an older mark that it was free for the next cat to take
over, adding its own mark as it did so (Leyhausen and Wolff 1959; Leyhausen
1971, 1979). In much the same way, cheetahs avoid moving along trails that
have recently been urine marked (Eaton 1970).

Temporal information may also be important during foraging, allowing
individuals to avoid areas in which other individuals have recently fed and
which will, therefore, be unproductive. We described earlier how foraging
brown hyenas repeatedly pause to paste and how one of the components of the
mark rapidly wanes, possibly signaling the passage of time. European badgers
squat-mark onto the grass as they forage for earthworms, and Neal (1977) has
suggested that this informs the badger where it has been in the recent past.

Red foxes, coyotes, and wolves all seem to use urine in “bookkeeping,” to
help them keep a tab on where they have foraged or hidden food (Henry 1977;
Herrington 1981, 1982). Henry found that red foxes placed 88% of their urine
marks at sites where they had scavenged and unearthed cached food. There is
strong evidence that such behavior informs the fox, when it next returns to the
area, that although the smell of food may linger, there is so little present that it
would do better to forage elsewhere. The evidence comes from a series of
experiments in which Henry presented, to wild foxes, the smell of food either
alone or in combination with urine; the foxes spent significantly less time
investigating the sites when the urine was present.

Territoriality and Social Status

Individual animals may gain an advantage over others by denying them
access to resources such as food and mates. They do so either by being ter-
ritorial or by gaining high status within a social group. Scent marking is
centrally involved in the advertisement of both land tenure and social
dominance.

TERRITORIALITY

Fights over the possession of a territory are rare because individuals are
generally reluctant to enter occupied areas. When intruder and resident do
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meet, the result is usually withdrawal by the intruder, without escalation to
fighting. Almost all carnivore territories are scent marked, and the earliest
explanation of such behavior was that the scent marks acted as an impenetr-
able, olfactory barrier, deterring the entry of intruders (Hediger 1949). In fact,
animals do on occasion leave their own territories and trespass on those of
others. During such excursions carnivores often cease to scent mark, indicating
that they are well aware that they are outside their own property. Such a
change in behavior has been observed in the cases of brown hyenas (Mills et al.
1980), coyotes (Bowen and McTaggart Cowan 1980), and red foxes (Mac-
donald 1979).

Gosling (1982), in reviewing a variety of published hypotheses relating to
the function of territorial scent marking, found them all wanting in one way or
another. He argues convincingly that all the available evidence supports a
single hypothesis concerned with the assessment of the quality of potential
competitors. His argument goes as follows:

The individuals resident in a territory have more to gain from retaining the
territory than do intruders from taking it over. This is because residents will
have invested a great deal of energy and time into getting to know their areas
and resources, and may well have dependent young. Since a resident has more
to lose, it will be more likely to escalate any encounter than will an intruder. In
addition, a resident, by virtue of having gained and held a territory, is likely to
be an animal of high quality and fighting ability. Since escalation brings the
risk of injury and death to both animals, it is in the resident’s interest to allow
itself to be recognized as such, in a completely unambigous manner and in a
way that precludes any possibility of bluff. Territorial scent marking may be
one way to do so; only a long-term resident can have had the opportunity to
pepper an area with scent marks. So, if an intruder should meet an individual
whose odor matches that of the majority of the scent marks in the area, then it
can be reasonably sure that it has met the resident. Having identified the
resident, by definition a quality individual quite likely to rapidly escalate con-
flict to horrible heights, the intruder would do well to withdraw as rapidly as
possible. In essence, the scent marks in a territory act as a cue to potential
fighting ability and willingness to fight, in an asymmetric contest between
resident and intruder (Maynard Smith and Parker 1976).

A number of testable predictions follow naturally from such an interpreta-
tion of territorial scent marking (Gosling 1982, 1985). In particular, territorial
owners should: (1) replace any scent marks that do not match their own odor;
(2) ensure that they smell strongly of their own odor; (3) make themselves
available for investigation; (4) deploy their scent marks in a manner that
maximizes the chance of their being encountered by intruders. There is evi-
dence in support of each prediction.

(1) A number of species scent mark at increased rates when they are near the
borders of a territory. Barrette and Messier (1980), for example, discovered
that coyotes marked at the highest rates at places where intrusion by neighbors
was most common, and Mills et al. (1980) showed that although brown
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Table 2.4. The reaction of brown hyenas to pastings made by members
of their own social group and by members of alien groups.

Pastings from Pastings from
Response own group alien group
Approached to within 1 m but did 6 0
not sniff or paste
Approached to within 1 m and 6 11

then sniffed and/or pasted

Source. After Mills et al. 1980.
Note. Fisher’s exact probability = 0.0092.

hyenas place most marks in the interior of their territory, the rate of marking
per kilometer traveled increases at the border. One possible interpretation of
such behavior is that the animals are encountering, and attempting to obliter-
ate, alien marks. In a series of fortuitous observations, and experimental trans-
plantations of pasted grasses, Mills et al. were able to confirm that brown
hyenas almost invariably overmark any foreign pastes that they encounter
(Table 2.4).

(2) It is particularly important that the animals occupying a group territory
should mark the same sites, and each other, so that the group and its environ-
ment comes to achieve some uniformity of odor. We described in an earlier
section how it is often the dominant individuals who are mainly responsible for
scent marking the territory and the group members. For example, the members
of a badger group come to share a common olfactory identity dominated by
the odor of high-status males (Gorman et al. 1984; Kruuk et al. 1984). These
are just the animals most likely to get involved in possibly escalating conflicts
over territory.

(3) When territorial carnivores meet an intruder, they may allow themselves
to be sniffed, at least momentarily, and the focus of attention is usually a scent
organ or a place that receives attention during allomarking. For example,
spotted hyenas excitedly evert their anal pouches and also indulge in pasting
during border conflicts (Kruuk 1972). By doing so, they provide the best
possible opportunity for an immediate comparison of their odor with that of
the scent marks in the surrounding area.

(4) A recurring phenomenon is the way in which carnivores place their
marks at visually conspicuous sites, where they are most likely to be found.
However, the best way to disperse a limited supply of marks within the terri-
tory depends upon the particular environmental circumstances in which an
individual or group finds itself (Gosling 1981). The same species may opt for
radically different solutions in different circumstances, as exemplified by
hyenas (Gorman and Mills 1984).

Hyenas adopt one of two strategies for dispersing scent marks within their
territories. In the Ngorongoro spotted hyenas form large (30—80) clans and
live in small (30 km2) clan territories. In these territories the latrines and
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Figure 2.12. A three-dimensional representation of differences in the density of pastings (scent
marks) throughout the territory of a group of brown hyenas in the southern Kalahari. The plot was
produced by the SURFACE II graphics system (Kansas Geological Survey) from the numbers of
pastings present in the elements of a matrix of 2.5-by-2.5-km squares. The resultant map is
displayed as if seen from the southeast at an altitude of 35° above the horizontal. (Based on data in
Gorman and Mills 1984.)

pasting sites are located along the border and are replenished during regular
border patrols (Kruuk 1972). The second strategy is exemplified by brown
hyenas living in the much less productive southern Kalahari, where small
groups of one to nine individuals share large (300 km?2) territories. These
animals deposit pastings and latrines throughout their territories, but mainly in
the interior, where they spend most of their time (Figure 2.12) (Mills et al.
1980; Mills 1982).

These two strategies are not genetically determined species differences, but
adaptive responses to local conditions. Hinterland marking seems to be a
solution to the problem of marking a very large territory, within a limited time
budget, and with a finite supply of scent. Thus, we find that in the Kalahari
spotted hyenas live in small (3—13) clans, occupy large (1100 km?) territories,
and they too adopt the hinterland solution (Gorman and Mills 1984; Mills and
Gorman 1987). Border marking may give the earliest possible warning of
trespass, but it involves a single line of defense, which must be maintained
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intact if overt conflicts are to be avoided. As territory size increases, it becomes
progressively more difficult to do this, and hinterland marking becomes a safer
strategy. Intruders may penetrate some distance into the territory, but sooner
or later they will encounter scent marks. In fact, Gorman and Miller (1984)
have shown by computer simulations that despite the large territory of a
brown hyena, intruders penetrate only 540 m on average before passing within
50 m of scent mark, not a great distance for a species that can detect carrion at
a distance of 2 km (Mills 1978).

SocIAL STATUS

Over a wide range of animals there is a correlation between the rates at
which individuals scent mark and their dominance ranking (Ralls 1971). In-
deed, in some of the more social carnivores, including the wolf and African
wild dog, marking may be the prerogative of only high-ranking individuals
(Peters and Mech 1975; Frame and Frame 1976). Thus, dominant individuals
by their intense marking continually advertise their status to subordinates.
However, there is no evidence to suggest that the marks of high-ranking indi-
viduals contain chemicals signifying their status.

Gosling (1985) argues that the concept of scent matching as a means of
assessing the quality of competitors can be applied equally to dominance hier-
archies. By marking at high rates, dominant individuals provide a mechanism
by which subordinate animals can recognize them in encounters, by matching
their odor with that of the majority of the scent marks in the vicinity. In
hierarchial systems competition is at its most intense where access to mates is
concerned. It is at this time that confrontation with subordinates is most likely
to occur and correct assessment of status most important. It is not surprising,
therefore, to find that males frequently mark during courtship. In some species,
including the badger and dwarf mongoose (Figure 2.9), the female herself
becomes the prime target for marking (Rasa 1973; Kruuk et al. 1984). By
presenting his odor to the female in this way, the male may be reinforcing in
the clearest possible manner that he is a dominant animal of proven competi-
tive ability. In an earlier section we described how during the courtship of
European badgers the early approaches of the males are met with hostility and
that he responds by squat marking the female. The result of this is that the sow
usually ceases her aggression (Table 2.5). This is consistent with her having
received verification of his high social status and suitability as a mate.

What is unclear in all this is why subordinate animals mark at such low
rates, or not at all. It could be that they are capable of doing so but are
prevented by the more dominant individuals. There are snippets of informa-
tion in support of such an idea; for example, Frame and Frame (1981) describe
how a female African hunting dog began to token urinate for the very first time
in her life shortly after leaving her natal group and the influence of her social
superiors.
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Table 2.5. The response of a female badger,
during courtship, to being squat-marked by a male

Behavior of the female after

being marked by the male Observations
More aggressive 1
Less aggressive 36
More avoidance of the male 4
Less avoidance of the male 7

Source. After Kruuk et al. 1984, courtesy of
Animal Bebaviour.

Note. Binomial test for less aggressive or more
avoidance, versus more aggressive or less avoid-
ance: z = —4.8, P < 0.001
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CHAPTER 3

Behavioral Development
of Terrestrial Carnivores

MaARrc BEKOFF

Why Development?

The importance of fully understanding behavioral development cannot be
emphasized too strongly. Without detailed knowledge of how the behavior of
individuals unfolds throughout life, and not only during infancy, we can only
guess at the supposed adaptive significance of various ontogenetic patterns and
how they may be related to (1) the immediate situation in which a young
animal finds itself and (2) its later reproductive activities and fitness (Tin-
bergen 1951, 1963; Bekoff 1977d, 1981a, 1981b; Gould 1977; Galef 1981;
Wiley 1981; Mayr 1983; Calow 1984; Lee 1984; Bekoff and Byers 1985;
Gray 1985a, 1985b; Maynard Smith et al. 1985; Brooks and Wiley 1986;
Jamieson 1986; Buss 1987; Clark and Ehlinger 1987; Lomnicki 1988). There-
fore, studies of adult behavior conducted in the absence of developmental data
may make unwarranted assumptions.

Unfortunately, there are still only scanty data on the development of be-
havior for most members of the order Carnivora. Thus, even careful generaliz-
ing about (1) how proximate factors might influence development and (2) the
comparative evolution of life-long ontogenetic trajectories (Wiley 1981) in this
diverse group must be considered tentative at best. The large amount of behav-
ioral (and morphological) variability among even the few extant carnivores
that have been studied (Scott and Fuller 1965; Ewer 1973; Fox 1975; Bekoff et
al. 1984; Gittleman 1986a, 1986b; Rabinowitz and Nottingham 1986) sug-
gests that it would be premature to conclude either that unstudied species will
conform to what is already known about close relatives or even conspecifics
living in the same geographical area (Bekoff and Wells 1982, 1986; Bekoff et
al. 1984; Lee 1984).

The purpose of this review is threefold. First, I briefly discuss some aspects
of methods and sampling. Next, data are selectively reviewed for carnivores
for which there is quantitative information stemming either from field studies
or from systematic research on captive animals (Tables 3.1 and 3.2). Less
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Table 3.1. Representative studies of carnivores that contain developmental data
of various degrees of sophistication

Canidae

Afik and Alkon 1983; Allison 1971; Ashmead et al. 1986; Bekoff 1972a, 1972b, 1974, 1975b,
1975¢c, 1977a, 1977b, 1977c, 1978a, 1981a, 1981b, 1987; Bekoff and Wells 1982, 1986;
Bekoff et al. 1981a, 1981b; Biben 1982a, 1982b, 1983; Brady 1979, 1981; Burrows 1968;
Caley 1972; Camenzind 1978; Coppinger et al. 1987; Daniels 1987; Dietz 1984, 1987; Egoscue
1979; Feddersen-Petersen 1986a, 1986b; Fentress and Ryon 1982; Fentress et al. 1987; Fox
1969a, 1969b, 1970, 1971a, 1971b; Fox and Clark 1971; Frame et al. 1979; Garrott et al.
1984; Harrington 1986, 1987; Harrison and Gilbert 1985; Harrison and Harrison 1984;
Havkin and Fentress 1985; Henry 1986; Hill and Bekoff 1977; Jean et al. 1986; Johnsingh
1982; Keith 1983; Knight 1978; Lamprecht 1979; Lindstrém 1983, 1986; Lloyd 1980; Lock-
wood 1976; Macdonald 1980, 1987; Macdonald and Moehlman 1982; McGrew 1979; Mal-
colm 1986; Malcolm and Marten 1982; Mech 1970, 1974, 1975, 1988; Mech and Seal 1987;
Medjo and Mech 1976; Moehlman 1983, 1986, 1987; Oftedal 1984; Ortega 1988; Packard et
al. 1985; Paradiso and Nowak 1972; Pyrah 1984; Reich 1978, 1981; Rowe-Rowe 1978, 1982,
1984; Ryon 1986; Scott and Fuller 1965; Scott and Marston 1950; Silver and Silver 1969; Snow
1967; Storm et al. 1976; Tullar and Berchielli 1980; van der Merwe 1953a and 1953b; van
Lawick and van Lawick 1970; Vincent and Bekoff 1978; Wandrey 1975; Wayne 1986; Yama-
moto 1984, 1987; Zimen 1976, 1981

Felidae

Baerends—van Roon and Baerends 1979; Bertram 1978; Caro 1979, 1981, 1987; Caro and
Collins 1987; Cooper 1942; Eloff 1973; Fitzgerald and Karl 1986; Hanby and Bygott 1987;
Hemmer 1972; Kuo 1931; C. Lawrence 1980; Leyhausen 1979; McVittie 1978; Martin 1984a,
1984b; Martin and Bateson 1985a, 1985b; Mendl 1988; Moelk 1979; Pusey 1987; Pusey and
Packer 1987; Rudnai 1973; Schaller 1967, 1972; Schneirla et al. 1963; Seidensticker et al.
1973; Sunquist 1981; Tan and Counsilman 1985; West 1974

Mustelidae

Apfelback 1986; Apfelbach and Weiler 1985a, 1985b; Biben 1982c¢; Diener 1984, 1985; Erlinge
1979; Estes 1980; Garshelis and Garshelis 1985; Garshelis et al. 1984; Neal 1986; Poole 1966;
Powell 1982; Rosatte and Gunson 1984; Stockman et al. 1986

Ursidae

Alt and Beecham 1984; Alt and Gruttadauria 1984; Craighead and Craighead 1972; Dean et al.
1986; Glenn et al. 1976 (cited in Lunn 1986); Latour 1981a, 1981b; Lunn 1986; Pruitt 1974;
Ramsey and Dunbrack 1986; Ramsey and Stirling 1986a, 1986b; Rogers 1987; Stirling and
Latour 1978

Viverridae
Crawford et al. 1983; Ewer and Wemmer 1974; Hinton and Dunn 1967; Rasa 1973, 1977, 1984;
Rood 1978, 1983, 1986; Vilijoen 1980; Wemmer 1977; Wemmer and Fleming 1974

Hyaenidae
Frank 1986a, 1986b; Glickman et al. 1987; Golding 1969; Henschel and Skinner 1987; Kruuk
1972; Kruuk and Parish 1987; Mills 1983, 1984, 1985; Owens and Owens 1978, 1979, 1984

Procyonidae
Fiero and Verts 1985; Fritzell 1977, 1978; Fritzell et al. 1985; Lotze and Anderson 1979; Schnei-
der et al. 1971; Sieber 1986

Note. For general reviews and extensive bibliographies, see Fox 1971a, 1971b; Ewer 1968,
1973; Bekoff 1977a, 1978a; Bekoff and Byers 1981, 1985; Bekoff et al. 1981b, 1984; Fagen 1981;
Chapman and Feldhamer 1982; Riedman 1982; Peters 1984; Martin and Caro 1985; Gittleman
1986a, 1986b; Lillegraven et al. 1987; and Burghardt 1988.
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Table 3.2. Guide by subject to representative studies of carnivore development

Ethograms

Baerends—van Roon and Baerends 1979; Bekoff 1972a, 1979; Bertram 1978; Daniels 1987; Fox
1969a, 1969b, 1970, 1971a, 1971b; Hill and Bekoff 1977; Kruuk 1972; C. Lawrence 1980;
Leyhausen 1979; Mech 1970; Poole 1966; Rasa 1977; Rudnai 1973; Schaller 1967, 1972; Scott
and Fuller 1965; Sunquist 1981; Wandrey 1975; Zimen 1981, 1982

Play

Baerends—van Roon and Baerends 1979; Bekoff 1972a, 1972b, 1974, 1975a, 1975b, 1976,
1978c, 1984; Bekoff and Byers 1981, 1985; Biben 1982a, 1982b, 1982¢, 1983; Caro 1979,
1981, 1987; Diener 1984; Feddersen-Petersen 1986b; Henry 1986; Hill and Bekoff 1977;
Kruuk 1972; Lamprecht 1979; Leyhausen 1979; Martin 1984a, 1984b; Martin and Bateson
1985a, 1985b; Mech 1970; Mendl 1988; Ortega 1988; Poole 1966; Pruitt 1974; Rasa 1973,
1977, 1984; Rudnai 1973; Schaller 1967, 1972; Stockman et al. 1986; Sunquist 1981; Vincent
and Bekoff 1978; Wemmer and Fleming 1974; West 1974; Zimen 1981, 1982

Aggression/dominance

Bekoff 1972a, 1977¢, 1978a, 1981a; Bekoff et al. 1975, 1981a, 1984; Dean et al. 1986; Fox
1969a, 1971a; Fox and Clark 1971; Frank 1986b; Henry 1986; Knight 1978; Kruuk 1972;
Leyhausen 1979; Moehlman 1983; Poole 1966; Rasa 1977; Schaller 1967, 1972; Silver and
Silver 1969; van Lawick and van Lawick 1970; Wandrey 1975; Zimen 1976, 1981, 1982

Predation

Baerends—van Roon and Baerends 1979; Bekoff 1978a; Biben 1982a; Caley 1972; Caro 1979,
1981; Coppinger et al. 1987; Harrison and Harrison 1984; Henry 1986; Kruuk 1972; Kuo
1931; Lamprecht 1979; Leyhausen 1979; Macdonald 1980, 1987; Rasa 1973, 1977; Schaller
1967, 1972; Stirling and Latour 1978; Tan and Counsilman 1985; van Lawick and van Lawick
1970; Vincent and Bekoff 1978

Denning

Bekoff and Wells 1982, 1986; Camenzind 1978; Craighead and Craighead 1972; Fentress et al.
1987; Frame et al. 1979; Garrott et al. 1984; Harrison and Gilbert 1985; Henry 1986; Kruuk
1972; Lloyd 1980; Malcolm and Marten 1982; Mech 1970; Mills 1983; Ortega 1988; Owens
and Owens 1979; Rogers 1987; Ryon 1986; Schaller 1967, 1972; Schneider et al. 1971; Seiden-
sticker et al. 1973; Sunquist 1981; Tullar and Berchielli 1980

Dispersal, philopatry, and movement patterns

Allison 1971; Bekoff 1977b, 1978a; Bekoff and Wells 1982, 1986; Bertram 1978; Burrows 1968;
Camenzind 1978; Caro and Collins 1987; Daniels 1987; Frame et al. 1979; Frank 1986a; Fritts
and Mech 1981; Fritzell 1977, 1978; Garshelis and Garshelis 1984; Hanby and Bygott 1987;
Harrington 1987; Henschel and Skinner 1987; Johnsingh 1982; Kruuk 1972; Kruuk and Parish
1987; Liberg and von Schantz 1985; Lindstrom 1986; Lloyd 1980; Macdonald 1980; Marks
and Redmond 1987; Mech 1970; Moore and Ali 1984; Pusey 1987; Pusey and Packer 1987;
Reich 1978, 1981; Rogers 1987; Schaller 1967, 1972; Schneider et al. 1971; Seidensticker et al.
1973; Shields 1982, 1983; Stirling and Latour 1978; Storm et al. 1976; Sunquist 1981; van
Lawick and van Lawick 1970; Waser and Jones 1983; Zimen 1976, 1981, 1982

Life history analyses

Bekoff et al. 1981b; Bekoff and Conner 1987; Craighead and Mitchell 1982; Eloff 1973; Fiero
and Verts 1985; Frame et al. 1979; Fritzell et al. 1985; Gittleman 1986a, 1986b; Gittleman and
Harvey 1987; Lloyd 1980; Mech 1975; Moehlman 1986 (see text for discussion); Ramsey and
Dunbrack 1986

Helping
Bekoff and Wells 1982, 1986; Camenzind 1978; Fentress and Ryon 1982; Frame et al. 1979;
(continued)
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Table 3.2. (Continued)

Harrington et al. 1983; Kleiman 1977; Lindstrom 1986; Macdonald 1980; Macdonald and
Moehlman 1982; Malcolm and Marten 1982; Moehlman 1983, 1986; Owens and Owens
1984; Riedman 1982; Rood 1978, 1983, 1986; van Lawick and van Lawick 1970

Mother-infant and adult-infant interactions

Bekoff and Wells 1982, 1986; Camenzind 1978; Fentress and Ryon 1982; Fentress et al. 1987;
Frank 1986b; Harrington et al. 1983; Henry 1986; Kruuk 1972; C. Lawrence 1980; Mac-
donald and Moehlman 1982; McVittie 1978; Malcolm and Marten 1982; Mech 1970; Mills
1985; Moehlman 1983, 1986; Moelk 1979; Ortega 1988; Owens and Owens 1984; Reich
1978, 1981; Riedman 1982; Rogers 1987; Rood 1983, 1986; Schaller 1967, 1972; Schneirla et
al. 1963; Scott and Fuller 1965; Seidensticker et al. 1973; Sieber 1986; Silver and Silver 1969;
Snow 1967; Yamamoto 1987; Zimen 1981, 1982

Sex differences

Bekoff 1974; Biben 1982c; Caro and Collins 1987; Frame et al. 1979; Frank 1986a, 1986b; Frank
et al. 1985; Glickman et al. 1987; Knight 1978; Kovacs and Lavigne 1986; Kruuk 1972;
Leyhausen 1979; Liberg and von Schantz 1985; Lloyd 1980; Macdonald 1980; Marks and
Redmond 1987; Meaney et al. 1985; Meaney 1988; Pusey 1987; Pusey and Packer 1987; Reich
1981; Schaller 1967, 1972; Schneider et al. 1971; Silver and Silver 1969; Stockman et al. 1986;
Sunquist 1981

Development related to “species-typical” social organization

Bekoff 1972a, 1972b, 1974, 1977b, 1978a, 1981b, 1987; Bekoff and Byers 1985; Bekoff and
Wells 1982, 1986; Bekoff et al. 1981b; Biben 1982b, 1982¢, 1983; Caro and Collins 1987; Fox
1970; Frame et al. 1979; Frank 1986b; Fritzell 1977, 1978; Hanby and Bygott 1987; Henry
1986; Kruuk 1972; Kruuk and Parish 1987; Liberg and von Schantz 1985; Lindstrém 1986;
Lloyd 1980; Macdonald 1980; Marks and Redmond 1987; Mech 1970; Pusey 1987; Pusey and
Packer 1987; Rasa 1973, 1977; Reich 1981; Rood 1983, 1986; Schaller 1967, 1972; Waser and
Jones 1983; Zimen 1976

Reproduction/inbreeding

Bekoff et al. 1981b; Fiero and Verts 1985; Kruuk 1972; Martin and MacLarnon 1985; Mech
1988; Mech and Seal 1987; Medjo and Mech 1976; Packard et al. 1985; Pyrah 1984; Ramsey
and Stirling 1986b; Reich 1978; Schaller 1967, 1972; Schields 1982, 1983; Theberge 1983;
Waser et al. 1986

Vocalizations
Bekoff 1978a; Brady 1979, 1981; Harrington 1986; Lehner 1978; Peters 1984; Sieber 1986

Note. Because many of these works deal with more than one area, an attempt has been made to
fit a given study into the most appropriate category or categories. Data may overlap among the
different topics because of their breadth. Details also vary considerably among the various studies.

rigorous observations on these and other species also are considered mainly
because of the limited amount of detailed information on most carnivores.
Third, because so little is known about the ontogeny of behavior in either
natural or captive groups of carnivores, ideas for future research are presented
in each section.

Why Carnivores? Some Pros and Cons

Carnivores provide an excellent group in which to study behavioral develop-
ment. First, the species that make up this order show great interspecific diver-
sity in behavioral, ecological, and morphological characteristics (Ewer 1973;
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Bekoff et al. 1984; Gittleman 1986a, 1986b) as well as marked intraspecific
variability (behavioral scaling: Wilson 1975). Striking similarities are also ap-
parent (Bekoff et al. 1984). Thus, comparative information can be generated
concerning variables that exert an immediate influence on ontogeny and those
that might play some role in the evolution of general or “species-typical” or
modal developmental patterns.

Also, because many carnivores are born in a relatively helpless (altricial)
state in which locomotion is extremely limited and their eyes, ears, and possi-
bly olfactory receptors are barely functioning or are nonfunctional, there is a
variable and often lengthy period during which young individuals are depen-
dent on their mother and possibly other care-givers for at least food, warmth,
and protection. During this time individuals become “socialized” (Bekoff
1977d), and the development of a wide variety of social and other motor skills
can be studied in detail. For example, the ways in which different behavior
patterns are acquired and/or refined may be observed and the manner in which
various modal action patterns (Barlow 1977; Bekoff 1977c) are incorporated
into behavioral sequences can be studied. Even after young carnivores are able
to negotiate their environment and make brief forays from their birthplace,
they may remain dependent on care-givers for food and protection, and much
developmental information can still be gathered.

Because most young carnivores show developmental “openness” (Mayr
1974; Mason 1979; van der Molen 1984; Bekoff and Byers 1985), individual
differences and possible sources of variation resulting from plasticity can also
be studied. Intralitter and other intraspecific differences in behavioral develop-
ment are common (Bekoff 1977b, 1981a, 1981b), and it is essential that
researchers come to terms with how variability early in life may be translated
into behavioral differences at a later age. For example, it may be important in
individual dispersal (Bekoff 1977b; Gaines and McClenaghan 1980; Armitage
1986) and perhaps even in reproductive performance.

Of course, we also need to be able to establish boundaries that delimit what
we call “normal variation,” because development must also ensure the attain-
ment of individual “integrity,” or “the presence in an organic whole of all the
parts which concur in defining it as that which it is” (Eco 1986:78). Thus, even
though there is marked intraspecific variation among Carnivora, stabilizing
selection has resulted in ranges of normalcy that enable us both to decide when
an individual’s behavior is not characteristic of its species and to differentiate
behaviorally among the individual species composing this order.

Another characteristic of many carnivores is that there often is a period
between the attainment of independence (see Millar et al. 1986 for definitions
of the term “independence”) from adult care-givers and reproductive maturity.
Thus, when conditions permit, variables that influence individual reproductive
behavior should be assessed longitudinally. However, the time lag between
independence and reproduction compounds the difficulty of conducting
detailed long-term observations on identified individuals. Thus, it has been,
and probably will continue to be, impossible to define causal (Mayr 1961;
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Bunge 1979; Thompson 1981; Eaton and DiDomenico 1985) relationships
between ontogeny and individual reproductive fitness or success (Lee 1984;
Bekoff and Byers 1985).

Many carnivores are also appealing for developmental studies because of
their social organization. In a number of species “typical” or modal (Eisenberg
1981) social groups (packs, prides) are composed of related individuals or of
individuals of varying degrees of relatedness (Bekoff et al. 1984; Bennett
1987). Therefore, the likelihood that various types of social behavior evolved
via kin selection and/or reciprocity can be assessed (Reich 1978; Rood 1978,
1983, 1986; Bekoff and Wells 1982, 1986; Bekoff et al. 1984; Mills 1985).
Also, the way in which young are integrated into their natal group can be
studied, as can the question of why offspring retention (natal philopatry:
Waser and Jones 1983) has evolved (Lindstrom 1986; Bekoff 1987). The
addition of infants into a group and the emigration of juveniles (and adults)
from their natal group may greatly influence the social dynamics among all
individuals. For example, the importance of young animals as “social glue” has
been stressed by Rasa (1977). She suggests that in the case of the dwarf
mongoose (Helogale undulata refula), amicable and appeasing behavior of
young animals is probably the most important factor in maintaining group
stability.

A word of caution is necessary. Despite the appeal of such studies, the
obvious difficulty of directly observing the development of identified young
carnivores in or around dens and following them during forays and dispersal
from the natal area must be accepted. Furthermore, assessing kin relationships
in many carnivores may be impossible under field conditions because of the
pooling of litters in communal dens (Owens and Owens 1979; Lloyd 1980;
Rood 1980; Tullar and Berchielli 1980).

Methodological Issues

“In studies of . . . development it is clear that ‘what you measure is what you
get’” (Fentress 1985:8). The methods used to study any problem directly
determine the results. Consequently, they have a profound influence on how
data are interpreted and thus on the generation of subsequent hypotheses and
future research programs (Magee 1973; Feyerabend 1975; Himsworth 1986;
Murray 1986). To present useful data on development, we must be able to
study identified individuals of known litter size, age, sex, and genetic related-
ness beginning as early in life as possible and for as long a period of time as
conditions permit. There simply is no alternative if we want to learn about
individual patterns of development and make reasonable causal inferences
about development up to some specific age and how events at that time were
influenced by past experience. Of course, collecting these data on most car-
nivores under field conditions is extremely difficult, and even for studies of
animals in captivity this would be a tall order.
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Assuming we have accepted the known or identified limitations of our meth-
ods, how do we go about tackling a developmental problem? After it has been
decided what questions are to be asked and which species is to be studied, the
study site at which the required information can be best collected must be
chosen with care. Detailed questions about mechanisms of development or
about the ontogeny of individual motor patterns or early social interactions are
usually best done using captive animals, for the loss of even a small amount of
information can render a study meaningless.

Altthough detail is almost always sacrificed in the field, at some point such
research is necessary. It is unlikely that general trends uncovered in the study of
captive animals will be inapplicable to natural populations of the same species,
although the rates at which various actions are performed may differ greatly
due to differences in group structure or spatial limitations (Ryon 1986). For
example, the manner in which captive canids communicate, fight, mate, play,
or kill prey is very similar to the way in which their wild conspecifics do so; the
form of the actions used and the sequences of motor patterns are almost
identical (Fox 1969a, 1969b; 1971a; Mech 1970; Bekoff 1972a, 1978a; Zi-
men 1981, 1982; Bekoff and Wells 1982, 1986). But in many instances it
would be impossible to collect such detailed information under field condi-
tions. Furthermore, data from captive animals can, and should be, used to
guide future field studies. For example, the relationship between early patterns
of behavioral development and a species’ typical pattern of social interaction
remains unclear, but there have been some efforts to clarify the situation in
different species (see below).

Other Difficulties: Observing and Estimating
Life History Variables

Developmental studies are also faced with the difficulty of (1) observing
known individuals before they emerge from their den(s); (2) following young-
sters that have emerged from the den but are difficult to see because they are
small and cryptically colored; (3) marking young animals so that the tags or
collars are not lost because of increases in body size or vigorous playful or
other type of interactions; and (4) making sure that the devices used to mark
the animals do not injure them (Sallaberry 1985). Expandable radio collars
have proven to be useful in various studies (Bekoff and Wells 1980, 1982,
1986; J. Laundré, pers. comm.). Following young animals is usually not as
difficult as tracking older individuals because youngsters’ movements are typ-
ically not as wide-ranging until dispersal (Schaller 1972; Bertram 1978; Bekoff
and Wells 1986). Thus, fewer locations are needed to determine reliably their
home ranges and general patterns of movement (Bekoff and Mech 1984).

Reliable estimation of litter size (Eloff 1973; Bertram 1978; Lloyd 1980;
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Bekoff and Wells 1986; Frank 1986b), sex ratio, and age of young is also
difficult. For example, Bertram (1978) rarely knew the litter size of the African
lions (Panthera leo) he studied until they were about six weeks of age. Lloyd
(1980), studying red foxes (Vulpes vulpes), listed three reasons for the difficul-
ty of estimating litter size under field conditions: (1) all animals may not be
found in a den, (2) there may be pooling of litters, and (3) there may already
have been mortality when individuals are first counted in a den or when they
emerge. Eloff (1973) stressed that reporting an average litter size on the basis
of individuals of different ages is not valid. The difficulties associated with
determining differential mortality by sex and as a function of age (Ralls et al.
1980) and estimating how sex ratios may be influenced by population density
and degree of exploitation (Mech 1975) also emphasize the importance of
reliably estimating these parameters as early in life as possible. The fact that
accurate estimation may be difficult does not mean that it is not worth doing
these types of studies; we simply need to be aware of the possible limitations of
these data.

Despite inherent difficulties, coming to terms with these types of data along
with interspecific and intraspecific variation is essential for gaining a grasp on
developmentally oriented life history analyses of carnivores (Bekoff et al.
1981b, 1984; Gittleman 1986a, 1986b). For example, Moehlman (1986:69,
fig. 4.2) reported a significantly positive (r = +0.85, P < 0.01) relationship
between mean litter size (MLS) and mean female body weight (MFBW) for 15
canids. (The results actually are based on I[n-transformed data and not
log-transformed data as the figures are labeled. The regression line drawn on
figure 4.2 is incorrect: the y-intercept should be —1.24. This difference is
important because an incorrect line-of-best-fit is used to analyze the relative
position of species, including “outliers,” on these axes.) Moehlman mentions
that this is the first time that such a relationship has been recorded for any
mammalian family; thus, select canids appear to be unique. A recalculation of
information presented in Bekoff et al. (1981b) using In-transformed data pro-
duces a positive but nonsignificant association (r = +0.39, P > 0.05) between
MLS and minimum female weight (MINFW) for 13 canids. In her analysis
Mochlman (1986) omitted three “outlying” species (arctic fox, Alopex
lagopus; crab-eating fox, Cerdocyon thous; maned wolf, Chrysocyon
brachyurus). When the arctic fox is left out of Bekoff et al.’s data set, the
relationship between MLS and MINFW is stronger (r = +0.52) but still non-
significant. When all 18 species for which Moehlman amassed data are con-
sidered, the association between MLS and MFBW is nonsignificant and strik-
ingly similar ( = +0.33) to that found for the relationship between MLS and
MINFW (r = 0.39). This finding is important because further reference to this
relationship (Moehlman 1987:370) can be misleading. The use of slightly
different indices of female weight does not seem to be a major issue.

Ewer’s (1968:ix) admonition that there is no such thing as a typical mammal
stresses that we must be aware that general statements about development may
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actually be limited in scope. For example, Gittleman and Harvey (1987) re-
ported a negative correlation (r = —0.71, P < 0.001) between age at eye
opening (EO) and age at independence (Al) for 35 diverse carnivores after
removing the influence of body weight. They suggest that the association
between EO and Al may be influenced by the amount of energy that is allo-
cated to growth; species that show a delay in EO may remain relatively inac-
tive inside dens and thus allocate more intensive energy toward early postnatal
growth and reach independence earlier. However, for 11 species in the family
Canidae there is a positive but nonsignificant relationship between EO and Al
(+0.46) after the effects of body weight are removed (Bekoff and Conner
1987). The demonstration of different associations between these two vari-
ables does not mean that one analysis is right and the other wrong. Rather, one
simply needs to remain aware of the amount of variation that may exist at
different taxonomic levels (J. Gittleman, pers. comm.).

I have gone into some detail here not only because there is a lot of interest in
developmental life history analyses but also because it is imperative that re-
searchers (1) decide on when it is appropriate to discount interspecific varia-
tion (remove “outliers”), (2) determine how such a procedure influences the
formulation of reliable assessments of how different life history variables are
related within different taxonomic levels, and (3) come to terms with possible
restrictions of broad generalizations among different levels of classification. It
is also essential that objective guidelines be established for the selective exclu-
sion of species when different variables are being considered; an “outlier” in
one analysis may not be an “outlier” in another (Moehlman 1986). Solid
developmental (and other) studies of life history strategies rely not only on the
accurate collection of data but also on the correct analyses and interpretation
of this information. One only needs to keep in mind that Cohen (1963) demon-
strated that Alexander the Great did not exist and that he had an infinite
number of limbs.

Finally, it should be noted that some multivariate techniques (e.g., discrimi-
nant function and principal components analysis) and other statistical methods
may be useful for analyzing developmental data (Bekoff et al. 1975; Bekoff
1977c, 1978b; Rushen 1982; Stanislaw and Brain 1983; Martin and Bateson
1986). Many ontogenetic studies need to consider numerous variables simulta-
neously (age, sex, body size, litter size, litter sex ratio, mortality, the nature of
food resources, presence or absence of helpers, experience of the mother), for
which multivariate techniques may be particularly well suited.

Developmental Trends
In keeping with Ewer’s (1968, 1973) broad view of behavioral biology, I will

consider different “levels” of analysis and address some “big questions,” recog-
nizing fully that my choice is subjective and certainly debatable. However,
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space limitations require that I be selective and brief. Thus, the neural bases of
motor behavior and sensory perception are not covered (see Fox 1971b; Pan-
ksepp et al. 1984; Sheppey and Bernard 1984; Apfelbach and Weiler 1985a,
1985b; Fentress 1985, 1986; Apfelbach 1986; Ashmead et al. 1986), nor are
possible relationships between brain size, development, and metabolism (Ben-
nett and Harvey 1985) considered. Studies at this level are very helpful in
answering questions concerning (1) possible relationships among the develop-
ment of various senses, the endocrine system, and ontogenetic changes in
behavior and (2) differences between species varying in the degree of develop-
ment of the central and peripheral nervous systems at, and shortly after, birth.

Motor Patterns and Sequences of Behavior

The first step in any behavioral study is the construction of an ethogram
(behavioral repertoire) of motor patterns that are used in different contexts
(see Hinde 1970; Bekoff 1979; Schleidt et al. 1984 for discussions of the
description and classification of motor patterns). An ethogram is typically
purely descriptive; causation, context, function, and motivation are not in-
cluded in this inventory (Schleidt and Crawley 1980), in which pattern recog-
nition is based on the most stereotyped features of a given movement (Schleidt
1982). The level of description varies according to the researcher’s needs; it
can be an extremely detailed analysis describing motor patterns in terms of
movements on a series of spherical coordinates (Golani 1976; Havkin and
Fentress 1985) or a more crude listing in which motor patterns are described
simply in terms of form. Even a relatively gross level of description is useful for
differentiating among closely related young canids (Bekoff et al. 1975, 1984;
Bekoff 1978b). Many of the references listed in Tables 3.1 and 3.2 contain
ethograms for different species.

From a developmental perspective, the precise description and classification
of motor patterns is essential for a number of reasons. First, actions may
change form as animals mature and grow. Also, gross and diffuse movements
of the body may become individuated (Coghill 1929) into discrete, localized,
and subtle movements of the limbs, trunk, head, and tail. Likewise, indepen-
dent movements of different body parts may become integrated (Windle 1940;
for review see A. Bekoff 1988) into coordinated motor patterns seen in ac-
tivities such as predatory behavior (Fox 1969b; Mech 1970; Kruuk 1972;
Schaller, 1972; Rasa 1973; Bekoff 1978a; Baerends—van Roon and Baerends
1979; Leyhausen 1979; Powell 1982; Bekoff and Wells 1986), play (Bekoff
1972a, 1972b, 1974, 1975b), agonistic behavior (Fox 1969a; Fox and Clark
1971; Bekoff 1978a; Knight 1978), or social communication (Fox 1970;
Chevalier-Skolnikoff 1974; Lehner 1978). Generally, as an individual gains
increasing experience in a wide variety of social and other types of encounters,
its motor patterns become more refined, expanded, and perfected (Meier
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1981) as different actions combine synergistically (Corning 1983; see Altmann
1986 and Levins and Lewontin 1985:267ff. for a discussion of relationships
between wholes and parts that is relevant to the study of development). Fi-
nally, by studying discrete motor patterns, one can answer questions about the
“innateness” of different actions (e.g., Rasa’s 1973 and Leyhausen’s 1979
studies of the development of predatory behavior).

Sequences of behavior are composed of individual acts, and the analysis of
behavior sequences is one level above the study of single motor patterns
(Brown and Colgan 1985; Bakeman and Gottman 1986). Typically, relation-
ships between pairs of acts are studied and conditional probabilities for two-
act transitions are calculated. For example, based on analyses of two-act tran-
sitions for predatory encounters by young coyotes (Canis latrans) under field
conditions, Bekoff and Wells (1986) concluded that by the time coyotes are
five to nine months old, predatory sequences resemble those of adults in struc-
ture and length.

There actually has been very little detailed analysis of the way sequences are
constructed for different behavior patterns in carnivores. Data, mostly qualita-
tive, are available for diverse topics, including mother-infant interactions (C.
Lawrence 1980 and references therein), predation (Ewer 1968, 1973; Fox
1969b; Mech 1970; Caley 1972; Kruuk 1972; Schaller 1972; Rasa 1973;
Bekoff 1978a; Leyhausen 1979), agonistic behavior (Poole 1966; Ewer 1968,
1973; Fox 1979a), and social play (Bekoff 1972a, 1972b, 1974, 1975a, 1976).

Agonistic Behavior and Dominance Relationships

Many comprehensive studies of carnivores include at least some information
on the development of agonistic behavior and dominance relationships (Bekoff
1981a; Bernstein and Williams 1983). In coyotes (Fox 1969a, 1971a; Silver
and Silver 1969; Bekoff 1974, 1978a; Knight 1978), golden jackals (C. aureus)
(Wandrey 1975), at least some populations of red foxes (Burrows 1968; Henry
1986) and arctic foxes (MacPherson 1969), and occasionally wolves (C. Lipus)
(Mech 1970) and dholes (Cuon alpinus) (Johnsingh 1982), agonistic interac-
tions may result in the formation of dominance hierarchies very early in life. L.
Frank (pers. comm.) reports that early and severe aggression between neonatal
spotted hyenas (Crocuta crocuta) of the same sex often results in the death of
one individual (siblicide). Biben (1983) suggests that the observations of early
intensive agonistic encounters in coyotes that result in the formation of domi-
nance hierarchies may be an artifact of observation conditions. However, this
is unlikely because animals reared in a wide variety of situations (and observed
by different investigators) behave similarly early in life (Silver and Silver 1969;
Fox and Clark 1971; Bekoff 1978a; Knight 1978; Bekoff et al. 1981a; Fed-
dersen-Petersen 1986b). Also, social interaction patterns observed among cap-
tive young animals for whom dominance relationships were known and clear-
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cut (Bekoff 1978a; Knight 1978; Bekoff et al. 1981a) have been observed
among youngsters in the field (pers. observ.).

The significance of the formation of early dominance relationships remains
unclear for either the youngsters at the time they have formed their social
relationships or with respect to long-term effects of differential social rank.
Frank (1986b) reported that the maternal rank of spotted hyenas is inherited
and cubs of higher ranking females are more able than other females’ cubs to
feed successfully at kills in competition with adults. Furthermore, he postulates
that the highly aggressive sons of alpha females would be very successful
competitors in the context of the spotted hyena’s polygynous mating system.

Individuals of different ranks also may show varying predispositions to
disperse from their natal groups for behavioral (Burrows 1968; Bekoff 1977c¢;
Gaines and McClenaghan 1980) or energetic (Golightly 1981) reasons, but
more data are needed to obtain a clear picture of developmental influences on
dispersal. If young dispersing carnivores suffer higher mortality than do more
sedentary littermates (Bekoff et al. 1984; Bekoff and Wells 1986), advantages
(protection, access to a dependable food supply) of juvenile philopatry are
obvious. A territory also may be inherited and used over a number of genera-
tions by related individuals (Bekoff and Wells 1986; Lindstrém 1986).

Quantitative analyses of the proximate mechanisms of hierarchy formation
are also essential (Lockwood 1976; Bekoff 1977c, 1978a; Knight 1978; Bekoff
et al. 1981a; Chase 1982a, 1982b; Nelissen 1986). The applicability of
Chase’s (1982a, 1982b, 1986; Slater 1986) “jigsaw model” of hierarchy for-
mation to the development of dominance relationships among young individu-
als needs to be assessed. In this model, hierarchy formation basically is seen “as
a dynamic process in which sequences of dominance relationship formation is
[sic] smaller groups concatenate to form hierarchies in larger groups. It argues
that the structural form of a hierarchy can be explained by regularities or
‘building blocks’ of interaction involving two individuals and a bystander”
(Chase 1982b:230) involved in a triadic relationship.

Other questions that need to be addressed deal with the development of sex
differences in dominance relationships, the stability of relationships formed
early in life (Knight 1978; Bernstein and Williams 1983), and the influence of
age, size, sex, general health, and prior win/loss record on future encounters.
Patterns of initiation, escalation, and termination during agonistic interactions
also should be studied (Bekoff et al. 1981a) to gain more information about
the development of dominance hierarchies and how relative social rank influ-
ences subsequent relationships among young individuals.

Social Play Behavior

Comparative reviews of social play behavior in carnivores and other mam-
mals can be found in Bekoff (1978c, 1984), Bekoff and Byers (1981, 1985),
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Fagen (1981), Martin and Caro (1985), Meaney et al. (1985), and Meaney
(1988). Because the young of most species typically do (and should: Fagen
1977) play more than do adults, many discussions of play take on a strongly
developmental perspective, although quantitative data are rare. Furthermore,
detailed information on the taxonomic distribution of different types of play
among carnivores is scanty. How play is distributed relative to different life
history strategies (Bekoff and Byers 1981; Fagen 1981; Ortega and Bekoff
1987) also needs to be addressed in greater detail.

Functional analyses of social play, in which the questions being asked stress
the evolution (Hinde 1975; Symons 1979; van Dongen and van den Bercken
1981; Jamieson 1986) of this behavioral phenotype, suggest that play in many
species is important for at least physical training (see below), socialization,
and/or sensorimotor/cognitive training (Brownlee 1954; Bekoff and Byers
1981, 1985; see also Fagen 1981 and Martin and Caro 1985). Baerends—van
Roon and Baerends (1979) suggested that play in kittens is important for
teaching them how to deal with the opposed tendencies of attacking and
fleeing, an important prerequisite for socialization. Two kittens that were
deprived of the opportunity for social play after 7 weeks of age showed “later
signs of insufficient harmonious control of their attack and escape tendencies
in agonistic, sexual, and parental encounters” (Baerends—van Roon and
Baerends 1979:103).

However, possible relationships between early play experience and later
behavior are not necessarily clear-cut (Bekoff and Byers 1981, 1985; Fagen
1981; Martin and Caro 1985). For example, Schaller (1972) observed in Afri-
can lions that the most common act used in play, wrestling, was rarely used by
adults, whereas stalking, an important component of hunting, was infre-
quently observed in play by cubs. Martin and Caro (1985) noted that data
relevant to practice theories of play actually suggest that play improves later
skills rather than being absolutely necessary for their development. Play also
may enhance behavioral flexibility as a result of learning that takes place
during these social encounters.

Despite a lot of interest in the phenomenon of social and other forms of play,
it must be stressed that just about all suggestions about the possible functions
of play are merely suggestions. It is currently impossible to make any hard-
and-fast statements about “the” function of play because of (1) the lack of
quantitative comparative data, (2) species differences in the predominant types
of play in which individuals engage, and (3) the possibility that functions of
play may change during ontogeny (Bekoff and Byers 1985; Martin and Caro
1985).

However, there are some data for a few species suggesting that variations in
early social play experience may affect the strength and maintenance of social
bonds formed within (and possibly between: Ortega 1988) litters and among
young animals and adults. As a consequence, an individual’s tendency to leave
its natal group (and the group’s social organization) may be affected (Bekoff
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1977b, 1984; Englund 1980; Fagen 1981; Zimen 1981, 1982). However,
detailed longitudinal field observations of identified individuals are lacking.

Whether or not variations in play experience are associated with different
habitats and resources (Berger 1979; Fagen 1981; Lee 1984) is also unknown.
Lee (1984) observed that the play of vervet monkeys (Cercopithecus aethiops)
was influenced by time budgets, the energy available from the diet, and the
overall abundance and distribution of food. Bekoff (1978c) suggested that in
some cases mothers (or the primary care-giver) may restrict play if it placed
undue energetic demands on them to provide food to active youngsters when
food was scarce. This type of parent-offspring conflict has been observed in
domestic cats (Felis catus) (C. Lawrence 1980) and other mammals (Lee 1984).
Right whale (Eubalaena australis) mothers may quiet boisterous play to con-
serve energy when bringing a calf to weaning (Thomas and Taber 1984).

Quantitative cost analyses of play have also been attempted. Based on a
study of play in captive domestic cats, Martin (1984a) concluded that the time
and energy costs of this activity may be nominal and that play may not be
costly, at least in this species under the conditions in which it was studied.
There may be indirect costs to youngsters and hidden costs to parents, how-
ever, if play is associated with hunting failures (Caro 1987). The survivorship
cost of play has not yet been determined in any species (Martin and Caro
1985).

In any study of relative costs and benefits, regardless of whether time and
energy or individual survivorship and fitness are being considered, one must
account for the specific situation in which the animals are being observed (Lee
1984; Bekoff and Byers 1985) and the type of play that is under scrutiny
(Bekoff and Wells 1986). High-energy locomotor social play may require a lot
of energy in a short period of time. In some situations even the minimal
amount of time and energy spent in play may be costly and place unnecessarily
high energetic stress on youngsters or care-givers (see Caro 1987). Also, this
type of activity can result in tissue, tendon, muscle, bone, and psychological
damage, the repair of which also requires energy that might otherwise be
allocated to growth and maintenance (Calow 1984; for a discussion of possi-
ble genetic mechanisms concerning individual responses to stressful environ-
mental variations, see Mitton and Koehn 1985). Furthermore, there might be
costs associated with convalescing; a young individual might be unable to play
and thus not gain any of the potential benefits associated with the activity. It
might also be unable to feed or defend itself or to travel with its group while
recuperating. Convalescence requiring inactivity also may induce “detraining”
(see next section), resulting in changes in muscles’ ability to do work and the
loss of aerobic and anaerobic capacities. Thus, the costs associated with play
or any other behavior are not limited to the performance of the activity itself.

More detailed comparative, developmental, ecological, and physiological
information about play in carnivores is needed. Structural analyses of the
forms of motor patterns used in carnivore play (Henry and Herrero 1974; Hill
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and Bekoff 1977) will undoubtedly shed some light on function (Bekoff and
Byers 1981; Fagen 1981; Bekoff 1982). Experimental studies (Martin and
Bateson 1985a) should be done whenever possible. Although it seems likely
that variations in play experience would have some influence on later re-
productive activities, there are no data that address this question.

Motor Training and Physical Fitness

For active and cursorial animals such as carnivores, being physically fit is
probably essential for survival. However, very little attention has been devoted
to the development of physical (aerobic and anaerobic) fitness (Bekoff 1988).
As mentioned above, discussions of play often deal with possible physical
training effects that may result from engaging in this activity (Fagen 1976,
1981; Bekoff and Byers 1981, 1985; Martin and Caro 1985). Of course, just
about any type of vigorous and varied motor activity will result in some form
of training.

There are four general physiological, anatomical, and behavioral effects of
motor training: (1) bones thicken and become remodeled in response to the
specific stresses associated with the activity; (2) muscles used in the activity, if
stressed specifically and sufficiently, hypertrophy and show biochemical and
cellular changes associated with an increased ability to do work; (3) car-
diopulmonary capacity and efficiency increases; there are changes in max-
imum and minimum heart rates, cardiac output, stroke volume, and oxygen
extraction from the blood (Blomgvist and Saltin 1983; Garland 1985) and
there is an increase in endurance; and (4) the smoothness and economy of
repeated movements increase. The first three effects of physical exercise are
usually referred to as the “training response” by physiologists.

It is intriguing to think of how differential motor training during develop-
ment may be linked to individual differences in physical fitness that may
influence later behavior (Bekoff 1988). In addition to the possible effects that
differential individual social experience may have on social behavior, there is
no reason to think that early variations in motor activity and physical fitness
do not influence the performance of many behaviors (predation, territory or
den defense, courtship, play, aggression) that are associated with later re-
productive activities (see Watt et al. 1986).

It also is known for humans (Malina and Bouchard 1986) and other animals
(Ryan 1975; Powers et al. 1983; Garton et al. 1985; Danzmann et al. 1987,
1988; see Bekoff 1988 for additional references) that there are strong genetic
influences on individual physical fitness, including glycogen metabolism
(Brown 1977) and heart and breathing frequencies (Arieli et al. 1986). In many
studies protein heterozygosity (Mitton and Grant 1984) appears to be strongly
and positively associated with variations in oxygen consumption, metabolic
efficiency, endurance, superior viability, greater fecundity, and growth
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(Frelinger 1972; Serradilla and Ayala 1983; Garton 1984; Garton et al. 19835;
Mitton and Koehn 1985). Enzyme heterozygosity may also be related to devel-
opmental stability (Leary et al. 1984; Mitton and Grant 1984; Mitton and
Koehn 1985).

With respect to development, some individuals may be able to train more
than others because they are (perhaps genetically) better able to withstand the
stresses associated with growth, maintenance, vigorous motor activity early in
life, and to recover faster from stressful situations. Mitton and Grant (1984)
suggest a genetic mechanism by which individual differences in responses to
stress may rise. They postulate that enzyme heterozygosity may enhance effi-
ciency by decreasing energetic costs of standard metabolism, which leads to
developmental stabilization.

Along these lines, Martin and Bateson (1985b) found consistent differences
between litters of domestic cats with respect to locomotor activity during play.
Individual differences also were apparent. Social rank, body size, sex, litter
size, group composition, and nutritional state can all influence social interac-
tion patterns that may have some effect on the development of physical fitness.
Genetic differences also may be important to consider. Martin and Bateson
(1985b:509) concluded that “the ontogenetic origins of behavioural differ-
ences such as these between individuals or litters, and their functional signifi-
cance [my emphasis] (if any), are as yet largely unknown and present an
important challenge to those studying behavioural development.” Clearly, the
future is wide open with respect to research opportunities concerning basic
questions dealing with possible relationships among physical fitness, genetics,
developmental stability, and individual variations in behavior (Bekoff 1988).

Dispersal

Despite the fact that it is often implied that we know a lot about dispersal by
young (or adult) carnivores, there are few solid data concerning the diverse but
interrelated factors that may influence the likelihood of an individual’s moving
away from, or remaining at, its birthplace past the age of independence. Thus,
generalizations about sex differences in dispersal or conclusive explanations
about proximate or ultimate influences (inbreeding avoidance, competition for
mates or other resources; Greenwood 1980; Dobson 1982; Moore and Ali
1984; Dobson and Jones 1985; Liberg and von Schantz 1985; Waser 1985;
Waser et al. 1986; Bekoff 1987; Marks and Redmond 1987; but see Pusey
1987; Pusey and Packer 1987) on movement patterns are currently specula-
tive, especially for carnivores (Storm et al. 1976; Bekoff et al. 1984; see also
Shields 1982, 1983; Zimen 1982; Theberge 1983; Chesser and Ryman 1986;
Waser et al. 1986; Pusey 1987 for further discussions of inbreeding).

Likewise, ontogenetic influences on individual behavioral phenotypes and
dispersal (Burrows 1968; Bekoff 1977b; Harcourt 1978; Harcourt and Stew-
art 1981; Lott 1984) remain unclear, although there is some evidence that
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dispersal in rodents may be a consequence of the development of individuality
(Armitage 1986). Young animals may be less successful than older group
members in competing for various resources; thus, they may be more disposed
than older individuals to leave their natal group (Bertram 1973; Elliott and
McT. Cowan 1978; Macdonald 1980; Fritts and Mech 1981).

It is a common observation that not all individuals in a litter are equally
likely to disperse (Bekoff 1977b; Lloyd 1980; Downhower and Armitage
1981; Marks and Redmond 1987), independent of sex. Within litters, differ-
ential dispersal may be related to relative dominance rank (Bekoff 1977b,
1981b; Zimen 1976). Because of the risks associated with dispersal (Mac-
donald 1980; Bekoff and Wells 1982, 1986), dominant individuals may be
more likely than subordinate animals to exercise their prerogative and drive
out lower ranking littermates. (In some species, dominant individuals appear
to have more freedom of movement [Scott and Fuller 1965; Knight 1978], may
have priority of access to food [Frank 1986b], and are less vigilant than subor-
dinate animals [Knight 1978]). However, there are few clear indications from
field work that this logical explanation is generally valid.

It is also possible that both dominant and subordinate individuals may be
predisposed to disperse from their natal site because of their inability to devel-
op strong social bonds with siblings and other group members (Burrows 1968;
Bekoff 1977b) or because of the stresses associated with being a high- or low-
ranking animal (Golightly 1981). Dominant individuals may be avoided by
other group members and subjected to regular challenges, whereas subordinate
animals may actively avoid social encounters and be subjected to continued
harasssment (Bekoff 1977b; Feddersen-Petersen 1986b).

Long-term studies of identified individuals are essential if we are to further
our understanding of dispersal patterns in carnivores. We must pinpoint what
conditions favor the retention of some individuals rather than others in their
natal group and account for intraspecific variation in movement patterns.

Social Development, Sex Differences,
and Social Organization

Possible relationships between the development of social behavior within a
species and species-typical patterns of social organization are difficult to tease
apart for a number of reasons. First, detailed developmental data for identified
individuals are difficult to gather under most field conditions. Also, in some
cases it is difficult to characterize a species as typically being solitary or social
because of pronounced intraspecific variability in social organization among
diverse carnivores (Bekoff et al. 1984; Bekoff and Wells 1986). And, it is not
known whether these intraspecific differences are reflections of local variations
in early social development, as they appear to be in bighorn sheep (Owvis
canadensis) (Berger 1979) and lemurs (Lemur spp.) (Sussman 1977).

However, in some species, at least sex differences in development seem to be
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consistent and related to species-typical social organization (e.g., female phi-
lopatry and male dispersal in the case of lions; Schaller 1972; Bertram
1978; Pusey and Packer 1987), whereas in others, sex differences in behavior
seem to be habitat-specific. For example, movement patterns by male and
female African hunting dogs (Lycaon pictus) living in different habitats vary
(see Frame et al. 1979; Reich 1981). In their extensive review of sex differences
in social play, Meaney et al. (1985; see also Meaney 1988) concluded that for
species in which there are large sex differences in adult social roles, one would
expect to see sex differences in developmental strategies. Thus, “sex differences
in social play contribute to the socialization process by enhancing the appro-
priate forms of social interactions for each sex” (p. 46). For behaviorally
(species in which males and females serve as helpers, for example) and physi-
cally monomorphic carnivores, one would predict minimal sex differences in
early development (see Biben 1982c; Meaney et al. 1985). Indeed, among
mammals, paternal care (and monogamy) are usually associated with a reduc-
tion in sexual dimorphism (Kleiman 1977; Ralls 1977).

Despite the difficulties of studying the relationship between early develop-
ment and social organization, there are some data from work on captive
animals that suggest that interspecific differences in social organization may be
associated with species differences in social development. For example, the
ontogeny of behavior, especially agonistic encounters and dominance relation-
ships, in what are typically social species is different from patterns seen in
typically less social species (Bekoff 1974, 1977b; Henry 1986); rank-related
agonistic encounters often precede the emergence of social play. In the case of
solitary red pandas (Ailurus fulgens), most early play activities are directed
toward bamboo stalks that are batted, manipulated, and bitten rather than
toward littermates (J. Gittleman, pers. comm.). Furthermore, variations in the
way food is handled by young individuals may be associated with species
differences in food-related behavior (Biben 1982a, 1982b; for a discussion of
Biben’s 1982a data as they relate to the practice theory of play, see Caro and
Alawi 1985; Martin and Caro 1985). Along these lines, Rasa (1973) suggested
that the slow development of predatory behavior may favor sociality. Al-
though this does not seem to be the case for some canids (Fox 1969b), there are
too few data to make any generalizations about this interesting possibility.

Biben (1983) suggested that differences between highly social bush dogs
(Speothos venaticus) and less social crab-eating foxes and maned wolves do
not follow conventional ideas about the way sociality is likely to develop. She
postulated that the young of more social species should (1) show more com-
plex behavior, (2) be less aggressive, and (3) have a well-defined dominance
hierarchy. Reliable assessments of “levels of complexity” are difficult to estab-
lish, especially because of the lack of comparative field data, the subjective
nature of this type of analysis, and the absence of complete data sets even
within species. It is not at all clear that more social species do possess more
complex behavioral repertoires or that their sequences of behavior are more
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elaborate or complex than those performed by less social species. Agonistic
displays (Baker 1980) and facial expressions (Fox 1970) of some solitary
carnivores may be less well developed than those of more social species, but
this does not mean that as a whole the species’ behavioral repertoire is less
complex.

Likewise, questions dealing with rates of aggressiveness and the rigidity (and
stability) of dominance hierarchies have not been studied in any detail in the
field. For example, depending on the situation, highly social wolves can be very
aggressive early in life, but stable dominance relationships may not form until
a later age (Mech 1970; Zimen 1981, 1982). Furthermore, there may be
seasonal patterns of alternating stability and instability in dominance and
other types of social relationships that are influenced by food supply and group
composition.

Because development is a dynamic process and what happens at one age may
not be a good indicator of what happens at a later age (Bateson 1976; Knight
1978), it would be wrong to assume that there will be absolute rules by which
sociality will develop, even within a species. Byers’s (1983) study of the social
development of collared peccaries (Tayassu tajacu) and Lee’s (1984) data on
the development of vervet monkeys clearly illustrate that there may be alterna-
tive developmental pathways that result in sociality, especially under varying
field conditions. Martin and Caro’s (1985) concept of “equifinality,” which
states that in an open system the same steady state in development can be
reached from different initial conditions and in different ways, also is relevant
here. In summary, we simply need more data in this area to see if, indeed, any
strong comparative statements can be made relating “typical” patterns of de-
velopment with “typical” patterns of social organization (see Lindstrom 1986).

Other Areas of Interest

Other relevant areas are predatory behavior, ontogenetic perspectives on
helping, learning, recognition, relationships between evolution and develop-
ment, and the importance of rare events during development (Weatherhead
1986a, 1986b). Additionally, questions about behavioral (Bookstaber and
Langsam 1985) and neural (Dumont and Robertson 1986) optimality are
important to any study of development. Space limitations preclude even a brief
consideration of these areas, but many of the papers listed in Tables 3.1 and
3.2 contain information on these topics. General surveys and theoretical treat-
ments that are useful for carnivore research can be found in Gould (1977),
Eisenberg (1981), Fink (1982), Johnston (1982a, 1982b), McFarland (1982),
Riedman (1982), Colgan (1983), Corning (1983), Byers and Bekoff (1986),
Emlen et al. (1986), Jamieson (1986), Kortmulder (1986), Peck and Feldman
(1986), Toulouse et al. (1986), and Blaustein et al. (1987).
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Conclusions

More data are needed in almost all areas of behavioral development. Neces-
sary and sufficient conditions need to be specified for the evolution and organi-
zation of various developmental pathways for specific behavior patterns and
across species. We need to consider whether or not big developmental ques-
tions are simply too large to answer (Slobodkin 1986) and also whether or not
we are cursed by our mental ability to create explanations for just about
anything we care to (Rowell 1979). At this stage we need simple models (Boyd
and Richerson 1985) and should avoid unnecessary complexity (Williams
1985; Watson 1986). As Sternberg (1985:1117) warned, “Models should be
our servants rather than our masters.” They should be formulated with the
intention of being rigorously tested. Jamieson’s (1986) cautious approach to
stretching selectionist theory, especially in developmental studies, needs to be
taken to heart, especially when it is so very difficult to demonstrate causal
relationships between ontogenetic events and later behavior.

The absence of developmental data basically means that any study is in-
complete (Bekoff and Byers 1985). The importance of studying animals in as
close to natural conditions as possible and attempting to fit in patterns of
development with a species’ natural history (R. D. Lawrence 1980; Bar-
tholomew 1986) cannot be emphasized too strongly. The usefulness of com-
parative ontogenetic data and the excitement of observing behavior unfold
throughout life makes these types of endeavors worthwhile and enjoyable. We
should take advantage of the supportive atmosphere within which most of us
work to tackle a wide variety of questions dealing with development.
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CHAPTER 4

The Comparative Behavioral Ecology of Hyenas:
The Importance of Diet and Food Dispersion

M. G. L. MiLLS

A close relationship between diet and food-dispersion patterns, on the one
hand, and behavior and social organization, on the other, was first recorded in
birds by Crook (1965). Subsequently, this relationship has been studied in a
range of mammals: in bats (Bradbury and Vehrencamp 1976), in antelope
(Jarman 1974), in primates as reviewed by Clutton-Brock and Harvey (1977),
and in carnivores as reviewed by Macdonald (1983) and Bekoff et al. (1984).
The hyaenids are highly suited for studies of this nature; they show a wide
range of ecological and behavioral adaptations and social organizations
(Kruuk 1975; Mills 1978a, 1984) and constitute only four extant species of
three genera.

Two hyaenids, the brown hyena (Hyaena brunnea) and the spotted hyena
(Crocuta crocuta), have been extensively studied in the southern Kalahari. In
this chapter I review and discuss their diet, foraging behavior, social organiza-
tion, and social behavior to show how the two species are able to inhabit the
same region by exploiting rather different food sources and how these differ-
ences in diet have lead to the evolution of different foraging and social be-
havior patterns, as well as differences in social organization. I also compare my
findings with those of other workers who have studied the same species in
other locations, discuss hyena social ecology in comparison with other car-
nivores, and suggest areas for further research.

The area referred to as the southern Kalahari comprises the adjacent Ka-
lahari Gemsbok (South Africa) and Gemsbok (Botswana) national parks,
which together cover an area of about 36,000 km?. It is an arid region with an
irregular rainfall (X 220 mm annually) and experiences large temperature
fluctuations both daily and seasonally. The area is covered with sand dunes
broken by pans and two fossil riverbeds, the dunes and the riverbeds providing
two distinct habitats. The vegetation is an extremely open shrub or tree savan-
na (Leistner 1967). The larger ungulates are mainly nomadic, concentrating
along the riverbeds during the rains and dispersing into the dunes during the
dry times (Mills and Retief 1984). Gemsbok (Oryx gazella), blue wildebeest
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(Connochaetes taurinus), red hartebeest (Alcelaphus buselaphus), eland (Tau-
rotragus oryx), springbok (Antidorcas marsupialis), and steenbok (Raphicerus
campestris) are the most common antelope species. In addition to the hyenas,
African lion (Panthera leo), leopard (P. pardus), cheetah (Acinonyx jubatus),
black-backed jackal (Canis mesomelas), and caracal (Felis caracal), as well as
eight smaller carnivores, are resident.

The brown hyena is the most common large carnivore in the area, occurring
at a density of 1.8 per 100 km2, whereas the spotted hyena occurs at a lower
density of 0.9 per 100 km2 (Mills 1989).

Feeding Habits

Figure 4.1 shows the diets of the two species as determined from direct
observations made when following individuals by vehicle at night, revealing
large differences in their diets. Brown hyenas feed on a wide variety of mainly
small food items such as small mammals, bones, wild fruits, and insects. Spot-
ted hyenas have a far more specialized diet, consuming mainly large and medi-
um-sized mammals; 64.3% of spotted hyenas observed feeding on food items
that could be identified as to the species were feeding on either gemsbok or
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Figure 4.1. The diets of the brown hyena and the spotted hyena in the southern Kalahari, as
determined from direct observations. The number of hyenas observed feeding on each food item is
expressed as the percentage of the total number of hyenas of each species observed feeding. The
data for mammals have been analyzed on a mass rather than a species basis, for example, gemsbok
and wildebeest calves less than a year old have been recorded as medium-sized mammals, whereas
those older than one year are recorded as large mammals. The proportions killed:scavenged are the
percentages of the number of each species observed feeding on each food item. The heading
“Others” mainly includes insects, but also reptiles, birds’ eggs, and small unidentifiable pieces of
food. (From Mills 1984, used by permission of National Parks Board, Republic of South Africa.)
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wildebeest. Thus, whereas much of the brown hyena’s food consists of small
food items that provide a meal for only one hyena, most of the spotted hyena’s
food consists of large food items that simultaneously provide a meal for several
hyenas.

The differences in diet are further accentuated by differences in the manner
in which the two species procure their food. Brown hyenas are predominantly
scavengers. They killed only 5.8% of the biomass of food they were observed
to eat, and their kills comprised only small animals (Mills 1978b). Spotted
hyenas kill much of their food themselves; 72.6% of the biomass of food they
were observed to eat came from their Kkills, comprising 49.2% of the large
mammals they consumed and 77.5% of the medium-sized mammals (Mills
1989). Food competition between the two species, therefore, is limited; the
most important competition occurs when both scavenge from large ungulate
carcasses.

These differences in feeding habits have led to the evolution of many differ-
ences in the behavior and social systems of the two species.

Foraging Behavior

The brown hyena, the spotted hyena, and the striped hyena (Hyaena
hyaena) are predominantly nocturnal throughout their range (Kruuk 1972,
1976; Bearder 1977; Mills 1978b, 1989; Owens and Owens 1978; Tilson and
Hamilton 1984; Goss 1986). Apart from being an important water-conserva-
tion strategy, nocturnal behavior may have evolved in the Hyaenidae as a
means of reducing competition with the other dominant scavengers in African
ecosystems, the vultures, which are exclusively diurnal (Houston 1979).

In the southern Kalahari brown hyenas were active for an average of 80.2%
of the hours of darkness (1800h—0600h) (Mills 1978b), whereas spotted
hyenas were active only for an average of 55.3% of this time (Mills 1989), a
significant difference (Mann-Whitney test, U = 15.5, P < 0.0001, one-tailed).
However, the distances moved per night by the two species were similar;
brown hyenas moved an average of 31.1 km = SE 2.1 per night and spotted
hyenas moved an average of 27.1 km * SE 1.4 per night (¢ = 1.437, d.f. =
180, P > 0.05) (Mills 1978b, 1989). Because spotted hyenas frequently feed on
large food items that satiate them, once they have found their food they can
afford to rest for some time. Brown hyenas, on the other hand, typically move
from one small food item to the next and therefore spend more time foraging
than spotted hyenas do. However, the actual distances covered during foraging
by the two species are similiar. Spotted hyenas move far more quickly, approx-
imately half of the time at a lope of 10 km per hour, looking for large and
medium-sized ungulates (Mills 1989), whereas brown hyenas walk at a speed
of about 4 km per hour, spending time investigating a wider range of smaller
potential feeding opportunities (Mills 1978b).



128 M. G. L. Mills

Brown hyenas are exclusively solitary foragers (Mills 1978b). As most of
their food is carrion, the olfactory sense is most important for locating food,
and they repeatedly make upwind sniffs, locating much of their food from
downwind. Hunting behavior is unspecialized and opportunistic and com-
prises short chases of 10~1100 m after small animals such as springbok lambs,
springhares (Pedetes capensis), and bat-eared foxes (Otocyon megalotis), as
well as ground-nesting birds such as korhaans (Eupodotis sp.). Prey are en-
countered at close quarters mostly by chance. Of 104 hunting attempts ob-
served, only ten (9.6%) were successful (Mills 1978b). Whenever a large
amount of food is found by a brown hyena and providing no other brown
hyenas also find the food, the excess is usually stored close by in a clump of tall
grass, under a bush, or rarely down a hole. Some of the food may also be
carried back to the den for the cubs (Mills 1978b, 1982b).

Brown hyenas would not seem to gain by foraging in a group, as this would
not enhance their efficiency at finding food. One hyena can probably detect the
smell of carrion as well as several can. Furthermore, as most food items pro-
vide a meal for only one hyena, group foraging could lead to unnecessary
aggression between individuals.

Spotted hyenas may forage solitarily or more often in a group. The mean
foraging group size was 3.0 = SE 0.1 (n = 566), with 29.9% comprising one
animal, 19.3% two, 18.7% three, 13.3% four, and 19.2% five or more ani-
mals (Mills 1985). In addition to sight, olfactory and auditory cues are used for
locating prey. On 24 occasions the prey were smelled from a mean distance of
1.1 km = SE 0.1, and on 11 occasions scent trails of prey were followed for a
mean of 0.9 km = SE 0.2. On another nine occasions prey were heard—that is,
horns clashing or young bleating—from a mean distance of 2.4 km = SE 0.7
(Mills 1989). Once the prey have been encountered, sight is important in prey
selection. Carrion is located through the olfactory sense, and auditory cues
often lead other spotted hyenas to a carcass on which conspecifics are feeding.
Hunting behavior is directed mainly at large and medium-sized ungulates,
which are run down at speeds of up to 50 km per hour, usually over distances
of 0.5-2.5 km. Gemsbok less than a year old made up 43% of their kills,
followed by wildebeest of all ages (15%), and gemsbok subadults and adults
(10%) (Mills 1985, 1988). Food storing is rare because most carcasses are
consumed rapidly by several hyenas feeding simultaneously.

Several selective pressures may have caused group foraging in carnivores. It
has been suggested that group foraging allows animals to overcome larger prey
and increases hunting success (Kruuk 1972; Ewer 1973). Subadult and adult
gemsbok were observed to be killed only by two and by four spotted hyenas,
respectively, lending weight to this hypothesis. However, hunting success on
gemsbok calves and wildebeest of all ages was not correlated with hunting
group size. Single spotted hyenas were particularly adept at catching gemsbok
calves, 65% (n = 17) of hunts by solitary spotted hyenas on gemsbok calves
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being successful, compared with an overall hunting success rate on gemsbok
calves of 64% (Mills 1985).

Group foraging may also lead to a more successful defense of the food from
competitors (Caraco and Wolf 1975; Lamprecht 1978). This does not seem to
be important in the southern Kalahari, as the density of large carnivores is so
low that at only 2% of the carcasses on which spotted hyenas fed were they
seriously challenged by other carnivores (Mills 1985, 1989). Group foraging,
by Kalahari spotted hyenas at any rate, may also be related to kin selection.
Foraging and feeding groups comprised more closely related individuals than
did random groups from the same clans (Mills 1985). The large size of much of
the food ensures that several individuals may feed on a prey item even if they
do not all cooperate in catching the prey. This may be of particular benefit to
younger animals that have not yet acquired the skills to hunt successfully
themselves.

Social Organization

Although solitary foragers, most brown hyenas live in small social groups of
varying sizes called clans. The members of a clan share and defend a common
territory, feed together on large food items, and carry food back to the den for
the cubs. The number of brown hyenas inhabiting a territory depends on the
quality of food in the territory (Mills 1982a). In a territory where wildebeest
were dying because of drought, there were nine adult and subadult brown
hyenas, whereas in another where most of the food consisted of small scattered
pieces of bone and some wild fruits, only an adult female and her litter of three
cubs lived. The mean number of adults and subadults in six brown hyena clans
was 3.7 = SE 0.8 (range 1-9) (Mills 1982a). No dominance hierarchy was
apparent in these social groups (Mills 1983a), probably because of their main-
ly solitary feeding.

Some male and female brown hyenas leave their natal clans at subadult-
hood, but others stay longer, at least some females doing so for life. The
majority of the members of a clan are related, although two males were known
to join groups that they were not born into (Mills 1982b, 1989). The average
degree of relatedness (7) between the members of an intensively studied brown
hyena clan was 0.26 (Mills 1989).

Approximately 8% of the brown hyena population in the southern Kalahari
(33% of the adult male segment of the population) were found to be nomadic
males. These animals apparently range widely and do not belong to any clan.
They do, however, perform an important function, as they were the males that
were observed mating with the group-living females. Group-living male brown
hyenas were never observed to mate with their own or any other females (Mills
1982b, 1983b), although recent evidence suggests that immigrant males may
do so (Mills 1989; see also Owens and Owens 1984).
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The mean number of adults and subadults in six spotted hyena clans was 8.0
+ SE 1.6 (range 3—12) (Mills 1989). Although the quality of the food resources
in the southern Kalahari is responsible for the small clan sizes, in comparison
with, for example, the Ngorongoro Crater (Kruuk 1972), the differences within
southern Kalahari clan sizes may not have been entirely due to differences in
food quality; rabies may alsc have been implicated (Mills 1989).

Spotted hyena males leave their natal clans at the attainment of adulthood
and become nomadic. Some may eventually join another clan, but before doing
s0 have to undergo a prolonged period of assimilation, during which they are
repeatedly chased away by established clan members. Southern Kalahari clans
usually only have one immigrant male, and the indications are that these are
the males that do the mating (Mills 1985, 1989; Frank 1986b). In contrast,
female spotted hyenas show more fidelity to their natal clans than do males,
although this is not rigid, and cases of females’ transferring clans have been
recorded (Mills 1989). A dominance hierarchy among the adult females exists,
and they and their offspring are dominant to the generally smaller immigrant
adult males. Dominance and reproductive success of females have been found
to be related (Mills 1989). As with brown hyenas, the average degree of
relatedness between clan members is high, being 0.29 and 0.33 for two inten-
sively studied clans (Mills 1985, 1989).

The two species have similar basic patterns of social organization, ma-
trilineal breeding groups. Despite this, fluctuations in group size within a
group appear to be considerably greater for brown hyenas than for spotted
hyenas. One clan from each species was intensively studied for a six-year
period. Taking the mean group size for each year for each clan, I determined
that the coefficient of variation for the brown hyena clan was 42%, whereas
for the spotted hyena clan it was 13% (Mills 1989). Brown hyenas with their
more catholic feeding habits may be more sensitive to changes in food avail-
ability in the southern Kalahari than are spotted hyenas, particularly in their
ability to capitalize on favorable conditions.

The mean size of six brown hyena group territories was 308 km2 + SE 39,
and the mean of six spotted hyena territories was 1095 km2 = SE 177 (Mills
1989). In neither species were group size and territory size correlated, but there
was a significant correlation between territory size and the average distance
moved between food items. These correlations suggest that territory size is
influenced by the way food is distributed in the territory (Mills 1982a, 1989).
Furthermore, the average distance moved between locations of meal’s (one
meal is defined here as a large vertebrate food item or ten wild fruits for brown
hyenas and a kill or meaty carcass for spotted hyenas) was 32.7 km for spotted
hyenas and only 9.2 km for brown hyenas. Spotted hyenas need to travel
longer distances between food items than brown hyenas do because of their
more specialized feeding habits and because they normally feed off larger food
items. Consequently, they forage over a much larger territory (see Gittleman
and Harvey 1982).
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Denning Behavior

Both species keep their cubs in holes in the ground, and although the en-
trances to these dens may be large, the dens quickly narrow down into tunnels
30-50 cm high and 50-60 cm wide (Mills 1989), which are only large enough
for the cubs to enter. The dens, therefore, provide ideal refuges for the cubs
during the long periods that adults are absent. In both species there is an
extended period of 15 months that cubs are attached to the den, and cubs are
weaned as late as 12—-15 months of age (Mills 1983b).

Other denning behaviors of the two species are different. Only one litter of
cubs was found at most southern Kalahari brown hyena dens, although occa-
sionally (three out of 12 dens observed) two females raised their cubs simulta-
neously at the same den (Mills 1983b). Spotted hyena dens, on the other hand,
were usually communal, being used simultaneously by several females with
cubs of varying ages. The modal size of 15 brown hyena litters was 3 (range 1—
4), whereas no spotted hyena female was ever observed to have more than two
cubs (Mills 1989). Brown hyena females occasionally suckled each other’s
cubs, but spotted hyena females were never observed to do so (Kruuk 1972;
Mills 1983b, 1989).

The most marked difference in the denning behavior of the two species is
that brown hyenas regularly carry carcasses with meat back to the den for the
cubs to eat (Mills 1982b), whereas spotted hyenas do not do so. The milk diet
of brown hyena cubs, therefore, is substituted from about 12 weeks of age with
meat, whereas spotted hyena cubs obtain a substantial amount of meat only
when they are nine to 12 months old and able to accompany foraging adults
(Mills 1989).

Again, differences in feeding habits seem to be the main selective pressures
for these differences in denning behavior. Because brown hyenas so often feed
alone, an individual that finds a suitable food item for cubs can usually eat
some of it and then carry the rest back to the den, as there are unlikely to be
any other hyenas competing with it for the food. At the den there are normally
few cubs and competition for the food is likely to be spread among cubs of
equal age.

In contrast, the competitive feeding behavior of spotted hyenas makes it
important for each individual to eat as much as it can as quickly as possible.
There is, therefore, seldom any meat left over to take back to the cubs. The
large size and dominance of the females gives them priority at carcasses, so that
they can meet the increased demands of lactation and quickly satiate them-
selves before returning to suckle their cubs. It is possible that the comparatively
small litter size of spotted hyenas has evolved as a result of the heavy depen-
dence of spotted hyena cubs on milk. By providing additional nourishment for
their cubs, brown hyenas can raise larger litters. Additionally, the total depen-
dence of the spotted hyena cubs on their mother’s milk may mean that females
can afford to suckle only their own cubs, thus explaining the lack of communal
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suckling among closely related females, as is found among brown hyenas
(Mills 1983b, 1985, 1989).

Communication

Although vocal systems of hyenas are difficult to classify because they are
graded and linked by intermediates, the spotted hyena has an obviously larger
vocal repertoire than the brown hyena. Eight vocalizations have been identi-
fied for the brown hyena: a yell, a grunt-laugh, two whines, and four growls
(Mills 1989). All are short-distance vocalizations aimed at conspecifics or
competitors in sight of the vocalizing animal and, except for the yell, can be
heard only over a few meters.

Twelve vocalizations—two whoops, two groans, a giggle, a yell, four
growls, a grunt-laugh, and two whines—have been identified for the spotted
hyena (Kruuk 1972; Mills 1989). Some of the vocalizations, particularly the
whoop, often function as long-distance calls, which may be directed at con-
specifics not in sight of the vocalizing animal. In addition to their larger vocal
repertoire, spotted hyenas vocalize far more frequently and, even where equiv-
alent calls occur, louder than brown hyenas.

It is often important for spotted hyenas to know where the other members of
their clan are so that they can come together to form a hunting group, or to
interact with major competitors such as lions and spotted hyenas from other

clans. They have, therefore, evolved a long-range call (the whoop), one of the
functions of which is to help accomplish this (Mills 1989). They have also

evolved a number of other vocalizations such as the low groan and the giggle,
which are important in communal antagonistic situations at food, in territorial
defense, and against lions. Brown hyenas do not need to quickly join up with
fellow group members, nor do they need a complex repertoire of group-orien-
tated vocalizations, as most of their feeding and foraging is solitary. The long-
distance and communal vocalizations of the spotted hyena are mainly respon-
sible for the differences in its vocal repertoire from that of the brown hyena.
The other vocalizations are similiar, further testimony to the close phylogene-
tic relationship between the two species.

Chemical communication is found in both species (Mills et al. 1980; Gorman
and Mills 1984; Mills and Gorman 1987). This occurs chiefly by means of their
pasting anal gland secretions onto grass stalks, but also by their defecating at
latrines, both of which are often accompanied by scratching the ground with the
forefeet. Pasting is unique to the Hyaenidae. Pasting is performed by brown
hyenas at a far higher frequency (X = 2.64 pastings per km) than by spotted
hyaenas (X = 0.13 pastings per km). Moreover, the paste of a brown hyena
consists of two distinct components; a long-lived, lipid-rich white secretion and
a short-lived, watery black one, whereas the paste of a spotted hyena consists of
a long-lived component only. Brown hyenas secrete individually unique pastes
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and are able to recognize each other’s pastes (Mills et al. 1980), and the same
may be true for spotted hyenas (M. Gorman, pers. comm.).

The long-acting component of pastes and defecating at latrines are seen to
have an intergroup function in both species, and are the means by which
individuals communicate an unambiguous cue to territorial ownership, thus
allowing a conventional settlement of conflicts (Gorman and Mills 1984). In
the southern Kalahari both species employ a hinterland method of marking
their territories rather than border marking, probably because the length of
border to be marked is so large that border marking is impractical.

The long-acting paste may also have an intragroup function. It may help to
reinforce an individual’s presence in the group. This may be particularly im-
portant for brown hyenas, as they do not meet up with their fellow group
members as often as spotted hyenas do.

The short-acting paste of the brown hyena is also believed to have an intra-
group function (Mills et al. 1980); it may communicate to other members of
the group where a brown hyena has recently been foraging. This message could
be important in preventing individuals from wasting time and energy foraging
in areas that are likely to be unproductive or where competition may be
increased, as so much of the brown hyena’s food consists of small items with a
slow renewal rate. Pasting, therefore, appears to be of more importance to
brown hyenas than to spotted hyenas. This is reflected in the higher frequency
at which they paste, the larger size of the anal gland, and in the more complex
secretions they deposit. Again, the selective pressures accounting for these
differences seem to be chiefly related to feeding habits.

Visual communication patterns are better developed in the spotted hyena
than in the brown hyena (Kruuk 1972; Mills 1989). For example, the dark tail
of the spotted hyena contrasts markedly with its light-colored body, thus
enhancing the signaling function of the tail, which is raised or curled over the
back whenever the hyenas are excited. The brown hyena’s dark tail does not
contrast with the rest of its body color, and so the signaling function of the tail
is less striking. Furthermore, the spotted hyena uses a greater variety of head
movements in communication than the brown hyena does. Spotted hyenas also
indulge in communal social activities such as social sniffing, female baiting
(Kruuk 1972), and communal scent marking, which are not found in the
brown hyena (Mills 1989).

The spotted hyena has also evolved an elaborate meeting ceremony (Kruuk
1972). Two animals greeting stand head to tail, lift the leg nearest to the other,
and mutually sniff and lick at each other’s erected sexual organs, which in the
case of the female have become virilized. This ritual occurs irrespective of the
sexes or ages of the animals concerned, and there is no sexual connotation to
this behavior. It is seen as a way in which the social bonds in animals that are
at times solitary and at others very social are reestablished (Kruuk 1972).
Brown hyenas greet far less elaborately. One animal presents its anal region to
the other, protruding its anal pouch, which the other then sniffs at. Then the
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two animals often switch roles. There is no modification of the sexual organs
in the brown hyena (Mills 1983a).

These generally more complex visual communication patterns of the spotted
hyena, particularly the involved meeting ceremony and greater emphasis on
head and tail movements, are further manifestations of the higher degree of
sociality of this species.

The most striking visual display of the brown hyena is pilo-erection of the
long hair over the back and neck, which occurs in any situation where there is
a tendency to either attack or flee. This display is also prominent in the striped
hyena (Rieger 1978) and the fourth member of the Hyaenidae, the aardwolf
(Proteles cristatus) (Kingdon 1977). Spotted hyenas have much shorter hair,
and although they erect the hairs on their necks during aggression, it is not
nearly so striking a display as in the other hyaenids. The fact that pilo-erection
is so well developed in the brown hyena may seem inconsistent with the
preceding argument. It is perhaps significant that this posture, which at least
under some conditions makes the animal performing it appear to be larger, has
evolved in the smaller and less aggressive members of the family. Among other
things, it is used in defense against larger and more aggressive competitors.
Alternatively, spotted hyenas frequently get covered in blood, particularly
around their heads, necks, and chests, when killing and feeding. As long hair
would be difficult to keep clean, short hair in this species might also be an
adaption to feeding (Mills 1989).

Relationships between Brown Hyenas and Spotted Hyenas

Brown hyenas and spotted hyenas compete for food mainly when they are
scavenging from large and medium-sized mammal carcasses (Figure 4.1). This
competition may be particularly important for brown hyenas, as they stand to
lose a significant amount of food should they lose such a carcass, either directly
or indirectly, to spotted hyenas. This, in fact, happened in a certain part of the
study area well frequented by spotted hyenas (Mills and Mills 1982; Mills
1989).

Whenever the two species meet, even if no food is present, spotted hyenas
are clearly dominant. Such an encounter usually results in an unpleasant
experience for the brown hyena. These interactions may escalate to physical
combat between the two species, with a spotted hyena grabbing a brown
hyena by the side of the neck and vigorously shaking it, even on occasion
killing it (Mills and Mills 1982, Mills 1988). Yet there is often a measure of
attraction shown by the one species toward the other; they often approach
closer when they sense each other and sometimes use the same latrines and
paste on the same grass stalks (Mills and Mills 1982).

Brown hyenas tend to avoid areas well frequented by spotted hyenas in the
southern Kalahari (Mills and Mills 1982). Although the influence of spotted
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hyenas on brown hyenas in the southern Kalahari is small, a major influence
on the distribution and abundance of brown hyenas throughout their range
may be the regional density of spotted hyenas (Mills and Mills 1982, Mills
1989). Several other studies on closely related sympatric carnivores have also
suggested that the smaller species tend to be absent from areas well frequented
by the larger ones (Schaller 1967; Kruuk 1976; Seidensticker 1976; Berg and
Chessness 1978; Fuller and Keith 1981; Skinner and Van Aarde 1981).

Comparisons with Other Studies of Hyenas

Both brown and spotted hyenas, particularly the latter, live in a variety of
habitats in Africa, ranging from areas with very high prey densities such as the
Ngorongoro Crater to areas of extremely low densities such as the interior of
the Namib Desert. Studies of these two species in different habitats have shown
how differences in the food supply can also affect the diet and foraging be-
havior of each species, as well as aspects of their social organization and
behavior. Some examples are discussed below.

Kruuk’s (1972) study of spotted hyenas in east Africa was the first to show
that they are efficient hunters of large and medium-sized antelope as well as
efficient scavengers. In the Ngorongoro Crater 90.6% of feeding hyenas ob-
served were feeding from their own kills, compared with 54.8% in the Se-
rengeti and 56.0% in the southern Kalahari. Because of the far higher density
of ungulates in the Ngorongoro Crater, clan and territory sizes there are very
different from those of the southern Kalahari. Ngorongoro clans contained
30-80 individuals living in territories of 10—40 km2. Because the small territo-
ries were easy to demarcate, scent marking was confined to territorial
boundaries.

In the Serengeti the ungulates migrate over large distances, leaving areas
without any prey for long periods of the year. In contrast to spotted hyenas in
both the southern Kalahari and Ngorongoro, Serengeti spotted hyenas do not
usually form clans of fixed membership defending a particular area. Rather,
individuals originating from different areas come together to form a temporary
clan in an area where there happens to be a concentration of ungulates. Se-
rengeti, like Kalahari spotted hyenas, make far more use of carrion and smaller
prey such as Thompson’s gazelle (Gazella thomsonii) and springbok than
Ngorongoro hyenas do. Consequently, foraging group sizes of spotted hyenas
are usually smaller in the Serengeti than they are in Ngorongoro, more like
those in the southern Kalahari. Similarly, scent marking in Serengeti spotted
hyenas is carried out along the main hyena pathways and not around territory
boundaries, more in the Kalahari manner.

In the neighboring Masai-Mara National Reserve the social organization of
a clan of 60-80 spotted hyenas has been intensively studied by Frank (1986a,
1986Db). This revealed a similar system of social dynamics to that of southern
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Kalahari spotted hyenas, albeit with far more animals; that is, male emigration
from the natal clan, immigration and nomadism, and female philopatry to the
natal territory and the formation of dominant matrilines were the central
features. Territories in this area are not contiguous, there being unproductive
areas between the prey-rich shortgrass areas. Consequently, contact between
clans was rare, and boundary-maintenance behaviors such as scent marking
were uncommon. Only two latrines were known of on the clan’s boundaries.

Henschel (1986) studied a clan of ten spotted hyaenas in the Kruger Nation-
al Park in an open woodland with a high biomass and diversity of ungulates
and other mammals, but without brown hyenas. The spotted hyenas scavenged
most of their food from drought victims and lion kills and had a less spe-
cialized diet than in other regions, inclining to that of the brown hyena in the
Kalahari. They mainly foraged in small groups (X = 1.8). Territory size was
intermediate (130 km2), but the social dynamics of the clan was similar to that
of southern Kalahari spotted hyenas. Latrines were mainly situated on terri-
tory boundaries, and when on boundary patrols, the hyenas tended to be in
larger groups (X = 2.6) than when foraging.

In the Namib Desert spotted hyenas studied by Tilson et al. (1980), Tilson
and Hamilton (1984), and Tilson and Henschel (1986) live at even lower
densities than in the southern Kalahari. They feed mainly off large and medi-
um-sized ungulates but appear to kill a larger proportion of adult gemsbok
than southern Kalahari spotted hyenas do, perhaps because in the Namib
Desert there is no competition with lions for this food source (Mills 1989).
Clan size was 3-8, and ranges were not contiguous, measured as being be-
tween 383 and 816 km2 (Tilson and Henschel 1986). Namib spotted hyenas
are reported to feed at a far more leisurely pace than their counterparts in
east Africa (Tilson and Hamilton 1984) and in the southern Kalahari. This is
partly because of the relatively fewer hyenas feeding at the carcass per kilo-
gram of meat available. However, Tilson and Hamilton (1984) never observed
a kill being made when the chances that a scramble competition might occur
were highest. Thus they may have missed observing some form of scramble
competition.

The brown hyena has been studied in the central Kalahari by Owens and
Owens (1978), and Owens and Owens (1979a, 1979b, 1984). This area is
similar to the southern Kalahari except that with about twice the annual
rainfall it is more productive, and large ungulate species absent from or only
rarely found in the southern Kalahari, such as giraffe (Giraffa camelopardalis)
and kudu (Tragelaphus strepsiceros), occur there. The feeding and foraging
habits of the brown hyena are similar in the two areas, as is much of their
social behavior. Central Kalahari brown hyenas are, however, apparently
more sociable, with a higher frequency of social contacts than southern Ka-
lahari ones. This is possibly because there are more opportunities for them to
feed together from large carcasses. .

In certain areas along the Namib Desert coast the brown hyena has become
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a feeding specialist on Cape fur seal (Arctocephalus pusillus) pups (Goss
1986). These appear to provide an abundant and highly concentrated food
source. Contrary to expectations, the brown hyenas maintained an excessively
large territory, spending time moving through areas that were unlikely to be
productive, visiting some mining towns that had been abandoned sometime
during the last fifty years. Goss hypothesized that the towns were once food
sources that the hyenas’ ancestors used and that the relatively recent disap-
pearance of this food supply has not yet changed the hyenas’ lifestyle. If this is
so, this would appear to be uncharacteristic of the high degree of flexibility
hyenas are able to exhibit to changes in food dispersion patterns.

In spite of the flexibility in certain aspects of hyena socioecology, there are
certain aspects that seem to be less labile and that may be limited by phy-
logenetic constraints. The basic structure of brown and spotted hyena social
systems is similar: female bonded groups with various types of multi-male
associations. Although it is not well studied, the striped hyena, it appears, has a
similar social system (Kruuk 1976; Bouskila 1984). The fourth member of the
Hyaenidae, the termite-eating aardwolf, however, is socially monogamous,
with an adult pair inhabiting a territory with only their most recent offspring
(Kruuk and Sands 1972; Richardson 1985). Aardwolves do not feed on large
food items, so rarely utilize a food source that could feed several individuals
simultaneously. This may have prevented the evolution of larger groups in this
species.

The mating systems of the brown hyena and spotted hyena are broadly
similar. All females in a group breed; they are polygynous; and the mating
males originate from outside the group, although with brown hyenas it is
usually nomadic males that mate and with spotted hyenas it is immigrant
males. Even the socially monogamous aardwolf tends toward a polygynous
mating system, with less aggressive males being cuckolded by neighbors
(Richardson 1985). Unusual for polygamous animals is the lack of striking
sexual dimorphism and secondary sexual characteristics in the Hyaenid
males.

Conclusions

I have shown how two closely related carnivores are able to survive in an
area by exploiting different ecological niches and have discussed their adapta-
tions to accomplish this. These findings are summarized in Table 4.1. Of the
two species, the brown hyena is the more successful one in the arid southern
Kalahari, where the larger ungulates are erratically distributed. The brown
hyena is the most common and widespread, and seemingly the best adapted, of
the larger carnivores in the area. Its ability to survive on small, sparsely dis-
tributed food items of many kinds and to take advantage of changes in food
availability, together with its suitably flexible social system, make it a success-
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Table 4.1. The behavioral ecology of hyenas in the southern Kalahari

Brown hyena

Spotted hyena

Diet
Main food

Manner in which food
acquired
Foraging
Mean and range of forag-
ing group size
Percentage of hours of
darkness active
Mean distance moved per
night
Social organization
Basis of social group
Mean and range of social
group size
Sexual dimorphism

Dominance hierarchy

Average degree of related-
ness (r) of group

Males responsible for
mating

Coefficient of variation in
group size

Mean and range of terri-
tory size

Mean distance moved per
meal

Denning behavior

Suckling period

Denning period

Solitary/communal

Litter size

Suckle each other’s cubs

Method of feeding cubs
Communication

Vocal

Chemical

Visual

All kinds of vertebrate re-
mains, wild fruits, insects,
birds’ eggs

Scavenged

1
55.3%
31.1 km

Matrilineal

3.7(1-9)

None

Not present
0.26

Nomadic

42%

330 km? (235-481 km?)
9.2 km

12 months

15 months

Usually solitary, occasionally
communal

1-4

Occasionally

Suckling and carrying food
to den

8 vocalizations
Short distance only

Pasting and latrines

2.64 pastings/km

Short- and long-acting paste

Hinterland marking

Tail movements not accentu-
ated

Simple meeting ceremony

No communal social
activities

Striking pilo-erection

Large and medium-sized un-
gulates, mainly gemsbok
and wildebeest

Killed and scavenged

3(1-15)
80.2%

27.1 km

Matrilineal
8(3-12)

Females larger than males,
mimic males’ reproductive
organs

Females dominant

0.31

Immigrants

13%

1095 km? (553-1776 km?)
32.7 km

12 months
15 months
Communal

1-2
Not observed
Suckling only

12 vocalizations

Short and long distance and
group oriented

Pasting and latrines

0.13 pastings/km

Long-acting paste only

Hinterland marking

Striking tail movements

Involved meeting ceremony

Communal social activities
present

Pilo-erection less obvious
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ful inhabitant of the southern Kalahari ecosystem. On the other hand, the
spotted hyena with its greater dependence on large and medium-sized prey
animals, is better adapted to the more productive areas of Africa.

Although these two species have been extensively studied in several habitats,
there are still gaps in our understanding of many aspects of their socioecology
and even more so in the family Hyaenidae as a whole. The mating systems in
particular are imperfectly understood; in spite of the many hours members of
both species have been observed, few matings by known individuals have been
documented. Furthermore, there appear to be several options individuals can
choose, for example, males can be nomadic or belong to a group, and it is not
known under which conditions these options are chosen. For this, long-term
studies on known individuals are essential.

Studies in more habitats would be valuable for learning the extent of behav-
ioral flexibility of these species, although there are severe observational prob-
lems to be overcome in thick bush areas. Of the four members of the
Hyaenidae the striped hyena is the least well known even though it has the
widest distribution (Rieger 1979). Studies on this species are urgently needed,
both to help in its conservation and to further investigate the effects of diet and
food dispersion on behavior and social organization.

The influence of resource dispersion on the behavior and social organization
of other carnivores is as strong as it is on the Hyaenidae (Bekoff et al. 1984;
Kruuk and Macdonald 1985). Nowhere is the flexibility in social organization
in the Carnivora more conspicuous than in fluctuations in group and territory
sizes; gray wolves (Canis lupus), red foxes (Vulpes vulpes), raccoons (Procyon
lotor), brown bears (Ursus arctos), and European badgers (Meles meles), to
mention a few examples, all have fluctuations in group and/or territory size
comparable in magnitude to those of spotted hyenas (Macdonald 1983). As in
the case of the hyaenids, the benefits accruing to individuals living in groups
both between and within species vary. Lions, for example, may cooperate to
overcome large prey (Schaller 1972), and females in groups reduce the frequen-
cy of infanticide (Packer 1986). Dwarf mongooses (Helogale parvula) collec-
tively ward off predators (Rood 1983), and African hunting dogs (Lycaon
pictus) cooperate to feed their young (Malcolm and Marten 1982). These
differences are largely determined by different feeding and other ecological
pressures. Overriding these ecological pressures are certain phylogenetic con-
straints that seem to limit the range of flexibility in social system and behavior.
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CHAPTER 5

Intraspecific Variation in
Canid Social Systems

PatriciA D. MOEHLMAN

The family Canidae is composed of approximately 37 species that are
categorized into 10—13 genera (Clutton-Brock et al. 1976; Macdonald 1984).
Canids typically are lithe muscular runners possessing the ability to travel at
speeds of up to 30 km/h for extended periods. They are diverse in body weight
(1.5-31.1 kg), diet, and habitat (Gittleman 1984; Macdonald 1984). They
usually breed once a year and initially raise their litters in ground dens. Com-
pared with most mammals, they have a large litter size and a long period of
infant dependency (Kleiman and Eisenberg 1973). The pervasive mating sys-
tem among canids is obligatory monogamy, a trait that is rare in mammals
(Kleiman 1977). Canids are also unusual in that family members share food
and provide care for sick adults and dependent young. The larger canid species
regurgitate food to family members, which allows greater efficiency in and
opportunity for sharing food.

Interspecific Variation among Canidae

Among the canids there are general behavioral trends that correlate with
body size (Macdonald and Moehlman 1983; Moehlman 1986). The smaller
canids (<6.0 kg) like red foxes (Vulpes vulpes) and bat-eared foxes (Otocyon
megalotis) are usually monogamous but are on occasion polygynous, and they
tend to have a sex ratio biased toward females, female helpers, and male
dispersal. Medium-sized canids (6.0-13.0 kg) like jackals (silverbacked jackal,
Canis mesomelas, and golden jackal, C. aureus) and coyotes (C. latrans) ap-
pear to be strictly monogamous; their adult sex ratios are equal, and their male
and female helping behavior and dispersal are equivalent. The largest canids
(>13.0 kg) like the African hunting dog (Lycaon pictus) have a monogamous
mating system with a tendency toward polyandry and an adult sex ratio
skewed toward males, male helpers, and female emigration. Feeding ecology
also shows a body size trend: smaller canids tend to be solitary hunters, and
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medium-sized canids sometimes hunt cooperatively. Among most large canids
cooperative hunting is an important if not critical method of obtaining food.

Allometric analyses indicate that there are strong correlations between mean
female body weight and a number of important life history traits (Bekoff et al.
1981; Gittleman 1984, 1985; Moehlman 1986). In particular there are strong
correlations when (1) natural log median birth weight is regressed against
natural log mean female body weight (2 = 0.97, slope = 0.76 = 0.08 at t ),
(2) natural log mean litter size is regressed against natural log mean female
body weight (r2 = 0.72, slope = 0.33 = 0.12), and (3) natural log litter weight
is regressed against natural log mean female body weight (r2 = 0.89, slope =
1.14 = 0.24) (Moehlman 1986). The correlations indicate that as canid
females increase in body weight, they tend to have relatively smaller and
potentially more altricial young. Unlike most mammals (Eisenberg 1981) and
carnivores (Gittleman 1984), canids have a positive correlation between litter
size and female body weight. Thus, larger females will not only be producing
increasingly altricial young, but more of them. Concurrently, their prepartum
investment will remain high and may even increase with the larger females. As
maternal weight increases, the trend is toward more prepartum investment in
gestation of larger litters composed of proportionally smaller neonates. Corre-
spondingly, more postpartum investment may be needed to rear these larger
litters to the age of independence.

This allometric and essentially physiological scenario is consistent with the
general interspecific behavioral pattern observed in Canidae. Smaller females
will produce fewer, more developed neonates that will potentially require less
postpartum investment. Parental investment and sexual selection theory pre-
dicts that as males contribute less, there will be reduced competition by females
for males, there will be a tendency toward polygyny, the adult sex ratio will
skew toward females, and males will disperse (Trivers 1972). This suite of
behaviors has been observed in small canids like kit foxes (Vulpes macrotis),
arctic foxes (Alopex lagopus), bat-eared foxes, and red foxes (Storm and Ables
1966; Ables 1975; Storm et al. 1976; Brady 1978, 1979; Nel 1978; Egoscue
1979; Lamprecht 1979; Macdonald 1979b, 1980, 1981; Hersteinsson 1984;
Nel et al. 1984; Moehlman 1986).

By contrast, large canid females produce larger litters of relatively less devel-
oped neonates. They appear to be making a larger prepartum investment that
will potentially require substantial male investment in the rearing of these
offspring. Females cannot afford to share this investment with other females
(e.g., polygyny is unlikely), and competition for males could be intense. In the
cases of both African hunting dogs and gray wolves (Canis lupus), males tend
to provide more food than do females to pups (Malcolm 1980; Fentress and
Ryon 1982), there is fierce competition between females for males, and there
are limited observations of polyandrous matings (van Lawick 1973; Davidar
1975; Reich 1981; Harrington and Mech 1982; Harrington et al. 1982, 1983;
M. Rabb, pers. comm.). African hunting dogs do exhibit a significant pup and
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adult sex ratio bias toward males, female emigration, and male helpers (Dek-
ker 1968; Frame and Frame 1976; Frame et al. 1979; Malcolm 1980; Mal-
colm and Marten 1982; Heerden and Kuhn 1985). The dhole (Cuon alpinus)
displays similar life history allometry, mating and rearing strategies, and feed-
ing ecology (Johnsingh 1982). These large canids tend to be more dependent
on cooperative hunting, and improved hunting success and defense of prey by
larger groups can interact positively with the investment needs for cooper-
atively rearing large litters (Ewer 1973; Kleiman and Eisenberg 1973; Kruuk
1975; Lamprecht 1981). When obligatory cooperative hunting is not linked to
pup rearing, litters tend to be smaller. Gray wolves are cooperative hunters in
the winter, but in the spring and summer their feeding ecology may shift to
solitary hunting of small prey and groups may disperse (Mech 1970; Peterson
et al. 1984). The major exception among large canids is the maned wolf
(Chrysocyon brachyurus), a solitary forager that feeds on rodents and fruit,
has a monogamous mating system, and produces only two pups on average.

Allometric analyses are useful for delineating life history strategies that are
related to size, but they are just one step in understanding the variation in
canid social systems. Ecological constraints and their effect on feeding, spac-
ing, and reproductive strategies must be understood if one is to elucidate both
inter- and intraspecific variation among Canidae. Research on the correlation
of food habits and basal rate in eutherian mammals (McNab 1986, this vol-
ume) offers important insights into the potential effects of diet on ecology and
behavior. Although scaling of basal rate generally follows Kleiber’s (1961)
curve, different diets—for example, frugivory versus carnivory—are correlated
with lower- or higher-than-expected basal rates. Climate is also a contributing
factor to basal rate, but recent research indicates that diet may dominate
climate with regard to influencing basal rate (Hennemann et al. 1983). The
strong correlation of diet with basal rate could be causative since food type
attributable to (1) digestibility, (2) toxicity, (3) availability, and (4) energetic
cost of acquisition may limit the rate at which a mammal can acquire energy
and hence expend energy (McNab 1986). Since strong correlations do exist
between basal rate of metabolism and eutherian mammal reproductive traits
such as gestation period, postnatal growth constant, and fecundity, the com-
bined effects of body size, food habits, and climate can have a major impact on
maximum intrinsic population growth rate (Hennemann et al. 1983; McNab
1986) and social behavior (Gittleman 1985; Moehlman 1986).

The potential effect of such ecological contraints can be seen in the maned
wolf (22.7 kg), the only large canid that has a mixed diet and feeds exclusively
on small food items (rodents and fruit). Canids with mixed diets generally have
basal rates intermediate to fruit-eating specialists (low) and vertebrate-eating
specialists (high). The costs and rewards of foraging for many small food
packets can impose energetic constraints on the ability of adults to invest in
reproduction, and maned wolves have the lowest mean litter size recorded for
canids, X = 2.0 (Acosta 1972; Brady and Dinen 1979; Dietz 1984). Another
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example is arctic fox populations in the Northwest Territory of Canada which
periodically have access to very abundant populations of lemmings (Dicros-
tonyx torquatus and Lemmus sibiricus) during the whelping season. These
vertebrate-eating specialists have very large litter sizes (X = 10.1) compared
both with other populations of arctic foxes and with canids of similar weight
(Macpherson 1969; Hersteinsson 1984). By exploiting periodically abundant

vertebrate prey, the arctic fox may dramatically increase its reproductive rate.

Single Species Studies

Interspecific analyses of reproductive traits and maternal body weight indi-
cate that “first-order” or “physiologically based” strategies are strongly corre-
lated with size (Western 1979). Such analyses are useful in extracting what
components of a species’ life history strategy may depend on size and what
components reflect environmental and ecological selection (“second-order
strategies”). Single species studies under different or varying ecological circum-
stances offer the best opportunity for understanding linkages between ecology
and behavior. The majority of such canid studies are descriptive and examine
the significance of correlations rather than determine causality.

Field studies indicate that canids can exhibit an impressive degree of intra-
specific variation both between populations and within the same population
seasonally and from year to year. A plethora of data exist on variability in diet
composition, home range size, group size and sex composition, and litter size;
but few studies provide concurrent detailed information on (1) food avail-
ability and energetics of acquisition, (2) predation/parasite/disease pressure (3)
territory/home range availability and utilization, and link these factors to (1)
group size, social organization, and mating behavior (see Gittleman, this vol-
ume); (2) care of young, pup development, and survival; and (3) spacing
behavior and dispersal (see Bekoff, this volume). In species where there are
adequate data, I will examine the potential effects of diet and feeding ecology,
habitat and climate, and predation and disease on spacing systems, social
groups, mating systems, cooperative rearing of young, and dispersal.

Bat-eared Fox

Bat-cared foxes are insectivores; harvester termites (Hodotermes) and dung
beetles (Scarabaeidae) make up most of their diet (Nel 1978; Lamprecht 1979;
Malcolm 198S). In all locales where they have been studied, bat-eared foxes
are nonterritorial and social groups forage together. Given the ephemeral na-
ture of their food resources, individuals would have little negative effect on
another’s foraging success (Lamprecht 1979; Waser 1980), and in fact bat-
eared foxes call each other to food resources, thereby enhancing group mem-
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bers’ access to food (Nel et al. 1984). In the Kalahari Desert bat-eared fox
group size fluctuates seasonally and is strongly correlated with rainfall, which
in turn is a major correlate of invertebrate abundance (Nel et al. 1984).

Bat-eared foxes are monogamous, though polygynous groups in which both
females nurse all the pups have been observed (Nel et al. 1984). Given the
nature of this fox’s feeding ecology, the addition of another breeding female to
the group might not detract from available food resources and would poten-
tially provide additional food and guarding for the pups as well as a substitute
source of milk if one of the females should die. Bat-eared foxes bear small
litters of pups that are more developed than other canid young, and females
potentially can sustain a majority of the needed parental investment. On the
Serengeti, when the male of a pair died, the female succeeded in gestating and
rearing five pups (B. Mass, pers. comm.). Given a female’s potential to provide
most of her pups’ nutritional requirements, a male could be polygynous and
attempt to improve his reproductive success. The division of his paternal care
might have little effect on pup survival. Because of the relative ease of dispersal
by nonterritorial species, the major selective force for larger social groups of
bat-eared foxes would be anti-predator vigilance and defense and shortage of
available dens.

Crab-eating Fox

Crab-eating foxes (Cerdocyon thous) are monogamous. Brady’s (1979)
study in Venezuela determined that their diet and spacing system had a marked
seasonal change. In the wet season insects and fruit were their predominant
food (72%), and there was home range overlap and tolerance of adjacent pairs
(e.g., they were nonterritorial). Apparently there was relatively little problem
with resource depletion. By contrast, during the dry season vertebrates and
crabs composed 79% of their diet, and the foxes were territorial and intolerant
of nonfamily conspecifics. The type of food resources (insects versus verte-
brates) is a possible explanation for the change in spacing systems.

Arctic Fox

Detailed field studies have been done on arctic foxes in northwest Canada
(Macpherson 1969) and coastal and inland habitats of Iceland (Hersteinsson
1984). There were important differences in food type and availability between
the inland tundra of northwest Canada and the habitats in Iceland. On the
coast of Iceland food resources are composed of seal carcasses, seabirds, fish,
invertebrates, and berries; their spatiotemporal availability was variable and
patchy. By contrast, food availability in the inland Iceland habitat is seasonally
more steady and reliable, and the resources are composed of ptarmigan and
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sheep carcasses in the winter and migrant birds in the summer. In a com-
parison of these habitats (where fox hunting was not a major cause of mor-
tality), litter sizes were significantly larger in the coastal area (coastal = 4.53 *
1.47,n = 57; inland = 4.00 = 1.46,n = 129; p = 0.02) (Hersteinsson 1984).

There also was a significant difference in group size in the two locales. On
the coast groups were composed of the breeding male and female plus a
nonbreeding yearling female. In some families the nonreproductive females
were helpers who brought food to the pups and guarded them. Coastal hab-
itats also had smaller territories and a higher density of breeding dens. There
were observations of groups in which there was one male and two lactating
females, but no detailed behavior data were taken. By contrast, the inland area
groups rarely had adults in addition to the breeding pair. The Iceland popula-
tions exhibited group sizes consistent with the predictions of Macdonald’s
(1983) resource dispersion hypothesis and Lindstrém’s (1986) territory inheri-
tance hypothesis.

In the northwestern Canadian tundra lemmings composed 50—90% of arc-
tic fox diets. During a five-year study of 203 dens, data were collected on
lemming abundance, the composition of scats, and arctic fox reproduction.
The adult sex ratio was 1:1; /3 of the one- and two-year-old females bred, and
5/6 of the 3+-year-old females bred. It was determined, based on placental
scars, that mean litter size at birth did not vary year to year, but litter size was
comparatively large (X = 10.6 + 0.28, n = 118). Mean size of weaned litters
did vary yearly and correlated positively with lemming abundance. Macpher-
son (1969) attributed the large litter sizes to the heightened seasonal contrast
in food resources in this northern latitude and the large relative food surplus
during the breeding season. Braestrup (1941, in Macpherson 1969) had similar
results in Greenland, observing that arctic foxes in the interior that were
dependent on lemmings raised twice as many pups per litter as foxes living on
the coast that preyed mainly on marine animals and birds. Arctic foxes are
opportunistic in utilizing seasonally abundant food resources and can dramat-
ically increase their reproductive rate. They are morphologically equipped to
have relatively large litters in that they have twice as many teats as other canids
of similar body size (Ewer 1973).

Red Fox

Red foxes typically have a monogamous mating system but are also found in
single male groups with two to five females (Macdonald 1979b, 1980, 1981).
The female component of the group can range from (1) one reproductive
female, (2) one reproductive female plus nonbreeding female helper(s), (3) one
reproductive female plus additional breeding female(s) that lose their pups due
to reabsorption, abortion, or negligence, and (4) two reproductive females that
den and nurse communally.

As long as the subordinate females do not breed, the alpha female derives



Intraspecific Variation in Canid Social Systems 149

benefits of (1) additional food to her pups, (2) increased anti-predator sur-
veillance and defense, (3) increased time spent foraging while the helper(s) do
guard duty, (4) an additional female that can “substitute” if the mother dies
(Macdonald 1983), and (5) assurance that the additional female (kin) might
inherit her territory (Lindstrom 1986). For the subordinate female(s) the bene-
fits of (1) staying on a known territory, (2) potentially inheriting the territory
and reproductive status, and (3) investing in close kin and deriving inclusive
fitness benefits must be weighed against the costs of (1) dispersing, (2) acquir-
ing a territory and mate, and (3) delaying reproduction (Emlen 1982a).

But why don’t additional males stay? In all fox populations studied there is a
sex bias toward males’ emigrating. Small canid females have fewer and heavier
newborns, which potentially require less paternal investment postpartum, and
if a female can provide most of the offsprings’ needs, then the male can invest
in more than one female, and polygyny is possible. Females invest more than
males and are the limiting sex. Sexual selection theory would then predict a
polygynous mating system, with males more likely to disperse (Trivers 1972).

Food availability and dispersion can affect the spacing of a social group. In
Macdonald’s (1980, 1981) main study area territories were small (0.19-0.72
km2, n = 7), individuals within the group were frequently in contact, and
suitable denning sites may have been limited. Subordinate females did not
exhibit reproductive behavior and may have suffered endocrine suppression
because of the alpha female’s behavior.

Von Schantz’s (1981, 1984) study area also had groups composed of one
male and several females. But in this locale territories were larger, food was
more dispersed, and subordinate females occupied smaller (2.7 km2) and sub-
optimal areas within the territory (5.3 km2). They presumably were able to
avoid the dominant female and had a reduced frequency of stressful encoun-
ters. They did breed, but they did not successfully raise litters. When the alpha
female died, a subordinate female provisioned her litter and took over her
portion of the territory. Although subordinate females did not breed suc-
cessfully, they were positioned to inherit a better part of the territory. One
male could control an area in which several females bred but additional pups
did not survive, presumably because of inadequate resources and provisioning.

Communal denning is rarely observed, and there are no direct data on the
factors that might select for it. Macdonald (1980) has postulated that commu-
nal denning would be mutualistic and allow females to share maternal duties;
for example, if one female died, the other could raise both litters. In addition,
the male would be more likely to provision both litters if they were in the same
den.

Silverbacked Jackal

Silverbacked jackals are medium-sized canids that are monogamous, ter-
ritorial, and have equal sex ratios in social group composition, helpers, and
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dispersal (Moehlman 1983, 1986). These canids are both solitary foragers and
facultative cooperative hunters. When hunting cooperatively, they have a high-
er success rate in killing Thomson’s gazelle fawns (Gazella thomsoni) (Wyman
1967; Lamprecht 1978). Cooperative groups of jackals are also more success-
ful in defending and feeding on carcasses (Lamprecht 1978; Moehlman 1983).

Long-term pair bonding (six to eight years) in silverbacked jackals reflects
both physiological and ecological constraints. The female bears large litters (X
= 5.7, range = 1-9) that have a long period of dependency (4+ months). In
the Serengeti study area (Moehlman 1983, 1986) they forage on rodents (~60
gm) and fruit (5 gm) that are abundant but energetically costly since they
involve foraging trips of 6—8 km. Paternal investment is critical to pup sur-
vival, and pairs on average raise only 1.3 pups (» = 6, range = 0-2). When
male parents have died, whole litters have been lost and the females have
disappeared (n = 2).

Of known surviving pups, 24% stayed and helped (# = 20, male:female =
1:1) by feeding the pups and lactating female, guarding the pups, and socializ-
ing with the pups. With the addition of helpers there was a positive and
significant correlation with rates of regurgitation (n = 7 litters, 472 h observa-
tion, 7, = 0.90, P = 0.01), and pups were seldom left unguarded. Pup survival
at 14 weeks of age had a significant correlation with the number of adults in
the family (r; = 0.89, P = ¢.01) (Moehlman 1986).

Parents could improve their reproductive success by allowing offspring to
remain on the natal territory and invest in the new litter of pups. Pup survival
was increased, the female’s future reproductive success potentially was im-
proved by the provisioning that she received, and offspring were in place to
inherit the territory if the parents died. The benefits to parents of retaining
helpers were limited by the available resources on the territory and the energet-
ics of provisioning the pups.

A year-old jackal had the option of staying and helping or of dispersing,
attempting to acquire mate and territory and trying to raise a litter of its own
(Moehlman 1979; Emlen 1982a, 1982b). Ecological and demographic con-
straints would determine the costs and benefits of this choice. In this study area
jackals had an abundant food supply throughout the year (3000-13,000
rats/kmz2) (Senzota 1978), and conditions were favorable for the retention of
offspring in the natal territory (Macdonald 1983). However, the food resource
situation that made it possible for young adults to stay also made it easier for
them to disperse and reproduce. Because they live in a brush woodland habitat
with poor visibility, individuals could establish residence at the edges of exist-
ing territories.

Silverbacked helpers derived significant inclusive fitness benefits since on
average a helper contributed to the survival of 1.74 pups and their average
relatedness was r = 1/2 (Moehlman 1981, 1983). In addition they gained
extended experience in familiar terrain that might increase their survivorship
and the quality of their future parental care (see Gittleman 1985). Potential
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dispersers would have constraints on rearing their first litter since pairs on
average can raise only one pup and even experienced parents lose whole litters.
Even with this pattern of inclusive fitness benefits and ecological constraints on
rearing offspring, most one-year-old silverbacked jackals opted for dispersing
and attempting to reproduce at an earlier age. The real costs and benefits of
this choice cannot be evaluated until there are data on one-year-olds’ versus
two-year-olds’ success at emigrating, acquiring a territory and mate, and suc-
cessfully rearing pups.

Present data indicate that silverbacked jackals and other medium-sized
canids are exclusively monogamous. It seems that the paternal investment of
the silverbacked jackal is critical to pup survival and hence to both male and
female reproductive success. The female cannot raise a litter on her own and
requires substantial male investment. Their relative investment in the pups is
comparable, and hence intrasexual competition for access to the opposite sex
is equal and selects for a monogamous mating system (Trivers 1972). Ter-
ritorial defense is almost exclusively between the resident and intruders of the
same sex (Moehlman 1979, 1983). A monogamous mating system in turn
would select for equal sexual selection for helpers and hence equal sexual
dispersal (Trivers 1972; Emlen et al. 1986). However, if food availability
changed such that it was energetically possible for the female to invest much
more than the male, hence energetically feasible for the male to invest in
several litters, then the balance could tip toward polygyny. On the other hand,
if the female’s ability to invest became more limited and more male investment
was required, then males would become the limiting resource and the tendency
would be toward polyandry. Anecdotal data indicate that silverbacked jackals
sometimes have multiple litters (Ferguson et al. 1983). Thus, in some locales
silverbacked jackals might either have multiple monogamous pairs or a poly-
gynous group on a territory.

Golden Jackal

Golden jackals are also monogamous, territorial, and have families in which
some pups stay and help raise the next year’s litter. The male provisions his
mate during her pregnancy, and the male and the helpers feed the lactating
female and the pups. During whelping season in the Serengeti golden jackals
feed on larger prey and carcasses. Cooperative hunting and defense of car-
casses are a more important component of their feeding ecology, and they are
more carnivorous than the neighboring silverbacked jackals. Golden jackal
pairs feed their pups at more than twice the rate that silverbacked jackals do,
and pup survival does not appear to be limited by food provisioning. Rainfall
and flooded dens, density-independent factors, are a leading cause of pup
mortality. Pairs on average raise 1.8 pups (n = 12 litters, range = 0—4), and
although there is a significant correlation between number of adults in the
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family and pup survival, it is weaker (r, = 0.36, P = 0.05) and more variable
than the correlation for silverbacked jackals. In this population the nature of
the food resources and their availability make it possible for the female to
provision food at a higher rate, and male investment could be less critical. In
particular, golden females nurse their pups at three to five times the rate of
silverbacked jackals (Moehlman 1986). Correspondingly, the golden jackal
pair bond is not as strong, and mate changes do occur. Under these circum-
stances it might be possible for golden jackal males to successfully provision
more than one litter, allowing the possibility of polygyny.

Young golden jackals leave their natal territory during the dry season when
a food bottleneck occurs, and they are transient in the woodlands. But during
the wet season 70% return and help to raise the next year’s litter. The higher
proportion of young golden jackals’ returning and helping versus dispersing
may reflect a high cost in obtaining a territory. Golden jackal territories are
small (<1 km?) and form a tight mosaic on the open shortgrass plains.

Macdonald’s study (1979a) in Israel illustrates the behavioral variability
possible in golden jackals. The jackals in this study population obtained 92%
of their food from a large provisioning site and a garbage dump. These sites
constituted a highly clumped and defendable food resource that was available
throughout the year. Social group size was large, with two groups of ten and
20 individuals each. Territory size was quite small (0.1 km2), and territory
boundaries were marked with fecal piles (middens). Macdonald suggested that
the large groups were possible because the nature of the food resources made it

economically defendable (Bradbury and Vehrencamp 1976; Emlen and Oring
1977).

Coyote

Coyotes are medium-sized canids that typically have stable pair bonds (three
to four years), territories, and some offspring of both sexes that stay and help
(Knowlton 1972; Gize 1975; Camenzind 1978; Bekoff and Wells 1980). Rela-
tive prey size may be an important determinant of coyote group size. In hab-
itats where mule deer (Odocoileus hemionus) and elk (Cervus elaphus) were
important food items, there was a correlation with delayed pup dispersal and
larger group sizes (Bowen 1978, 1981; Bekoff and Wells 1980, 1982). Bowen
found a strong correlation between pack size, territory size, and the percentage
of mule deer in the winter diet. He attributed this relationship to an increase in
individual fitness with an increase in food acquisition efficiency that resulted
from a combination of searching, capture, and defense of food. Bekoff and
Wells (1986) attributed the larger size of one of their two study groups to the
presence of elk carcasses, a large, abundant, defendable food resource. This
larger group had delayed dispersal of offspring, and some individuals stayed
and helped. There was a positive correlation with the presence of helpers and
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pup survival, but it was not significant. Yearlings that dispersed did suffer a
higher mortality than their age peers that stayed at home. Data on reproduc-
tive rates in yearling coyotes (an indication of early and successful dispersion
rate) varies from southern to northern latitudes. Data from the more northern
latitudes shows a lower rate of pregnancy in yearling females. This may reflect
delayed maturation and dispersal and/or higher costs of dispersal.

In locales where coyote diets are mainly composed of small prey items, e.g.,
rodents, group size tends to be smaller and dispersal is earlier (Bekoff and
Wells 1980). However, a scenario in which prey size determines group size is
confounded by studies finding that when coyotes feed on small prey but the
coyote population density is high, dispersal presumably is difficult and groups
are relatively large (Andelt 1982). Once again the costs and benefits of staying
versus leaving must be assessed if one is to determine the selective factors for
determining group size. Messier and Barrette (1982) concluded from their
study at a northern latitude (46°N) that large prey facilitated group living but
that the major selective force for larger social groups was delayed dispersal of
juveniles due to (1) saturation of available territories and (2) later age of
maturity. Thus in their study, population density and nutrition were critical to
dispersal time and rate, and group size.

Coyote field studies indicate that sex ratios are typically equal for group
composition and emigration. There are data from radio-tracking studies in
which sex ratios are skewed toward males or females and studies in which
male territories contain several female territories (Nellis and Keith 1976; Berg
and Chesness 1978). These data are intriguing but lack resolution as to the age
and reproductive status of individuals, and hence the mating system.

Camenzind (1978) studied groups of coyotes (# = 3) in Wyoming that
ranged in size from four to seven adults. In several cases there was circumstan-
tial evidence that groups contained multiple breeding pairs. In these groups
several females suckled all the pups, and the total number of pups exceeded
average litter size. In one group three females appeared to have borne a total of
16 pups that were kept in two separate dens. At 14 weeks all pups were merged
into one den and communally reared by what appeared to be three breeding
pairs. In this study population a large group size may have been selected for by
improved foraging efficiency (better defense of elk carcasses) and improved
defense of offspring. Camenzind had circumstantial evidence of infanticide by
trespassing conspecifics.

Gray Wolf

The basic component of wolf social organization is the breeding pair. The
typical pack composition observed in the wild (Rausch 1967; Mech 1970) is
that of a mated pair and its offspring. The pair bond may persist for several
years, but direct long-term observations are limited. Wild packs occasionally
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have two pregnant females (Rausch 1967, » = 3), and there is one report of
two females’ raising their young in a communal den (Mech 1970). The litera-
ture generally refers to the pregnant females as being members of mated pairs.
The work of Jordan et al. (1967) on the Isle Royale wolf population reported a
main pack of 11-22 wolves (1961—-66) with three breeding pairs. These data
are interesting as they resemble the multiple mated pairs recorded in a pack of
coyotes (Camenzind 1978). The pervasive mating system in the genus Canis is
one of long-term bonded pairs, and when multiple pregnant females occur in a
group, it appears to be the result of multiple monogamy rather than polygyny.

The norm for most wolf packs (wild and captive) is one breeding pair, which
by agonistic behavior prevents subordinates from mating (Packard et al. 1983).
As Packard et al. (1985) have stressed, it is important to distinguish between
reproductive failure due to (1) suppression of endocrine cycles and (2) suppres-
sion of reproductive behavior. In female wolves age at first ovulation ranges
from ten to 22 months, and both social and environmental factors may delay
the age of puberty. However, once a female has cycled, anestrus is rarely
observed and most reproductive failure in adult females is attributed to lack of
copulation. Failure to copulate correlates positively with (1) high rate of ag-
gression received, (2) low rate of sexual behavior received, (3) levels of pre-
ovulatory progesterone and cortisol, and (4) low discharge duration (Packard
et al. 1985). Subordinate females in a pack exhibit normal estrous cycles and
ovulation; and a study of captive packs found that four nonpregnant females
had serum hormone concentrations through the luteal stage similar to those in
females that produced litters (Seal et al. 1987). Not only do subordinate
females not experience endocrine suppression, but they are clearly “primed” to
produce and provide milk for another female’s offspring. If a dominant re-
productive female produces pups and then dies, a subordinate female can
provide milk. This “help” raises the issue of whether all cases of observed
communal nursing involve strictly birth mothers. Although some subordinate
females do breed and produce litters, this normally occurs when there is no
parental pair in the pack or when a member of the parental pair is very old or
dies (Packard et al. 1983). When subordinate females breed, they tend to be
less successful in raising pups (Zimen 1976). Dominance hierarchy is well
established in wolf social groups (Mech 1970; Zimen 1976), and the pack is
territorial, highly integrated, and aggressive toward nonmembers of the pack.
Immigration appears to be almost nonexistent, but, once again, the field data
that would clarify this situation are not available.

The review by Harrington et al. of mating systems in wolves (1982) presents
evidence for flexibility based on a male or female’s ability to control reproduc-
tive activity in the group. Subordinate animals can be prevented from breeding
through direct threats and aggression. In groups where cooperative hunting
and defense of prey is common and group members are always associated, the
potential for subjugation and control of low-ranking members increases. It is
important to note that although during the winter wolves are primarily coop-
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erative hunters, their foraging pattern may shift to solitary foraging and small
prey in the spring and summer, when groups tend to disperse (Mech 1970;
Peterson et al. 1984). Since pups are born and reared in spring and summer,
wolf social groups may be less cohesive during the reproductive season and
subordinate members of the pack could temporarily split away and raise a
litter of pups. Food type and availability, population density, and individual
pack histories all can affect pack size and cohesiveness, the mating system, and
the cooperative rearing of pups.

African Hunting Dog

African hunting dogs are large canids that cooperatively hunt prey as heavy
as zebra (Equus burchelli, 200 kg). Among the canids, they are the most
obligatory cooperative hunters and achieve a high degree of hunting success,
50-70% (Frame et al. 1979). A long-term study found that average pack size
in the Serengeti was 9.8, with a range of 1-26 (n = 12) (Frame et al. 1979). A
pack unit is typically composed of one adult female, one to ten adult males, the
yearlings, and the pups. Some packs contain a subordinate female, but she
rarely reproduces successfully. In 26 observed natal dens, the dominant female
was mother of 20 of the litters and a subordinate female whelped six litters. Of
the latter, only one litter survived. Dominant females will prevent the feeding
and care of a subordinate female’s litter, and dominant females with litters
have been observed killing a subordinate female’s litter. African hunting dogs
have relatively large litters with a mean of 10.1 and a range of 1-16. In
allometric analyses, hunting dogs have relatively small (altricial) neonates and
very large litters. Thus the female is incurring large prepartum investment costs
and large postpartum investment needs (Moehlman 1986). Two pairs that
tried to breed without helpers had no pup survival. Four pairs that had year-
lings but no adult helpers also had no surviving pups. Adult hunting dogs
allow yearlings to feed first at a kill. Thus, if food is abundant, there will be
enough for the yearlings and the pups, but if it is scarce, priority goes to the
yearlings and the adults will have little to regurgitate to the pups. In the
Serengeti if any pups survived, there was a positive correlation between num-
ber of helpers and pup survival at one year of age (r, = 0.85, p < 0.05)
(Malcolm and Marten 1982). Parental investment and sexual selection theory
would predict intense competition by females for males and a tendency toward
polyandry. This is consistent with observations in the Serengeti population
(Frame et al. 1979; Frame 1986). In addition, sex ratio at birth is skewed
toward males (Heerden and Kuhn 1985). Malcolm (1980) proposed that this
skewed sex ratio was an evolved response to a social organization in which
sons were more likely than daughters to contribute to the raising of subsequent
litters (Trivers and Hare 1976; Emlen et al. 1986).

Hunting dogs in the Serengeti have very large overlapping home ranges
(1500-2000 km?2). In this locale males are recruited into the pack and females
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emigrate. No female remained in her natal pack during ten years of observa-
tion (Frame and Frame 1976).

Hunting dogs were also studied in Kruger National Park (Reich 1981).
Average pack size was 11 (n = 27), and both pup and adult sex ratios were
skewed toward males. Polyandrous matings did occur, although monogamy
was the norm. However, pack range size was much smaller (500 km2) and
density was higher. Female emigration was much less frequent than in the
Serengeti, and Reich attributed this difference to (1) the high density of packs,
(2) the fact that packs with breeding vacancies did not exist, and (3) the fact
that subordinates instead of emigrating were remaining within their natal
packs and passively awaiting the death of a dominant or actively fighting for
dominant breeding status. In one pack a young female supplanted her mother
as dominant, and she bred with her father. When packs were large and the
potential for achieving dominant status was low, pack fission instead of emi-
gration occurred.

Conclusions

Among canids the pervasive theme of obligatory monogamy appears to be
closely linked to a critical need for male investment in the rearing and survival
of offspring. Allometric analyses indicate that a positive and significant rela-
tionship exists between neonate weight, litter size, litter weight, and maternal
body weight (Mochlman 1986). This trend of larger litters of less developed
pups with increasing maternal weight is unique among mammals and may
affect the relative investment needed from individuals other than the mother
for the successful rearing of a litter. Species in the order Carnivora that com-
munally raise young tend to have relatively heavier litter weights than those
that raise young without “helpers”, and canids as a family have the heaviest
relative litter weights (Gittleman 1984, 1985).

A general relationship between body weight and behavioral trends occurs
among canids. Smaller female canids tend to have fewer and heavier pups,
require less paternal investment, and are the limiting sex. There is a concurrent
tendency toward polygyny and/or female helpers, with males dispersing. The
availability of food and the energetics of nutritive input to the mother and pups
can alter group size, litter size, and mating system (monogamy <> polygyny).
Species at the heavy end of the scale have larger litters of relatively more
altricial pups and require substantial postpartum investment in pups. Males
are the limiting sex, and there is a tendency toward polyandry. Within this
trend there are anomalous species (e.g., arctic fox, maned wolf) that emphasize
the important role of ecological factors. In particular, the availability and
energetics of food acquisition and utilization can affect the ability of individu-
als to control resources, their access to the opposite sex, and nutritional input
to pups (Emlen and Oring 1977; Davies and Lundberg 1984). These scenarios
are complicated further by population demography.
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The type and size of food resource tends to correlate with feeding and
spacing systems. Hence, small canids that feed primarily on invertebrates and
fruit (crab-eating foxes and bat-eared foxes) have a spacing system of overlap-
ping home ranges and may have little impact on one another’s foraging suc-
cess. In the case of crab-eating foxes, when the diet changed from exclusively
invertebrates to crabs and vertebrates, there was a concurrent change in the
spacing system and pairs were territorial. Presumably this change was related
to defense of a food resource and to optimization of feeding efficiency, but the
energetics of food acquisition was not examined.

Among territorial solitary foragers the distribution (patchiness) of food re-
sources may determine the size of the territory, and the richness of those
patches might allow additional group members (Kruuk 1978; Macdonald
1983; Kruuk and Macdonald 1985). This appears to be an important factor
for group size in some populations of red foxes (Macdonald 1981) and arctic
foxes (Hersteinsson and Macdonald 1982; Hersteinsson 1984). In populations
that experience strong seasonal and/or yearly fluctuations, territory size might
be determined by the minimal food resource conditions and additional individ-
uals could remain during “good” times. Such resource fluctuations play a role
in group size in some populations of red foxes (von Schantz 1981, 1984) and
golden jackals (Moehlman 1983).

As body size increases in canids, there is a concurrent tendency toward
cooperative hunting and defense of prey. It has long been postulated that social
groups in carnivores have evolved in response to increased hunting success that
resulted from cooperative foraging and defense of prey (Kleiman and Eisen-
berg 1973; Kruuk 1975; Lamprecht 1978). But Messier and Barrette (1982)
made the important point that it is necessary to demonstrate a per capita
increase in food intake with increased group size for cooperative foraging to be
a strong selective force. Among coyotes there is intraspecific variation in prey
size and group size. However, group size across all populations studied does
not correspond strictly to prey size. Although several populations that have
larger prey (e.g., mule deer, elk) also have larger groups (Bekoff and Wells
1980, 1982; Bowen 1981), coyotes that prey primarily on rodents may have
large groups when coyote population density is high (Andelt 1982). Wild dogs
appear to be the only canids that specialize in large prey throughout the year
and the only canids for which cooperative foraging may have been the pre-
dominant force for the evolution of social groups.

Brown (1982) has made the salient point that all group territories docu-
mented involve breeding groups. These breeding groups may be composed of
two or more reproductive individuals and/or nonreproductive helpers. Brown
then incorporates the contributions that helpers can make to the original terri-
tory holder’s reproductive fitness through care of the young and anti-predator
behavior. These models focus attention on the dynamics of costs incurred via
resource depletion versus the benefits gained by having more group members
to share the burden of territorial defense and care of the young.

Both the spatial and temporal patterning of key resources and population
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demography can affect the distribution of potential mates and the costs and
benefits of one sex’s monopolizing reproductive access to the opposite sex. The
mating system will be the outcome of a conflict of interest between males and
females concerning their individual reproductive success and will involve com-
plicated individual behavior that is conditioned by operational sex ratio, popu-
lation density, and food resources (Davies and Lundberg 1984).

In some studies of red foxes the spatial availability of food correlated with
the spacing of group members and affected their reproductive status and strat-
egies. In smaller territories with clumped food resources, subordinate females
did not reproduce, possibly because of stress induced by frequent encounters
with the dominant female. In larger territories with more dispersed resources
subordinate females utilized separate but suboptimal territories and presum-
ably avoided contact with the dominant female; and there was a polygynous
mating system. Polygynous mating systems with communal denning have also
been observed, but the role of food resources and population demography has
not been examined.

Variance in group size also occurs in medium-sized canids, but in all popula-
tions studied sexual roles have been symmetrical. The relationship between
body weight and the associated weight and number of neonates may be at a
fulcrum point in the balance between female investment at birth and the rela-
tive investment needed from the male to ensure survival of their offspring.
Thus, when multiple litters have been observed, they appear to be the result of
multiple monogamous pairings. This sexual balance could tip toward polyan-
dry or polygyny if the availability of food were significantly different and
changed the parental investment needed from the male. There are suggestions
in the literature that this might occur, but the documentation is inadequate.
Field studies need to determine genealogies and reproductive status and to
quantify individual time and energy budgets.

Among the larger canids mating systems vary intraspecifically from monog-
amy to polyandry. In gray wolves polyandrous matings have been observed
only in captive situations, and observations on free-ranging wolves are very
limited. In allometric analyses wolf litter size and weight lie below the line of
regression (Moehlman 1986). Thus, physiological constraints and postpartum
investment needs (e.g., fewer pups) may not select as strongly for increased
male investment. In addition, wolves are flexible in their feeding ecology and
typically do not hunt cooperatively during the reproductive season, thus allow-
ing the opportunity for pairs to disperse and successfully raise pups.

African wild dogs are obligatory cooperative hunters, and monogamy with a
low frequency of poyandry is well documented for this species in the wild.
Females produce very large litters of altricial pups, and there are no observa-
tions of a pair of wild dogs’ successfully raising a litter of pups on its own.
Additional adults (not yearlings) are critical to pup survival. Females compete
for male investment and dominant females can prevent subordinates from
breeding or kill subordinate females’ pups. Subordinate females tend to emi-
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grate in low-density populations (Frame and Frame 1976), but in higher den-
sity populations (X3, Reich 1981) subordinate females remain in their natal
packs and attempt to become dominant, or pack fission occurs. Physiological
constraints in the case of both of these large canids would presumably preclude
the viability of polygynous mating system for provisioning and successfully
rearing pups.

Among territorial canids, as these models suggest, ecological constraints
determine whether it is possible for additional individuals to remain with the
parental pair. But it is also necessary to examine when it is worthwhile for a
subordinate individual to stay (Emlen 1982a, 1982b). Only when environmen-
tal constraints are severe and it is difficult for an individual to breed indepen-
dently (because of lack of available territories or high cost of successfully
rearing young), will it remain on the natal territory as a nonbreeder. Individu-
als that stay potentially will accrue such benefits as (1) avoiding the high risks
of dispersal, (2) acquiring experience in the care of young, (3) increasing
inclusive fitness, (4) inheriting a portion of the natal territory, and (5) even-
tually achieving a reproductive status. It is among the large canids that cooper-
ative hunting and pup rearing are often necessary for survival and reproduc-
tion. Some adults within a group may remain nonreproductive for years, and if
so, the development of behavioral conflict is often alleviated by shared pater-
nity, communal maternity, and reciprocity (Emlen 1982b).

Variation in food size and temporal and spatial availability of food can
greatly affect canid spacing and mating systems. Analyses of resource avail-
ability and depletion in terms of individual energy budgets and fitness are
critical to understanding optimum group size and social systems in canids.
Single species studies do illustrate the ecological variability that populations
can contend with and their concurrent behavioral flexibility. Better quantita-
tive data on genealogy, individual time and energy budgets, reproductive suc-
cess, and survivorship are needed to determine how ecological factors affect
intraspecific variation in social systems.
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CHAPTER 6

The Mating Tactics and Spacing
Patterns of Solitary Carnivores

MIKAEL SANDELL

A majority of the carnivore species are primarily solitary, having very little
contact with conspecifics (Gittleman, this volume). These solitary species have
received less attention than the group-living species, which have attracted
much interest (see reviews in Macdonald and Moehlman 1982; Macdonald
1983; Bekoff et al. 1984).

This chapter focuses on the spacing patterns and mating systems of solitary
carnivores. Because these two characteristics are closely interrelated (cf. Clut-
ton-Brock and Harvey 1978), an analysis of one must also include the other. I
assume that food determines the distribution of females, whereas spacing in
males, at least during the mating season, is determined by the distribution of
females (Erlinge and Sandell 1986). From this I make a number of predictions
about the spacing patterns in solitary carnivores and test them with available
data.

Most analyses of mating systems have been classifications (e.g., Eisenberg
1966, 1981; Emlen and Oring 1977; Wittenberger 1979, 1981), which are not
easy to use for making testable predictions. In this chapter another approach is
taken; it centers on the individual male and the tactics used to maximize
reproductive success. This approach provides a number of testable predictions,
some which are tested with data from the literature.

Solitary Life—What Is It and Who Lives It?

All mammalian species are more or less social and regularly interact with
conspecifics, so “solitary” is not contrary to “social” (see Leyhausen 1965).
Instead, solitary behavior is contrasted with cooperative behavior. A carnivore
is solitary if it never, except when mating, cooperates with conspecifics; that is,
if two or more animals of any given species cooperate to rear young, forage,
achieve matings, or defend against predators, the species is classified as cooper-
ative (which, so defined, resembles group living, as in Gittleman, this volume).
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The defense of common area has not been included as a criterion of coopera-
tion. For animals moving solitarily, it is very difficult to separate group defense
of an area from individual defense of overlapping ranges where the residents
tolerate each other. The European badger (Meles meles) is described as living
in groups that defend territories (Kruuk 1978a, 1978b). The ranges of group
members are, however, different (Kruuk 1978b; Harris 1982), and it is diffi-
cult to evaluate whether it is a group territory or simply individual ranges that
are defended. Since group members have not been shown to cooperate in any
other way, this species is defined as noncooperative. The sea otter (Enbydra
lutris) is highly gregarious and spends a large proportion of its time together
with conspecifics (e.g., Loughlin 1980; Garshelis et al. 1984; Estes, this vol-
ume), but since no cooperative activities have been reported, it is classified as
noncooperative.

Many species show a large variation in social structure between populations
and may cross the demarcation line between solitary and cooperative. The red
fox (Vulpes vulpes) has been reported as highly cooperative, with nonbreeding
helpers in some places (Macdonald 1979), as monogamous in other areas
(Sargeant 1972), and as solitary in still other places (Ables 1969; von Schantz
1981). A species shown to exhibit cooperative behavior in one or more popula-
tions will be classified as cooperative, although it may be solitary over large
parts of its distribution. The analyses and discussions can probably also be
applied to cooperative species in populations where environmental conditions
give rise to solitary living, but they are not included in the analyses.

In some species the sexes behave differently—for example, cheetah
(Acinonyx jubatus) males form coalitions whereas females are solitary (Pettifer
1981; Caro and Collins 1987), and coati (Nasua nasua) males are solitary but
coati females form tight social groups (Russell 1981, 1983). These species are
classified as cooperative.

A solitary lifestyle is widespread among the carnivores, occurring in five of
the seven families.

Canidae

All species that have been studied reasonably well in the wild have shown
cooperative behavior (Moehlman 1986, this volume). The males of most spe-
cies join in the rearing of the young, for example, the maned wolf (Chrysocyon
brachyurus) (Dietz 1984), the coyote (Canis latrans) (e.g., Bowen 1982; Mes-
sier and Barrette 1982), the gray wolf (Canis lupus) (e.g., Harrington et al.
1983), the raccoon dog (Nyctereutes procyonides) (Ikeda 1986), and the bat-
eared fox (Otocyon megalotis) (Lamprecht 1979; Malcolm 1986). Several
species also include nonbreeding helpers, for example, the arctic fox (Alopex
lagopus) (Hersteinsson and Macdonald 1982), the coyote (Bekoff and Wells
1982), the gray wolf (e.g., Harrington and Mech 1982), and the black-backed
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jackal (Canis mesomelas) (Moehlman 1979; Ferguson et al. 1983). And a few
species form packs, for example, the gray wolf, (Harrington et al. 1982), the
Indian dhole (Cuon alpinus) (Johnsingh 1982), and the African hunting dog
(Lycaon pictus) (Frame et al. 1979; Malcolm and Marten 1982). There are,
however, species that live solitarily in some parts of their distribution (e.g., red
fox, refs. above).

Ursidae

No form of cooperative behavior has been reported for bears, but good data
are available for only three species: the giant panda (Ailuropoda melanoleuca)
(Schaller et al. 1985), the brown (grizzly) bear (Ursus arctos) (e.g., Ballard et
al. 1982; Servheen 1983), and the American black bear (Ursus americanus)
(e.g., Amstrup and Beecham 1976; Lindzey and Meslow 1977; Garshelis and
Pelton 1981; Young and Ruff 1982).

Procyonidae

Data are available from very few species of procyonids. In the case of one
species, the coati, the females are cooperative (see above), but the other species
studied are solitary, namely, the raccoon (Procyon lotor) (Fritzell 1978a,
1978b), and the ringtail (Bassariscus astutus) (Trapp 1978; Toweill and Teer
1981).

Mustelidae

One mustelid species, the giant otter (Pteronura brasiliensis), has been re-
ported as cooperative (Duplaix 1980); all other species for which data are
available are solitary, for example, the American marten (Martes americana)
(Steventon and Major 1982; Wynne and Sherburne 1984), the beech marten
(Martes foina), (Skirnisson 1986), the stoat (Mustela erminea) (Erlinge 1977,
Erlinge and Sandell 1986), the American mink (Mustela vison) (Gerell 1970;
Linn and Birks 1981; Dunstone and Birks 1985), the Euroasian otter (Lutra
lutra) (Green et al. 1984), the sea otter (Loughlin 1980; Ribic 1982), the
wolverine (Gulo gulo) (Hornocker and Hash 1981; Whitman et al. 1986), the
American badger (Taxidea taxus) (Lindzey 1978; Messick and Hornocker
1981), and the striped skunk (Mephitis mephitis) (Storm 1972).

Viverridae

In spite of the large number of viverrid species, very few have been studied.
Several of them are cooperative (Rood 1986; Gittleman, this volume), and
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good data are only available for two solitary species: the white-tailed
mongoose (Ichneumia albicauda) (Waser and Waser 1985) and the African
palm civet (Nandinia binotata) (Charles-Dominique 1978).

Hyaenidae

All hyaenid species studied show cooperative behavior, for example, the
spotted hyena (Crocuta crocuta) (Kruuk 1972; Mills 1985) and the brown
hyena (Hyaena brunnea), (Owens and Owens 1979, 1984; Mills 1982). Also,
the aardwolf (Proteles cristatus) male joins in the rearing of the young (P.
Richardson, pers. comm.).

Felidae

With the exception of the African lion (Panthera leo), (Schaller 1972) and
the cheetah (see above), all wild felids for which data are available live a
solitary life, for example, the Canadian lynx (Lynx canadensis) (Mech 1980;
Bailey et al. 1986), the European lynx (Lynx lynx) (Haller and Breitenmoser
1986), the bobcat (Lynx rufus) (review in McCord and Cardoza 1982), the
mountain lion (Felis concolor) (e.g., Seidensticker et al. 1973; Hemker et al.
1984), and the tiger (Panthera tigris) (Sunquist 1981).

Why Live a Solitary Life?

There is no simple answer to this question. Many factors are involved in
shaping the social structure of a population. Individuals of all species are
simultaneously exposed to several counteracting selection pressures, namely,
those favoring cooperative living and those favoring solitary life. The behavior
observed is the realized compromise between these selection pressures. Thus,
solitary living by an animal indicates both the absence of strong selection
pressures for cooperation and the presence of factors promoting solitariness.

Many factors have independently generated cooperative behaviors in car-
nivores: increased foraging efficiency, improved young production, more suc-
cessful predator defense, higher mating success (Macdonald 1983; Gittleman
1984; Gittleman, this volume; Mills, this volume; Moehlman, this volume).

The main factors promoting solitary living probably are prey characteristics
and hunting mode. Predators that generally take prey much smaller than them-
selves can almost always subdue the prey alone and consume the whole prey
rather quickly. In this situation, which applies to most carnivores, the presence
of conspecifics in the immediate surroundings almost always has a negative
effect on foraging efficiency, either through disturbance of prey or through
depletion of local food sources. A second cause for noncooperative living is the
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absence of male parental investment. The factors that determine whether or
not a male assists in the rearing of the young are to a large extent unclear
(Kleiman and Malcolm 1981), and it is not possible to make any predictions.

My conclusion is that solitary living is mainly, though not only, the result of
an absence of selection pressures for cooperation, and at present it seems that
the social structure of almost every population requires a unique explanation.

Data on Solitary Carnivores

I have been very critical of the data on solitary carnivores used in the
following analyses. The requirements for inclusion in the comparative data
table (Table 6.1) are that (1) the data come from free-living animals; (2) the
study covers most of the year, including information collected both during and
outside the mating season; (3) data concerning both sexes are available, and at
least one sex is represented by more than one individual; and (4) accounts on
the movement and behavior of individually marked animals is reasonably
detailed. For almost all carnivore species this type of information can be ac-
quired only by radiotelemetry. My literature search has not been exhaustive,
and I am aware of studies reported in publications not accessible to me;
however, Table 6.1 gives a representative picture of the data available on
spatial organization in solitary carnivores. The use of this critical approach has
led to the discovery that these data are needed also from many of the most
common and widespread species.

The main problem encountered in comparisons of data from different stud-
ies is the large diversity in methods, sampling design, and data analysis. Even
when only radio-tracking studies are considered, calculations of home range
size are based on data of widely variable quality: continuous tracking over
long periods versus sporadic tracking with less than one position per week;
positions of active animals recorded around the clock versus one point for the
daytime retreat place; tracking times per animal of some weeks versus several
years. When range size has been calculated from these data, several methods
have been used. Many of these methods begin with the subjective exclusion of
“nontypical” or “excursion” positions. In the present analysis the value arrived
at by the “convex polygon” (or “minimum area”) method (Mohr and Stumpf
1966) has been used whenever possible, mainly because most studies present
only this value. Where separate ranges for the mating and nonmating seasons
were presented, these have been used, in all other cases annual ranges are
employed.

Whereas overlapping ranges are easy to detect, it is more difficult to prove
that ranges are exclusive. Either there must be a high level of confidence that
all animals within an area are radio collared, or data must be acquired on
several animals with adjacent ranges. The latter criterion has been used here,
and three to four animals with adjacent ranges and a mean overlap of less than
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10% (measured on “convex polygons”) is considered to be a strong indication
of exclusivity.

The sea otter has not been included in the analyses since this aquatic species
shows a pattern totally different from those of the terrestrial and semi-aquatic
species (see below). Also, the giant panda has been excluded; as a strict her-
bivore it deviates from the general carnivore pattern concerning range size (cf.
Gittleman and Harvey 1982).

Spatial Organization

The spacing pattern in a population is the result of the tactics chosen by the
individual animals in their attempts to survive and maximize reproductive
success. It is assumed here that female spacing patterns are determined by the
abundance and dispersion of food, whereas male spatial organization, at least
during the mating season, is determined by the distribution of females (see
Erlinge and Sandell 1986).

Females

Because females in noncooperative species must rear young by themselves,
their reproductive success is closely correlated with the amount of energy they
can allocate to reproduction. In turn, this amount mainly depends on the food
resources available during the rearing period. Thus, for solitary females food is
the most important resource, and females should follow a behavioral tactic
that maximizes their chances of securing food resources for reproduction and
survival.

Range size is expected to be adjusted so that a female retains enough re-
sources also when resources are low. Thus, range size should be determined by
food availability during the most critical period, though food dispersion also
may have some influence. When two or more different food sources are used
during the year, the dispersion of these resources in relation to each other may
influence range size. Black bears in the Great Smoky Mountains National Park
feed on berries and fruits during summer, whereas their staple food during
autumn is the acorn. Many of the radio-tracked bears showed fall ranges
completely disjunct from their summer ranges (Garshelis and Pelton 1981),
and thus their annual ranges are determined more by the distribution of the
two resources than by their abundance. Generally, when one food source is
utilized throughout the year, its dispersion probably has relatively little influ-
ence on range size. A patchily distributed resource also usually has a lower
total abundance when calculated over the whole area. One can therefore pre-
dict that female range size is correlated with food abundance, and especially
with food biomass during the most critical period of the year.
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A correlation between prey density and range size has been found in the
cases of the bobcat (Litvaitis et al. 1986) and the Canadian lynx (Ward and
Krebs 1985). Van Orsdol et al. (1985) found that for the African lion the range
size was correlated with lean-season prey biomass, but not with good-season
prey biomass. Since most studies do not present data on food abundance, the
prediction cannot be tested directly. There is, however, a way to test it indi-
rectly. Density is expected to be directly correlated with food abundance. For
the lion three measurements of density (overall mean, adult females, and pride
members) were correlated with lean-season prey biomass (Van Orsdol et al.
1985). A correlation between density and home range size would indicate the
dependence of both variables on food abundance, although causality is not
clear. A strong correlation between density and female range size is apparent in
the data on solitary carnivores in Table 6.1 (r,, = —0.9380, P < 0.001).
Thus, range size in females is mainly determined by food abundance.

One of the main characteristics of the spacing pattern in a population is the
extent of range overlap between individuals. For ranges to be exclusive, the
food resource must be so evenly distributed and stable that an area just large
enough to support the animal during the most critical period contains food
enough throughout the year. If the food resource varies in space and time, the
range must be larger to provide for the animal at all times. This larger area may
contain a surplus of food for most of the year; thus, several animals can utilize
the same area, and a system of overlapping ranges develops. Essentially the
same explanation has been proposed by Macdonald (1983) for the evolution
of group living in some carnivores. The same scenario may, however, lead to a
system of solitary animals with overlapping ranges, indicating that this hy-
pothesis is not sufficient to explain the evolution of group living in these
species.

From the discussion above it follows that exclusive ranges are expected
when food resources are stable and evenly distributed, whereas a system of
overlapping ranges is likely when the timing and spacing of available food
varies.

So long as there are no methods to measure resource distribution, this pre-
diction cannot be satisfactorily tested. Exclusive ranges are, however, not com-
mon among female solitary carnivores; they are found in only seven out of 24
studies (P = 0.032, binomial test), and mainly when ranges are small (range
size for exclusive and overlapping ranges; U = 17, n; = 6,n, = 14, P < 0.05,
Mann-Whitney U-test).

If exclusive ranges include only food enough for one animal, whereas over-
lapping ranges contain enough food for several individuals, the latter should
accordingly be relatively larger than the former. Hence the prediction is that
exclusive ranges are relatively smaller than overlapping ranges.

A way to measure relative range size is to examine the deviations from the
regression line for female range size on density. For the studies where both
range overlap and density are available (n = 17, Table 6.1) all ten points above
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Figure 6.1. The relation between density and female home range size in solitary carnivores. The
line is the regression line for all points except (E). O = studies where females have overlapping
ranges; E = studies where females have exclusive ranges; and X = studies without data on
overlap. Exclusive ranges are relatively small, that is, below the regression line, whereas overlap-
ping ranges are relatively large (see text).
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the line, namely, relatively large ranges, are from studies with overlapping
ranges, whereas only one out of seven of the points below the line are from a
study with overlapping ranges (Figure 6.1). This difference is statistically sig-
nificant (P = 0.0006, Fisher exact test). Thus, overlapping ranges are relatively
larger than exclusive ones.

Males

According to the basic hypothesis male spatial organization is influenced by
two resources: food outside the mating season and receptive females during the
mating period. It follows that during a substantial part of the year male and
female spacing patterns are determined by different factors, and range size in
males should be a function not only of food requirements but also of female
distribution. Since food ranges are minimized whereas mating ranges are ex-
pected to be maximized, it follows that male ranges should be larger than
predicted by energy requirements.

If it is assumed that female range sizes are determined by food abundance,
the body weight of the two sexes can be used to predict the male range size
required from an energy standpoint:

female range size X (male weight)073
(female weight)0-75

male range size =

(data in Table 6.1). Predicted ranges are 1.22 * 0.10 (X + SD) times the
female range size, whereas the observed ranges are 2.47 = 1.06 times larger
than corresponding female ranges, that is, observed male ranges are signifi-
cantly larger than expected on the basis of energy requirements (T = 0, N =
14, P < 0.01, Wilcoxon matched-pairs test). The stoat was not included in the
means because of the extreme value; male mating ranges are on average 180
times larger than female ranges (Table 6.1). Thus, male ranges are determined
by factors other than food requirements.

Males may adopt one of two alternative ways to achieve matings; either they
stay and try to monopolize a number of females, or they roam and compete
over access to each single female that comes into heat.

In general, it is assumed that the resident males achieve almost all matings in
carnivore populations. Evidence has, however, started to accumulate that
many carnivore males range widely during the mating season, and that these
wandering males are not only young transients. In the cases of the brown
hyena and the stoat there are indications that roaming males sequester the
majority of matings (Mills 1982; Sandell 1986). Wide-ranging adult males
have been reported from many carnivore species, for example, an eight-year-
old brown bear moved over more than 3000 km?2 during one year (Servheen
1983), and an adult male Canadian lynx roamed over 783 km2 during one year
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and visited two widely separated females during the breeding season (Bailey
et al. 1986). A study of martens in Ontario showed a large turnover of males
during the mating season; individuals stayed only a short time at each place
and then moved on (Taylor and Abrey 1982). Thus, during the mating season
males of many carnivore species roam over large areas. Generally, the roaming
patterns probably are less extensive than these examples, but the patterns
shows a continuum, and I define a male as roaming when his mating range
overlaps with other males’ ranges (range overlap defined as above). Thus, in a
population of staying males ranges are exclusive.

When the goal is to maximize the number of matings, the defendability of a
resource should not be the main factor influencing the system. Even if a domi-
nant male may be able to monopolize a number of females, a roaming tactic,
though much more costly, may lead to higher reproductive success and is
probably the tactic followed. The spatial pattern of a population should be
determined mainly by the tactic chosen by the dominant fraction of the popu-
lation. A roaming tactic is more profitable the more dominant a male is, since
the probability to take over other females will be related to the male’s social
status. If the most rewarding tactic for the dominant males is to roam, it is
impossible for other males to have exclusive ranges. The dominant males will
move in and take over the females. (Because the most dominant male present
will take over the female, the result of male competition will coincide with
female choice.) A system with exclusive ranges is possible only when it is the
best tactic for all dominant males. In that situation there is a mutual interest in
exclusivity among all contestants. Thus, exclusive ranges are maintained
through the mutual interest of all participants in the system, and when a
roaming tactic becomes the best option for the dominant fraction of the popu-
lation, the system with exclusive ranges should break dewn. Subordinate males
are more or less harassed by dominants in both exclusive and overlapping
systems, and in most cases their best mating tactic probably is different from
the one employed by the dominant males (Sandell 1986; Liberg and Sandell,
1988).

The maintenance of exclusive ranges should be the best tactic when females
are dense and evenly distributed. In this situation the male can control a
number of females and secure matings with them. At lower densities there is a
decrease in the number of females that a male can control, and at some thresh-
old density it pays more to move around in search of receptive females over a
larger area than to stay and secure matings from a few females. Thus, when
females are evenly distributed a threshold density should exist above which the
system shifts from roaming males to exclusive ranges. This threshold of course
differs among species, but I predict that for each population the shift should
occur within a rather narrow density interval. Unfortunately, there are no data
available to test this prediction.

When females are concentrated in patches, a dominant male can double the
number of potential matings by including a second patch within his range,
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probably losing only a small number of matings in the first group. A dominant
male should continue to incorporate patches until he reaches a level where the
addition of another patch results in a loss in matings in the other patches
within his range equal to the number he gains in the new patch. Other males
are able to explore the same patches, and a system of overlapping ranges
should develop. It can be predicted that male ranges will be exclusive when
females are dense and evenly distributed, whereas overlapping ranges are ex-
pected in all other situations.

There are no data on female density and distribution available to test this
prediction, but some indications can be derived from Table 6.1. Relative den-
sity for a population can be determined by the position in relation to the
regression line for density on female metabolic body weight (W0.75). Points
above the line indicate a relatively high density and points below, a relatively
low density. Of the studies with data on body weight, density, and overlap (n
= 8), all three studies with values above the line, that is, with relatively high
densities, are studies where males have exclusive ranges, whereas four out of
five studies with values below the line, that is, with relatively low densities, are
studies where males have overlapping ranges (P = 0.071, Fisher exact test).
Thus, although not significant, this small sample indicates a relation between
relative density and male mating tactic, with roaming males at relatively low
densities and staying males at relatively high densities. Further data are needed
to test the prediction.

When the mating season is restricted to one part of the year the decisive
resource for males is different during the mating and nonmating seasons. As
the two resources (receptive females and available food) in almost all cases
have different characteristics, a change in tactics used to exploit the different
resources is expected. The behavior shown and the area needed to secure
necessary food is different from the tactic employed and the range covered
when the goal is to maximize the number of matings. Thus, the spatial organi-
zation of the male population will differ between the mating and the nonmat-
ing season (Erlinge and Sandell 1986). When mating ranges are exclusive,
competition over access to areas of high female density probably go on for
most of the year, since it is easier to maintain an exclusive area than to
establish one. A male that has acquired a range is expected to show his pres-
ence in that range throughout the year. Thus, for species with a restricted
mating season it can be predicted that if mating ranges overlap, there is a
change in range size between the mating and the nonmating season, with
mating ranges being the largest. In contrast, exclusive mating ranges should
show little variation in size during the year.

Since very few references provide separate data for the mating and the
nonmating seasons, the prediction cannot be properly tested. In the case of
male stoats there is a drastic change in range size between the two periods,
with overlapping mating ranges that are on average 50 times larger then the
exclusive nonmating ranges (Table 6.1, Erlinge and Sandell 1986). The same
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pattern of increased range size during the mating season has been reported for
black bear (Lindzey and Meslow 1977) and domestic cat (Felis catus) (Liberg
and Sandell 1988), both of which have overlapping mating ranges.

The sea otter deviates from the general pattern. The male mating ranges in
this aquatic species are exclusive and smaller than female ranges (Loughlin
1980; Ribic 1982; Garshelis et al. 1984). The cheetah shows the same pat-
tern: the females wander over large areas, whereas certain males (sometimes in
coalition) defend small, exclusive areas (Caro and Collins 1987). With this
staying tactic females are not included within the range, but instead the male
range includes areas that females will pass through or visit for other reasons.
An analysis according to the “hotspot hypothesis” (cf. Bradbury et al. 1986)
might give insight into these systems.

There is an almost total lack of data and analytical work on most aspects of
spatial organization in solitary carnivores. The predictions in this paper pres-
ent one approach that promises to increase our understanding in this area, and
they also indicate the types of data and analyses that are needed.

Summary and Conclusions

Solitary living (here defined as noncooperative living) is mainly an effect of
the absence of selection pressures for cooperation.

From the basic assumption that spatial organization in female solitary car-
nivores is determined by the characteristics of the food resource, it can be
predicted that: (1) female range size should be correlated with food abun-
dance, and especially with food biomass during the most critical period of the
year; (2) exclusive ranges should be expected when food resources are stable
and evenly distributed, whereas temporal and spatial variation in food avail-
ability should lead to a system of overlapping ranges; and (3) exclusive ranges
should be relatively smaller than overlapping ranges. Available data, although
scarce, support the basic assumption.

Spatial organization in male solitary carnivores is influenced by two re-
sources: food outside the mating season and receptive females during the
mating period. From this it can be predicted that: (1) male ranges should be
larger than predicted on the basis of energy requirements, which is supported
by data; (2) when females are evenly distributed, a threshold density should
exist above which the system shifts from roaming males to exclusive ranges;
(3) male ranges are exclusive when females are dense and evenly distributed,
whereas overlapping ranges are to be expected in all other situations; (4) if
mating ranges overlap there is a change in range size between the mating and
the nonmating season, with mating ranges being the largest. In contrast, exclu-
sive mating ranges should show little variation in size during the year. The
latter three predictions cannot be properly tested, since field data are not
available.
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To explain the patterns found in solitary carnivore populations we need
detailed information on individuals with known social status that are followed
during both the mating and the nonmating season. Such data are still lacking
for almost all solitary species.
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CHAPTER 7

Carnivore Group Living:
Comparative Trends

Jonn L. GITTLEMAN

In contrast to some other mammalian orders, members of the Carnivora do
not commonly live in groups: only about 10—15% of all species aggregate at
some period outside of the breeding season (Bekoff et al. 1984; Gittleman
1984). Because most carnivores reside in dense habitats and are solitary, dan-
gerous, and nocturnal, little information existed on their social behavior until
recently. Now, more comprehensive and comparative data are available to
examine functional explanations of interspecific variation in grouping patterns
across carnivores (for previous qualitative comparisons, see Ewer 1973; Klei-
man and Eisenberg 1973; Kruuk 1975; Bertram 1979; Macdonald 1983). In
this chapter I briefly review selected hypotheses for the evolution and mainte-
nance of grouping in carnivores, focusing on those that are broadly applicable
across the order and are testable from the available comparative data. I then
analyze quantitative measures of interspecific variation in social behavior with
respect to differences in morphology, physiology, and ecology. The analysis
differs from previous cross-species comparisons of carnivore social ecology
(Ewer 1973; Kleiman and Eisenberg 1973; Kruuk 1975; Bertram 1979; Mac-
donald and Moehlman 1982; Macdonald 1983; Bekoff et al. 1984; Kruuk and
Macdonald 1985) by being more quantitative, by accounting for morphologi-
cal and metabolic constraints, and by deriving general trends across the order
as a whole rather than in particular taxonomic families.

To analyze carnivore social behavior, one must first classify functional as-
pects of grouping in terms of what general behaviors are being performed. At
least four types of grouping may be distinguished: population groups—indi-
viduals sharing a common home range area; feeding groups—individuals uti-
lizing the same food resource at a given time; foraging groups—individuals
banding together while searching for food or hunting; and breeding groups—
individuals forming a reproductive unit. Population, feeding, and foraging
group sizes are similar, at least with regard to the number of adult individuals
in the group, for most carnivores. However, for species that remain in groups
outside of the breeding season, different individuals are included in various
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activities. For example, banded mongooses (Mungos mungo) live in packs of
approximately 16 individuals that forage on invertebrates independently of
other pack members (Rood 1975, 1986), whereas dwarf mongooses (Helogale
parvula) live in multi-male packs of up to 24 individuals, in which about four
adults are reproductively active (Rood 1978, 1980, 1983). In the case of the
African lion (Panthera leo), approximately eight individuals live in a pride
encompassing the same home range area, but only three members of the pride
hunt for the entire group (Schaller 1972; Bertram 1979). Perhaps the most
extreme example of a division of labor within a group is provided by the
spotted hyena (Crocuta crocuta); in the Ngrorongoro Crater as many as 55
individuals make up a clan that divides into hunting groups of about seven
adults and feeding groups of roughly 19 individuals (Kruuk 1972; see also
Mills, this volume). Thus, from these examples, it is clear that functional
explanations of group living must distinguish each form of grouping (see also
Kleiman and Brady 1978; Van Orsdol et al. 1985).

Many functional explanations have been suggested for grouping in eu-
therian mammals (for reviews, see Alexander 1974; Wilson 1975; Bertram
1978; Eisenberg 1981; Harvey and Greene 1981; Pulliam and Caraco 1984;
Clark and Mangel 1986). Those pertaining to carnivores fall in two categories:
anti-predator defense and exploitation of food.

Hypotheses for the Evolution of Group Living
Anti-Predator Defense

Carnivores that compete with other species for food or sometimes serve as
food may benefit from group vigilance, whereby encroachers are detected
more effectively. Among dwarf mongooses subordinate males are found on the
periphery of the pack, where they keep lookout for threatening predators
(Rasa 1977, 1986); further, groups with few vigilant guards are preyed upon
more frequently (Rasa 1986). Grouping may also help minimize a predator’s
effect on the group: if by clustering together the members of a group cause a
predator to catch only one individual while the rest are able to escape, then
gregariousness may evolve (Hamilton 1971). Banded mongoose packs respond
to raptors or terrestrial predators by immediately aggregating into a tight
bunch, approaching the predator collectively (Rood 1975), and “with mouths
pointed in all directions, giving the appearance of one large organism defend-
ing itself ” (Kruuk 1975).

Group defense is expected to be more common in smaller species that are
not able individually to ward off larger species (Ewer 1973; Kruuk 1975;
Rood 1986). Also, species living in open habitats (e.g., grassland plains) are
more vulnerable to predators (or competitors) and therefore more likely to
form groups (Lamprecht 1981; Rood 1986). Many of these general associa-
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tions of size and ecology with group living are also found in primates (Crook
1970; Clutton-Brock and Harvey 1977), ungulates (Jarman 1974; Jarman and
Jarman 1979), sciurids (Hoogland 1981), and marsupials (Kaufman 1974; Lee
and Cockburn 1985).

Exploitation of Food

In general, group living may be advantageous for locating food resources
(Ward and Zahavi 1973), improving chances of finding and catching prey
(Schaller 1972; Kruuk 1975), increasing the diversity and size of prey (Kruuk
1972, 1975, Schaller 1972; Caraco and Wolf 1975), and competing suc-
cessfully for food (Lamprecht 1978, 1981). Not all of these factors have been
considered for carnivores, mainly because of the methodological difficulties in
carrying out detailed field experiments necessary for teasing apart hypotheses
(see Bekoff et al. 1984).

In the search for food it is obvious that many pairs of eyes (or ears) are better
than one. Yet, it is difficult actually to test whether, once food is located,
information is being passed on among members of a group. Only a few experi-
mental studies (e.g., Menzel 1971; Krebs et al. 1972) have shown that individ-
uals forage more successfully by learning from one another; nevertheless, de-
scriptive studies show that contact calls by smaller carnivores (e.g., dwarf
mongoose; slender mongoose, Herpestes sanguineus; white-tailed mongoose,
Ichneumia albicauda) foraging in groups for invertebrates may communicate
the location of new food resources (Ewer 1973; Kingdon 1977).

Whether they find new food resources, predators hunting in groups may be
more successful at taking down prey. For example, Schaller (1972) found that
African lions had a higher success rate in capturing Thomson’s gazelle (Gazella
thomsoni), zebra (Equus burchelli), and wildebeest (Connochaetes taurinus)
when two or more lionesses hunted together (see Caraco and Wolf 1975; Van
Orsdol 1984). More extensive data, since collected by Bertram (1975, 1976,
1979) and Packer and Pusey (1982, 1983a, 1983b), and recently analyzed by
Packer (1986), indicate that group hunting lions may not increase hunting
success; data are not conclusive on either the average biomass of kills made by
groups of different sizes or the hunting rates of different sized groups. The
African lion story is a classic case of the paradox wherein the more informa-
tion we have, the less we seem to know. Nevertheless, other carnivores do tend
to support the association of grouping with hunting success: Wyman (1967)
observed that golden jackals (Canis aureus) and black-backed jackals (C.
mesomelas) were successful at catching Thomson’s gazelle fawns only when
hunting in pairs. And for spotted hyenas hunting wildebeest, 15% of 74 at-
tempts were successful when a single hyena pursued a calf in contrast to 74%
of 34 attempts when two or more hyenas attacked (Kruuk 1972). Even though
within species variation of hunting methods seems to indicate benefits from



186  John L. Gittleman

grouping, it is difficult to compare hunting success rates across species be-
cause: (1) definitions of a hunting attempt vary among observers (Schaller
1972; Bertram 1979), (2) hunting success may depend on hunger level or
hunting technique (e.g., ambush versus cursorial hunting: Van Orsdol 1984;
Van Valkenburgh 1985; Taylor, this volume) and not grouping, and (3) vari-
ous ecological constraints such as vegetation, habitat density, or time of day
are confounding factors (Bertram 1979; Van Orsdol 1984).

The most common explanation for grouping in larger predators is that
concerted effort permits a wider selection of prey in terms of amount, diversity,
and size. Schaller (1972) and Bertram (1979) observed that African lions living
in groups frequently hunted adult buffalos (Syncerus caffer) whereas single
lions rarely even attempted an attack at buffalo. However, as Packer (1986)
cautions, even though grouping lions take down and prefer larger prey than
solitaries, this does not prove that lion sociality evolved as a consequence of
the advantages of cooperative hunting: cooperative hunting may only be an
adaptation to group living, rather than the evolutionary force resulting in
group living (see Alexander 1974). Nevertheless, cooperative hunting is cer-
tainly an important benefit of grouping, and similar accounts of coordinated
hunting have been reported for the African hunting dog (Lycaon pictus) (Estes
and Goddard 1967; Malcolm and van Lawick 1975; Frame et al. 1979; Mal-
colm 1979), golden jackal (Lamprecht 1978), gray wolf (Canis lupus) (Mech
1966, 1970), coyote (C. latrans) (Bekoff 1978; Bekoff and Wells 1978; Bowen
1981; Wells and Bekoff 1982), spotted hyena (Kruuk 1972, 1975; Mills, this
volume), Indian dhole (Cuon alpinus) (Davidar 1975; Johnsingh 1982), and
cheetah (Acinonyx jubatus) (Caro and Collins 1986; Ashwood and Gittleman,
1989).

There are a number of carnivores that do not fit these generalizations (see
also Packer 1986). Among larger species the mountain lion (Puma concolor),
leopard (Panthera pardus), jaguar (P. onca), and tiger (P. tigris) exploit larger
prey than themselves while hunting solitarily. In the case of some of the smaller
Mustelidae (especially species of Mustela) individuals regularly kill prey of
larger size than themselves (King, this volume). Even so, these examples do not
deny the fact that group living is an important benefit, either direct or indirect,
for catching large prey.

Finally, group living may carry advantages in defending kills or other food
resources from neighboring predators (or other groups). For many carnivores,
particularly medium-sized species, protecting kills is difficult: black-backed
jackals in the Serengeti lose up to 30% of their Thomson gazelle and hare kills
to spotted hyenas (Lamprecht 1978, 1981); spotted hyenas and African lions
frequently scavenge from each other (Kruuk 1972); and, both hyenas and lions
steal kills from cheetahs, leopards, and African hunting dogs (Estes and God-
dard 1967; Kruuk 1972; Schaller 1972; Bertram 1979; Frame et al. 1979;
Packer 1986). In each case, species feeding in groups will usually stand their
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ground against a scavenger or competitor and will retreat only when feeding
individually or in pairs. The exception is that smaller species such as the
African hunting dog may give way to a considerably larger species (such as the
African lion or the spotted hyena) even when feeding in a group (see Frame et
al. 1979).

An inherent difficulty in assessing the importance of competition or defense
of kills for the evolution of grouping in carnivores is that there are many other
behaviors that reduce losses in competitive situations. Carnivores will (1) make
kills inaccessible to competitors (e.g., leopards hide carcasses in trees), (2)
reduce exploitation time by fast feeding or group feeding, or (3) cache food
(Macdonald 1976). Furthermore, the advantages of group living mentioned
above (increased hunting success, prey size, and prey diversity) potentially are
associated with a confounding variable, body size. Both population group size
and prey size frequently increase with body mass (Clutton-Brock and Harvey
1977, 1983; Gittleman 1985a). All of these variables may be closely linked
because they are influenced by similar energetic constraints (see McNab 1980,
this volume). Therefore, size-related effects must be considered in searching for
comparative trends in the functions of carnivore grouping.

Related Hypotheses

Other advantages have also been shown to result from grouping. These
include reproductive access to members of the other sex (Wrangham 1975;
Bygott et al. 1979; Packer and Pusey 1982), facilitation of learning (e.g.,
teaching young to hunt: Kleiman and Eisenberg 1973), and collective resis-
tance against harsh environments (Eisenberg 1981; Gittleman 1985b). These
additional factors are less well documented than those mentioned above, and
are generally considered to be secondarily important, at least for carnivores.

Even though some authors (e.g., Hoogland 1979; Harvey and Greene 1981)
suggest that variation in group living may best be explained by the disadvan-
tages of grouping, these have not received as much attention as the beneficial
factors. Undoubtedly this is because many disadvantages are more subtle, are
difficult to observe, and depend on mechanisms within the group. Four general
disadvantages are likely: group living increases the chances of being detected
by potential predators (Jarman 1974; Clutton-Brock and Harvey 1977; Un-
derwood 1982; Rasa 1986), decreases the amount of food intake to individu-
als (Jarman 1974; Wrangham 1977), increases transmission of disease or para-
sites (Hoogland 1979; Gittleman 1985b), and increases the possibility of
aggression or injury. Because few studies have assessed these factors in car-
nivores (but see Rood 1983; Packer 1986), they will not be considered in the
comparative analyses presented here.
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Methods

All of the data, except for some body weight values (Gittleman 1985a) and
life history information (Gittleman 1986b), were taken from studies of natural
populations. Because species within a genus often share similar ecological and
behavioral characteristics, thus biasing analyses by not representing indepen-
dent sample points (see Clutton-Brock and Harvey 1984), statistical tests were
performed on congeneric data. These data were calculated from mean values
for species within a genus which share the same ecological type and social
system (see definitions below; for further discussion of data calculations, see
Gittleman 1985a, 1986a, 1986b).

Average figures were calculated, or descriptive categories were assigned, for
each of the following variables (see Table 7.1):

1. Body weight: average weight (kg) of adult male and female.

2. Feeding group size: the number of individuals usually found feeding
together at a kill or at a primary food source.

3. Foraging group size: the number of individuals hunting or foraging for the
most common prey (see “Diet,” below) in the diet.

4. Population group size: the number of individuals that regularly associate
together and share a common home range.

5. Group metabolic rate: many behavioral and ecological factors are related
to metabolic rate (McNab 1980, this volume; Eisenberg 1981; Martin 1981;
Gittleman and Harvey 1982; Mace et al. 1983). In the present analysis meta-
bolic requirements of group sizes were approximated by: body weight0-75
(Kleiber’s Value) multiplied by each group size variable (population, feeding,
or foraging group size, respectively).

6. Litter size: average number of offspring at birth (for more complete
definitions and data sources of life history traits, see Gittleman 1986a).

7. Age of independence: age when juvenile disperses from natal territory or
is independent of parental care (days).

8. Prey size: size of most common prey in the diet. Categories are: very small
(<1 kg); small (1-10 kg); medium (10-100 kg); large (100—400 kg).

9. Vegetation: forest, woodland, dense brush or scrub, open grassland,
aquatic. Occasionally species could not be accurately described by one catego-
ry and types were combined (e.g., American black bear (Ursus americanus):
open grassland and woodland; small Indian civet (Viverricula indica): open
grassland and forest).

10. Activity pattern: nocturnal, diurnal, crepuscular, arhythmic, nocturnal,
and crepuscular.

11. Diet: type of food constituting at least 60% of the diet. Those species that
do not feed on any single type making up 60% of the diet were classified as
omnivores. Also, species that are primarily scavengers (e.g., wolverine, Gulo
gulo) or frugivores/invertebrate feeders (e.g., coati) were not included in the
dietetic analyses. Categories are: carnivores (flesh eaters), insectivores (this
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includes other invertebrate prey such as earthworms because of similar avail-
ability and distribution), folivores/frugivores, piscivores, omnivores.

12. Zonation: terrestrial, terrestrial and occasionally arboreal (primarily
ground living but also adept at tree climbing), arboreal and terrestrial (both
ground and tree living), aquatic.

Results

Across the order there is no relationship between body weight and popula-
tion group size (r5, = 0.02), feeding group size (r,; = 0.06), or foraging group
size (r3¢ = 0.02). At the family level, there only is a correlation between
population group size and body weight in the Canidae (r,4 = 0.56, P < 0.05).
Because of these results, body weight was not incorporated in further analyses
on group sizes and ecology. Furthermore, there were no consistent differences
in group sizes among taxonomic families, and therefore phylogenetic effects
were unlikely (see Harvey and Mace 1982).

Population group size is correlated with feeding group size (r,; = 0.79, P <
0.01) but not with foraging group size; and, foraging group size and feeding
group size are significantly correlated (r,; = 0.65, P < 0.01).

For the discrete ecological categories examined (activity pattern, zonation,
vegetation, diet), population group size varies only with vegetation (Fg4; =
2.41, P < 0.05; Figure 7.1): pair-wise comparisons reveal that population
group size is smaller in forest-living species than open grassland species (ts =
2.95, P < 0.05) and open grassland and woodland species (¢, = 2.18, P <
0.05). Feeding group size and foraging group size are not significantly different
between species with different ecologies; this is perhaps due to smaller sample
sizes than with population group size. However, heterogeneity among vegeta-
tional types was in the same direction as that found with population group
size.

Among predatory carnivores (those species that include some meat in the
diet), population group size differs in relation to prey size (F334 = 5.86, P <
0.005; see Figure 7.2); and, at the 10% level of significance, foraging group
size (F3 15 = 2.65) and foraging group size (F; 1, = 2.90) vary with prey size.
Population group sizes of species feeding on very small and small prey, respec-
tively, are smaller than those eating medium (¢, = 2.89, P < 0.05; ¢, = 2.63, P
< 0.05) and large prey (¢, = 2.79, P < 0.05; t, = 4.83, P < 0.05).

Across the order and at the family level none of the group size variables are
correlated with age of independence or litter size, either with or without ac-
counting for maternal body size.

Differences in group metabolic needs (see Methods section) were examined
only in relation to dietetic types because of the close relationship between
metabolic rate and diet (McNab 1980, this volume). Heterogeneity of foraging
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group metabolic needs is related to diet (F;,s = 3.87, P < 0.025): strict
carnivores have higher foraging group metabolic needs than omnivores (¢;, =
2.68, P < 0.02) and insectivores (¢;3 = 3.00, P < 0.01); herbivores/ frugivores
have higher foraging group metabolic needs than omnivores (¢, = 5.70, P <
0.001) and insectivores (¢; = 2.80, P < 0.05).
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Discussion

The quantitative analyses of ecological associations with carnivore grouping
patterns reveal that two factors may be influential: exploitation of food re-
sources and habitat. Both of these factors, as well as many others that could
not be examined because of inadequate data across the order, are undoubtedly
interrelated. A multivariate analysis would be necessary to partition relative
effects to each factor; however, this was not possible because of small sample
sizes and numerous empty cells in across-variable comparisons; see Clutton-
Brock and Harvey, (1984) Harvey and Clutton-Brock (1985), and Gittleman
(1988) for discussion of problems in using multivariate techniques for com-
parative studies. The following discussion, therefore, centers on grouping
trends for each of the salient ecological factors. First it is necessary, though, to
mention briefly the relationship between body size and grouping.
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In primates (Clutton-Brock and Harvey 1977), ungulates (Estes 1974; Jar-
man 1974; Jarman and Jarman 1979), and some marsupials (Kaufmann 1974;
Lee and Cockburn 1985), population group size increases with body size
(weight). The function of this association may lie with similar energetic con-
straints, mediated through energy expenditure and food availability, on both
variables (Clutton-Brock and Harvey 1977, 1983; McNab 1980). Body size
and grouping were not found to be related in carnivores, although in Canidae,
the family having the highest frequency of grouping, there appears to be an
increase in grouping with body size (see also Bekoff et al. 1981). The general
trend across the order is exemplified by the large ursids being primarily solitary
and some of the small viverrids (e.g., yellow mongoose, Cynictis penicillata;
dwarf mongoose; meerkat, Suricata suricatta) living in large packs. The failure
to observe a relationship between group size and body weight across car-
nivores suggests that additional factors, other than energetic constraints, influ-
ence grouping patterns. Even so, this should not be construed as a statement
that energetics is unimportant in the evolution or maintenance of grouping;
rather, energetics, combined with an unusual diet, may simply operate in
another fashion for carnivores: after all, the largest carnivores, the Ursidae, are
among the most solitary and herbivorous/folivorous species in the order (see
Herrero 1978).

Dietetic Correlates

Previous studies have shown that intraspecific variation in carnivore group-
ing patterns is related to food availability and distribution (Kruuk 1975;
Bertram 1979; Macdonald 1983; Bekoff et al. 1984; Kruuk and Macdonald
1985; Lindstrom 1986). The results of this study are the first quantitative
demonstration of this trend interspecifically. To assess the underlying func-
tional reasons for this relationship, it is necessary to distinguish between the
various grouping types and their likely associated causes (see also Mills 1978;
von Schantz 1984).

Foraging group size is linked directly to food acquisition in terms of loca-
tion, pursuit, and kill, whereas population group size is more a function of
internal mechanisms of the group (i.e., kin-related effects) as well as ecological
factors. Last, feeding group size is somewhat related to both population group
size and foraging group size in the sense that, after foraging, a group of
individuals is likely to remain together while feeding, and population groups
may arise from these feeding congregations. The comparative data analyzed
here, coupled with single species studies, tend to bear out these distinctions.
Population group size is related to feeding group size but not to foraging group
size: population groups frequently break-up into smaller foraging groups (e.g.,
gray wolf, spotted hyena, African lion) and then regroup while feeding. Thus,
individual members of a group which are likely to share a kill or a clump of
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insects (as a feeding group) tend to remain together. In Israel, where striped
hyenas (Hyaena hyaena) and golden jackals are artificially fed large quantities
of food, individuals congregate while eating and remain together afterward
even though they inhabit extensive areas. In east Africa, where these species
forage independently of humans, both are primarily solitary (or occasionally
seen in pairs; see Kingdon 1977; Moehlman 1983) whether considered in
feeding or population groups (Macdonald 1978, 1979). Similar patterns of
intraspecific differences in grouping have been observed in coyotes (Bekoff and
Wells 1980, 1986; Bowen 1981), gray wolves (Mech 1970; Messier 1985a,
1985Db), red foxes (Vulpes vulpes) (Zimen 1980), and African lions (Schaller
1972; Eloff 1973; Bertram 1978; Packer 1986). One interesting exception is
the spotted hyena, which feeds in a smaller group than a clan (population
group). Originally, it was reported that relatedness within spotted hyena clans
is unusually low for a social carnivore (Bertram 1979). However, recent evi-
dence indicates that there is a high degree of relatedness (Mills 1985); there-
fore, kin-related effects cannot explain the observed loose population struc-
ture. Mills (1985, this volume) suggests that food carrying, an important
function of many carnivore groups, is difficult for spotted hyenas to accom-
plish because adults travel long distances for prey and the social nature of their
feeding would provide little prey left over to take back to a den site; further-
more, Frank (1986a, 1986b) shows that individuals of high rank within the
clan maintain close association and support each other effectively in competi-
tion for food. Thus, the evolution of clans among spotted hyenas may be
derived from ecological factors different than those operating in many other

social carnivores.
Among predatory species, population group size increases with prey size

(Figure 7.2), and there is also a trend (at the 10% level of significance) for
feeding group size and foraging group size to increase with prey size—lack of
significance may be due to small samples sizes (see Results section). This
association has been shown in a number of single species studies (e.g., coyote:
Bekoff and Wells 1980; Bowen 1981; black-backed jackal: Wyman 1967;
African lion: Schaller 1972) and in descriptive comparisons across particular
taxonomic families (Canidae: Ewer 1973; Kleiman and Eisenberg 1973; Mac-
donald 1983. Hyaenidae: Kruuk 1975. Felidae: Kleiman and Eisenberg 1973;
Bertram 1979; Packer 1986). This study quantitatively demonstrates the rela-
tionship between prey size and group size across the order.

As mentioned previously, functional explanations for each group size vari-
able may be different even though various grouping patterns are interrelated.
Therefore, caution must be taken when ascribing the same functional causes to
different grouping characteristics on the basis of a common trend with one
particular variable. The relationship between population group size and prey
size is probably due to larger (either in size or distribution) food resources
supporting a greater number of individuals and perhaps maximizing energetic
returns and foraging efficiency (Caraco and Wolf 1975; Nudds 1978; also see
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Packer 1986 for a discussion of the difficulties of testing these hypotheses).
Species feeding on very small prey such as Peromyscus or Apodemus species
are all solitary, with the exceptions of the red fox, Cape clawless otter (Aonyx
capensis), slender mongoose, marsh mongoose (Atilax paludinosus), and
yellow mongoose, which are occasionally observed in pairs or small family
groups (see Kingdon 1977; Gorman 1979; Lynch 1980; Macdonald 1983;
Arden-Clarke 1986). Species feeding on small prey are of size classes similar to
those feeding on very small prey; again, there are some exceptions such as the
black-backed jackal, side-striped jackal (Canis adustus), Malagasay civet (Fos-
sa fossa), and perhaps Bengal cat (Felis [Prionailurus] bengalensis) (see Albig-
nac 1972, 1973; Guggisburg 1975; Moehlman 1983). These exceptions are
those species that tend to have more omnivorous feeding habits by including
vegetation, fruit, and insects in their diet along with meat. Thus, increased
food availability and more evenly distributed foods may select for occasional
small groups among species exploiting very small or small prey (i.e., prey less
than 10 kg). It is important to recognize that selection for grouping operates by
the distribution and quality of prey in a given foraging area (Bradbury and
Vehrencamp 1976; Kruuk 1978; Kruuk and Parish 1982; Macdonald 1983;
Kruuk and Macdonald 1985) and not by benefits accrued in grouping when
acquiring or hunting for food, as is the case with larger carnivores.

Predatory species living in larger groups, consisting of four or more adults,
prey on animals of medium and large size categories. Undoubtedly, this asso-
ciation is partly related to the relative abundance and distribution of prey. For
example, the gray wolf, coyote, African lion, spotted hyena, and perhaps
cheetah vary their group sizes in response to local prey fluctuations (Kruuk
1972, 1975; Schaller 1972; Bertram 1979; Bowen 1981; Caro and Collins
1986, 1987; Ashwood and Gittleman, 1989). More importantly, though,
with species living in larger groups there is the additional factor that coopera-
tive hunting is necessary to bring down larger prey. Accounts of cooperative
hunting among individuals may be found for wolves (Mech 1966, 1970),
spotted hyenas (Kruuk 1972), and African lions (Schaller 1972; Bertram 1978,
1979).

The relationship between group size and prey size is confounded by another
variable: habitat. All of the species living in larger groups are found in open
vegetation (see Table 7.1; Figure 7.1). To hunt cooperatively the animals must
fan out, maintain contact with other individuals, and adjust positions during
pursuits. Such behaviors could hardly occur in a dense habitat. Previous dis-
cussions have ignored this point in the context of prey characteristics and
group size in carnivores (e.g. Kruuk 1975; Macdonald 1978, 1983; Bertram
1979; Lindstrém 1986; but see Sunquist 1981) despite its importance in other
mammalian groups (ungulates: Jarman 1974; Jarman and Jarman 1979; pri-
mates: Clutton-Brock and Harvey 1977). Interestingly, the only solitary spe-
cies preying on larger animals than themselves (the leopard, the jaguar, the
tiger, and the mountain lion) live in dense vegetation (see also Gittleman
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1984). The only known exceptions where vegetation does not seem to be
associated with grouping are the cheetah and the coati. Cheetahs are occasion-
ally observed in small groups of related males (Bertram 1979; Caro and Col-
lins 1986, 1987). Selection against more permanent, increased grouping may
be due to their hunting technique of an inconspicuous approach, quick rush,
straight long distance pursuit, and lack of maneuverability as well as their
phylogenetic heritage (see Ashwood and Gittleman 1989). In the case of the
coati, an unusual invertebrate eater/frugivore of the family Procyonidae,
females form bands consisting of between four and 20 individuals (Kaufmann
1962; Russell 1983). These bands reside in relatively dense woodland/forest
regions, thereby contradicting the general trend for grouping and open habitats.
Although specifics of the social system of this species have yet to be studied, it is
presumed that interactions among females in a band, particularly during the
intensive rearing and lactation period, do not establish tightly knit groups. Thus,
even though grouping is observed, the amount of direct or continuous contact
among individuals requires further study in order to test the influence of habitat
on grouping in this species.

Finally, the capacity for grouping that is closely tied to the exploitation of
prey may also be associated with various morphological characters (see Tay-
lor, this volume). Canids and spotted hyenas are limited in lateral movement
(because of their restrictive ankle joint) and have heavily built skeletons with
nonretractile claws. Such characteristics are well suited for long-range tracking
of prey (Ewer 1973), which eventually tires a potential prey victim. In this
mode of hunting, cooperation allows for longer and faster pursuit, with more
effective closing in on prey. By contrast, felids rely more on an elaborate
sequence of stalking, use of retractile claws for pulling down quarry, and
truncated jaws used for a precisely oriented killing bite (Van Valkenburgh, this
volume). All of these characteristics add up to a solitary hunt “with the preda-
tor in full control of the situation” (Ewer 1973:226). Thus, in addition to
various ecological factors, morphological constraints may at least maintain, if
not contribute to the origin of, group living in some carnivores and solitariness
in others (see also Eisenberg and Leyhausen 1972).

Anti-predator/Competitor Correlates

Even though carnivores are usually considered to be threatening to noncar-
nivorous animals, they are also harmful to each other. Dietetic analyses of
most medium- and large-sized species indicate that they will eat an infant or
juvenile of another carnivore species (see Kruuk 1972; Schaller 1972). Clearly,
the risk of predation would be greater for smaller species, but also species
living in more open habitats would be more vulnerable, irrespective of size.
Gorman (1979) and Rood (1986) qualitatively compared discrete categories of
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social versus solitary viverrids and found that social species generally live in
more open habitats. The results of comparing group sizes among vegetational
types reveal that this pattern holds across the order: open grassland and open
grassland/woodland species have larger population group sizes than do forest
dwellers (see Figure 7.1); foraging and feeding group sizes show the same trend
at the 10% level of significance.

In smaller species (e.g., dwarf mongoose, banded mongoose, African hunt-
ing dog), specific group defense mechanisms serve as direct protection of
young and other members of the group. For example, Rood (1975) observes in
banded mongoose that “bunching was . . . used in offensive contexts to drive
off other species, some of them potential predators and competitors. A pack
sighting a raptor such as fish eagle on the ground invariably responded by
aggregating and approaching en masse. Animals toward the front of the group
would frequently stand up giving the appearance of a single large animal in
continuous motion. This spectacle always caused the raptor to fly off” (p.108).
Other small carnivores display similar forms of anti-predator behavioral de-
fense (e.g., meerkat; common kusimanse, Crossarchus obscurus) or warning
vocalizations (dwarf mongoose: Rasa 1986.)

Just as it is necessary to consider habitat effects in the context of the exploi-
tation of food with sociality (as discussed previously), it is important to include
the effects of food availability in those species for which anti-predatory defense
is probably the principle force behind sociality. The relevant question is wheth-
er those species displaying group vigilance feed on readily available and/or
evenly distributed foods that allow for sociality. For smaller species the answer
to this question is probably yes. Most of the smaller carnivores displaying
group defense are insectivores or omnivores, for whom food is relatively abun-
dant. Waser (1981) produced a quantitative model that suggests that insects
commonly found in the diet of carnivores are distributed in highly renewable
patches and that “the cost of social tolerance is very small; a mongoose exclud-
ing a single competitor from its foraging range will gain only a 1% increase in
prey density” (p.234). Similar conclusions are reached after evaluating the
feeding ecology of omnivorous canids and the earthworm feeder, the Eurasian
badger (Meles meles) (Macdonald 1983; Kruuk and Macdonald 1985). Thus,
distribution and abundance of food may be a precondition for sociality in the
context of group vigilance (Gittleman 1984; Waser and Waser 1985).

For larger species group defense probably serves two functions: protection
of young (Bekoff and Wells 1982; Macdonald and Moehlman 1982; Moehl-
man 1983, 1986) and defense of valuable food resources (Lamprecht 1978,
1981; Bowen 1981). Schaller (1972) reported that African lion cubs were
attacked and sometimes killed by leopards, spotted hyenas, African hunting
dogs, elephants, buffalos and other African lions. Numerous studies have
shown the extent of parental care and guarding of young by the gray wolf
(Mech 1970), coyote (Bekoff and Wells 1982, 1986), brown hyena (Hyaena
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brunnea) (Owens and Owens 1984; Mills, this volume), spotted hyena (Kruuk
1972; Mills, this volume), and African lion (Schaller 1972; Packer 1986).
However, it is difficult to tease apart the relative influence of group protection
from resource defense because these are also the species that commonly feed on
larger, scarcer prey animals, the type of food that would likely select for
grouping to defend carcasses. Individuals grouping around a kill are often
more effective at warding off scavengers (Lamprecht 1978, 1981).

Finally, it should be mentioned that some studies (e.g., gray wolf: Messier
1985a, 1985b; bat-eared fox, Otocyon megalotis: Nel et al. 1984) are finding
that the effects of a food resource on grouping are mediated via other factors
such as climate, territory size and availability, age distribution, and sex ratio of
group members. Further studies should incorporate these factors after control-
ling for variation in food resources.

Phylogeny

As with most other mammalian traits (see Eisenberg 1981; Gittleman 1988),
phylogeny is an influential but yet vexing factor in evolutionary explanations.
In the case of carnivores, for example, after removing allometric effects, one
sees that life history traits are significantly correlated with some phylogenetic
component at the family level (Gittleman 1986a). Similarly, as one considers
the evolution of group living, it appears that certain taxonomic groups (e.g.,
canids; herpestids) have a greater tendency for grouping than others. Nev-
ertheless, as shown in the general phylogenetic tree of Figure 7.3, some form of
social behavior (either in groups or in pair formation) has evolved in each
major taxonomic family across the order. It appears that carnivores’ grouping
behaviors evolved independently many times. Although a specific phylogenetic
methodology is currently not available to assess these patterns (Felsenstein
1985), it would be useful for future analysis to take into account phylogeny
in the evolution of carnivore grouping and perhaps to use contemporary ge-
netic and morphological studies (see Wayne et al., this volume) for testable
hypotheses.
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PART II

ECOLOGY

INTRODUCTION

Of the three parts in this volume, this, on ecology, is unique in that it not
only conveys conceptual advances but also revolutionary techniques for the
study of carnivores. Technological improvements in live trapping, radio tag-
ging, aerial radiotelemetry, and spotting scopes have allowed more accurate
investigations of home range movements, territoriality, denning habits, hunt-
ing behavior, social interactions, and a wide range of other features fundamen-
tal to carnivore ecology (see Mech 1974, 1983; Amlaner and Macdonald
1980). Further development in merging telemetric techniques with physiologi-
cal methods will vastly increase our knowledge of the physiological capacity of
carnivore species, the ability of carnivores to metabolically adjust to new
habitat conditions and, most important, the effectiveness of conservation and
management strategies.

Carnivores, as their name implies, are closely tied to dietary effects, and
most of the chapters in this part examine the variety of such effects. Schaller,
Qitao, Johnson, Xiaoming, Heming, and Jinchu, in the first comparative
study of the giant panda (Ailuropoda melanoleuca) and Asiatic black bear
(Ursus thibetanus) show the ecological influences of feeding on a nutritionally
limited diet of bamboo, as in the case of the panda, versus feeding on a more
diverse herbivorous diet, as in the case of the black bear. Although this chapter
appears more specialized than others, it makes two important general points.
First, it illustrates that to analyze carefully the feeding ecology, population
dynamics, and home range movements of a carnivore species, researchers will
find it instructive to use a comparative field approach by looking at sympatric
species. Second, it shows that the comparative dietary efficiency of foraging on
different foods may govern the activity cycle, movements, and reproduction of
a carnivore.

Estes continues with a physiological theme, but rather than stressing dietary
effects, he considers how a “terrestrial” carnivore deals with the aquatic en-
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vironment. In his review Estes critically synthesizes information on the percep-
tion, physiology, locomotion, life histories, and behavior of the otters, drawing
conclusions and raising questions that should encourage other workers to
examine this ecologically rich yet relatively unstudied group of carnivores.
These studies improve our understanding of why particular species successfully
radiated into aquatic environments and may perhaps suggest new insights into
the vexing comparative phylogeny of carnivores and pinnipeds.

Sunquist and Sunquist consider how prey characteristics, habitat, scav-
engers, and predatory behavior influence predation in large felids. This chapter
also uses a comparative approach to predict interactive effects among feeding
ecology, habitat utilization, and social behavior.

King evaluates the unusual niche filled by small carnivores, primarily species
of Mustela. Because of their small size, weasels face different ecological con-
straints than do larger carnivores. The relatively high population density, wide
geographical distribution, and comparative ease of doing research on captive
animals make smaller mustelids an ideal group for future studies.

McNab pulls together the dietary effects discussed in previous chapters by
showing that, on the basis of measurements of basal metabolic rate and body
size, correlates of metabolism and diet may serve as powerful predictors of
carnivore reproduction and population biology. Given these predictions, the
final chapter by Oftedal and Gittleman includes a speculative discussion on the
reproductive output of carnivores. Specifically, the authors present theoretical
analysis and some empirical support for the idea that in carnivores various
reproductive parameters such as growth rate, litter size, and birth weight are
closely tied to milk quality, which in turn is influenced by dietary efficiency.

Although the contributions by McNab and by Oftedal and Gittleman estab-
lish the need to merge physiological and ecological perspectives, all of the data
in this area are from captive animals. The next major advance in understand-
ing the ecology of carnivores may lie with yet another methodological technique
for pulling together physiological and dietary features of natural populations
of carnivores. Perhaps application of the doubly labeled water technique, al-
ready being ardently used in studies of bat and rodent ecology (Kenagy 1987;
Gittleman and Thompson 1988; Kunz and Nagy 1988), will prove useful for
future studies.

JonN L. GITTLEMAN
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CHAPTER 8

The Feeding Ecology of Giant Pandas and Asiatic
Black Bears in the Tangjiahe Reserve, China

GEORGE B. SCHALLER, TENG Qi1TAO, KENNETH G. JOHNSON,
WANG XIAOMING, SHEN HEMING, AND Hu JiInCHU

The Asiatic black bear (Ursus thibetanus) has a wide though patchy distribu-
tion from Iran, Afghanistan, and Pakistan eastward along the Himalayas to
Indochina and across China to northeastern Russia. By contrast, the giant
panda (Ailuropoda melanoleuca) survives only along the mountainous eastern
edge of the Tibetan plateau, confined to an area totaling about 29,500 km2
mainly in China’s Sichuan province, but also southern Gansu and Shaanxi
provinces (Figure 8.1). In these mountain forests pandas and black bears of the
subspecies U.t. mupinensis (Ma 1983) are sympatric.

The giant panda and the Asiatic black bear are much alike, being solitary
carnivores of similar body build and size. Both are mainly herbivores (Bromlei
1973; Schaller et al. 1985), in spite of the fact that they have the short,
relatively unspecialized digestive tract of carnivores. Lacking the microbial
digestion in rumen or caecum typical of most herbivores, they are unable to
break down cellulose and other structural carbohydrates composing the cell
walls of plants. Most plants consist primarily of cell walls and water; there-
fore, the animals derive their nutrition principally from cell solubles (sugars,
starches, lipids, protein). Because solubles represent only a small fraction of a
plant, much bulk must be consumed to fulfill daily nutritional requirements.
This chapter examines the strategies of panda and black bear for living not
only as herbivores but also for doing so sympatrically.

In the Wolong Natural Reserve, where we first conducted panda studies, we
noted that both bears and pandas seasonally forage on shoots of one bamboo
(Fargesia spathacea). (Yi[1985] renamed this bamboo Fargesia robusta, but we
retain the old name to avoid confusion with our previous publications.) But
because bears were only sporadic visitors to our study area, we obtained no
data on the amount of ecological overlap or possible competition between
these two similar species. Such overlap might consist of spatial use of an area,
of a similar daily activity schedule within that area, and most important, of the
same food habits. The panda subsists primarily on bamboo and, in fact, has
evolved two specializations for processing this plant efficiently: the forepaws
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Figure 8.1. The present distribution of the giant panda. (Adapted from Chu and Long 1983.)

are adapted for grasping bamboo stems through the addition of a sixth digit or
“thumb”—an enlarged wrist bone—and the posterior premolars and molars
are broad and flat, modified for crushing bamboo (Davis 1964). The black
bear lacks such morphological specializations. Its diet is more varied than the
panda’s, if data from Russia (Bromlei 1973), India (Schaller 1977), and China
(Wu 1983) are indicative, consisting of forbs, fruits, and nuts. Feeding adapta-
tions and strategies determine how an animal meets its nutritional require-
ments for maintenance, growth, and reproduction, and these, in turn, affect
movements, activity cycles, and other aspects of existence. To what extent do
the panda and the black bear overlap ecologically within their area of sym-
patry?

We studied both species in the Tangjiahe Natural Reserve of northern
Sichuan (Figure 8.1). The research continued through 1987; this chapter,
based on work conducted between March 1984 and March 19835, is limited to
a preliminary discussion of the variety, abundance, dispersion, seasonality, and
nutritional quality of panda and black bear foods, and to the effects of such
variation in food supply on the behavior of these sympatric species. The Tang-
jiahe study is an extension of the cooperative China—World Wildlife Fund
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panda project, initiated in 1980 in the Wolong Natural Reserve, as described
by Schaller et al. (1985). All data from Wolong in this report were taken from
that publication.

The Study Area

The Tangjiahe Natural Reserve, established in 1978, lies in the Min Moun-
tains of northern Sichuan bordering Gansu province. It extends over about 300
km? of rugged ridges and narrow valleys at elevations of from 1200 to 3800 m.
Of the two main drainages in the reserve, we selected about 75 km2 of the
upper Beilu valley as our general study area. The eastern end of this area was at
Maoxiangba, the reserve headquarters at 1420 m. From there a road winds
westward for 14 km up the Beilu valley, where near the mouth of the Hongshi
valley it becomes impassable to vehicles. We concentrated our activities in
about 17.5 km2 of the upper Beilu and lower Hongshi valleys between eleva-
tions of 1520 and 2300 m; our research base was located there at 1760 m
(Figure 8.2).

Vegetation

The vegetation shows a vertical zonation similar to that of the Wolong
Reserve, but being over 200 km farther north, each of the three zones extends
about 300 m lower on the slopes. (1) An evergreen and deciduous broadleafed
forest occurs below 1700 m. The evergreen trees Lindera communis and
Cyclobalanopsis oxyodon are prominent, as are the deciduous beech (Fargus
longipetiolata) and oak (Quercus glandulifera). (2) Between 1700 and 2100 m
a mixed coniferous and deciduous broadleaved forest predominates, although
various species from the previous zone persist, especially on south-facing
slopes. Several species of maple (Acer), Litsea, Hydrangea, and Viburnum are
common, as is birch (Betula utilis, B. alba-sinensis) and cherry (Prunus sericea,
P. brachypoda); there are evergreen rhododendrons, ranging in size from low
shrubby species to trees; and, among the conifers, pine (Pinus armandii) favors
dry, southern exposures, and hemlock (Tsuga chinensis) and spruce (Picea
brachytyla) moist, northern ones. In valley flats and on lower slopes, where
humus is deep, lush forb meadows thrive, providing an important source of
bear food. (3) A subalpine coniferous zone, with hemlock and spruce at lower
elevations and fir (Abies faxoniana) higher up, begins at 2100-2300 m, de-
pending on exposure, and extends to timberline; rhododendron and birch are
the main broadleafed trees. On some slopes forest gives way to tussock grass-
land at only 2500 m, but generally the upper limit of tree growth is approxi-
mately 3200-3300 m and appears to be edaphically determined.

Bamboo is a critical resource for pandas. Since the taxonomy of bamboo in
the Min Mountains remains unsettled, we follow the terminology of Yi (1985),
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who examined material from Tangjiahe. There is little bamboo below 1600—
1700 m in our study area, except for patches of Bashania (Indocalamus)
fargesii (E. G. Camus) Keng f. et Yi around the mouth of the Shigiao valley at
1580 m. The dominant bamboo from 1600-1700 m to 2200-2300 m is
Fargesia scabrida Yi, which may cover whole hillsides in the Hongshi and
some other valleys. This bamboo has flowered and died in patches between
1972 and the present, with a peak die-off in 1975. The die-off affected the
bamboo primarily on the lower slopes of some valleys, leaving ridge tops and
other valleys, such as the Hongshi, almost unaffected. This bamboo, therefore,
exists as a mosaic, ranging in height from tiny seedlings to decade-old growth
averaging less than 1 m tall to adult stands. From about 2100-2200 m and
upward to timberline is a third bamboo, a small-leafed species closely resem-
bling F. nitida, which has been named F. denudata Yi. It flowered so exten-
sively in the mid-1970s that only some stands on ridges above 2600 m re-
mained unaffected; pandas have been largely deprived of this resource since
the die-off. At least two other species—F. rufa Yi and Phyllostachys species—
occur locally in Tangjiahe, neither of importance to our study.

Human activity has greatly modified the vegetation in many areas below
2200 m, especially in the main valleys. The impact has been more severe on the
relatively gentle southern and western exposures than on the more precipitous
northern and eastern slopes. Cultivation was once extensive (and persisted
downstream of Maoxiangba until 1986). Long-abandoned fields are now
overgrown with trees (Populus spp.) and shrubs (species of Salix, Spiraea,
Deutzia, Rosa, Rubus); recent fields are covered densely with forbs, con-
spicuously the tall Artemisia subdigitata. Buddleia davidii, willow, and other
shrubs have replaced forest in the main valleys and some side ones. Roads were
built into several valleys between 1965 and 1978 and timber extracted from all
accessible parts, slopes being either clear-felled or selectively logged for con-
ifers. Some slopes have been replanted with pines. This habitat destruction has
affected both pandas and black bears. For pandas the impact has been entirely
negative. Formerly cultivated slopes remain virtually devoid of bamboo, and
clear-felling of timber has resulted in dense bamboo thickets without tree
canopy which are little favored by pandas. Logging also removes conifers 1 m
or more in diameter that, if hollow at the base, could serve as maternity dens;
we saw no potential den trees in our study area. The impact on black bears has
been mixed. Stands of oak, an important food source, have been decimated,
often leaving only fringes of trees along ridge crests; however, the secondary
growth on disturbed sites provides bears with Rubus species and other fruit.

Climate
Winter lasts from November to March, months during which temperatures

dropped below freezing at our camp. The coldest month was January, with an
average daily maximum of 1.8°C and minimum of —5.3°C; the absolute max-
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imum was 8°C and minimum —11°C. The first flower of spring—a primula—
was seen on March 18, and the last snow of winter fell on March 23. During
April and early May forbs grew rapidly, trees leafed out, and rhododendrons
blossomed. It rained on at least 15 days every month between May and Octo-
ber; 93.5% of the total 12-month precipitation of 1130 mm fell during this
rainy season. June to August were the warmest months, with an average daily
maximum of 22.6~24.7°C and minimum of 13.1-14.2°C; the absolute max-
imum was 30°C and minimum 10°C. The first yellow leaves were evident in
mid-September, and a month later autumn coloring was at its peak. Most
deciduous trees had shed their leaves by mid-November. December 14 brought
the first heavy snowfall to the valley.

Methods

Since we observed black bears only eight times and pandas 26 times, most of
our data are based on examinations of feeding sites, droppings, and other
spoor. Monthly samples of panda droppings were analyzed to determine food
selection. Fargesia scabrida bamboo samples were collected monthly at two
sites for nutritional analysis. Both sites were at 2000 m, one of mature bamboo
and the other of seedlings about nine years old. (Positive species identification
of seedlings has not yet been made.) Collecting methods and analyses of feeds
and droppings follow those described in Schaller et al. (1985). Bear droppings
were given an ocular examination, and the percentage of each major compo-
nent estimated. To determine bamboo shoot and stem mortality rates, 48 plots
(2 m2 and 4 m2), totaling 112 m2, were established in unflowered F. scabrida in
and near the Hongshi valley. Sites differed in degree of slope, altitude, ex-
posure, and percentage of canopy. The plots were established in March—April
1984; at that time all new stems (shoots of 1983) were marked and all old
stems (two years old and older) were counted. From July to September, during
the shoot-growing season, plots were visited at least once every month and
shoot mortality noted. Dead stems were tallied in October and again in March
1985, completing one annual cycle.

In 1984 we captured two pandas and two black bears in traps baited with
goat meat, sedated the animals either with CI-744 or ketamine hydrochloride,
radio-collared them, and subsequently monitored their movement and activity
using equipment and techniques as reported in Schaller et al. (1985). One
panda, Xue, a middle-aged female without infant weighing 67.3 kg, was
caught on 14 December in one of the seven boxtraps of logs we had built in the
Hongshi valley. The other panda, Tang, an adult male, was collared on 8 June,
having been captured in a cave into which he retreated when we surrounded
his bamboo thicket; on 1 June 1985, when we replaced his collar with a new
one, he weighed 67.7 kg. Both pandas were considerably lighter than adults in
Wolong, where two females weighed 86 and 89 kg and two males, 97 and 107
kg. Both bears were caught in Aldrich foot snares. Kui, an adult male of
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undetermined weight—Bromlei (1973) found that adults generally range from
100 to 150 kg—was captured on 23 July. Chong, a subadult male estimated to
be almost three years old, was snared on § November; he weighed 70.5 kg. In
contrast to the placid pandas, both bears were aggressive, lunging at us and
roaring.

Radio-collared pandas were usually contacted daily, except that we seldom
found Tang after he moved out of his usual haunts during the summer. Chong’s
signal was often received during the month between his capture and hiber-
nation, whereas Kui’s was sometimes lost for weeks when he traveled out of
the reserve. We monitored activity on a 24-h basis every 15 min, 96 signal
readings per day. Tang was monitored for 19 days, Xue for 9, Chong for 7,
and Kui for 3.

Giant Panda

We estimated that about ten pandas frequented our 7 by 2.5 km main study
area, some animals only part time. (Quoting other sources, Schaller et al.
[1985] gave a population estimate of 100—140 pandas for Tangjiahe; in 1985
a census coordinated by Hu Jinchu revealed 50—60 pandas, a figure that agrees
with our impressions formed in 1984.) Of these, Tang spent much of the year
at 1500-1600 m in Bashania fargesii bamboo, whereas Xue and others were
in F. scabrida, usually above 2000 m, and some seasonally high up in F.
denudata. The three bamboo species differ in their annual cycle of shoot
production; this in turn affects the movements, food habits, and nutrient in-
take of pandas.

B. fargesii is a large-leaved bamboo, 2—3 m tall, with stems up to 1-1.5 cm
thick at the base. New shoots appear in mid-April, and these are almost fully
grown by mid-June. F. scabrida averages about 1.8 m high, with some stems
3—4 m tall, although stands on dry, logged slopes may average only 1 m. Stems
rarely reach a basal thickness of 1 cm, most being about half that. There was a
mean of 27.5 stems/m2 on our plots, and the mean above-ground biomass
(fresh weight)—based on sampling seven plots of 1 m2—was 1479 g/m2. New
shoots appear in mid-July and reach full height in late September. Pandas also
eat F. scabrida seedlings after they reach a height of 40 cm or more. A 1 m2
plot of seedlings, estimated to be nine years old, yielded 172 stems with a
biomass of 609 g. Mean stem height was 58 cm, with the tallest stem 157 cm;
mean stem diameter was 0.2 cm. F. denudata resembles F. scabrida in stem
height and thickness. Although it grows at higher elevations than F. scabrida,
its shoots appear from mid-June through July.

Food Habits

Pandas may consume plants other than bamboo, and they also eat meat
when available (Hu 1981; Schaller et al. 1985). At Tangjiahe an animal once
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Figure 8.3. The percentage of bamboo (Fargesia scabrida) leaves in panda drop-
pings (n = 333) each month compared with silica content of fresh leaves. We
lack data for February silica. In August and September pandas ate mainly shoots.

ate the juicy stems of wild parsnip (Heracleum moellendorffii)—a favored bear
food—and once chewed on old skin and leg bones of a tufted deer (Elaphodus
cephalophus). F. scabrida bamboo was the principal food of most pandas.
However, animals showed marked seasonal preferences for certain parts of the
plant (Figure 8.3). They preferred leaves over stems from October to March in
a ratio of 2:1. By mid-April animals had decreased their leaf consumption
markedly, and this trend continued until June, when they avoided leaves. They
again ate leaves during July. Several of our study animals also ascended into F.
denudata that month. On 30 July 45 droppings of F. denudata at 2800 m were
composed of 21% new shoot and 79% leaf. During August and September
animals consumed primarily new F. scabrida shoots.

Tang, living mainly in B. fargesii bamboo, displayed a different pattern of
dietary preference. From September to April he ate leaves almost exclusively.
On 26 October we observed him for 1 h (Figure 8.4). He either bent stems with
a forepaw toward his muzzle and ate the leaves off, or he detached the stem
with a bite and, holding it upright with one forepaw, pushed the leafy branches
into his mouth with the other. He did not select stems of particular age: after
2.5 days in the observed bamboo patch, he had eaten at least some leaves from
68% of the stems. During May and early June, Tang foraged on B. fargesii
shoots. After shoots had grown tall and hard, he abandoned the valley for
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Figure 8.4. The male panda Tang feeds in Bashania fargesii bamboo.

ridges, first to the east and then south. We found him on 4 July at 1990 m in F.
scabrida. His droppings revealed a diet of 23% leaf and 77% stem. In early
September he returned to his usual B. fargesii haunts. (D. Reid told us that
Tang also spent June—September 1985 at high elevations.)

Wolong pandas usually peel the enveloping sheaths off F. spathacea shoots
before eating them, perhaps because sheaths of this species are unusually hairy.
By contrast, Tangjiahe animals often consume the shoots of all species without
peeling them. In Wolong pandas also select thick shoots, =1 cm in diameter.
Shoots are seldom that thick in Tangjiahe. Taking the F. scabrida shoots in our
plots as a sample, we found that most shoots eaten were 0.7-0.8 cm thick, a
size Wolong pandas seldom consumed. There was, however, selection against
thinner shoots. As in Wolong, insect predators took a significantly greater
proportion of thin shoots (diameter <0.7 cm) than did pandas (Figure 8.5).
Rodents selected much like pandas. Tang displayed a similar preference for
thick B. fargesii shoots, selecting for shoots =0.9 cm and against those <0.8
cm. It appears that pandas merely chose the thickest shoots in an area, with a
lower limit of about 0.6 cm.

There was much shoot predation. One or more shoots were destroyed in
96% of our plots by insects, in 42% by pandas, and in 35% by rodents. Of the
996 shoots produced, 43.5% were destroyed between July and September, a
mortality figure similar to that in Wolong (Table 8.1). Nevertheless, the num-
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ber of bamboo stems increased during the year. There were 3028 stems in the
plots in April 1984, of which 256 (8.5%) died during the following 12 months.
Of the shoots produced in 1984, 535 survived, an increment of 279 new stems
(9.2%). This increase appeared due to a large number of 1984 shoots: only 3
shoots per m2 of the 1983 crop survived to the age of one year, whereas 4.8
shoots per m2 of the 1984 crop did so.

Table 8.1. Destruction of new bamboo shoots by predators in Wolong and Tangjiahe

Wolong: Fargesia spathacea Tangjiahe:
F. scabrida
1982 1983 1984
Predator n = 724 shoots n = 209 shoots n = 996 shoots
Insects 15.6% 12.0% 22.8%
Giant pandas 12.0 23.9 15.6
Rodents and Ochotona sp. 3.7 6.2 4.5
Others 4.0 0.5 0.6

Total 35.3% 42.6% 43.5%




222 George B. Schaller et al.

Figure 8.6. Nutrient content of Fargesia scabrida bamboo (adult and seedling), expressed as per-
centage of dry matter. Shoot data are based on shoots collected in July, August, and September at
different growth stages.

Nutritional Content of Bamboo

Approximately 90% of protein, carbohydrates, and other cell solubles are
nutritionally available to pandas (Dierenfeld et al. 1982). Of the cell wall
components, cellulose and lignin are indigestible; however, pandas can break
down a fraction of the hemicelluloses—digesting 18—26%, depending on sea-
son (Schaller et al. 1985).

F. scabrida leaves from both adult bamboo and seedlings have more protein,
ash (minerals and salts), and hemicelluloses and less cellulose and lignin than
do stems (Figure 8.6). F. denudata and B. fargesii leaves are chemically similar
to F. scabrida (Table 8.2). New F. scabrida shoots are of lower average nutri-
tional quality between July and September than are leaves; the percentage of
total cell solubles in shoots is similar to that in stems (Figure 8.6). A tall B.
fargesii shoot, collected on June 1, had 8.7% crude protein and 5.5% other cell
content, similar to F. scabrida shoots.

All bamboo species in Tangjiahe retain green leaves throughout the year.
Monthly samples show that the chemical composition of bamboo leaves and
stems remains quite constant at all seasons, as illustrated for crude protein in F.
scabrida leaves (Figure 8.7). The protein level in new F. scabrida shoots de-
creases, however, as shoots grow and harden until it is similar to that in stems;
there is a concomitant increase in the percentage of cellulose.



Feeding Ecology of Giant Pandas and Asiatic Black Bears 223

Table 8.2. Chemical composition of bamboo leaves eaten by pandas and forbs eaten by bears

Monthly
samples Cellulose Crude Remaining
(n) Ash Hemicelluloses  and lignin protein solubles
(% of dry matter)
Bamboo leaves
Fargesia 11 13.4 29.2 344 12.6 10.5
scabrida
F. denudata 1 10.8 351 27.3 15.8 11.0
Bashania 3 12.0 29.1 345 16.1 8.3
fargesii
Forbs
Mean of 12 — 163354 57+30 289=*113 168 £87 323 *6.5
species

Wolong pandas seldom ate the leaves of Sinarundinaria fangiana bamboo
between April and June. Silica (SiO,) levels in leaves reached their highest
levels (4—5%) during those months, then dropped to low levels from July to
October, a period when pandas selected for leaves. In an attempt to explain
this change in food selection, Schaller et al. (1985) suggested that silica—
which can inhibit digestion (Van Soest 1982)—may be implicated. Qur data
from Tangjiahe do not support this idea. Although Tangjiahe pandas selected
against F. scabrida leaves also from April to June, silica levels fluctuated little
during the year and were always higher than at Wolong, even during the
months when animals favored leaves (Figure 8.3). The average annual silica
level was 7.4% in leaves and 0.1% in stems. The reason why pandas avoid
leaves in spring remains unexplained.

The water content of F. scabrida leaves and stems is 40-60%, and in shoots
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Figure 8.7. The percentage of crude protein in Fargesia scabrida bamboo leaves and shoots, by
month.
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Figure 8.8. Monthly water content of panda droppings (# = 315) compared with water content of
Fargesia scabrida leaves and shoots.

it is at least 75%; water content of droppings is about 70% when animals
forage on leaves and stems, and 75—85% or more when they are on a shoot
diet (Figure 8.8). Pandas thus eliminate more water in their droppings than
they obtain from their food, except for a month or two each year when they eat
shoots. Moist droppings may be essential for smooth and rapid passage of the
coarse forage through the digestive tract. Oxidation of feeds forms metabolic
water, but, in addition, pandas may need to drink at least once a day (Ruan
and Yong 1983).

In sum, bamboo contains high levels of indigestible cellulose and lignin (35—
65%) and partially digestible hemicelluloses (20-35%), and low levels of
readily available nutrients as part of the cell contents (12-24%), making it a
food of poor quality. But since nutritive content remains constant all year,
bamboo represents a predictable food source. Analyses of two Wolong bam-
boo species gave results similar to those from Tangjiahe, as did analysis of two
introduced species from Washington, D.C. (Dierenfeld 1981).

Activity

Most of a panda’s day is devoted either to resting or to collecting, preparing,
and eating bamboo; other activities, such as traveling and grooming, consume
only about 4% of the day. In Wolong 300 days of 24-h activity monitoring of
several individuals showed that animals may be active or inactive at any time
of day or night. Pandas were, on the average, inactive for 9.8 h (41.6%) of the
day. Part of this time was devoted to one or two long rest periods lasting 2—4 h

DROPPING



Feeding Ecology of Giant Pandas and Asiatic Black Bears 225

or more. Pandas were active for 14.2 h (58.4%) of the day, a figure that
remained relatively constant throughout the year. Daily activity reached its
lowest level between 0800 and 0900h and after 1900h, and its highest level
between 0400 and 0600h and between 1600 and 1900h. These activity peaks
near dawn and at dusk were similar all year, regardless of amount of daylight.
Although individuals showed no significant differences in activity levels, they
often displayed idiosyncratic patterns seemingly unrelated to age, sex, or other
obvious factors.

In Tangjiahe winter data for Xue showed that her average probability of
activity in January was 0.53, in February 0.68 and in March 0.36 for a mean of
0.52, similar to Wolong animals (0.58). She had two activity peaks, one be-
tween 0200 and 0300h, and the other between 1900 and 2100h; her low
activity between 0700 and 0900h was similar to that of Wolong animals
(Figure 8.9).

Tang was less active than any panda we have monitored in Wolong and
Tangjiahe: his average probability of activity was only 0.43. There was little
variation between September and March (December excluded because of lack
of data), average probability of activity ranging from 0.37 to 0.46; in June, the
only other month during which we monitored Tang, the figure was an excep-
tionally active 0.79 from only one day’s data. Tang’s sedentary habits for most
of the year and his preference for leaves—leaves are less time-consuming to eat
than stems—probably account in part for his restful existence. His 24-h pat-
tern was also unusual in that he tended to be inactive between 2100 and 0800h
and showed only one prolonged daily peak between 1200 and 1800h (Figure
8.9). He sometimes rested for long periods. On 14 October, for instance, he
began a rest at 1830h that lasted until 1215h on 15 October (nearly 18 h), so
long that we became concerned about his health; after feeding, he also slept
during the following night from 2100 to 0730h (10.5 h), yet appeared healthy.

Land Tenure

Home range sizes of six Wolong pandas varied from 3.9 to 6.4 km2. Ranges
of males were only as large as, or slightly larger than, those of females. Even
though its range was small, an animal visited some parts only rarely; the
amount of total range used each month seldom exceeded 25%. Ranges were
stable and shared all or in part with other pandas. Land tenure appeared to be
different in males and females: males occupied greatly overlapping ranges,
whereas each female spent most of her time in a discrete core area of only 30—
40 ha.

We lack detailed data on land tenure in Tangjiahe pandas. Xue confined
her activities to 1.3 km2 from mid-December to March (Figure 8.2), and within
this small area she moved little (Table 8.3). However, that summer she shifted
at least 3 km southeast to some high ridges (D. Reid, pers. comm.).
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PROBABILITY OF ACTIVITY
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Figure 8.9. Probability of activity by hour of day for the pandas Tang (» = 18 days,
September—March) and Xue (# = 9 days, January—March). The confidence intervals
are indicated by broken lines. Values differing significantly (P < 0.01) from the average
probability of each animal lie outside these lines.

Tang had a range of at least 23.1 km2, an unusually large area. However,
within that range he had a center of activity, 1.1 km? large, in which he
remained for nine months from September to June (Figure 8.2), using generally
less than 1% of his total range each month (Table 8.3). And within his center
of activity he was usually found in one of four bamboo patches whose total
area comprised only about 5 ha; between September and March he was radio-
located on 134 of 182 days (74%) in these patches. His sedentary habits
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Table 8.3. Monthly variations in known home range used by two pandas

Xue Tang
September 1984 — 0.03%
October — 0.07
November — 0.03
December 0.20% 0.41
January 1985 0.30 0.32
February 0.40 0.63
March 1.20% 1.83%

Note. The total range for Xue, a female, was 1.3 km2; for Tang, a male, 23.1 km2.

during the mating season from mid-March to early May surprised us, for no
other pandas were in his center of activity, to our knowledge. Tang traveled
widely during summer. In June, for example, he moved over 3 km down-valley
and over a ridge to the east, where we lost contact with him; he had returned by
July and remained south of his usual haunts, for a while outside of the reserve.
Although some Wolong pandas shifted seasonally to lower elevations to feed
on bamboo shoots, they remained within their small ranges, showing a pattern
quite different from that of Tang and apparently also Xue. Tang’s shift away
from B. fargesii occurred at a time when that bamboo seemed to become less
palatable. The unusual extent of Tang’s movements cannot be explained solely
on the basis of a food search, although much travel was necessary to reach the
patchy bamboo remnants on the ridges.

Asiatic Black Bear

Bears were not abundant in Tangjiahe, though the many branches they
broke while feeding in trees were conspicuous reminders of their presence.
Only an estimated 10-12 bears frequented the slopes of the Beilu valley up-
river from Maoxiangba, and none seemed to remain there permanently.

Food Habits

The feeding of Tangjiahe bears falls into three periods: from April to mid-July
the bears eat mainly forbs and leaves from shrubs, from mid-July to mid-
September they add fruits to their diet as soon as these ripen, and from mid-
September to November they harvest primarily acorns and other nuts.

Spring provides bears with a variety of succulent forb species. Of 15 spring
foods listed in Table 8.4, bears particularly favored the thick stalks of wild
parsnip (Anthriscus sylvestris, Heracleum sp., Angelica sp.), Petasites tri-
cholobus leaves, new Hydrangea growth, and Rubus coreanus shoots. Bears
seldom lingered in a valley at this season, ignoring all but a few plant species in
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Table 8.4. Wild food plants eaten by black bears
in the Tangjiahe Reserve

Species Part eaten
Acanthopanax henryi New stem growth, leaf
Actinidia chinensis Fruit
Angelica sp. Succulent stalk
Anthriscus sylvestris Succulent stalk
Arisaema lobatum Succulent stalk
Aster ageratoides Leaf
Cacalia tangutica Leaf
Caraya sp. Fruit
Celtis biondii Fruit
Cnidium sp. Succulent stalk
Cornus chinensis Fruit
Corylus sp. Nut
Cyclobalanopsis oxyodon Acorn
Fargesia scabrida Shoot
Heracleum moellendorffii Succulent stalk
H. scabridum Succulent stalk
Hydrangea sp. New stem growth, leaf
Juglans cathayensis Nut
Lunathyrium giraldii Young frond
Petasites tricholobus Leaf
Phlomis sp. Leaf
Prunus brachypoda Fruit
P. sericea Fruit
Quercus aliena Acorn
Q. glandulifera Acorn
Q. spinosa Acorn
Rubus coreanus Fruit, new shoot
Salvia umbratica Leaf

their travels. On 22 May one bear stopped to feed 18 times while moving 1 km
along the base of a slope. It plucked some leaves and branch tops from one
spiny Acanthopanax benryi and two Hydrangea shrubs; and it consumed jack-
in-the-pulpit (Arisaema lobatum) at one site, Heracleum species at a second,
and Angelica species at a third, each time removing the leafy tops before eating
the stalks. However, this bear seemed to prefer R. coreanus shoots about 1 cm
thick, which sprout much like bamboo shoots. The bear broke or bit off
shoots, removed the leafy tassel at the top, and ate the juicy stalk, sometimes
after peeling off the densely haired skin. Another bear angled down to the base
of a long slope and foraged in a patch of Heracleum plants before continuing
across the valley and up the other side, with only a brief halt to eat one
Arisaema lobatum stalk, a total of two feeding stops in 1.5 km.

Forbs remained an important food all summer, sometimes augmented with
bamboo (F. scabrida) shoots in August (D. Reid, pers. comm.). From mid-July
to late August R. coreanus berries were frequently eaten (Table 8.5), The wild
cherry (Prunus sp.) crop failed in 1984; judging by broken branches, bears had
harvested fruits in previous years.
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Table 8.5. Seasonal variation in the diet of black bears, as estimated from contents of droppings

Type of food (%)

Droppings Leaves Rubus Other  Acorns and

Month (n) and stalks berries fruits other nuts
April to mid-July 9 100 — — —
Mid-July to mid-September 25 75 25 — -
Mid-September to November 46 5 — 5 90

Bears had left the forb and berry patches of the upper valleys by mid-
September and concentrated below 1800 m in oak stands on ridges and slopes.
Acorns (Quercus sp.) supplemented by hazelnuts (Corylus sp.), butternuts
(Juglans cathayensis), and fruits (Celtis biondii, Actinidia chinensis) composed
the diet until hibernation. On 24 October, at 1615h, we watched a bear
feeding in an oak. Squatting or standing in a fork, the bear pulled small
branches toward itself with a forepaw, sometimes breaking one with a bite,
and plucked the acorns directly with its mouth. Large branches required more
effort. The bear pulled them with both forepaws, occasionally using mouth as
well, until they broke or snapped off. The animal usually pushed discarded
branches into the fork beneath its feet and stepped on them, creating a crude
platform (Figure 8.10). Bears in India harvest the cherry-like Celtis fruits in a
similar manner (Schaller 1969).

Almost every oak in Tangjiahe has broken branches, some so damaged that
little beyond the tree trunk and branch stumps remain. Bears have seriously
reduced the acorn supply of future years. By late October most acorns have
fallen, and bears search for them beneath trees.

Bears no doubt ate more than the 28 species listed in Table 8.4. Grapes (Vitis
sp.) and rosehips (Rosa sp.) are eaten in India (Schaller 1977), beech buds in
Japan (Hazumi 1985), and Pinus seeds, Ribes berries, Carex and Lilium leaves
and stalks in Russia (Bromlei 1973). These genera are also present in Tang-
jiahe. Wu (1983) listed nine genera of fruits and nuts as bear food in the
Qinling Mountains of Shaanxi province, 300 km northeast of our study area.
Among these were Fragaria, Schisandra, Coriaria, Flaeagnus, Rbhus and
Castanea, most, if not all, of which occur in Tangjiahe too.

Domesticated plants were also consumed in Tangjiahe. In late August and
September bears took apples from orchards in the reserve and maize and
walnuts from farms.

Meat, either killed or scavenged, forms a small percentage of a bear’s total
diet, and may include mammals, birds, fish, mollusks, and insects (Schaller
1969; Bromlei 1973; Wu 1983). One dropping in Tangjiahe contained takin
(Budorcas taxicolor) hair, and one in nearby Wanglang Reserve an infant
bamboo rat (Rhizomys sinense).

Bears in Tangjiahe and northeastern Russia have similar food habits and
show similar seasonal changes in selecting forbs, fruits, and nuts. Bromlei
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Figure 8.10. Wang Xiaoming sits on a crude platform of broken oak branches made by an
Asiatic black bear while feeding on acorns. The panda Tang centered his activity in the valley
below.

(1973) listed 27 genera of wild food plants for bears in Russia, and ten of these
were also eaten in Tangjiahe.

Nutritional Content of Plants

The indigestible cellulose and lignin values were moderately high (mean
29%) in the various forbs, whereas the partially digestible hemicelluloses were
low (6%). Ash content was high (16%). Protein varied from 2.6% in Angelica
species to 35.2% in Hydrangea species, with an average of 17% for all forbs
tested. The remaining cell contents (sugars, lipids) comprised a mean of 31%
(Table 8.2). Rubus and Actinidia fruits were chemically similar to the other
plants except that they were low in ash (Figure 8.11). Bears shell acorns with
their mouths and eat only the kernels; our nutritional analyses were conducted
on kernels only. The two acorn species differed in nutrient content from forbs
and berries: they were much lower in cellulose and lignin (mean 6%) and
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Figure 8.11. Nutrient content of
bear food plants, expressed in per-
centage of dry matter. Top row:
Stalks—(1) Heracleum scabridum,
(2) H. moellendorffii, (3) Antbris-
cus sylvestris, (4) Angelica sp., (5)
Arisaema lobatum. Middle row:
Leaves—(6) Petasites tricholobus,
(7) Phlomis sp., (8) Cacalia tan-
gutica, (9) Acanthopanax henryi,
(10) Salvia umbratica, (11) Hy-
drangea sp. Bottom row: Others—
(12) Rubus Loreanus shoot, (13)
R. coreanus berry, (14) Actinidia
chinensis fruit, (15) Acorn (Quer-
cus aliena), (16) Acorn (Q. glan-
dulifera). Most forbs were
collected in May, except H.
moellendorffii on June 18, and S.
umbratica on 14 July.
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Table 8.6. Essential amino acid content
(in mg/100 g) of 11 spring plants
eaten by black bears

Content
Amino acid (mean)
Threonine 0.64 = 0.41
Valine 0.71 = 0.35
Methionine 0.15 = 0.08
Isoleucine 0.60 = 0.29
Leucine 1.06 = 0.58
Phenylalanine 0.60 £ 0.35
Lysine 0.69 + 0.46

Note. Tryptophan not tested. The plants tested
were species of Acanthopanax, Anthriscus,
Arisaema, Aster, Cacalia, Cnidium, Hydrangea,
Lunathyrium, Petasites, Phlomis, and Heracleum
scabridum.

moderately high in hemicelluloses (38%). Ash was low (3%). Protein was low
as well (5%), whereas the remaining cell contents were higher (49%). Cell
contents of acorns, as that of many seeds, contain much fat, 9% in Quercus
ilex from northern Pakistan (Schaller 1977). Acorns thus represent a high-
calorie, digestible plant food for bears.

Silica content of foods was low, averaging 0.2% for leaves and fruits and
none in acorns.

The essential amino acid content of 11 spring food plants was analyzed.
Only methionine showed a conspicuously low level (Table 8.6). This amino
acid is usually deficient in plants, including bamboo (Schaller et al. 1985).

Forbs had a mean water content of 90% and Rubus berries of 86%; drop-
pings from April to mid-September were soft, with a water content of §7%.
During these months bears probably had no need to drink. The water balance
changed in autumn. A