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INTRODUCTION
KATERINA V. THOMPSON

For z00s to achieve their full potential in conservation and education, ensuring the
mere survival of zoo specimens is not sufficient. We must also strive to preserve
behavioral diversity among the animals in our care. If captive animals fail to exhibit
normal reproductive and parental behavior, then captive propagation efforts will be
futile; if animals fail to develop normal behavioral repertoires, then reintroduction
attempts are doomed. Preserving behavioral diversity is a challenge for zoo manag-
ers, since the captive environment differs, in ways both obvious and subtle, from the
habitats in which wild mammals evolved. This section provides a theoretical over-
view of aspects of behavior that have particular relevance to maintaining wild mam-
mals in captivity and discusses how behavioral diversity can be preserved.

There are few things more discomforting to a zoo visitor than watching an animal
pace endlessly and fruitlessly. Despite the recent emphasis on designing naturalistic
exhibits to promote behavioral well-being in captive animals, the captive environ-
ment can never fully duplicate the habitats of wild mammals. Carlstead reviews how
behavior is influenced by various facets of the captive environment in chapter.31.
She also discusses behavioral abnormalities that can arise in captivity and suggests
approaches to minimize the negative effects of captivity on behavior.

Koontz and Roush provide an overview of animal communication in chapter 32
and explain how features of the captive environment can enhance or interfere with
normal communication. They further provide insight on how animal communica-
tion signals can be exploited by animal caretakers and managers to improve animal
husbandry.

Wild mammals display an astonishing diversity of social organizations, from soli-
tary to highly gregarious. The social organization of a given species, and therefore
an individual animal’s tolerance of conspecifics, is somewhat flexible and is influ-
enced by both the environment (e.g., food, space) and the social milieu (e.g., age and
sex of conspecifics). Berger and Stevens describe the various types of mammalian
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social organizations in chapter 33 and discuss how knowledge of a species’ typical
social organization and mating system can be used to determine the size and com-
position of captive groups.

In chapter 34 Thompson reviews the general patterns of behavioral development
in wild mammals so that captive managers can evaluate the progress of animals in
their care. She also describes methods of recognizing and encouraging play behavior
among captive mammals, both for enhancing the educational value of exhibits and
for promoting the well-being of zoo animals.

Knowledge of dietary requirements (see part 2, Nutrition, this volume) is useless
f animals fail to consume the diets they are offered. Wild animals differ greatly in
the methods they use to seek and consume food and in their willingness to experi-
ment with unfamiliar food types. In chapter 35 Fernandes provides an overview of
foraging behavior in mammals, with special emphasis on aspects that are immedi-
ately relevant to captive husbandry. .

Future conservation efforts will combine in situ and ex situ activities. It has al-
ready been shown that behavioral deficiencies exist in zoo mammals that result in
reduced survivorship when they are reintroduced into the wild. It s hoped that care-
ful attention to behavioral needs will permit the expression of more normal behavior
by individuals bred for reintroduction programs, and thus a more rapid adaptation
to the wild and improved survivorship.




31

Effects of Captivity on the Behavior of Wild Mammals

KatHy CARLSTEAD

The behavior of any species of wild mammal is the product
of many generations of natural selection and adaptation to
specific environmental conditions. Some species’ behavior
has evolved for the exploitation of very specific habitats,
food resources, or climatic conditions, while other species
have evolved the ability to adapt their behavior to various
conditions depending on the seasonal, social, or biological
factors predominating at any given time. Captivity, how-
ever, imposes on wild mammals an environment that may
differ vastly from that in which they have evolved. To thrive
under captive conditions, a species must accommodate to
these differences. A species’ ability to respond to captive
conditions with behavior from its normal repertoire de-
pends on a complex interaction of developmental, experi-
ential, and genetic factors, as well as on the degree to which
the particular captive conditions resemble its natural envi-
ronment. The short-term success individuals have in coping
with captive conditions affects their ability to breed in cap-
tivity; this initial success therefore affects the species’ uld-
mate ability to exist as a captive population. :

An animal’s daily life is affected by physical and biologi-
cal factors such as social and spatial restrictions, the pres-
ence of other species, including humans, and the availability
of appropriate stimuli for the development and expression
of natural appetitive, defensive, and protective behaviors.
Such factors vary considerably across environments de-
pending on the degree of “captiveness” or “wildness.”
However, the concept of “wild” versus “captive” is a false
dichotomy. Populations of animals are found ranging freely
in a wide variety of habitats, from “wild” reserves to semi-
wild sites where animals are provisioned. Populations
termed “captive” inhabit sites ranging from large breeding
corrals to complex zoo enclosures to single cages in labora-
tories. For simplicity, I will use “wild” and “captive” in this
chapter to distinguish conditions tending more toward ei-
ther extreme.

The chapter is divided into three major sections reflecting
various levels of influence captivity may have on behavior:
on the genetics of a captive population, on the development

of behavior, and on the psychology of confined mammals.
Reproduction in captivity may produce genetic changesina
captive population that distinguish it from wild popula-
tions. This would be of no consequence if captive mammal
collections had constant access to new, wild-caught stock,
but most zoos and propagation centers at present largely
contain animals born and bred in captivity. Particularly if
the desired end result is the preservation of an endangered
species in a wild state, the long-term effects of captivity on
behavior are important considerations (Kleiman 1980). A
species’ behavior derives from its genetic endowment, and
because the long-term effects of captivity may act on gene
frequencies in populations of captive mammals, I will begin
this chapter on this theme. '

-~

LONG-TERM EFFECTS OF CAPTIVITY
ON BEHAVIOR AND GENETICS

Captive populations are influenced by several random and
nonrandom genetic mechanisms that may distinguish them
from wild populations after a number of generations. Ge-
netic variability is randomly reduced by inbreeding and ge-
netic drift in small, relatively closed populations. Inbreeding
increases homozygosity and may result in a lowering of fit-
ness brought about by the expression of deleterious genes
previously masked by dominant alleles. Ralls, Brugger, and
Ballou (1979) present data indicating that mortality during
the first 6 months of life is higher for inbred young of a num-
ber of zoo ungulate species than for noninbred young; the
same has been reported for other inbred captive species (red
panda, Ailurus fulgens: Roberts 1982; Przewalski’s horse,
Equus przewalskii: Bouwman 1977; eland, Taurotragus
oryx: Treus and Lobanov 1971; leopard, Panthera pardus:
Shoemaker 1982). Genetic drift, on the other hand, causes
certain genes of neutral selective value to become “fixed” in
a population as a result of their relative abundance in the
small founding population.

Three primary selective mechanisms influence the gene
frequencies of captive populations nonrandomly: artificial
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selection, natural selection, and relaxation of selection
(Price 1984).

1. Artificial selection is selection for biological traits desired
by humans. Such selection is goal-oriented and relatively
fast when compared with the rate of change produced by
natural selection in a wild population. Domesticated spe-
cies have been selectively bred for biological traits of
economic importance or for exaggerated morphological
characteristics. Specific behavioral traits have been con-
sciously selected in a few species, such as fighting cocks
and guard dogs, but behavioral changes in domesticated
populations have more often been the indirect conse-
quence of selection for other, morphological attributes
(Keeler 1975).

2. Natural selection in captivity. In the absence of interfer-
ence by humans, the individuals possessing the pheno-
types best able to adapt to captive conditions will have
the highest reproductive success. This process of natural
selection will be most intense in the first few generations
after the transition from wild to captive environments
(Price 1984).

3. Relaxation of selection can occur when captive condi-
tions permit certain behavioral traits to remain in the
population that would have been selected against under
wild conditions. The result is an increase in genotypic and
phenotypic variability for traits affecting behaviors such
as food and shelter seeking, predator avoidance, and be-
haviors that serve to isolate populations reproductively.

Are zoo populations becoming domesticated? If the goal
of zoos is to maintain wild animals in their most natural
and original condition, zoo animals should not be managed
like domestic animals (Hediger 1964, 1970). Price (1984)
defines domestication as “that process by which a popula-
tion of animals becomes adapted to man and to the captive
environment by some combination of genetic changes oc-
curring over generations and environmentally induced de-
velopmental events reoccurring during each generation.”
Humans have domesticated relatively few species, mostly
out of economic need, and have domesticated mainly spe-
cies predisposed to domestication by their social organiza-
tion and reproductive behavior. Easily domesticated species
generally live in large, hierarchical social groups in which
the males affiliate with female groups, mating is promiscu-
ous, and the young experience a sensitive imprinting period
during development and are precocial. They are also gener-
ally adapted to a wide range of environments and dietary
habits rather than to highly specialized conditions (Hale

1969; Clutton-Brock 1976). These characteristics permit

easy control by humans. The mammal species found in zoo-
logical parks can be expected to be differently predisposed
to domestication, and they probably differ greatly with re-
spect to the adaptive behavioral changes that have already
occurred, or may yet occur, as a result of generations in cap-
tivity. Purposeful selection for tameness or adaptation to
captivity may be acceptable in cases in which the species is
common in the wild and is kept in zoos only for display, or
in the initial stages of establishing a captive population of a
rare species that is not yet capable of self-sustaining repro-
duction in captivity (Frankham et al. 1986). Nevertheless,

unconscious artificial selection for traits such as docility and
tractability is probably occurring in zoo animals, selection
that may eventually make captive populations genotypically
divergent from wild populations.

Does wild behavior degenerate in captivity? Captive
breeding of endangered species has been criticized because
of concerns about the possible loss of wild behavior and the
turning of animals into “degenerates” that cannot survive in
the wild, as is said of many domesticated species {(Hediger
1968; Bendiner 1981). However, it is highly questionable
whether such long-term processes will have significant
effects on the species-typical behavior of captive mammals,
The stability of behavior patterns is generally underesti-
mated, and in spite of numerous reports of behavioral differ-
ences between wild and domestic species, there is little or
no evidence that domestication has caused behaviors to be
eliminated from a species’ repertoire (Hale 1969). Loco-
motor components of behavior, as well as the associated
sensory capacities, tend to be so evolutionarily stable that
behavioral criteria are even sometimes employed taxonomi-
cally to distinguish genera or species (Mayr 1958). Even
among canids, for which there are extensive comparisons of
wild and domestic behavior, no behavioral traits have been
observed in domestic dogs that are not observed in their
wild counterparts, except for tail carriage (Scott 1954). It
would appear highly unlikely that any changes in normal
species-typical behaviors would have evolved in zoo mam-
mal populations since they have not undergone the exten-
sive artificial selection of the domestic dog.

The main behavioral differences between captive and
wild populations, therefore, are quantitative rather than
qualitative. They are results of changes in intensity or releas-
ing threshold, and may be brought about by genetic changes
in the population (as discussed above), by learned adjust-
ments to the captive environment occurring during the ani-
mal’s lifetime, or by the unique stimulus situations existing
in captivity (Hale 1969; Price 1984). For example, reduced
aggressiveness toward conspecifics and humans in labora-
tory rats has been shown to be largely the result of being
reared in social groups in small, open cages (Price 1978;
Barnett, Dickson, and Hocking 1979) rather than due to ge-
netic differences, even after many generations of artificial se-
lection and inbreeding. Also, the absence of certain key

stimuli in the physical environment of captive animals can

result in failure to express certain behavior patterns. The
burrowing behavior of domestic albino rats was found to be
indistinguishable from that of wild rats when they were
housed in large outdoor pens; the albinos also showed a
variety of other wild-type behaviors under these conditions
(Boice 1977). The rarity of certain behavior patterns in the
repertoire of a population may also be a consequence of
selection for a particular developmental phase. In young
Malamute pups, unrestrained aggression and the absence of
some threat displays normally seen in adult wolves, Canis
lupus lycaon, were concluded to be the result of selection for
neoteny (retention of juvenile characteristics) rather than
due to relaxation of natural selection for these behaviors
(Frank and Frank 1982).

Most wild mammal species have been bred in captivity
for relatively few generations, and the current long-term ef-



f captivity on b_ehavior are probably. minimal. To
4in captive breeding populations of animals that ex-
behavior as it evolved in the wild, conscious or unin-
onal selection must be minimized and an environrpent
ded that consists of the appropriate stimuli for eliciting
behavior. This requires a thorough knowledge of be-
6r in the wild state as well as consideration of environ-
¢l influences on the development of behavior.

CTS OF CAPTIVITY ON BEHAVIORAL
DEVELOPMENT

dynamic, ongoing interaction between an organism and
- urroundings throughout development actively impli-
s the environment in determining the structure and or-
ization of the animal’s response systems (Moltz 1965).
imals born and reared in captivity may, therefore, be
haviorally distinct from those born and reared in a wild
environment. The extent of this difference will depend par-
lly on the degree to which the captive environment pro-
des the appropriate stimulation during development and
artially on the phenotypic plasticity of the species, that
the extent to which the genotype is capable of entering
+o different classes of relationship with the environment
Moltz 1965).
During development, periods of heightened sensitivity to
#ertain environmental stimuli may exert lasting influences
- ‘on physiology, anatomy, and behavior. These “sensitive pe-
- tiods” are due in part to internal changes and may occur
during various developmental stages in the animal’s life.
What is learned during these periods serves to narrow the
animal’s social or object preferences to that which is famil-
iar. The irreversibility of some early experiences, however,
may have maladaptive consequences for adult behavior
when the experience acquired as a result of captive rearing
does not correspond sufficiently with that normally ac-
quired in the wild.

Prenatal Experience

Interactions between the developing organism and its envi-
ronment start prior to birth, for the hormonal state of the
mother affects the uterine environment of the growing fetus.
Various effects of stress experienced by mothers during preg-
nancy on the behavior of their offspring have been reported,
including increases (Ader and Belfer 1962) or decreases
(Thompson, Watson, and Charlsworth 1962) in emotion-
ality in a novel environment (open field) and alterations of
exploratory behavior (Archer and Blackman 1971) in rats,
and reductions in attack and threat behavior in male off-
spring (Harvey and Chevins 1985) in mice. Behavioral dys-
functions have also been found among human children born
to mothers who experienced emotional stress during preg-
nancy (Stott 1973). Early motor development in rat pups
was retarded when the mother was experimentally stressed
with flashing lights and noise on an unpredictable schedule
three times per week throughout pregnancy (Fride and Wein-
stock 1984). Fride and Weinstock hypothesize that gluco-
corticoids, produced by the mother when stressed, cross the
placental barrier and affect the embryonic brain. In particu-
lar, the cerebellum is affected during sensitive periods in de-
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velopment. Corticosterone secreted by the mother in re-
sponse to stress may also interfere with fetal testosterone
production, which is necessary during fetal and early neo-
natal periods for the later development of masculine sexual
behavior (Money and Ehrhardt 1972). The male offspring
of mother rats stressed daily in the last week of gestation
showed reductions in attempted copulations and ejacula-
tion responses as adults (Ward 1972). Such studies imply
that in a zoo environment, potentially stressful disturbances
of pregnant mammals, such as relocation, zoo visitors,
changes in management practices, social tension, or re-
moval from a stable social group, could affect the viability
and later behavior of their offspring.

The Early Social Environment

The social environment in captivity, if it deviates sufficiently
from the wild situation, may deprive the young animal of
specific stimulation essential for the development of nor-
mal, species-typical behavior. In mammals, rearing by the
mother provides the infant with specific stimulation neces-
sary for the normal development of emotional regulation,
social interaction, and complex goal-directed behaviors, in
particular, maternal and sexual behaviors. Maternal depri-
vation studies have demonstrated the long-term regulatory
influence the parent-infant relationship may have on adult
behavior, although there is a hiatus, due to a lack of system-
atic study, in our understanding of the processes underlying
this regulatory function (Hofer 1981).

Tactile contact with the mother in rats has the immediate
effect of eliciting activity in the pups, but when frequently
repeated it reduces emotional reactivity later in life (Levine
1966; Hofer 1981). For rat pups, tactile contact with the
mother, even if she is anesthetized and does not suckle the
pups, is sufficient for suppressing emotional responses to
novel stimuli at age 12-20 days (Levine 1986; Stanton,
Wallstrom, and Levine 1987). Deprivation of maternal lick-
ing when pups are young has also been shown to affect the
timing of sexual behavior patterns in male rats when grown;
intromissions were more slowly paced and the rats took
longer to ejaculate (Moore 1984).

Stimulation of the vestibular system provided by a mov-
ing mother is also important for the developing infant.
Rhesus monkey (Macaca mulatta) infants raised with inani-
mate surrogate mothers that were stationary developed the
self-rocking behaviors that are characteristically seen in iso-
lation-reared monkeys, and in autistic or severely retarded
children, while those raised with surrogates moving on a
swing did not (Mason and Berkson 1975). The monkeys
with moving surrogates did, however, retain other stereo-
typic patterns such as self-clasping and finger sucking. At 4
to § years of age they were less emotionally aroused, more
responsive to partners, and benefited more from socializing
experiences with peers than did the-monkeys with station-
ary surrogates. This experiment not only illustrates the im-
portance of vestibular stimulation as a component of paren-
tal care,.but also shows some of the self-correcting behavior
that developing young may perform in order to provide
themselves with the necessary stimulation.

One of the main reasons for hand-rearing infant mam-
mals in captivity is the mother’s failure to provide adequate
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care. The reasons for such failures are diverse. Parturition is
undoubtedly a stressful event for an animal, and maternal
behaviors such as nest building, suckling, and retrieving are
very labile (see also Hutchins, Thomas, and Asa, chap. 41,
this volume). Stressful environmental events during and af-
ter parturition may disrupt these behaviors and result in re-
jection or harming of the infants. Parturient females may
need nesting material, concealment, social isolation, silence,
or temperature regulation. Failure to meet their special
needs may result in a disruption of maternal behavior. The
rearing strategy of a species must be carefully considered be-
fore forced isolation, forced contact with the young, or close
confinement is imposed on the mother (Eisenberg and Klei-
man 1977). Finally, inbreeding may account for a rise in the
frequency of abnormal maternal behavior in a population,
as is suggested in the case of cub killing in captive leopards
(Shoemaker 1982).

Deficient maternal behavior, and even injurious behavior
toward the offspring, may also be due to a lack of prior so-
cial experience with infants. Female rat pups placed post-
natally with their mothers in environments with odors from
other mothers with pups, or reared in groups with a large
number of siblings, show superior maternal behavior in
terms of pup retrieval and nest building compared with
pups reared without odors or'with a small number of sib-
lings (Moretto, Paclik, and Fleming 1986). Hand-reared
rhesus macaques avoid contact with their infants and are
hyperaggressive toward them when they themselves become

_ mothers (“motherless mothers”: Harlow et al. 1966). Suomi

(1986) points out that when Harlow started his research
with rhesus macaques in the 1950s, most zoos made deci-
sions to hand-rear captive-born primates based on health,
safety, and hygienic considerations. However, once hand-
rearing starts, it can become a vicious circle, producing more
and more animals incapable of caring properly for their
young unless compensatory experience is provided. Harlow
and colleagues subsequently discovered that females who
displayed aberrant infant care with their firstborn offspring
could become competent mothers with later-born offspring
if they remained with their firstborns for more than a week
(Harlow et al. 1966; Ruppenthal et al. 1976), or if they had
been given early social experience with mother-reared peers
(Suomi 1986). Captive female chimpanzees, Pan troglo-
dytes, are better mothers when they have social experience
with nonrelated infants or mothers with infants (Hannah
and Brotman 1990).

Despite the importance of the mother postnatally, social
contact with peers may produce even more profound effects
on later social behavior. Social deprivation studies (for a re-
view, see Mineka and Suomi 1978) demonstrate the debili-
tating outcome of social deprivation. Hand-reared rhesus
macaques totally isolated from conspecifics during their first
few months exhibit irreversibly disturbed behavior when
placed in a social group. They typically sit in a hunched po-
sition, spend large parts of their day in repetitive stereotypic
motor behaviors, and are hyperaggressive, directing explo-
sive physical attacks against their own bodies or against
other monkeys. Sexual behavior is also usually aberrant
(Goldfoot 1977). Laboratory rats deprived of any social
contact between 22 and 70 days of age were also observed

to be hyperaggressive to others when placed in a stable so-
cial group, and exhibited aberrant self-directed behaviors
such as tail-chasing and manipulating the tail with the fore-
feet (Day et al. 1982). The excessive aggressiveness of many
hand-reared zoo animals toward humans (Hediger 1964)
and conspecifics, as well as some cases of self-mutilation,
are analagous to these laboratory experiments; the social
isolation from peers that may accompany hand-rearing can
have devastating effects.

Many of the behavioral effects of isolation rearing can be
overcome by providing even limited access to peers during
development (see also Watts and Meder, chap. 6, this vol-
ume). Behavioral deficiencies in isolation-reared rats can be
prevented by providing short periods of daily contact with
peers involving rough-and-tumble play (Einon, Morgan,
and Kibbler 1978). In rhesus macaques, however, adult
sexual behavior remains deficient in most animals reared
under conditions of limited access to peers (Goldfoot 1977),
Some researchers suggest that the behavioral effects of iso-
lation rearing on monkeys and rats are attributable to play
deprivation (Einon, Morgan, and Kibbler 1978; Einon et al.
1981; Sackett 1974). Sackett theorizes that the hyperaggres-
siveness of isolation-reared rhesus macaques when placed
in a stable social group is due to their failure to inhibit
isolation-learned behaviors that are maladaptive in social
settings. The function of play behavior may be to gain ex-
perience in the rapid alteration of roles and behavior pat-
terns (Einon, Morgan, and Kibbler 1978). Isolation-reared
juvenile rhesus macaques can be socially rehabilitated if
they are allowed close physical contact with younger in-
fants. The younger monkeys are less specific in their re-
quirements for social interaction than are adults, and they
provide the necessary interaction to socialize the isolates
(Suomi and Harlow 1976). Hofer (1981) points out that
there are many routes to the same developmental outcome
in rehabilitation from the effects of aberrant early parenting;
such compensatory schemes can and are being applied in
zoos (i.e, in gorillas: Meder 1985).

Effects of Humans on Behavioral Development

One of the most distinctive elements of the captive environ-
ment is close contact with humans, a factor that can be ex-
pected to produce a range of behavioral characteristics not
found in a wild-reared animal. Rearing in captivity may
produce taming; Hediger (1964) defines tameness as “hav-
ing no flight tendency with respect to man.” Older wild-
caught animals may be more difficult to tame than younger
animals because of prior negative experience with humans
or due to the absence of humans during the sensitive period
for socialization. Older wild-caught moose, Alces alces,
may never adapt to captivity and usually die of heart failure
due to extreme tension (Hediger 1964).

The handling of young mother-reared mammals at an
early age has been reported to have diverse effects on sub-
sequent adult behavior, including speeding up the taming
process. Generally, experiments in which mother-reared
laboratory rat pups are handled at various stages of their
early development produce adult animals that exhibit re-
duced emotional reactivity in a number of behavioral tests
or in the presence of humans (Denenberg 1964, 1967). En-



hanced learning in early-handled rats and primates has also
been reported (Weiner et al. 1985). However, handling of
young animals may also have detrimental effects, particu-
larly if the stress of handling either the mother or the young
interferes with the mother-infant relationship.

Close contact with humans at an early age, especially if
it is in lieu of caregiving by the natural mother (i.e., hand
rearing), leads to socialization with humans that may or
may not have later consequences. Among ungulates with
precocial young, filial imprinting, in which the young learn
to follow the mother rather than objects and individuals
that do not resemble the mother, occurs within the first day
or two of life (for a review see Bateson 1966). Characteris-
tics of filial imprinting have also been demonstrated in
guinea pigs, Cavia porcellus (Sluckin 1968; Hess 1973). If a
young animal is removed from the mother during the sensi-
tive period for filial imprinting, following responses may
come to be elicited by human caregivers, as is commonly
seen in sheep and goats, but has also been reported in the
American bison, Bison bison, zebra, Equus spp., African
buffalo, Syncerus caffer, mouflon, Ovis musimon, and vi-
cufia, Vieugna vicugna (Hediger 1968). Sexual imprinting,
which leads an adult animal to direct sexual behavior pref-
erentially to individuals resembling those it encountered
when young, generally occurs during a sensitive period aris-
ing later than the sensitive period for filial imprinting. Most
demonstrations of sexual imprinting, however, have been in

birds; the evidence in mammals is inconclusive (Immelmann

1972). Generally, in mammals, subtle aspects of the parent-
infant or juvenile-peer relationship affect later sexual prefer-
ences and competence such that one speaks of an extended
period of socialization occurring during infant and juvenile
stages (Bateson 1978).

Development of Learning in Captivity

Captive environments may be considerably less complex
than relatively unrestricted, dynamic wild environments.
Some experiments report functional variations in brain
anatomy as a result of rearing in environments of varying
physical complexity. Rats reared in a so-called “enriched”
environment, for example, have a higher cerebral cortex
weight, increased numbers of glial cells, and increased den-
dritic branching in the visual cortex (cf. Greenough 1976;
Rosenzweig and Bennett 1976; Stein, Finger, and Hart
1983; for a review see Uphouse 1980). Behaviorally, they
exhibit higher motor activity and more exploration in a
standard test situation. There may also be differences in
emotionality, and rearing in a physically complex environ-
ment may enhance learning to respond to a novel situation
(e.g., Riittinen et al. 1986). Theories explaining the behav-
ioral effects of experience with complex environments cen-
ter on the environment-dependent development of neurons
in the central nervous system that function to shape the an-
imal’s ability to cope with multiple and varied environmen-
tal challenges (Uphouse 1980).

Mental processes may develop differently in captivity
than in the wild as a result of lower environmental com-
plexity. Cognitive psychologists contend that animals pos-
sess learning mechanisms designed to detect and store infor-
mation about causal relationships (Dickinson 1980). These
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relationships generally consist of two kinds of associations
between constituent events, in which one event potentially
causes another event either to happen or not to happen. In
the complex and variable rearing environment of the wild,
an animal learns that it can predict modifications in its en-
vironment as a result of its performing certain behaviors; it
learns through experience with response-contingent stimu-
lation that it can exert control over its environment. With-
out such experience, it learns that its behavior does not
modify its environment in a predictable manner, and thus it
may fail to respond optimally to new situations arising dur-
ing its lifetime.

Mason (1978) suggested that experience with response-
contingent stimulation is the essence of the mother-infant
relationship; the mother provides a young animal with its
first opportunities to learn that its behavior has effects on
the environment and that the events around it are amenable
to control. Mason reared rhesus macaque infants with sur-
rogate mothers of two types, inanimate (a toy hobby-horse
on wheels) and animate (a living dog). When he tested them
at age 4, he found that monkeys raised with inanimate
mothers were deficient in problem solving, often failing to
respond at all to the test situation, and spent less time look-
ing at projected photographs in a novel stimulus test. They
were also unable to differentiate reliably between three lev-
els of complexity in the slides. Mason’s hypothesis is that a
moving, responding mother provides her infant with stimu-
lation that sustains interaction; even a mechanical swinging
surrogate mother provides unpredictable movements that
require adjusted movements from the infant (Mason and
Berkson 1975). Such movements permit a young animal to
learn that it can manipulate incoming stimulation by ad-
justing its own behavior. Deprived of experience with
response-contingent stimulation, the animal is denied a mo-
tive for controlling its environment when faced with novel
stimuli or problem-solving situations (Lewis and Goldberg
1969, cited in Mason 1978). (As mentioned above, Sackett
[1974] proposed a similar explanation for the role of rough-
and-tumble play in behavioral development, and indeed,
rough-and-tumble play was three times greater in the 4-
year-old monkeys in Mason’s study that had been raised
with animate surrogates than in those raised with inanimate
surrogates.)

In another experiment, one group of rats was reared in
a contingent environment in which they could control
changes in lighting and presentations of food and water
with lever presses. A second, noncontingent group housed
in identical cages could make lever presses, but changes
in their lighting, food, and water were yoked to the lever
presses made by the contingent group (Joffe, Rawson, and
Mulick 1973). Both groups thus received equal amounts of
reward, but the contingent group had control over its onset
and the noncontingent group did not. At 60 days of age, the
contingent group rats, when tested in a novel, large, bare
arena, were more active and explored more than rats from
the noncontingent group, and were less emotional (as indi-
cated by the number of defecations). Similarly, rhesus ma-
caques were reared in three different environments: (1) they
could control access to rewards of food, water, and treats;
(2) rewards were as in (1) but were delivered randomly; and
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(3) there were no rewards (daily feedings were given). When
tested between the ages of 6 and 10 months, the monkeys
with control over rewards were bolder in the presence of a
fear-provoking toy, were more eager to enter a novel room
and explored it more, and adapted better to stressful sepa-
ration from peers than the monkeys without control (Mi-
neka and Henderson 1985). Thus, lack of early experience
in controlling environmental events can produce an animal
that later is less able to adapt to stressful events and less
likely to investigate actively and learn about novel situa-
tions. Overmeier and Seligman (1967) termed this response
interference “learned helplessness,” a term that has stuck
despite the running debate on the actual psychological
mechanisms involved.

The above examples are extremely relevant to the captive
environment. Many zoo animals grow up in situations de-
void of physical and social contingencies that would permit
them to learn that their behavior can influence the environ-
ment. This may not matter if an animal is kept in a barren
cage with no stimulation, but in a situation requiring a nor-
mal, adaptive response—for example, if it is placed in a
novel environment or confined with a mate or young—its
deficient experience may ultimately cause social discord,
reproductive failure, disease, or even death. Fortunately,
the emotional, cognitive, and anatomical deficits caused
by rearing in impoverished environments, while long-
lasting, may be subject to at least partial improvement by
the provision of “therapy” in an enriched environment
(Warren, Zerweck, and Anthony 1982; Stein, Finger, and
Hart 1983). This finding is of relevance for zoo environmen-
tal enrichment programs designed to increase the activity
levels of exhibit animals.

SHORT-TERM EFFECTS OF CAPTIVITY
ON THE BEHAVIOR OF MAMMALS

The remainder of this chapter will discuss behavior that can
be considered a direct response to the prevailing day-to-day
conditions in captive environments. An animal’s response to
its surroundings depends on its sensory capabilities, moti-
vational state, and previous experience with the environ-
ment. Together, these factors influence the animal’s percep-
tions of the relevance of a given environmental stimulus and
its subsequent attentional and behavioral responses. Along
the continuum from captive to wild conditions, animals
may use increasingly different behavioral mechanisms to
adapt to their environments.

Control over the Environment

The main difference between captive and wild environments
lies in the differential availability of control. Some theoreti-
cal models of behavior emphasize (1) that the degree to
which an animal is stimulated by an event or situation ex-
ternal to itself is a function of the discrepancy between its
expectations of stimulation and the actual stimulation, and
(2) that the goal of a behavioral response is to control the
level of stimulatory input (Sokolov 1960; Salzen 1962,
1970; Archer 1976; O’Keefe and Nadel 1978; Inglis 1983;
Wiepkema 1985). A free-living animal is able to control the
amount of incoming stimulation by making regulatory be-

havioral adjustments. It can approach, explore, attack
chase, escape, avoid, or hide from stimuli it encounters unrii
the stimulation is brought to an acceptable level or unti jg
expectations of stimulation are met. It can control its micrg-
climate by moving to shade or sun, to shelter or wind, and
it can satisfy appetitive motivation by actively seeking food,
shelter, or a mate.

In captivity, on the other hand, an animal has a limited
capacity to alter the external stimulation to which it i
exposed. Many relevant stimulatory events are simply im-
posed on schedules that cannot be self-determined. Behay-
ioral temperature regulation is often impossible, and appe-
titive motivation may have no appropriate outlet. Under
these circumstances, the animal may be able to exert contro}
over incoming stimulation only by modifying its expecta-
tions of its environment, as will be discussed below.

Evidence for the importance to developmentally nonde-
prived adult animals of being able to control their environ-
ment comes from experiments in which a choice is given be-
tween performing an active behavioral response to produce
a biologically relevant event or having the event imposed. If
rats are allowed to choose between receiving food that is
delivered only upon performance of an operant behavior or
receiving “free” food requiring no behavioral response, they
overwhelmingly prefer to perform behavior for food (Singh
1970; review by Osborne 1977). Hungry rats trained to run
down an alleyway to earn a pellet of food will even run past
thousands of identical peliets to get to the goal box and ob-
tain their reward (Stolz and Lott 1964; Overmeier, Patter-
son, and Weilkiewicz 1980). Deer mice, Peromyscus mani-
culatus, trained to operate levers controlling a motor-driven
running wheel will run in it if they can start and stop
it themselves, but they will not accept non-self-initiated
motor-driven running (Kavanau 1963, 1964). Deer mice al-
lowed to control illumination by lever presses will turn off a
light each time it comes on automatically every half hour. If
the light is automatically turned off every half hour, how-
ever, the mice turn it back on. Even though the mice have
an aversion to bright lighting, having control over the illu-
mination is sufficiently rewarding to override it.

The importance of behavioral control in adapting to
aversive stimuli has also been demonstrated in many ex-
periments, mainly with rats and mice. Weiss (1968) trained
rats of one group to press a nose plate to turn off an electric
shock administered to the tail. Rats of another group were
“yoked” to the trained rats so that they simultaneously re-
ceived the same shock as the first group, but they could not
turn off the shock; it ceased only when the trained rat
pressed the nose plate. Both groups thus received equal
amounts of tail shock, but the trained rats had control over
it and the yoked rats did not. The yoked rats eventually
showed more severe physiological disturbances than the
trained rats, including weight loss and gastric ulceration,
indicative of severe stress. In other experiments, animals
consistently able to escape shock showed fewer stress-
related physiological responses than animals receiving the
same amount of inescapable shock (Davis et al. 1977; Dess
et al. 1983).

Captive animals may perform behaviors that provide
perceptions of control rather than actual control. Some ab-




normal behaviors commonly observed in captive mammals
may be the result of emotional arousal that has no appro-
priate behavioral outlet and becomes redirected to other ob-
jects or individuals. Winkelstraeter (1960) describes exces-
sive self-scratching among primates frustrated by the failure
of zoo visitors to respond to their begging for food. Sudden
explosions of aggressiveness among animals that have lived
together in apparent harmony may also be redirected re-
sponses to other, uncontrollable situations (Morris 1964;
Meyer-Holzapfel 1968). Copulations with inanimate ob-
jects (Morris 1966) or with inappropriate partners without
the normal courtship behaviors (Meyer-Holzapfel 1968)
may be redirected expressions of arousal caused by unre-
lated, uncontrollable factors in the environment. Copu-
latory behaviors in laboratory animals can sometimes be
induced by electric shock, handling, or novelty, or by frus-
tration {Antelman and Caggiula 1980).

Without natural behavioral outlets, captive animals may
have to rely on a conservation-withdrawal pattern of re-
sponse characterized behaviorally by inactivity and sub-
mission. This response may allow the animal to obtain pre-
dictive information about the situation and thus alter its
expectations of the stimulation impinging upon it. Freezing
or crouching is a common response to diffuse, inescapable
aversive cues that may allow the animal to monitor its
situation (Blanchard and Blanchard 1969) and make pre-
paratory physiological adjustments, as in stress-induced an-
algesia (for discussion, see Abbott, Schoen, and Badia
1984). The importance of predictive information for coping
with aversive stimuli has been elucidated in experiments in
which laboratory animals are delivered signaled or unsig-
naled shocks. Animals prefer conditions in which the ines-
capable shocks are signaled in a reliable manner (Seligman
and Meyer 1968, 1970; Badia et al. 1976; for reviews, see
Abbott, Schoen, and Badia 1984; Weinberg and Levine
1980). Feedback information about the cessation of the
aversive stimulus may also be important because it helps the
animal distinguish “safe,” shock-free periods from periods
in which shock is imminent (Weinberg and Levine 1980;
Levine 1983).

Stress in Captivity

Threatening or aversive stimulation is experienced in wild
and captive conditions alike and evokes similar physiologi-
cal responses. If an animal, wild or captive, cannot cope
with this stimulation, it may experience “stress.” Coping is
an active psychological process that alters threatening or
aversive environmental conditions having stress as a major
component (Levine 1983). In the previous section, I pointed
out that the low controllability characteristic of captive con-
ditions may require coping styles that tend toward reducing
uncertainty. In this section, I will discuss the concept of
“stress,” means of assessing stress in confined animals, and
the behavioral effects of chronic stress.

There is no generally accepted definition of stress, and it
has many components that are not understood. The term
“stress” is commonly used to refer to daily troubles and
anxieties such as those experienced by human commuters
or executives. With regard to nonhuman mammals, the
term often refers to some unknown or intangible entity re-
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sponsible for an animal’s failure to behave or reproduce
normally.

“Stress” may refer to different physiological and behav-
ioral mechanisms, depending on the context. The term may
be applied to an animal’s physiological responses to extreme
heat or cold, the social behavior of overcrowded laboratory
animals, decreased productivity in farm animals, or the
causes of pathology in animals or humans (Dawkins 1980).
One reason for confusion is that the concept of stress is cir-
cular; diverse environmental variables elicit nonspecific au-
tonomic and neuroendocrine responses with different time
courses, as well as different behavioral responses. These
behavioral reactions alter aspects of the environmental
stimulation that initiated the response, subsequently influ-
encing physiological and behavioral reactions, and so on.
Discussion of “stress” thus may refer to the eliciting vari-
ables, or “stressors,” to the autonomic and endocrinological
changes, to behavioral adaptation, or to longer-term bio-
logical effects.

Originally, the term “stress” was used by Selye (1936,
1950) to refer to a nonspecific syndrome of physiological
responses to noxious agents such as cold, heat, or physical
pain. Selyes “general adaptation syndrome” is divided
into three general stages. First, an alarm or emergency re-
action to a stressor occurs, involving an acute activation of
the sympathetic nervous system and adrenal medulla, se-
creting catecholamines that enable the organism to mobilize
its “fight-or-flight” response (Cannon 1935). The resis-
tance phase follows, in which activation of the neuroen-
docrine system, specifically, the hypothalamic-pituitary-
adrenal (HPA) axis, occurs. ACTH (adrenocorticotrophic
hormone) is secreted by the pituitary, stimulating the release
of glucocorticoids (i.e., cortisol, corticosterone) from the
adrenal cortex. Glucocorticoids amplify and extend the
metabolic effects of catecholamines and help provide the
body with energy in the form of glucose. Other pituitary
hormones may also be released (e.g., growth hormone, pro-
lactin, thyroid-stimulating hormone, gonadotropins) that
inhibit growth and suppress reproductive function. In the
final stage of the syndrome, if adaptation to the stressor
does not occur or the stressor is not removed, gastric ulcera-
tion may occur and the biological defense system may be-
come exhausted, with sequelae such as atrophy of the thy-
mus and lowered immunological function.

Although Selye (1936, 1950) conceptualized the stress
syndrome as being nonspecific because he believed the same
endocrine processes to be elicited by a wide variety of nox-
ious agents, other neuroendocrine systems have been found
to respond in patterns characteristic of each stressor (Mo-
berg 19835a). Although Selye used stressors that represented
a physical insult to the animal, such as injection of foreign
substances, x-rays, heat, or mechanical trauma, subsequent
research has shown that the primary characteristics of
stressful stimuli eliciting endocrine responses are psycho-
logical in nature (Selye 1956, 1974; for reviews, see Mason
1971; Hennessy and Levine 1979; Levine 19835). Mason
was the first to emphasize that the apparent nonspecificity
of the endocrine response lies in the psychological variables
associated with the application of a noxious physical stimu-
lus. If emotional arousal is carefully avoided when admin-
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istering a treatment such as heat, cold, fasting, or exercise,
the HPA axis is not activated. For instance, suddenly raising
the room temperature by 15°C will increase circulating se-
rum corticosteroid levels in rhesus macaques, but raising the
temperature 1°C per hour to 15°C above normal will not
(Mason 1971).

Experiments of this type have demonstrated that the
complex hormonal changes that occur in conscious individ-
uals subjected to stressful situations depend on subjective
emotional experience. Levine {1985) states that “the basic
cognitive process involved in stimulation of the pituitary ad-
renal system is one of comparison.” Stress, according to his
conception, is the endocrine responses to the cognitive vari-
ables of novelty and uncertainty. Mildly novel or uncertain
situations may not be sufficiently aversive to activate the
HPA axis, but as the degree of novelty or uncertainty in-
creases, so does the stress response. In one example, rats
normally housed in metal cages were handled only, placed
in an unfamiliar metal cage with new bedding, placed in an
unfamiliar metal cage with no bedding, or placed in a novel
plastic container. All treatments caused increases in plasma
corticosteroids, but the increases were larger for those treat-
ments that deviated more from normal conditions in the or-
der described above (Hennessy et al. 1979). Thus, the phys-
iological stress response is graded according to perceptions
of environmental change.

Individuals of the same species, sex, and age may differ
greatly in their responses to the same environmental stimu-
lus. There appear to be at least two different patterns of
response to a perceived aversive situation: (1) an active
“fight-or-flight” pattern characterized by increased activity,
increased sympathetic adrenal medullary activation, and
related increases in cardiac output and arterial pressure;
and (2) a more passive “conservation-withdrawal” pattern
characterized by decreased environment-directed activi-
ties, increased adrenocortical activation, and suppressed
reproductive function (Engel 1967; Henry and Stephens
1977; Koolhaas, Schuurman, and Fokkema 1985; Moberg
1985b; Suomi 1986). Any individual may exhibit both types
of response patterns; the pattern more likely to occur is de-
pendent on rearing experience (Moberg 1985a) and genetic
background (Gentsch, Vichtsteiner, and Feer 1981; Mor-
mede et al. 1984; Suomi 1986). The idiosyncratic nature of
stress responses is attributed to differences in perceptions of
controllability and predictability (Dantzer and Mormede
1983; Levine 1985). There are complex interactions be-
tween the controllability and predictability components of
coping responses (for reviews see Overmeier, Patterson, and
Weilkiewicz 1980; Mineka and Henderson 1985). The ef-
fectiveness of predictive information in coping with aversive
stimuli may be modulated by control over the situation (Da-
vis and Levine 1982), or there may be preferences for pre-
dictability depending on the type of stressor (Badia, Harsh,
and Abbott 1979; Davis and Mclntire 1969). Animals thus
have the capacity to develop individualistic coping styles
based on their experiences with aversive stimulation, as hu-
mans are known to do (Miller 1980).

We can expect the behavioral responses of individual
wild mammals in captivity to aversive stimuli to be diverse,
idiosyncratic, and situation-specific. An animal crouching in

the corner of its cage upon being approached may be eXpe
riencing considerably more adrenocortical activation tf, )
one that is actively bounding from wall to wall in the samn
situation (Duncan and Filshie 1980). When young Squirreel
monkeys, Saimiri sciureus, are separated from their Mothey
and placed in a novel environment, they exhibit signg 0;
distress, such as heightened vocalization and activity, ap4
increased plasma cortisol levels. If they are placed in 3 ¢,_
miliar environment with conspecifics when separated from
their mothers, very few signs of distress are observed, but
plasma cortisol levels are still very high (Levine 1983), In
domestic pigs housed under five different conditions, By,
nett et al. (1984) measured corticosteroid levels and re-
corded a number of agonistic, displacement, explorat()ry
manipulative, and resting behaviors. They found that gpj;
elevated frequencies of lying alone were correlated Witg
elevated plasma corticosteroid levels. These examples dey,.
onstrate that no single behavioral variable adequately de-
scribes the response of an animal to a stressor in g,
environment.

It is extremely important to the health, reproductioy
and welfare of an animal that it be able to inhibit or termi:
nate adrenocortical activation. The physiological responge
to acute environmental change is usually of short duratioy
However, persistently recurring environmental events thaé
an animal perceives as aversive and that it is unable to o,
trol or predict, or protracted aversive events such ag sepa-
ration, loss of attachment, or close confinement, may regy|;
in chronic elevations of adrenal hormones (Kant, Andergg,
and Mougey 1987; Reichlin 1987; Rose 1987; Carlsteaq
Brown, and Strawn 1993) or produce adrenal hypersensiz
tivity to ACTH (Armario et al. 1986; Friend, Dellmeier, apnq
Gbur 1985; Mason, Brady, and Tolliver 1968; Restrepo apq
Armario 1987). “Chronic stress” is known to have a wige
variety of deleterious, potentially fatal physiological and jpy,.
munological consequences. Heightened glucocorticoid Jey.
els resulting from chronic stress result in interference wjg,
the action of insulin, loss of calcium from the bones apq
subsequent osteoporosis, suppression of growth, and cop.
tribution to the development of peptic ulcers. Chronically
elevated steroid levels also suppress immune function by
causing a reduction in T cell-mediated immune events apg
phagocytic function (Kelley 1985). Chronic stress may ajgq
suppress reproductive function (Eberhardt, Keverne, anq
Meller 1980; Moberg 1985b; Rideout et al. 1985).

One of the most obvious chronic stressors for a confineq
wild animal is the inability to respond to fearful situations
with active avoidance or escape responses. Because mogt
zoo animals have limited freedom of movement compared
with their wild counterparts, they are often unable to with-
draw effectively from aversive stimulation, whether cayged
by people or by cohabiting conspecifics. Siberian tigerg
Panthera tigris altaica, at the Bucharest Zoo have been re.
ported to develop gastroenteritis due to failing to adapt ¢,
unfamiliar quarters. A persistent high noise level lasting gey,.
eral months, caused by repairs in an adjacent courtyarq
was also sufficient to induce gastroenteritis in some tiger;
(Cociu et al. 1974). The presence of zoo visitors may be yp.
derestimated as a chronic stressor for some mammalian gpe.
cies. Glatston et al. (1984) and Chamove, Hosey, and Schae.




izel (1988) found clearly deleterious effects on the behavior
of various primate species exposed to zoo visitors. Hediger
(1964) describes situations in which captive animals have
injured themselves or failed to breed because of their in-
ability to escape from caretakers or visitors. He points out
that the quality of the space provided for an animal may be
more important for coping with escape-inducing stimula-
tion than the quantity of space, because an animal may only
need to perceive that it can retreat to safety rather than ac-
. tually withdrawing (Bendiner 1981; Hediger 1964). Persis-

tent auditory stimuli that vary in intensity, frequency, and
" content may be common stressors for captive animals /Stos-
kopf 1983). Chronic uncertainty about the actions of care-
takers, workers, or veterinarians may also contribute to
stress if the animal has no reliable predictive cues.

Chronic stress may lead to depression and lethargy in
captive animals, as it does in humans. Fattening pigs housed
in barren, overcrowded conditions often sit lethargically for
long periods in a head-hanging position (“dog-sitting”: van
Putten 1980) and are unresponsive to their surroundings. In
nonhuman primates separated from their mothers, depres-
sive symptoms such as decreased play, decreased motor ac-
tivity, severe loss of appetite, and sleep disturbances have
been reported (Harlow and Zimmerman 1959; Harlow
and Harlow 1965). These same symptoms can be induced
in a variety of species by loss or separation from peers or
mates, or by placement in an unfamiliar environment (Jes-
berger and Richardson 1985). Crawley (1984) observed in-
creases in body weight and decreased social interaction
and exploratory behavior in male Siberian dwarf hamsters,
Phodopus sungorus pallas, separated from their mates for
3 weeks.

Stereotypies
A “stereotypy” is any movement pattern that (1) is per-
formed repeatedly, (2) is relatively invariant in form, and
(3) has no apparent function or goal (Odberg 1978). Stereo-
typies are common in zoo animals (Boorer 1972) but are
rarely observed in wild, free-ranging animals. They occur in
many species and have a wide variety of origins and proxi-
mate causes (see Mason 1991a for a review). Some stereo-
typic behaviors in zoo and farm animals occur when the ani-
mal consistently is unable to reach a particular goal by
performing an appetitive behavior (Holzapfel 1938, 1939;
Cronin 1985). For example, in many captive species, stereo-
typies occur mainly prior to feeding time, when the animal
is motivated to perform food acquisition behaviors such
as foraging or hunting, Winkelstraeter (1960) describes a
,; female ocelot, Felis pardalis, that ran in a circular path
4 prior to feeding. Geoffroy’s cats, Felis geoffroyi, (K. Carl-
s stead, unpub.) and an American black bear, Ursus ameri-
canus, paced for 2—4 hours before feeding time (Carlstead,
Seidensticker, and Baldwin 1991). Stereotypies in ranch
mink, Mustela vison, also peak in the hour before feeding
ﬁ time (K. Carlstead, pers. obs.). In tethered sows, the stereo-
3‘ typic movement pattern performed prior to feeding may have
elements of thwarted feeding behaviors (Rushen 1984).
Physical thwarting of attempts to reach a desired place,
animal, or object creates a similar appetitive situation that
may cause stereotypy. A coati, Nasua nasua, that was
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locked out on exhibit away from her warm sleeping place -
would run back and forth repetitively for hours in front of
the door to the den area (Meyer-Holzapfel 1968). Being
separated from the rest of its pack resulted in a dingo, Canis
familiaris dingo, pacing in a figure eight along a separating
trellis (Meyer-Holzapfel 1968).

The inability to escape from a source of disturbance also
contributes to stereotypy performance. A black bear, Ursus
americanus, unable to withdraw from domineering conspe-
cifics, was observed to “take little stereotyped walks” along
a back wall as far away from the source of disturbance as
possible (Meyer-Holzapfel 1968). Some fennec foxes, Vul-
pes (=Fennecus) zerda, ran repetitively back and forth for
up to an hour after being disturbed by cage cleaning (Carl-
stead 1991), as did a female brown hyena, Hyaena brunnea,
when zoo visitors were allowed too close to the cage front
(Inhelder 1955).

Are stereotypies indicators of chronic stress? Stereotypic
behavior in confined animals has long been considered an
indication of poor welfare (e.g., Wiepkema 1983a; Broom
1983). This is because stereotypies often develop in situa-
tions known from independent behavioral and physiological
evidence to be aversive and stressful, such as low stimulus
input, physical restraint, or inescapable fear or frustration
(Mason 1991b). Some researchers consider stereotypies to
be a behavioral means of coping with a past or present aver-
sive situation. Indeed, studies of the short-term effects of
stereotypies have shown that high arousal is associated
with the onset and development of stereotypies. Stereotypies
seem to originate in behaviors that represent attempts by the
animal to control its environment, such as escape attempts,
aggressive acts against caging, and patrolling a territory
(Holzapfel 1938; Cronin and Wiepkema 1985). As these ac-
tions fail to alter the animal’s environment, the animal starts
to organize a reduced number of behaviors into sequences
that become rigidified, speeded up, repeated, and internally
guided (Cronin and Wiepkema 1985; Morris 1966; Fentress
1976). However, evidence that the performance of stereo-
typic behavior reduces the level of stress or aversion ex-
perienced is equivocal (Rushen 1993; reviewed by Mason
1991a), suggesting that not all stereotypies may be a re-
sponse to stress or aversion. In addition, individual coping
styles play an important role in the expression of stereo-
typy in a given environment. This means that when individ-
uals of the same species are compared, the degree of stereo-
typy may not necessarily reflect poorer or better welfare
(Mason 1991b).

Stereotypies are sometimes thought to be caused mainly
by space limitations. It is generally true that the smaller the
cage, the more likely an animal is to perform a stereotypy
(Paulk, Dienske, and Ribbens 1977). By increasing the size
of the area available to an animal, the behavior can some-
times be eliminated or altered (Draper and Bernstein 1963;
Clarke, Juno, and Maple 1982). Certainly the size and
shape of an animal’s cage play a role in shaping the stereo-
typic motor pattern an animal performs. In few cases, how-
ever, is it clear exactly how much space is needed to ensure
the absence of stereotypies (Stevenson 1983). Indeed, there
is evidence that cage size in some cases is not the critical
factor (Berkson, Mason, and Saxon 1963). Odberg (1987)



326 EFFECTS OF CAPTIVITY ON BEHAVIOR

compared the behavior of voles, Clethrionomys glareolus,
in small, rich environments and in large, sparse ones, and
found less stereotypic jumping in the former. Sows kept
tethered in stalls will perform considerably fewer stereoty-
pies in the same space if they are given a handful of straw to
manipulate (Fraser 1975). An American black bear virtually
ceased to pace in its exhibit when provided with opportu-
nities to forage for food (Carlstead, Seidensticker, and Bald-
win 1991). Such evidence, combined with the observation
that most stereotypies occur in situations in which an ap-
petitive action fails to produce a desired endpoint, lends
credence to Hediger’s (1964) statements that the quality
of a confined animal’s space is more important than the
quantity. :

Stereotypies are clearly an indication of an abnormal
animal-environment interaction. For most wild mammals in
captivity, this probably means that the animal grew up in
or is currently living in an environment suboptimal for
meeting its natural, species-specific behavioral needs. Hedi-
ger (1934, 1938) long ago pointed out that we can better
understand the needs of captive animals by studying their
stereotypic motor reactions. Thorough studies of the devel-
opment of stereotypic behavior are needed to help elucidate
the deficiencies of the environments we impose on captive
wild mammals.

Behavioral Effects of Low Stimulus Diversity

The term “boredom” is often used to describe the way con-
fined mammals experience their undiversified world. Bore-
dom is the psychological response to an environment that
fails to meet the animal’s needs for stimulation due to low
stimulus diversity.

An animal’s “needs” for stimulation are difficult both to
define and to quantify. These needs are subject to great in-
dividual and species variability (Dawkins 1980). Although
novelty and uncertainty may be aversive at times, not all
novel or uncertain stimulation is negative. Many people ex-
perience mild stress as pleasant or as putting them in a pro-
ductive state. People also seek the elevated levels of stimu-
lation provided by the unusual or unexpected for brief
periods in order to amuse themselves or when feeling bored.
Certainly much of the arts and entertainment industry de-
pends on this fact (Hebb 1949). Animals too perform ex-
ploratory, appetitive, and play behaviors that allow them to
encounter novel or unexpected objects or situations, and
they investigate novel stimuli presented in familiar sur-
roundings (Glickman and Scroges 1966). In laboratory ex-
periments giving rats a choice between novel and familiar
environments, the rats, under normal circumstances, choose
the novel (Hughes 1968; Montgomery 1953), and they will
learn operant tasks to produce a variety of stimulus changes
(for a review see Kish 1966). Animals and people therefore
seem to seek changes in stimulation in similar circumstances.

In an environment low in stimulus diversity, an animal
will find it difficult to exert control over the stimulation to
which it is exposed. As with aversive stimuli, there may be
two ways of adapting to low stimulus diversity: one re-
sponse is to keep on performing the behavior necessary to
find or create the desired stimulation; the alternative is to
suppress or modify expectations of stimulation to fit what is

available in the environment. Compared with the captive
situation, appetitive and exploratory behaviors in the wild
are far more likely to produce the expected stimulation;
therefore, lowered expectations may be the prevailing re-
sponse of animals in monotonous environments.

Chronically understimulating conditions in a captive en-
vironment may affect the behavior, psychological welfare,
and health of wild mammals in two broad ways: (1) by caus-
ing decreases in stimulation-seeking behavior (lethargy), and
(2) through the animals’ attempts to increase stimulatory in-
put by means of autostimulation or performance of appeti-
tive or social behaviors in unnatural contexts.

Lethargy in confined mammals is characterized by rela-
tive inactivity and drowsiness. Animals confined in stimu-
lus-poor, monotonous environments for prolonged periods
are less likely to perform active stimulation-seeking behav-
iors when presented with the appropriate opportunity than
are animals experienced with complex, contingent environ-
ments. I have already discussed the effects of impoverished
environments on the development of normal levels of ac-
tivity and emotionality in young animals. Effects of stimu-
latory impoverishment and enrichment have also been dem-
onstrated in adult animals. Inglis (1975) raised rats in
opaque plastic cages, then when they were adults placed
half of them for 5 weeks in wire cages provided with activity
wheels, toys that were changed daily, and changes in light-
ing and noise levels. The other rats were kept in their origi-
nal plastic cages in constant dim lighting and quiet. The
rats experiencing enriched conditions subsequently demon-
strated an increased willingness to explore a novel maze and
quicker habituation to novel surroundings. Butler (1957)
deprived rhesus macaques of visual pattern stimulation for
varying numbers of hours, then allowed them to seek access
to visual stimulation. He found a decrease in stimulation-
seeking behavior for deprivation periods longer than 4
hours.

This evidence implies that chronically understimulated
captive animals depress their needs for stimulation by low-
ering their expectations of the level of stimulatory input
from their surroundings. This also appears to be the case in
humans. Experiments in which people are deprived of sen-
sory stimulation for an extended period indicate that stimu-
lation seeking declines and a preference develops for little or
no change in environmental stimulation. Prison inmates iso~
lated under conditions of perceptual deprivation for 7 days
showed a lowered preference for high levels of visual input
(Gendreau et al. 1968).

Animals chronically deprived of stimulus diversity may
respond poorly when highly stimulating, novel situations
arise; for example, they may overreact and fail to adapt to
sudden changes, even to the point of death. Christian and
Radcliffe (1952) reported on fourteen zoo animals that had
been housed in small indoor cages and then died after being
subjected to the acute stress of transfer to a new cage or
disturbance by workers. In all these cases the adrenal cortex
had atrophied, indicating an inability to sustain a response
to the extreme stimulation and a failure to adapt to the new
situation. Swine reared in impoverished intensive farming
conditions often die during transport to the slaughterhouse
due to the psychological trauma associated with the ex-




treme change in surroundings and contact with unfamiliar
pigs. Thus, chronic “boredom,” although perhaps not stress-
ful, can lead to hyperresponsiveness to stressors when they
present themselves.

The second category of behavioral effects of boredom
comprises attempts of animals to stimulate themselves in the
face of an impoverished environment. Many cases of ab-
normal self-directed behaviors, such as the self-rocking
and digit sucking mentioned previously in isolation-reared
monkeys, have been explained as attempts by a sensorily de-
prived animal to stimulate its own nervous system. Other
self-directed behaviors common in primates are visual fixa-
tion on or slapping of a part of the body (Paulk, Dienske,
and Ribbens 1977), huddling combined with hopping or
walking, rolling in a ball, and vertical circling about the
cage (looping). Autostimulation is common in primates de-
prived of tactile stimulation during development (for a re-
view see Mitchell 1970), but has also been observed in other
mammals reared in isolation (Morris 1964; Erwin and Deni
1979). Social animals that were not deprived during devel-
opment may also exhibit abnormal self-directed behaviors
when housed separately from groupmates (Morris 1964;
Antelman and Caggiula 1980).

Autostimulation may develop into extreme forms of self-
mutilation. Self-mutilation is reportedly most common in
opossums, carnivores, long-tailed monkeys, and the small
South American monkeys. Meyer-Holzapfel (1968) de-
scribes several cases in which entire paws or tails were
gradually gnawed away, sometimes because there was ini-
tially an injury or irritation to the appendage. Ranch mink
often have damaged tails in captivity (approximately 10—
20% of all individuals), although this is rare in the wild.
They develop tail-biting and sucking habits that persist
through molting periods, and some have been observed to
run in circles in their cages, chasing the tail and biting it (de
Jonge, Carlstead, and Wiepkema 1986).

Coprophagy, the eating of fecal material, and regurgita-
tion/reingestion are also considered to be self-stimulatory
responses to the boredom of captivity, particularly in the
great apes (Stevenson 1983). Sixty-nine percent of 117 cap-
tive gorillas, Gorilla gorilla, sampled engaged in regurgita-
tion/reingestion behaviors (Gould and Bres 1986). Hand-
reared individuals, whether wild-caught or captive-born,
showed a higher incidence than mother-reared individuals.
Gould and Bres had some success in reducing these behav-
iors by feeding browse, and concluded that the time spent
handling and ingesting food in captivity is too low.

Animals may also increase stimulation by performing be-
haviors that are natural in form, but seemingly out of con-
text, or performed in an excessive manner because of the
unavailability of the appropriate environmental stimuli as a
guide. For example, excessive licking, biting, and chewing
of wood, bars, fences, or hair may occur in grazing animals
that are fed concentrated pelleted diets (Hintz, Sedgewick,
and Schryver 1976). Morris {1964) describes cases of vari-
ous carnivores copulating with objects such as bedding ma-
terial, feeding dishes, or a scratching post. Animals may also
create behaviors that are “occupational” in nature; Morris
(1964) provides several examples of innovative visitor-
oriented and object-oriented behaviors that take the place
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of naturally occurring behaviors. Food begging in zoo ani-
mals that are well fed and need not beg out of hunger is an
example of a substitute for foraging that is adapted to the
captive environment (van Keulen-Kromhout 1978). Visitor-
oriented behaviors such as object throwing by great apes
and elephants and urine spraying by carnivores and pri-
mates are manipulative activities that elicit pronounced re-
sponses from the human recipients (Morris 1964). Cats
that throw dead prey up in the air so that they can pounce
on it and “kill” it, and canids and viverrids that shake a
dead prey object “to death” before eating it, provide further
examples of stimulation-increasing behaviors in captive
mammals.

ENVIRONMENTAL ENRICHMENT

The behavior of an animal is the principal means by which
zoo personnel and zoo visitors assess its psychological wel-
fare; the more its behavior resembles that of its wild coun-
terparts, the more certain we are of an animal’s general
well-being. Animal exhibitors should strive for both a natu-
ralistic setting and the performance of appropriate natural
behaviors.

Providing occupation that gives confined animals some
control over their environment is essential for their psycho-
logical welfare and for the display of ecologically valid be-
havior (Hediger 1968; Markowitz 1975). In general, “envi-
ronmental enrichment” means providing a complex and
diverse environment that increases the possibility that the
captive animal’s own behavior will produce what it needs:
finding food, demarcating a territory, building a nest, main-
taining its physical condition, escaping conspecifics, or hid-
ing. An animal with more behavioral options will be better
able to cope with stressful events in its surroundings or al-
leviate boredom. Behavioral options can be improved by
increasing the complexity and variability of the environ-
ment physically, sensorily, and socially. Maple and Perkins
(chap. 21, this volume) provide a review of some of the ways
this can be accomplished with exhibit furnishings.

The spaces to which wild mammals are confined vary
considerably in physical complexity. Behavioral improve-
ments may be contingent upon specific components con-
tained in the enclosure rather than larger size alone. Many
zoos have found that larger, more natural-looking exhibits
do not necessarily lead to greater activity or more normal
behavior (Spinelli and Markowitz 1985). In a survey of go-
rilla and orangutan, Pongo pygmaeus, enclosures in forty-
one zoos, Wilson (1982) found that the factors most highly
correlated with activity levels were, for both species, the
number of animals present; for gorillas, stationary and tem-
porary objects available; and for orangs, stationary and
movable objects available. The size and construction of the
enclosure were not correlated with activity levels.

Certain behaviors may be affected more than others by
increases in enclosure size and complexity. For example,
moving four chimpanzees from laboratory cages to a large,
naturalistic artificial island resulted in a drastic reduction in
stereotypic and self-directed behaviors, but had no effect on
social behaviors (Clarke, Juno, and Maple 1982).

Environmental complexity can be increased when space
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is limited by providing structures that increase the surface
area over which an animal can move and that make use of
the vertical space of a cage or enclosure. Methods of increas-
ing sensory complexity also should not be overlooked; for
example, spraying cologne on tree stumps and branches
stimulates investigation and rubbing by wolves (K. Kranz,
pers. comm.). Another manner of increasing environmental
complexity is to supply the enclosure with objects the ani-
mal can manipulate. Beer kegs and oil drums have proven
to be suitable toys for great apes (van Hooff 1973) as well
as many other large species (bears, tigers), especially when
they can be used in water. Their irregular shape and buoy-
ancy produces unpredictable movements that can sustain
the animal’s attention for long periods. A swinging boxing
bag hung in the enclosure of a rhinoceros will elicit hours of
rubbing and butting because it “responds” to the animal’s
actions with unpredictable movements of its own. Hanging
a large dead branch from a tree in elk and deer yards pro-
vides the bull with an engaging moving surface on which to
scrape his antlers (Hancocks 1980; Hutchins, Hancocks,
and Crockett 1984). However, zoo staff need to consider
how the qualities of toys, such as manipulability, flexibility,
predictability of movement, smell, and complexity, will ap-
peal to the skills of a particular species. Also, habituation to
toys should be reduced by removing them periodically, vary-
ing the objects presented, filling them with food snacks, or
placing them in novel positions or locations (Carlstead, Sei-
densticker, and Baldwin 1991).

Keeping mammals in appropriate social groupings is an
extremely important means of creating complex environ-
ments. Social partners are an infinite source of response-
contingent stimulation, allowing an individual to interact
with its surroundings to a much greater degree than if it
were alone. Housing gorillas and other primates in large
groups is a trend that radically departs from the past and
has led to a large increase in the successful breeding and
natural rearing of young (Beck and Power 1988; Maple
and Finlay 1989).

One important means of enriching an animal’s environ-
ment is to increase greatly the time spent in food acquisi-
tion. In the wild, many species spend most of their waking
hours looking for, pursuing, gathering, handling, or hiding
food. Gorillas, for example, spend up to 70% of their day
foraging and feeding (Maple and Finlay 1987), and black
bears, 75% (Garshelis and Pelton 1980). In the vast ma-
jority of captive situations, animals are fed in one or several
daily meals by human caretakers. No effort is expended to
acquire the food, and it is consumed in a short time. Envi-
ronmental enrichment measures that direct activity toward
foraging may have beneficial effects on behavior that are
preferable to the effects of merely providing toys and ma-
nipulable objects. For example, cynomolgus monkeys, Ma-
caca fascicularis, normally housed in bare cages were al-
lowed to spend an hour each day in a “playpen” cage
provided with toys, manipulable materials, visual access to
the neighboring animal, and deep woodchip litter sown
with sunflower seeds and peanuts. Their preferred activity
during this hour was to forage for the food snacks (Bryant,
Pupniak, and Iverson 1988).

Naturalistic methods of feeding involve presenting food

so that the animal must search for and gather it or spend
time handling it; for example, by scattering small food items
mixed in with a substrate or in hay (e.g., grain or meal-
worms in woodchips or woodwool: Chamove et al. 1982),
The behavior patterns required to retrieve food fed by na-
turalistic delivery methods are more varied, the places of
finding food more random, and the time occupied longer
than with traditiona! feeding methods or mechanical feed-
ers. Feeding lion-tailed macaques, Macaca silenus, fruits
and vegetables whole rather than chopped increases dietary
diversity, time spent feeding, and total amount of food con-
sumed (Smith, Lindburg, and Vehrencamp 1989). The ef-
fects of such feeding on other behaviors may be profound:
for an American black bear, hiding food throughout the
exhibit virtually eliminated stereotypic pacing, whereas
feeding from a mechanical feeding device did not (Carl-
stead, Seidensticker, and Baldwin 1991).

CONCLUSIONS

One of the major premises of this chapter is that wild mam-
mals reared in a captive situation adapt their behavior to
their environment, no matter how impoverished or en-
riched. The behavioral options wild mammals have for re-
sponding to captive environments have been examined, and
the potential costs in terms of behavioral abnormalities,
lethargy, and compromised health and reproduction have
been mentioned. However, another, more general, potential
cost of keeping animals in confinement must be considered:
animals that do not exhibit a wide range of natural behav-
iors give the impression to zoo visitors of being either bored
and unhappy in their enclosures or tormented by their con-
finement. Under these circumstances visitors will fail to de-
velop an appreciation of biological diversity and the need to
conserve it. Although the aesthetics of “naturalistic” exhib-
its have greatly improved in recent years, most new enclo-
sures still fail to accommodate the animal’s natural behav-
ior. This may have been acceptable in the past, but zoo
visitors today are often well-informed of animal habits
through wildlife television documentaries, and zoos run the
risk of provoking disappointment if they cannot exhibit ac-
tive, normally behaving animals.

To maintain wild-type behavior in captivity it is neces-
sary to fit environmental conditions to the animal, rather
than expecting the animal to adapt to the conditions we im-
pose upon it. This can be accomplished only with a thor-
ough knowledge of an animal’s long- and short-term behav-
ioral needs. In the long term, reduced genetic variability in
captive populations may have consequences for behavioral
traits, but this can be determined only by comparison with
wild populations, and that is often difficult or impossible,
especially for rare and endangered species. Most of the ef-
fects that captivity exerts on behavior occur in the short
term to the individual animal as it grows up under the spe-
cific conditions of its confinement.

The immediate psychological goal of behavior for an ani-
mal is to control the stimulation impinging upon it from its
surroundings. In most cases in the wild, the animal can take
a behavioral action that will increase or decrease the inten-
sity of events happening around it. Captive conditions, be-




ing more restrictive and less diversified than the wild, may
offer the animal little opportunity for behavioral control.
Mammals may adapt to these circumstances by adopting
passive, inactive behavioral strategies geared toward uncer-
tainty reduction as a means of controlling aversive stimula-
tion, or by adopting decreased expectations of stimulation
as a means of coping with boredom. The low stimulus di-
versity of the more impoverished captive environment may
cause lethargy and inactivity, hyperresponsiveness to un-
usual or unexpected events, or an inability to cope with
stress. In an inappropriate environment, high motivation to
perform a certain type of behavior may lead to abnormal
self-directed behaviors, behaviors performed in an unnatu-
ral context, stereotypy, Or excessive aggression.

It is possible, however, to provide adequate captive en-
vironments for wild mammals if their specific needs are
learned and taken into consideration when designing exhib-
its and husbandry procedures. Recent developments in zoo
research, developmental psychobiology, and animal welfare
science provide an optimistic outlook for the future man-
agement of wild mammals in captivity as breeding popula-
tions. Many things can be done to enrich the environment
of captive mammals, and such strategies may improve be-
havior even to the point of rehabilitating previously severely
deprived animals. Increasing the physical and social com-
plexity of the environment provides the animal with more
behavioral options for responding to stimulation from its
surroundings and gives it more opportunities to create
stimulus change by manipulating its own surroundings.
One of the most obvious and direct means of doing this is
to devise alternatives to the standard method of feeding cap-
tive mammals in large daily meals. The large amounts of
time spent in food acquisition behaviors in the wild need to
be directed in captivity so that these behaviors do not find
their outlet in some other, inappropriate context. Further
research into the specific behavioral needs of each mammal
species is necessary in order to develop appropriate environ-
mental design and husbandry in captivity.
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Communication and Social Behavior

Frep W. KoonTz AND REBECCA S. ROUSH

Communication and social behavior increasingly are being
considered by zoo biologists as important factors in plan-
ning management programs for captive mammals (e.g., Er-
win 1986; Maple and Finlay 1986; Suomi 1986; Snowdon
1989). Educators too are quick to cite the advantages of de-
signing zoo exhibits that promote natural communication
patterns and social interactions among animals (e.g., van
Hooff 1986; Maple and Finlay 1989). Our objective here is
to review briefly the current theory of social communication
and to illustrate the advantages of applying this knowledge
to the management of captive mammals. This chapter is or-
ganized into four major sections: (1) an introductory review
of communication theory, (2) a discussion of the effects of
environmental design on communication, (3) a proposal for
improving animal management practices by studying com-
munication and social behavior, and (4) a brief discussion
of the advantages of studying communication and social be-
havior in a zoo setting.

Social behavior can be defined as any action directed by
an individual toward another member of its own species
(Wilson 1975). The result of such an action is to influence
the social relationships between conspecifics (Fentress, Fiels,
and Parr 1978; Poole 1985). Social behaviors include both
competitive behaviors, such as aggressive displays and fight-
ing, and cooperative behaviors, such as predator detection,
food sharing, and parental care. A necessary assumption in
the study of social behavior is that individuals do actively
affect the behavior of their conspecifics. This assumption
is also the essence of animal communication theory. In

fact, operationally, we can say that communication occurs ‘

when one individual’s actions provide a signal that changes
the behavior of another individual (Wiley 1983). Thus, com-
munication is central to all considerations of social behavior.

MAMMALIAN COMMUNICATION:
AN INTRODUCTORY REVIEW

Animal communication has been the subject of numerous
reviews (Smith 1977; Green and Marler 1979; Halliday

and Slater 1983; and others). The details of mammalian
communication are scattered widely in the scientific litera-
ture, but introductions to the subject are provided by Ewer
(1968), Sebeok (1968, 1977), Eisenberg (1981), Walther
(1984), and Poole (1985).

Animal communication will be defined here as “the pro-
cess in which actors use specially designed signals or dis-
plays to modify the behavior of reactors” (Krebs and Davies
1993, 349). It is assumed that the sender-receiver relation-
ship is in some way the result of natural selection so that the
sender benefits, on average, from both the signal transmis-
sion and the response of the receiver. This requirement ex-
cludes cases of information transfer that have no selective
advantage. For example, a mouse rustling in the grass might
transfer information to a nearby owl, but we do not con-
sider this communication.

An animal’s communication signals represent wasted en-
ergy if no other individual receives and responds to them
(Smith 1977). Communication, therefore, becomes func-
tional only when there is a response, although the response
to a specific signal may or may not be immediately evident
to a human observer. Also, the response to a signal is not
always an overt behavioral one; many communication mes-
sages cause salient hormonal changes (e.g., responses to
mouse pheromones, reviewed by Bronson and Macmillan
1983). Likewise, the response might not occur until there
has been an additive effect resulting from repeated signaling
(Schleidt 1973). The animal’s response—immediate or de-
layed, behavioral or physiological—must be detected by
an investigator to demonstrate that communication has
occurred.

Component Analysis of Mammalian Communication

Mammalian communication has been analyzed systemati-
cally from several different theoretical perspectives. One
method of analysis is to reduce the system to its four com-
ponent parts: (1) the sender, (2) the communication channel
and signal, (3) the receiver, and (4) noise. The communica-
tion process originates with the sender. When studying sig-
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nal evolution, it is the benefit gained by the sender that is of

primary importance. Benefits may be direct, as when an an-
imal’s signal attracts a potential mate, or they may be more
indirect, as when an animal sounds an alarm call to warn its
conspecifics. Some authors suggest that an alarm caller may
promote the survival of its own genes by helping related an-
imals who carry some of the same genes as the caller (for a
discussion of such “inclusive fitness,” see Wilson 1975).

Communication Channels and Signals

Collectively, the 4,100 extant mammal species possess a
large and diverse repertoire of information transfer meth-
ods. Mammalian signals may be transmitted through any
one of four sensory channels: optical, acoustic, chemical, or
tactile. Each channel has a unique set of physical attributes
that affects its use as a means of transferring information
between animals. Discussions are available for optical sig-
nals (Hailman 1977), chemical signals (Eisenberg and Klei-
man 1972; Albone 1984; Brown and Macdonald 1987),
auditory signals (Busnel 1977; Morton 1982; Tembrock
1989), and tactile signals (Eisenberg and Golani 1977; Gel-
dard 1977).

Optical Signals. Species possessing well-developed opti-
cal signals generally are diurnal; thus the best examples
within the Mammalia are found in primates (reviewed by
Oppenheimer 1977; Gautier and Gautier 1977) and in un-
gulates (reviewed by Walther 1984) (fig. 32.1). Visual sig-
nals do not travel around corners or through structurally
complex environments, and the distance over which they
can be transmitted is limited by the size of the signaler (Sla-
ter 1985). These physical limitations, together with the fact
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that most mammals are small and nocturnal, account for
the rather limited use of long-distance visual signaling by
mammals.

Virtually all species, however, practice close-range opti-
cal signaling through visual displays such as piloerection.
Piloerection, an increase in the apparent body size by
erection of the hair, is a widely observed optical signal.
Prominently displayed genitalia are also often used as visual
signals. In the pig-tailed langur, Nasalis (=Simias) concolor
(Tenaza 1989), some other Old World monkeys (Dixson
1983), and the chimpanzee, Pan troglodytes (Goodall
1986), the female’s anogenital area swells and becomes
brightly colored during the periovulatory period. Another
frequently cited example of genitalia signaling is found in
the vervet monkey, Chlorocebus (=Cercopithecus) ae-
thiops: adult males have a bright orange prepuce and blue
scrotum, which are displayed by dominant individuals.

Evolutionary ritualization has resulted in some visual
signals that appear exaggerated; such signals are associated
with bright colors and are displayed through stereotypic
behavioral patterns (Halliday and Slater 1983). The “open-
mouthed gape,” with exposure of the pink mucous mem-
branes and teeth, is an example of a ritualized threat display
that is employed by many mammals. It is noteworthy, how-
ever, that interspecific variation in signal meaning does oc-
cur. In many Macaca species, for example, facial expres-
sions with baring of the teeth are exclusively shown by the
lower-ranking of two partners; that is, they are submissive
signals, not aggressive ones (de Waal 1987).

Acoustic Signals. Auditory signals travel out in all direc-
tions and bend around corners; therefore, sound is not

Fi6.32.1. Mammalian visual signals have
many different meanings, but four especially
important categories for zoo biologists to
recognize are displays of alarm, aggression,
courtship, and social status. (4) “Stotting”
alarm in Thomson’s gazelle, Gazella
thomsonii. (B) “Parallel march” in an
aggressive encounter of bull elk, Cervus
canadensis. (C) “Head-up-angled-foreleg
display” of a courting bull topi, Damaliscus
korrigum. (D) “Broadside display” of a
dominant bull oryx, Oryx gazella, to a
withdrawing subordinate. (Drawings adapted
from Walther 1984.)
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generally a private channel of communication (see Busnel
1963, 1977). It is, however, a good means of advertising,
provided that the animal is large enough to generate suffi-
cient volume (Slater 1985). Sound communication also has
the advantage that a great deal of information can be trans-
mitted rapidly. The frequency, volume, and tonal qualities of
sound can be modulated quickly, to a much greater extent
than is possible with visual, chemical, or tactile signals. Vocal
sound can be easily and rapidly modified by changes in the
shape of the buccal cavity, and in some species (e.g., the sia-
mang, Hylobates syndactylus), by special elastic vocal sacs.

Sounds produced by mammals include both vocaliza-
tions and nonvocal signals. Vocalizations, produced by vi-
bration of the vocal cords, range in frequency from about 2
kHz in some large mammals to the ultrasound (greater than
20 kHz and as high as 100 kHz) of some bats, insectivores,
and rodents (for a review of ultrasound, see Sales and Pye
1974). In general, the smaller the animal, the smaller its vo-
cal cords, and hence the higher the frequency of its sounds.

Some gazelles and deer produce sound in their noses by
vibrating cartilaginous structures, and cetaceans use their
blowhole passages to create signals. In other nonvocal au-
ditory signals, many rodents and ungulates grind their teeth
(Eisenberg 1981; Walther 1984); gorillas, Gorilla gorilla,
beat their chests (Fossey 1983); chimpanzees hit the ground
with hands and sticks (Goodall 1986); rufous elephant
shrews, Elephantulus rufescens, kangaroo rats, Dipodo-
mys, and skunks, Mepbhitis mephitis, stamp the ground
with their hind feet (foot-drumming is reviewed by Roeper
1981); and tenrecs, Centetes and Hemicentetes, produce
sounds by rattling their quills (Eisenberg and Gould 1970).
It is known that elephants, Elephas maximus and Loxo-
donta africana, communicate with infrasounds (frequencies
less than 20 Hz, the lower limit of human hearing); the exact
sound production mechanism is unclear (Payne, Langbauer,
and Thomas 1986).

Chemical Signals. In recent years, it has become evident
that many mammalian odors function as chemical signals
that have important effects on reproduction and social be-
havior (Eisenberg and Kleiman 1972; Johnston 1983; Al-
bone 1984; Brown and Macdonald 1987). Mammals are
particularly rich in sources of chemical signals, which in-
clude accessory glands of the reproductive tract, feces, sali-
vary glands, skin glands, and urine (reviewed by Adams
1980; Albone 1984). Chemical signals can either be released
into the air or be dispersed by scent marking, specialized
behavior patterns that function to deposit odorous sub-
stances on the ground or on environmental objects (John-
son 1973). In general, small and nocturnal species have
the best-developed scent glands (reviewed by Quay 1977;
Adams 1980; Sokolov 1982).

The advantages of communicating with chemical signals
include their ability to be used effectively at night; the ability
of air-dispersed compounds to diffuse around obstacles; en-
ergetically cheap components; minimal energy transmission
requirements; a high potential range; a large information
content; and persistence in time, which permits delayed
communication (Wilson and Bossert 1963; Wilson 1968,
1975; Sebeok 1968, 1972). However, the relatively slow
fade-out time of chemical signals can be a disadvantage

because it results in rather static messages that cannot be
altered abruptly (Wilson 1975). For example, the use of
chemical signals usually would be disadvantageous, com-
pared with auditory or visual signals, when conveying in-
formation about a sender’s rapidly changing motivationa]
state. Another disadvantage of the use of chemical signals is
their slow transmission speed, which results in the inability
to transmit messages quickly over long distances.

In the last thirty years, considerable progress has been
made in describing the chemical communication systems of
a variety of mammals, yet few general principles of mam-
malian olfactory communication have emerged. Debate also
continues about the adaptive function of scent marking
(Ralls 1971; Gosling 1982).

Tactile Signals. Communication by touch has been
poorly studied, and its importance probably has been un-
derestimated (Geldard 1977). Although the amount of in-
formation transferred by tactile signals is small compared
with other communication modalities, it is certain that
many nocturnal, highly social, and burrowing animals rely
heavily on this type of signaling (Poole 1985). Allogroom-
ing, in addition to its cleaning function (Hutchins and
Barash 1976), is an important form of communication.
“Snap biting” is a common warning signal practiced by ro-
dents, carnivores, and primates. Body rubbing occurs in a
sexual or affectional context in such species as tenrecs,
Hemicentetes (Poduschka 1977), and domestic cats, Felis
catus (Leyhausen 1979). Other examples of behaviors in
which tactile information may be exchanged by mammals
include nuzzling, licking, and kissing (e.g., prairie dogs, Cy-
nomys ludovicianus: King 1959), huddling, and playing.

The Receiver

To a human observer, an animal’s perception of a signal ap-
pears as a unitary process. However, it is wise to remember
that for the vast majority of mammals, no single sensory
modality is divorced from the others. The process of percep-
tion is influenced by a complex of internal and external fac-
tors that are often unknown to the observer. Each receiver
enters a communication encounter with its own unique in-
ternal environment, which includes both its hormonal state
and its set of previously learned experiences. These factors
taken together influence an animal’s specific response to any
given signal.

Much has been written concerning the sensory abilities
of vertebrates; recent reviews are available on vision (Levine
1985), hearing (Fay and Popper 1985), olfaction (Dodd and
Squirrell 1980; Shirley 1984), and touch (Bullock, Orkand,
and Grinnel 1977).

Noise

Any disturbance that alters the information content of a sig-
nal is called noise. Most communication takes place within
a noisy channel. Hailman (1977) distinguished two kinds of
noise: that which physically changes the signal during trans-
mission (transmission noise) and that which overwhelms the
signal with extraneous entropy (detection noise). We can
expect animals to maximize efficiency by operating their
communication systems as close to the ambient noise level
as possible (Schleidt 1973).




Noise generated by environmental factors (e.g., wind,
ymidity, and temperature) has been examined for its ef-
cts on acoustic signals (Piercy and Embelton 1977; Wiley
d Richards 1978), chemical signals (Wilson 1968; Reg-
“ier and Goodwin 1977), and optical signals (Hailman
1977). Noise in the acoustic channel results from both
jological sources (€.g., choruses of amphibians, birds, and
insects) and nonbiological sources (e.g., falling water, wind,
and wind-blown vegetation). In the visual channel, back-
ground noise consists mainly of light reflections from vege-
ation, water, and the ground. Chemical communication is
tered by the age of the scent mark, humidity, tempera-
ture, and the presence of the scent marks of other animals
- (Johnston and Schmidt 1979; Wellington, Beauchamp, and
 Wojciechowski-Metzler 1983).

ot

'ANIMAL COMMUNICATION AND THE ZOO
ENVIRONMENT

The zoo environment should allow animals to express the
full extent of their behavioral repertoire, or at least as much
of it as is possible in captivity. The expression of natural be-
havior by zoo animals not only increases the welfare of the
animals but also benefits education and research efforts.
With regard to social behavior and communication, the is-
sues include the provision of places to mark or display, the
availability of natural spacing, visual contact between ani-
mals in different enclosures, and the reduction of noise.

Meeting the Display Needs of Captive Mammals

The display needs of mammals vary widely. Senders often
position themselves, or their signals, so as to maximize the
chances that their messages will be detected by conspecifics.
Ewer (1973) notes that many carnivores go to considerable
trouble (e.g., “hand standing” against a vertical tree) to
place their anal gland scent well off the ground at the height
of the receiver’s nose. The rufous elephant shrew often de-
posits scent at conspicuous locations, for example, near
well-delineated trail junctions (Koontz 1984). Some forest
primates (e.g., blue monkeys, Cercopithecus mitis) call from
characteristic heights, which apparently maximizes trans-
mission distances by taking advantage of natural sound
channels through the forest canopy (Brown 1989).

The relationship between animal communication and
spatial use of enclosures remains largely unstudied for zoo
mammals. A better understanding of this association would
allow zoo architects to include “communication sites” in
their exhibit designs, thereby enriching the environment for
animal and visitor alike. In one study on enclosure use dur-
ing scent marking, red pandas, Ailurus fulgens, were found
to have significant preferences for particular marking sites,
those being prominent points in the enclosure (Conover and
Gittleman 1989). The objects they marked were upraised
and near main travel routes. These results suggest that ob-
jects that the animals prefer to mark should be placed near
food, water, latrines, and denning areas.

Natural Spacing
The availability of natural spacing is also important. West-
ern tarsier females, Tarsius bancanus, are relatively solitary
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in captivity (Roberts and Kohn 1993). They sleep one to a
nest box unless young offspring are present. (Adult males
and females may be housed in pairs, but do not share nest
boxes.) Females enforce these sleeping arrangements and
keep the individual spacing maximized. The apparent rea-
son for the females’ behavior is that some male tarsiers are
infanticidal. Whenever aggression over enclosure features
(i.e., perching, resting, or eating sites) is a potential danger,
several of these sites should be provided to minimize com-
petition for them (Roberts and Kohn 1993). Enclosure size
is important not only for individual spacing but also for the
provision of sufficient flight distance for the animals. If suf-
ficient flight distance is not provided so that animals may
escape an aggressor or withdraw if disturbed, stereotypic
behaviors such as pacing may arise (fennec fox, Vulpes
(=Fennecus) zerda, Carlstead 1991).

Visual Contact between Animals in Different Enclosures
Visual contact between conspecific individuals or groups
in separate enclosures can be beneficial, acceptable, or a
source of stress. Allowing visual contact may provide bene-
ficial social contact for individuals of a gregarious species
that must be housed alone for some management reason,
for example, animals recovering from injury or recently
expelled from their group. In some species, visual contact
between enclosures may add some stimulation. Hearn et al.
(1978) reported that alternating the groups of common
marmosets, Callithrix jacchus, housed in a centrally located
exercise enclosure increased positive activity levels in the
group in the central enclosure. While the change of enclo-
sure itself aroused the central group, seeing all the other
groups in the room also increased activity. This arrange-
ment also provided excitement for the groups still in their
home cages since they were able to interact with a new cen-
tral group each time.

In other species, visual contact between groups or individ-
uals has a definite negative effect. In territorial species, indi-
viduals may spend so much of their energy trying to “defend”
their territories through visual and auditory displays and
scent marking that they do not engage in other activities,
such as eating or breeding or rearing offspring. This sort of
interaction can also be a source of significant stress, causing
health problems and/or a suppression of reproduction. In the
Wisconsin Callitrichid Research Laboratory multiple con-
specific groups of cotton-top tamarins, Saguinus oedipus,
and pygmy marmosets, Callithrix (=Cebuella) pygmaea,
were once housed in the same room, with most groups in vi-
sual contact. Breeding rates were low, and rates of successful
rearing of offspring were even lower. When the groups were
visually isolated from one another, simply by placing opaque
sheets between the cages, levels of territorial displays signifi-
cantly decreased and the rate of successful reproduction in-
creased (C. T. Snowdon, pers. comm.).

Reducing Noise

The zoo environment should not only allow for the expres-
sion of natural behavior, it should also minimize distur-
bances (i.e., noise) that interfere with it. There are many
sources of noise in the zoo, ranging from the obvious, such
as other animals and zoo visitors, to the subtle, such as
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cleaning solutions and enclosure materials (see above for
discussion of types of noise).

Maintenance Procedures as a Source of Noise. Analy-
ses of all types of zoo noise, and their potential effects on
animal communication and social behavior, are needed.
Without question, the zoo is an acoustically noisy environ-
ment. But does this change the normal rate of vocalizations?
Does “noise pollution” affect behavior or reproduction?
Carlstead (1991) found that vacuum cleaner noise and
unexpected loud noises in the keeper area were significantly
correlated with stereotypic behavior in fennec foxes. She
found that manual sweeping of the enclosure, instead of
vacuuming, decreased stereotypic behavior.

Humans are notably poor in their olfactory abilities, and
as a result, zoo biologists have largely ignored the biological
significance of the captive animal’s olfactory arena and ol-
factory “noise.” For animals that scent mark, cleaning pro-
cedures can be very disruptive; cleaning too often and using
scented materials can interfere with the transmission and ef-
fects of olfactory communication signals. For common mar-
mosets and other callitrichids, for example, daily cleaning
procedures may be very disruptive. In these species, scent
marking by the dominant female is part of the mechanism
that suppresses the reproduction of subordinate females and
thus helps maintain group stability (Epple 1972). This sug-
gests that keepers should allow the maximum time between
cleanings that still permits cage hygiene to be maintained at
an acceptable level. Another possibility is to refrain from
cleaning some piece of enclosure “furniture” so that scent
marks on it remain undisturbed.

The enclosure itself can be a source of noise and can im-
pede beneficial communication. The vocalizations of large
animals can travel through and around walls, but those of
smaller animals, especially ultrasonic vocalizations, can be
impeded by the thinnest wall. Fine mesh can be substituted
for solid walls, thus allowing vocal communication between
neighbors.

Other sources of “noise” can be found in the enclosure
itself: ceramic tiles, which are easily cleaned but are reflec-
tive of sounds and cause echoes; and glass and metal, which
reflect light, a type of visual noise. Many animals are sensi-
tive to such reflections, especially of their own images. The
images may be perceived as a threat, and the animals may
spend a large amount of time threatening themselves in a
mirror. Animals may also injure themselves trying to get at
what they perceive as an intruder encroaching on their ter-
ritory. Although such agonistic behaviors are likely to de-
crease over time, such environments can cause animals to
engage in inappropriately high levels of aggression until
they have become habituated.

Zoo Visitors as a Source of Noise. Visitors can affect
the social behavior and communication of zoo animals by
disrupting their typical interactions. Greater numbers of vis-
itors may increase the rate of stereotypic behavior in fennec
foxes (Carlstead 1991). Zoo visitors attempting to interact
with animals may also have a stimulating effect and increase
animal activity levels (Hosey 1989), an effect that may be
positive or negative. This type of interaction should be dis-
couraged if it disrupts the “natural” behavior of the animals
or increases rates of stereotypic behavior. Glatston et al.

(1984) found differences in the behavior of cotton-top tam.
arins that were on and off exhibit: the display group exhib.
ited a lower overall rate of behavior. More importantly, the
juvenile male in the display group received significantly
more aggression than did the juvenile in the off-exhibjt
group. In all of the above cases, the larger the number of
visitors, the greater the effect (Carlstead 1991; Glatston
et al. 1984).

MONITORING SOCIAL DYNAMICS

Animal communication serves as an important regulator
of social behavior. Signal evolution has allowed animals
to influence more efficiently the actions of their conspeci-
fics. Three typical circumstances in which communication
affects social dynamics in the zoo environment are: (1)
agonistic interactions, (2) affiliative interactions, and (3)
maintenance of long-term social stability.

By quantifying social relationships, animal managers can
establish normal behavioral baselines for exhibit groups. It
is against these normal baselines that keepers can monitor
their animals. By way of analogy, consider how a physician
uses normal physiological values when diagnosing medical
problems. Similarly, modern animal husbandry, especially
for a species that cannot be routinely examined in hand be-
cause of its large size or delicate nature, requires behavioral
baseline values. By periodically sampling the dynamics of an
enclosure group, managers can detect significant changes in
social relationships, thus allowing management interven-
tion and the prevention of more serious problems (fig. 32.2).

Agonistic Interactions

Agonistic behavior (first defined by Scott and Fredericson
1951) refers to any activity related to fighting—aggressive,
submissive, or defensive. The management of agonistic in-
teractions among zoo animals is a critical component of
all animal care programs. Situations that typically elicit ag-
gressive behavior include antipredatory maneuvers, domi-
nance interactions, parental disciplinary actions, sexual en-
counters, territorial disputes, and weaning conflicts (Wilson
1975). The most frequent situation in which aggressive be-
havior is shown by mammals is when they are defending
assets that can be monopolized (Poole 1985). Typical assets
defended are food supplies, living space, mates, offspring,
resting sites, and the status that allows animals to acquire
resources.

Despite the many potential resources to contest and the
ample supply of anatomical weapons, life-threatening fights
between mammals are infrequent in nature. This is largely
due to the evolution of communication signals that func-
tion to mediate agonistic interactions between individuals.
Threat, submissive, and defensive displays are used widely
among the Mammalia. Ethologists define “displays” as ritu-
alized behavioral acts that make information available to
others (Smith 1977); their ritualization enhances communi-
cation by reducing message errors. Animal keepers can take
advantage of these displays to obtain insight into the social
dynamics of a group. It is important to note that in the wild,
animals are free to escape each other, either temporarily
or permanently (through dispersal); encounters that would
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IRIS STUDY TWO

FiG. 32.2. Spatial analyses of exhibit use is one method of gaining
insights into the social dynamics of zoo mammals. At the Wildlife
Conservation Park, we conducted a spatial analysis of “Iris,” a 3-year-
old subordinate proboscis monkey, Nasalis larvatus, who was kept at
first with her father and his harem; her father was later replaced by an
unrelated male. (A) In “Study One,” Iris spent a large part of her time
in the right rear corner of the exhibit; she was being moderately
ostracized by her father. (B) In “Study Two,” Iris spent the majority of
her time in the center of the exhibit, and was well integrated within
the new male’s troop.

easily resolve themselves in the wild may escalate in captiv-
ity, where animals cannot disperse.

Play-fighting and play-chasing have their own set of dis-
tinct communication signals and social conventions. Cer-
tain facial expressions and postures are reserved for play sit-
uations (Fagen 1981). These signals seem to say, “what
follows is play and is not serious.” A familiar case is the
“play face” seen in some primates, such as the chimpanzee
(Goodall 1986). It is important for animal keepers to be
able to recognize the differences between play and true ag-
gression. Thompson (chapter 34, this volume) provides a
more extensive discussion of play.

A recurring problem faced by animal managers is the need
to introduce new animals to socially established groups, or
to reintroduce individuals to their own social group after a
period of separation. By closely watching the levels and
types of intragroup aggression, it is possible to ascertain
how successful such an introduction will be. This “tech-
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nique” can be particularly useful when new pairs or groups
are formed. Newly introduced animals may be targets of ag-
gression from other group members, as was the case in a
group of sable antelope, Hippotragus niger, observed by
Thompson (1993). She found that, because the types and
levels of “typical” aggression within the group were known,
it was possible to determine that the levels and types of ag-
gression directed at a new individual were distinctly differ-
ent. Butting was the typical form of aggression within the
group, but with the introduction of a new female, displace-
ments and chases increased. They were nine times more
common toward the new female than toward other group
members. These differences in the aggression directed to-
ward the new female indicated that she was not perceived as
part of the group.

There are methods of animal introduction that can be
used to reduce aggression. These include (1) placing a screen
door between individuals housed in adjacent enclosures un-
til they are thoroughly familiar with each other (e.g., Rob-
erts et al. 1987); (2) using “creep doors” through which one
animal, usually a smaller juvenile, can retreat into an adja-
cent area but the other animals cannot (e.g., Inglett et al.
1989); and (3) transferring an individual’s odors, usually in
the form of feces or soiled bedding material, before the in-
troduction of the new animal. While these and similar meth-
ods are employed by zoo biologists, there have been no
studies comparing these techniques for different species. For
example, it appears that transferring individual odors be-
fore an introduction in some species reduces aggression
(e.g., rufous elephant shrews), but in other cases only makes
matters worse (e.g., meerkats, Suricata suricatta). Introduc-
tion techniques for primates and nonprimate mammals are
discussed by Watts and Meder (chap. 6) and Kranz (chap. 7,
this volume) respectively.

Increases in or changes in the types of intragroup aggres-
sion can also be indicative of an upheaval about to occur
in a group or pair. In some species, levels of low-intensity
aggression (i.e., visual threats, etc.) may increase before
an outbreak of high-intensity aggression occurs, as when
an older offspring is being “expelled” from a group (e.g.,
golden lion tamarins, Leontopithecus rosalia: Inglett et al.
1989). This aggression may result in severe injury or death
of an animal. By being aware of baseline behaviors, it is pos-
sible to foresee these violent expulsions and remove the ap-
propriate group member in advance.

Submissive behaviors are also good clues to social in-
stability. Submissive displays communicate that an indi-
vidual will not retaliate, even if attacked. In golden lion
tamarins and other callitrichids, subordinate ir-lividuals
may grimace and produce a distinctive screeching vocaliza-
tion. The subordinate animal may separate itself from a
family group, watch other group members, and avcid the
approach of some group members but not others. There
may also be bursts of one or two individuals running about
the cage horizontally in a loosely circular pattern (Inglett
et al. 1989). Other commonly employed submissive displays
include rolling over onto the back, exposing the abdomen,
as in canids, felids, and rodents; and crouching, appearing
as small as possible, as in ungulates and primates. Submis-
sive displays typically are shown by young animals toward
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older ones, by females toward males, and by low-ranking
individuals toward higher-ranking group members.

An animal that constantly performs submissive displays
even when not being threatened or challenged may be in se-
rious danger. In at least one case in the Wisconsin Callitri-
chid Laboratory, a juvenile cotton-top tamarin behaved
very submissively when not being threatened and was vio-
lently expelled from his family group.

A change in sleeping arrangements may also indicate im-
pending social upheaval or a lack of group (pair) cohesion.
Cotton-top tamarins sleep together in a tight bundle; if one
animal sleeps by itself, it is more than likely in the process
of being expelled from the group. Alternatively, if animals
that are newly introduced begin to sleep together, it is often
a good indication that bonding has occurred.

Certain events in the life of a group or pair are potential
trouble spots, such as births, weanings, and the presence of
estrous females. In the Mayotte lemur, Eulemur (= Lemur)
fulvus mayottensis, aggression levels are higher in captivity
than those reported in the wild (Hosey 1989), especially
during the birthing season, apparently due to aggression by
males directed at infants and the defense of infants by fe-
males. Aggression levels also rise in Western tarsiers during
late pregnancy and after the birth of infants (Roberts and
Kohn 1993). Males of this species are also known to be in-
fanticidal, and females enforce increased individual dis-
tances through displacements and chases.

Males of many species compete for females that are ovu-
lating. Male red deer, Cervus elaphus, have disputes over
females during the rut. They first engage in roaring matches,
which escalate to “parallel walks.” Then, if neither contes-
tant has retreated, they resort to lowering antlers and charg-
ing (Clutton-Brock 1979). An animal’s own signals may
communicate the onset of estrus; for example, some female
mammals signal receptivity by exhibiting proceptive behav-
jor, in which they demonstrate their reproductive state by
actively soliciting one or more males. Female shrews, Blar-
ina, Sorex, and Crocidura, rufous elephant shrews, and
golden hamsters, Mesocricetus auratus, which normally are
dominant over males, become less aggressive toward any
potential mate during estrus. In other species, such as chim-
panzees and orangutans, Pongo pygmaeus, females display
the genitalia. Some Old World monkeys and apes have con-
spicuous swollen circumgenital areas during estrus and also
release chemical and behavioral signals (reviewed by Dix-
son 1983).

Monitoring Animal Health

Not only is it possible to determine how well animals are
getting along with other animals in their group or enclosure
through social behavior observations, it is also possible to
monitor the health of individuals. By knowing the normal
range of behaviors, one can detect changes when they
occur and use them as indicators of animal health. Certain
vocalizations are usually given only in times of distress (e.g.,
the distress call of pygmy marmosets, Pola and Snowdon
1975). Animals may huddle more with other group mem-
bers if they are physically (physiologically) stressed. In those
species in which infants are carried, the young may begin to
ride again, or more frequently, if ill.

Communication between Animals and Zoo Keepers

An understanding of the animal’s communication system
can benefit the captive animal manager. Most importantly,
it can enable one to know when one is in danger. An obvi-
ous and familiar example of an animal signal giving notice
of potential danger is the rattle of a rattlesnake’s tail. A com-
mon sign of potential danger among mammals is piloerec-
tion, a conservative signal of arousal in all mammals. As de-
scribed above, animals will defend assets they perceive as
threatened; they will defend them not only from each other,
but from keepers as well. Keepers should be aware that the
value of any given asset, and hence the defender’s behavior
in protecting it, can change quickly and dramatically. For
example, a bull elephant is more likely to attack his keeper
when the bull is tending an estrous cow rather than a nones-
trous female. The danger is that a change in the value of an
asset, in this case the female elephant, may not always be
noticed readily by a human observer.

In the daily lives of most mammals, optical signals are of
less importance than either acoustic or chemical signals, but
for the zoo biologist, optical signals are the most important
means of intercepting animal messages. This is a result of
our primate heritage, and consequently, our largely visual
perceptual world. By accurate translation of visual signals,
animal keepers can work more sagely and better care for
their charges.

Animal caretakers should be aware that many visual
(and acoustic) displays are graded in intensity. These varia-
tions are correlated with the signal’s precise meaning and
the probability of the animal’s subsequent behavior (e.g.,
its likelihood of attacking). Careless misreading of these
signs by animal keepers has resulted in needless injuries. In
general, the greater the magnitude of the message to be
communicated, the more prolonged and intense the signal
(Lorenz 1966). For example, the aggressive display of the
rhesus macaque, Macaca mulatta, begins simply as a hard
stare, escalates gradually as the monkey rises to a standing
position, and then is most intense when the mouth opens
and the head bobs up and down (Wilson 1972). If the op-
ponent, perhaps an animal keeper, has not retreated at this
point, the monkey may next attack.

It is also possible to use the animals’ own signals to ap-
pease or to avoid dangerous encounters with them. Direct
eye contact or staring is often perceived by animals as a
threat. Therefore, by simply averting one’s gaze, it is pos-
sible to appear nonthreatening. Making an animal aware of
one’s approach and presence is also a good tactic for avoid-
ing an agonistic interaction. Researchers and trackers in
the field use the “belch vocalization” of the mountain go-
rilla when approaching a group or when changing position
within it (M. Robbins, pers. comm.). By imitating this vo-
calization the researchers can communicate their presence
and movement near the group (Fossey 1983).

The fact that some mammals accept trainers as part of
their dominance hierarchies allows keepers to control some
large and potentially dangerous animals, such as elephants.
Elephant trainers exploit the fact that elephants establish
social hierarchies by assuming the position of the most
dominant member of the herd (fig. 32.3). We do not know,
however, whether this method has any deleterious side




effects. Some keepers have suggested that bull elephants
dominated by human handlers might have lower testoster-
one levels, and hence suppressed reproductive potential,
relative to bulls that are controlled by indirect means (e.g.,
via remotely operated hydraulic doors). Additionally, if the
keeper who has assumed the dominant role is absent or has
left the zoo, the elephant may become very difficult for its
new keeper to handle. Social hierarchies, although they may
be relatively stable, are still susceptible to upheaval; obvi-
ously, a keeper in the dominant role would be in very serious
danger if an elephant challenged him or her.

SOCIAL BEHAVIOR AND COMMUNICATION
RESEARCH IN ZOOS

Other chapters in this volume discuss the logistics of re-
search in zoos. What we wish to mention here is what can
be done in the captive setting that cannot be done in the
wild. In captivity, it is possible to get close to animals that
may not be approachable in the wild. Animals may be un-
approachable in the field because they cannot be habituated
or because they are inaccessible, as with cliff nesters or can-
opy dwellers. In the case of animals that are difficult to
habituate, such as canopy-dwelling primates, almost every-
thing we know, until recently, has come from captive stud-
ies. In captivity it is also possible to explore quiet vo-
calizations and subtle visual signals or behaviors usually
performed out of a field researcher’s view.

The other benefit of research in captivity is the control
available. It is possible to present specific foods and objects
and to manipulate the social circumstances. Maples, Hara-
way, and Hutto (1989) took advantage of the creation of a

-slamang pair to study how vocal duetting developed. The
likelihood of observing such an event in the wild would be
very small. With the close and constant observation possible
in a zoo, Maples et al. were able to document the develop-
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Fic. 32.3. Animal handlers are able to control
some large mammals that follow social hierarchies
by assuming the role of the dominant herd member.

ment of the duet and why any particular duetting attempt
failed. This is just one example of the unique contribution
zoo researchers can make to the body of knowledge about
animal communication and social behavior.

CONCLUSIONS

The management of wild mammals in captivity requires
the consideration of a complex set of factors, including
the maintenance of the proper social environment. Animal
communication is a key element in the establishment of all
mammalian social systems. Since many animal manage-
ment problems have their origins in social behavior, it is rec-
ommended that communication mechanisms be considered
when searching for answers to these problems. The animal’s
communication systems can also be important diagnostic
tools for the captive animal manager, providing crucial in-
formation about both the animal’s health and welfare and
the keepers’ safety.
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Mammalian Social Organization and Mating Systems

JoEL BERGER AND EL1ZABETH F. STEVENS

Wild animals have been maintained in confinement for
more than 5,000 years, yet study of their social organization
is relatively recent (for reviews see Fisler 1969; Eisenberg
1966, 1981; Clutton-Brock and Harvey 1977; Kleiman
1977; Gosling and Petrie 1981; Smuts et al. 1987). It is now
evident that the long-term maintenance of a captive popu-
lation requires understanding and consideration of the spe-
cies’ social behavior and its mating system. Unfortunately,
details about the social organization of many species are
unknown. As conservation continues to emerge as a promi-
nent theme for the twenty-first century, managers of animal
populations increasingly will require knowledge of animal
social organization and mating systems. The purpose of this
chapter, therefore, is to summarize how knowledge of mam-
malian social systems can be applied to the captive situ-
ation. This chapter is organized into three sections: (1) a de-
scription of the patterns of social organization and mating
systems; (2) a discussion of the ecological constraints on
social organization; and (3) a discussion of the flexibility of
social organization and considerations to be taken into ac-
count when forming captive social groups.

PATTERNS OF SOCIAL ORGANIZATION
AND MATING SYSTEMS

Various definitions of social organization and mating sys-
tems exist (Brown and Orians 1970; Wilson 1975; Witten-
berger 1981; Michener 1983; Shields 1987). One simple
categorization system uses grouping patterns, the results of
a species’ dispersion in space and time (Eisenberg 1981).
Thus, a working definition of social organization is the mo-
dal grouping pattern of a species. Social organization can be
most simply categorized as either solitary or social. Exam-
ples of social organization patterns include solitary species,
family groups, female kin groups, single-male groups, and
multimale groups.

Definitions of mating systems use both the contributions
made by the sexes to the gene pool and the breeding tactics
of each sex. Mammalian mating systems can be most simply

“broken down into four categories: monogamous, polygy-

nous, polyandrous, and promiscuous. The principal prob-
lem in defining these systems is identifying the extent to
which males and females form bonds and the time period
over which these bonds extend (Kleiman 1977; Wittenber-
ger and Tilson 1980). The best definitions of mating systems
rely on criteria related to genetic contributions (see Trivers
1972; Kleiman 1977; Emlen and Oring 1977), although
data on copulation frequencies with different partners are
often substituted when data on genetic contributions are
lacking.

Solitary species are those in which animals are most fre-
quently found by themselves. This is not to say that individ-
uals never contact one another; obviously they must if
reproduction occurs. But, relative to animals with other
types of social organization, members of solitary species are
alone most of the time. Ring-tailed cats, Bassariscus astutus,
lesser mouse lemurs, Microcebus murinus, and giant pan-
das, Ailuropoda melanoleuca, are all considered solitary
species.

Family groups are composed of one adult male, one
adult female, and their offspring from one or more litters.
The golden lion tamarin, Leontopithecus rosalia, is a spe-
cies with a typical family group social organization. Family
groups can be further subdivided into (1) pairs or tempo-
rary families, (2) nuclear families, which may include suba-
dults, and (3) extended families, which include related but
nonbreeding adults (Kleiman 1980).

Female kin groups are associations of related females not
defended by males. Usually, dispersal of males from their
natal groups results in groups containing only females.
Males live alone or in small bachelor groups and join the
female kin groups only during the breeding season. Female
kin groups tend to be established along matrilines. Indi-
vidual females may be somewhat spatially clumped, as in
elephants and several ungulates, such as bighorn sheep,
Ovis canadensis, and American bison, Bison bison; or they
may be more widely dispersed but still live in proximity
to one another, as in several rodents, including Belding’s
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and squirrels, Spermophilus beldingi, and white-tailed
rie dogs, Cynomys leucurus.

,‘ngle-male groups consist of a single adult male, two or
o adult females (who can be related or unrelated), and
o their young. Examples of species with single-male
oups include drills, Mandrillus leucophaeus, and man-
sills, Mandrillus sphinx (Schaaf 1990). In Burchell’s ze-
s, Equus burchellii, Przewalski’s horses, E. przewalskii,
ad feral horses, E. caballus (Berger 1986; Stevens 1990),
hese groups are called bands; in hamadryas baboons, Papio
madryas, they are troops (Kummer 1968); and in black-
ailed prairie dogs, Cynomys Iudovicianus, they are coteries
King 1955; Hoogland 1982). For some species, the term
harem” is used to refer to the females in single-male
roups. Males of some species defend harems year-round,
s in zebras, impalas, Aepyceros melampus, and gorillas,
Gorilla gorilla. Males of other species defend harems only
during the breeding season, as in red deer, Cervus elaphus,
and elephant seals, Mirounga spp.; in this case the sexes are
segregated throughout much of the year. In species with
single-male groups, juvenile males leave their natal groups
and often associate with other males in bachelor groups.
Adult males not associating with females are functionally
bachelors, as they rarely contribute to the breeding. Adult
bachelors are either loosely associated with bachelor groups
or live solitarily.

Multimale groups contain two or more breeding adults
of both sexes and young. This classification has been used
mostly for primates such as red colobus monkeys, Procolo-
bus badius, and mantled howler monkeys, Alouatta villosa
(Struhsaker 1975; Eisenberg 1981), but other taxa (e.g.,
rock hyraxes, Procavia jobnstoni) could rightfully be in-
cluded in this category. African lions, Panthera leo, dwarf
mongooses, Helogale parvula, and banded mongooses,
Mungos mungo, are additional examples, although their
groupings are known as prides and packs respectively
(Schaller 1972; Rood 1983, 1986, 1987).

Within these different social organizations the mating
system can be monogamous, polygynous, polyandrous, ot
promiscuous. Monogamy occurs when each individual
mates exclusively with a single individual from the opposite
sex, presumably over a substantial portion of their lifetimes
(Kleiman 1977). While monogamy is practically the rule in
birds, in which males participate equally in parental care, it
is rare among mammals, in which males participate very
little (if at all) in parental care. Monogamy occurs in about
3% of mammals, and paternal care is most common in
those species that mate monogamously (Kleiman and Mal-
colm 1981). Two basic types of monogamy have been de-
scribed: facultative and obligate (Kleiman 1977). Faculta-
tive monogamy occurs where food resources are widely
distributed. The sexes coexist on one territory, sometimes
protecting a common resource (e.g., rufous elephant
shrews, Elephantulus rufescens: Rathbun 1979). Species
that are facultatively monogamous may vary in their degree
of association with mates, and it is suspected that in the wild
they may sometimes become polygynous (Malcolm 1985;
Moehlman 1986). On the other hand, species characterized
by obligate monogamy are those in which two parents typi-
cally are necessary for the successful rearing of young.
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Males and females are often seen together, and far less so-
cial and ecological flexibility is presumed to occur than in
facultatively monogamous species (Kleiman 1977; Eisen-
berg 1981). Canids such as coyotes, Canis latrans, and sil-
ver-backed jackals, C. mesomelas, are examples of species
in which pup survivorship is improved when males share
parental responsibilities (Moehlman 1983; Bekoff and Wells
1986).

Polygyny, in which males breed with more than one fe-
male during a single breeding season and often have no pa-
rental care responsibilities, characterizes the majority of
mammalian species. Polygynous systems typically involve
one male defending a group of females. In contrast is poly-
andry, in which females breed with more than one male, but
some males mate with only one female (Thornhill and Al-
cock 1983). Only a few polyandrous mammal species exist
(Kleiman 1977; Wittenberger and Tilson 1980; Eisenberg
1981). Large canids such as the Asiatic wild dog, Cuon al-
pinus, African wild dog, Lycaon pictus, and gray wolf,
Canis lupus, show indications of polyandry (Moehlman
1986).

Promiscuity is characterized by the absence of any pair
bond or long-term relationship between the male and the
female. In general, promiscuous mating systems occur in
species in which males and females come together only for
mating. A common promiscuous system, seen in many de-
sert and grassland rodent species, involves a single male oc-
cupying a large range and mating with any female in estrus
with which he comes in contact. The male and female part
shortly after mating.

A very specialized and unusual type of mating system
is lekking. Leks are areas where males concentrate to at-
tract and copulate with females. Males defend very small
individual territories on the lek. Females derive no mate-
rial benefits from visiting leks because they are rarely, if
ever, situated at or adjacent to food sources (Wittenberger
1981; Bradbury and Gibson 1983). Lekking occurs among
hammer-headed bats, Hypsignathus monstrosus (Bradbury
1977), and several African antelopes, including the Uganda
kob, Kobus kob, lechwe, K. leche, and topi, Damaliscus
korrigum; among the latter two species, up to 100 males
may congregate at a lek (Buechner and Schloeth 1965; Gos-
ling 1986).

Table 33.1 gives selected examples of species kept in cap-
tivity, showing their different types of mating systems and
social organization.

ECOLOGY AND CONSTRAINTS ON SOCIAL
ORGANIZATION

Patterns of mammalian social organization have evolved in
concert with, and in response to, ecological conditions. It
is widely accepted that social behavior evolves as an adap-
tation to maximize individual fitness in the face of two
main types of ecological pressures: predation pressure and
resource distribution (Wrangham and Rubenstein. 1986;
Alexander 1974). Using a comparative approach, classic
studies of ungulates (Jarman 1974; Geist 1974) and
primates (Crook and Gartlan 1966; Clutton-Brock 1974)
have shown that social groupings in related species vary




Tasre 33.1. Representative Species of Different Orders Varying in Social Organization and Mating Systems

Social Mating Social Mating
Species Organization System Species Organization System
Marsupials . Ground hog SS PO?
Antechinus SS PA? (Marmota monax)
(Antechinus stuartii) Grasshopper mouse FG M
American possum ) PA? (Onychomys leucogaster)
(Didelphis virginiana) Deer mouse SS, FG PO, M>
Leadbeater’s possum FG M (Peromyscus maniculatus)
(Gymmnobelideus leadbeateri) Beaver FG M
Tasmanian barred bandicoot SS PO (Castor canadensis)
(Perameles gunnii) Arctic ground squirrel FK PO
Sugar glider FG PO (Spermophilus parryii)
(Petaurus breviceps) Columbian ground squirrel FK PO
Matschie’s tree kangaroo ? PR (Spermopbhilus columbianus)
(Dendrolagus matschiei) Mara FG M
Red kangaroo ? PR (Dolichotis spp.)
(Macropus rufus) Carnivores
Insectivores African wild dog MM M
Solenodon SS M: (Lycaon pictus)
(Solenodon paradoxus) Gray wolf FG M
Hedgehog SS M? (Canis lupus)
(Atelerix albiventris) Bat-eared fox FG, SS M
Microgale SS M:? (Otocyon megalotis)
(Microgale dobsoni) « Dwarf mongoose FG, OM M
Bats (Helogale parvula)
Hammerhead bat oM PO, L Spotted hyena MM PO
(Hypsignathus monstrosus) (Crocuta crocuta)
Leaf-nosed bat oM PO Ring-tailed cat SS ?
(Phyllostomus bastatus) (Bassariscus astutus)
Red bat SS ? African lion MM, OM PO
(Lasiurus borealis) (Panthera leo)
Primates Tiger SS PO
Common marmoset FG M (Panthera tigris)
(Callithrix jacchus) Jaguar SS PO
Golden lion tamarin FG M (Panthera onca)
(Leontopithecus rosalia) Cheetah SS PO
Titi monkey FG M (Acinonyx jubatus)
(Callicebus moloch) Grizzly bear SS PO
Kloss’s gibbon FG M (Ursus arctos)
(Hylobates klossii) European polecat SS PR
Patas monkey OoM PO (Maustela putorius)
(Erythrocebus patas) Ungulates
Gorilla MM PO Dik-dik FG M
(Gorilla gorilla) (Madogua kirkii)
Orangutan SS PO? Klipspringer FG M
(Pongo pygmaeus) (Oreotragus oreotragus)
Ring-tailed lemur MM PO? Nilgiri tahr SE PO
(Lemur catta) (Hemitragus hylocrius)
Yellow baboon MM PO African buffalo SE PO
(Papio cynocephalus) (Syncerus caffer)
Crowned guenon oM PO Red deer SE PO
(Cercopithecus pogonias) (Cervus elapbus)
Red colobus MM PO Collared peccary MM PO?
(Procolobus badius) (Pecari tajacu)
Rodents Guanaco oM PO
Hoary marmot FG M (Lama guanicoe)
(Marmota caligata) Burchell’s zebra OM PO
Yellow-bellied marmot oM PO (Equus burchellsi)
(Marmota flaviventris) Grevy’s zebra ? PO
(Equus grevyi)

Source: Adapted from Clutton-Brock and Harvey 1977; Collins,
Busse, and Goodall 1984; Eisenberg 1981; Kleiman 1977; Michener
1983; Smuts et al. 1987; and Macdonald 1984.

Note: Abbreviations: S, solitary species; OM, one-male groups;
MM, multimale groups; FG, family groups; FK, female kin groups;
SE, sexually segregated groups; L, leks; M, monogamy; ?, classifica-
tion difficult; PO, polygyny; PA, polyandry; PR, promiscuous.




according to resource distribution and predator pressure.
Long-term studies have demonstrated the intricate interac-
rion of ecological, social, demographic, and developmental
constraints on social systems (Clutton-Brock 1974; Dunbar
1984; Rubenstein and Wrangham 1986; Clutton-Brock

1988).

Predation Pressure and Resource Distribution
Mammalian species have evolved a number of strategies for
avoiding predators. Hiding is a practical strategy for smaller
species, especially those not living in large groups. Group
living can also reduce predator pressure (Hamilton 1971).
By living in a large group, an individual reduces the chances
that it will be the one caught by a predator, that is, it takes
advantage of the difference between being one of twenty
versus one of two. Predator avoidance, however, is not the
only factor responsible for social organization. The distri-
bution of resources, particularly of food, water, and shelter,
plays an equally important role. It is unlikely, for example,
that large groups of animals will form if food sources are
widely and unevenly distributed.

Jarman’s (1974) classic study of ungulates illustrates
these points. Species such as duikers, Cephalophus spp.,
that live in thick vegetation and forage on leaves and berries
form monogamous pair-bonds and live on exclusive terri-
tories. In antelopes that live at the forest edge and in grass-
land, such as impalas and Thomson’s gazelles, Gazella
thomsonii, males defend territories with lush forage that at-
tract herds of females. These territorial males defend the fe-
males inside their territories for as long as possible and mate
with any females in estrus. In contrast, African buffalo, Syn-
cerus caffer, eat grass and migrate on the open savanna. Buf-
falo live in large mixed-sex herds in which the males have
formed a dominance hierarchy. The alpha males form
“tending bonds” with females in estrus. Beta males mate
only when two or more females are in estrus simultaneously.

Size and Morphology
Size and morphology also influence how a species responds
to ecological pressures—how it maximizes nutrient intake
and avoids predators. An insectivore such as the solenodon,
Solenodon spp., and a comparably sized herbivore like the
pika, Ochotona princeps, might both hone their activity
patterns in response to potential predation or to maximize
nutrient intake, but because the morphology and nutritional
demands of the two species differ dramatically, we would
not expect them to exhibit similar mating systems. Pikas are
apparently monogamous (Smith and Ivins 1983), while so-
lenodons appear to be polygynous (Eisenberg and Gould
1966). In primates, several trends emerge when body size,
activity patterns, grouping, and foraging patterns are con-
sidered (Clutton-Brock and Harvey 1977). Nocturnal spe-
cies tend to be smaller than diurnal ones, possibly because
smaller species are likely to be better concealed from pre-
dators and because they may travel more effectively over
smaller branches and twigs (Clutton-Brock and Harvey
1977). Also, folivores (mature-leaf specialists) have smaller
home ranges, spend more time feeding, and cover less dis-
tance per day than frugivorous primates.

Referring again to Jarman’s (1974) comparative study of
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ungulate social organization, size and morphology patterns
were also evident. The smaller species, like the duikers and
Kirk’s dik-dik, Madogua kirkii, live in thick vegetation,
avoid predators by hiding, and have a monogamous mating
system. The medium-sized impalas and gazelles defend ter-
ritories, find safety in numbers while foraging, and have a
polygynous mating system. The very largest bovids live in
large migratory herds, thereby finding safety in numbers,
and have a polygynous mating system based on male domi-
nance hierarchies.

Competition for Mates

The spatial and temporal distribution of another resource,
potential mates, also influences social organization and
mating systems. In the 3% of mammal species that are mo-
nogamous, the sex ratio of breeding adults is 1:1, and the
competition for mates is not as keen as it is in polygynous
species, in which the sex ratio of breeding adults is skewed
heavily toward females.

In the majority of mammal species, males have no paren-
tal care duties. A male’s reproductive success is, therefore,
directly related to the number of females he can inseminate,
which, in turn, is related to the distribution of females. The
distribution of females is determined by the distribution of
food resources and predators. Emlen and Oring (1977) for-
malized a model of mating systems based on these ecologi-
cal constraints. They proposed two distinct types of polygy-
nous mating systems based on the degree to which either
multiple mates or resources critical to gaining multiple
mates are economically defensible: (1) resource defense po-
lygyny, in which males defend resources essential to females,
and (2) female defense polygyny, in which males directly de-
fend females. When resources are so sparsely distributed
that they are not defensible, males defend females directly
instead.

Examples of resource defense polygyny in mammals in-
clude species in which males defend resources attractive to
females and then defend the females attracted to those ter-
ritories. This is the case for most of the bovids (Owen-Smith
1977; Spinage 1986). Two camelids, the vicufia, Vicugna
vicugna (Franklin 1974), and the guanaco, Lama guanicoe
(Franklin 1974), defend harems on their territories year-
round, as do members of the order Hyracoidea (rock hyrax,
Procavia spp., and bush hyrax, Heterohyrax spp.) (Hoeck,
Klein, and Hoeck 1982). Another territorial harem holder
is a sciurid, the yellow-bellied marmot, Marmota flaviven-
tris (Downhower and Armitage 1971; Armitage 1986),
which defends a territory containing the burrows of one or
more females. In all these territorial harem-holding species,
changes in the abundance and distribution of resources
would affect not only spacing among females but also the
number of females that a male’s territory could support. Ele-
phant seals and gray seals, Halichoerus grypus, patrol ter-
ritories on beaches where females gather to give birth and
then mate (Le Boeuf 1974). In elephant seals, male repro-
ductive success is dependent upon the ability to accumulate
fat reserves during the nonbreeding season to facilitate
guarding a territory and fighting with other males.

Female defense polygyny, which can be seasonal or year-
round, occurs when males defend females directly and do
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not defend territories. Single-male units may move about to-
gether to find resources. In red deer, males defend harems
only during the rut. As with elephant seals, male reproduc-
tive success is dependent upon accumulating fat reserves so
that males can concentrate their efforts on defending fe-
males during the rut. In contrast, males of some of the
equids and primate species defend harems year-round. In
feral horses and Burchell’s zebras, males defend harems dur-
ing both the breeding season and the nonbreeding season.
The same holds true for some of the cercopithecine pri-
mates—the hamadryas baboon, Papio hamadryas, the ge-
lada baboon, Theropithecus gelada, and the patas monkey,
Erythrocebus patas— as well as for gorillas. Harem sta-
bility in these species is maintained by the male’s behavior
toward females and intruding males.

Promiscuous mating systems can occur in both solitary
and social species. In elephants, males live solitarily while
females live in large female kin groups. Females are in estrus
for only a few days at a time, so the distribution of sexually
receptive cows is constantly changing in space and time.
Bulls travel long distances to monitor the reproductive
status of the cows in their home ranges. When a male finds
a receptive female, he must compete with other males for
the mating opportunity. Males stay with a female kin group
for a few days at the most (Moss 1975).

CAPITALIZING ON THE FLEXIBILITY OF SOCIAL
ORGANIZATION: CONSIDERATIONS WHEN
FORMING CAPTIVE SOCIAL GROUPS

Variability from year to year, or season to season, in re-
source abundance and distribution, as well as in demo-
graphic parameters like population density and age struc-
ture, can affect mammal social organization. One of the best
early demonstrations that the distribution of food, acting in
conjunction with population density, mediates shifts in so-
cial organization stems from Kinsey’s (1971) experimental
work on wood rats, Neotoma fuscipes. Wood rats shifted
from a system in which males defended territories to a strict
dominance hierarchy as density increased. Other analyses of
spacing have also shown that males of some territorial spe-
cies will abandon resource defense when food is above or
below certain threshold levels (Lott 1984).

The distribution of food is probably the key ecological
constraint on species classified as facultatively monoga-
mous. These species may vary in their degree of association
with mates, and it is suspected that in the wild they may
sometimes become polygynous (Malcolm 1985; Moehlman
1986). Dik-diks, for example, are probably facultatively
monogamous. Males are not known to contribute any di-
rect parental care, but because the food source is evenly, but
widely, dispersed, it is likely that it would not be economi-
cally feasible for a male to defend a territory large enough
to accommodate two females. In captivity, where food
sources are plentiful, more than one female has been placed
with a single male with no deleterious effects (Kleiman
1980).

The same concept is applicable to orangutans, Pongo
pygmaeus, another species socially constrained by the dis-

tribution of food (Maple 1980). Due to their large size anqg
their need to consume large quantities of food, orangutang
cover a large area each day while foraging. Their solitary
social organization is probably attributable to the fact thar
it would be impossible for males to defend food resourceg
or females given how widely dispersed the food is. In captiy-
ity, orangutans are commonly housed in single-male socia]
units with great success. They appear to be quite socia]
when food sources are abundant.

Changes in demographic parameters such as age struc-
ture and sex ratio can also act as important determinants of
social organization. In pronghorns, Antilocapra americana,
traditionally a territorial species in the enclosed 20,000-acre
National Bison Range, the social organization shifted to one
of harem defense after a catastrophic winter die-off of older
males (Byers and Kitchen 1988). In feral horses, when the
sex ratio of mature males to mature females was even or
weighted toward males, many single-male bands became
multimale bands {Stevens 1987) as males sought different
strategies for acquiring harems.

The major ecological constraints on social organization
in the wild—distribution of food resources, predation pres-
sure, and distribution of potential mates—are all regulated
in the captive situation. Adequate, if not plentiful, food re-
sources are constantly and easily available. Predators and
potential prey animals are not housed together. Depending
upon the breeding priorities for a particular species, indi-
vidual animals are given access to potential mates under
controlled circumstances. Given this control, the manager
of captive animals strives to create the most appropriate so-
cial environment for each species.

What Kind of Social Group Is Appropriate in Captivity?
For those species classified as solitary, individuals are nor-
mally held in separate enclosures. Males and females are al-
lowed access to each other only when the females are sexu-
ally receptive. This is the case for many of the solitary
carnivores. In the case of giant pandas, known to be a soli-
tary species, the male and female at the National Zoo were
kept in adjacent enclosures, and for a few hours each day
the door between the enclosures was opened so that they
could choose to be together or to remain in their respective
enclosures. Of course, if breeding is not a priority, then
males and females can be kept separately year-round. Many
carnivores, including tigers and bears, can be kept together
in groups of the same sex, and even in pairs when contracep-
tion is available.

For social species, the first step in determining the appro-
priate social grouping in captivity is to find out what the
species’ social organization is in the wild. The next step is
to decide whether or not breeding is a priority. If breeding
is not desired, then either contraception has to be consid-
ered, or males cannot be kept with females. In either case,
Wemmer and Fleming (1975) suggest that when developing
groups of unfamiliar individuals, it is best to begin with
a single pair so that social relationships can be clearly
established.

Consider first the situation in which breeding is a prior-
ity. Family groups can be started by pairing a male and a




female and then letting their offspring remain with them.
Female kin groups and single-male groups do not differ op-
erationally very much from one another in captivity. For
those species that naturally form female kin groups, there
will often not be enough kin available to form such a group
in captivity, and a group will most likely have to be formed
with some unrelated females mixed in. Multimale groups
are less common in captivity than they are in the wild,
mostly due to the fact that these groups are normally very
large and occupy a tremendous amount of space, which is
difficult to emulate in zoos. In general, managers have found
that related males are more tolerant of each other in multi-
male groups than are unrelated males. Furthermore, when
breeding is a priority, multimale groups may be impractical
because of the need to determine and regulate paternity. De-
spite the fact that technological advances now make it pos-
sible to determine paternity from blood and tissue samples,
most managers want to ensure that only particular males
have breeding opportunities.

In situations in which breeding is not desired, the alter-
natives are the same for social species as for solitary species:
males and females must be housed separately, or, if they are
housed together, contraception must be employed. The
problem of extra males is prevalent among mammals in
zoos. Additional males (that is, additional to the one male
housed in a single-male unit) can often be kept in bachelor
groups or housed individually; bachelor groups have been
formed with ruffed lemurs, Varecia variegata, small-clawed
otters, Amblonyx cinereus, dwarf mongooses, meerkats,
Suricata suricatta, cheetahs, Acinonyx jubatus, and gere-
nuks, Litocranius walleri. However, bachelor groups are
sometimes only temporary solutions. Bachelorhood is a
common phenomenon in those mammal species in which
young males disperse from their natal groups (which in-
cludes most mammal species). Until males are sexually and
developmentally mature, they may spend time in bachelor
groups. In the wild, adult males sometimes split off from
bachelor groups. Extra adult males in captivity that are not
compatible with bachelor groups must be housed alone.

The formation of leks in captivity for species that natu-
rally form leks has not yet been attempted. It would un-
doubtedly require considerable space and would probably
involve a fair amount of aggression between males, a risk
that animal managers are usually reluctant to take.

CONCLUSIONS

In recent years great strides have been made in the study of
mammal social organization and mating systems, as well as
in the application of such studies to the management of cap-
tive species. Understanding the patterns of social organiza-
tion and the ecological pressures that influence social orga-
nization and mating systems in the wild is essential to
successful captive animal management.

The beauty of animal social organization is that it is sen-
sitive to so many environmental and ecological factors;
there are not, in general, any hard-and-fast rules for each
species because of these intricate links with the social and
physical environment. There are, however, patterns for each
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species. The challenge that lies ahead for animal managers
is to stay abreast of studies in natural ecosystems so that
they can make better decisions about managing the social
and physical environments of the animals in their care.
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Behavioral Development and Play

KATERINA V. THOMPSON

Young mammals undergo profound physical and behavioral
transformations between birth and the attainment of sexual
maturity, changing from infants highly dependent on their
mothers for nourishment and protection to independently
functioning adults capable of dispersal or integration into
the social group. During this period of maternal depen-
dence, young mammals areé buffered from the demands of
the adult world, and have the opportunity for protected
growth and learning. These early experiences may greatly
influence adult behavior and reproductive success. Current
investigations of behavioral development clearly show that
immature mammals, rather than being passive recipients of
experiences that modify adult behavior, are active partici-
pants in the developmental process. Young mammals dis-
play an impressive array of behavioral strategies that appear
to ensure their survival and maximize their success through-
out all stages of development (Bekoff 1985; Galef 1981).
Mammalian behavioral development is typically subdi-
vided into three major periods based on the degree of mater-
nal dependence and physical maturity (Jolly 1972). Infancy
encompasses the interval from birth until weaning, and rep-
resents the period of maximal dependence on the mother.
Following weaning, young animals are termed juveniles.
While nutritionally independent, juveniles are frequently
still dependent on their mothers (or other members of the
social group) for protection from predators, physical ele-
ments, and aggressive conspecifics. The final stage of devel-
opment is adulthood, the period following the attainment of
sexual maturity. During the transition from the juvenile pe-
riod to adulthood, animals are termed subadults. This re-
view focuses primarily on the behavior of infant and juve-
nile mammals, including the general course of behavioral
development in mammals as well as specific strategies
adapted to various social and ecological environments.

At the time of writing, Katerina Thompson was with the Department
of Zoological Research, National Zoological Park, Washington, D.C.

THE PERIOD OF DEPENDENCE

Degree of Development at Birth
Mammals vary in the extent of their physical maturation at
birth, ranging from extremely undeveloped, or altricial, to
well-developed, or precocial. The attributes that character-
ize altricial and precocial young are listed in table 34.1. The
extremes of altriciality and precociality are, of course, end-
points of a continuum, and the majority of mammalian spe-
cies show intermediate degrees of development (see also
Kitkwood and Mace, chap. 43, this volume). Altricial
young are produced by marsupials, insectivores, many ro-
dents, rabbits, and several carnivore families, including
bears, giant pandas, Ailuropoda melanoleuca, and weasels.
Precocial young are produced by ungulates, whales, hares,
and hystricomorph rodents. The young of most primate and
carnivore species are intermediate, and are referred to as
semialtricial or semiprecocial, depending on which traits
predominate.

Some groups of mammals exhibit deviations from this
basic pattern. Monotremes do not give birth to live young,
but rather lay eggs. The young, when hatched, are altricial
(Nowak and Paradiso 1983; Griffiths 1968). Marsupials
have an extremely short gestation period and give birth to
tiny young that are little more than embryos. Although ru-
dimentary in most respects, newborn marsupials possess re-
markably well developed forelimbs that are capable of
grasping the mother’s fur. These uniquely structured limbs
allow the neonate to make its way, unassisted, from the
mother’s reproductive tract to her pouch or teats, where it
attaches to a nipple (Ewer 1968).

Early Development of Altricial Mammals

In placental mammals, early development of altricial infants
primarily involves maturation of the sensory systems and
development of motor coordination (Ferron 1981; Happold
1976; Rosenblatt 1976), and has been studied extensively in
domestic species such as rats, Rattus norvegicus, dogs,
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TaBLE 34.1. Characteristics of Altricial and Precocial Infant Mammals

Altricial

Precocial

Hairless or sparsely furred
Sensory systems undeveloped, eyes and ears closed
Incapable of coordinated locomotion

Unable to maintain a stable body temperature independently

Complete nutritional dependence on mother
Examples

Spectacled bear, Tremarctos ornatus

Red kangaroo, Macropus rufus

Oriental small-clawed otter, Amblonyx cinereus

Fully furred

Functional sensory systems

Capable of coordinated locomotion

Able to thermoregulate

Able to eat some solid food shortly after birth

Examples
Brindled wildebeest, Connochaetes taurinus
Common zebra, Equus burchellii
Patagonian cavy, Dolichotis patagonum

Canis familiaris, and cats, Pelis catus. The infant’s most
critical tasks at this stage are initiating and sustaining suck-
ing and maintaining contact with nestmates. Rosenblatt
(1976) has surveyed the vast body of literature on early be-
havioral development in altricial mammals, and much of
this discussion follows his review.

At birth, altricial infants are most sensitive to thermal and
tactile stimuli, which are used to locate teats and maintain
contact with the mother and littermates. Infants respond
to any temperature change or loss of contact with nest-
mates by vocalizing, which stimulates parental attentiveness
(mice, Mus musculus: Ehret and Berndecker 1986; pikas,
Ochotona princeps: Whitworth 1984; rodents: DeGhett
1978), and by crawling in circles, which often enables them
to locate nestmates. Heightened sensitivity to olfactory cues
develops within days of birth, and the infants’ responses to
various situations become more specific. At this stage, infant
rats learn to recognize the odor of their mother (Leon 1975),
littermates (Hepper 1983), and the nest site (Carr, Marasco,
and Landauer 1979).

The final stage of early development begins when the
eyes open. This event typically coincides with hair growth
and the ability to regulate body temperature. The infants
then assume an active role in initiating suckling, since they
can detect the mother at a distance and approach her to
nurse {Walters and Parke 1965). Vision permits greatly in-
creased mobility, exploration, and interaction with litter-
mates. During this period infants become better coordinated
and expand their behavioral repertoire. At this point, altri-
cial infants have reached a state of maturity comparable to
that of precocial mammals at birth.

Comparative studies have indicated that the timing of the
development of motor skills and sensory systems is closely
associated with the demands of the environment. Ferron
{1981) investigated the rates of development in four species
of squirrels and found that emergence from the nest was de-
layed in structurally complex habitats that required well-de-
veloped locomotor skills. Red squirrels, Tamiasciurus hud-
sonicus, which inhabit complex arboreal environments,
showed slower physical and behavioral development than
Columbian, Spermophilus columbianus, and golden-man-
tled ground squirrels, S. lateralis, which inhabit relatively
simple terrestrial environments. Northern flying squirrels,
Glaucomys sabrinus, had the most complex locomotor re-
quirements and were the slowest-developing species.

Developmental landmarks for more than 400 mamma-

lian species are tabulated in Brainard (1985) and Eisenberg
(1981).

Proximity to Caregivers

Species differ in the spatial relationships that mothers and
other caregivers maintain with the young. Some species
maintain constant close contact with their offspring, while
others leave offspring unattended for extended periods of
time. Four basic groups of species can be identified: nesters,
hiders, carriers, and followers.

Nesting species leave their young in a protected den or
nest, returning at intervals to feed and care for them. For
example, snow leopards, Uncia uncia, give birth to their
young in rocky, fur-lined dens; the litter remains there for
the first 3 months of life (Hemmer 1972). Pikas also isolate
their litters in a nest, which the mother visits twice an hour
for only a few minutes (Whitworth 1984).

Hiding is the predominant infant behavioral strategy
among ungulates (Estes 1976). Like nesting, hiding involves
intermittent mother-offspring contact, but differs from the
behavior observed in nesting species in that the hiding site is
chosen by the infant (Leuthold 1977; Lent 1974) rather
than being prepared by the mother. It is not uncommon for
hiders to choose a fresh hiding site after each bout of ac-
tivity. For example, infant Kirk’s dik-diks, Madogua kirkii,
remain in hiding for most of their first 10 to 20 days of life,
lying nearly motionless in clumps of vegetation. Calves
emerge from their hiding sites for brief periods to nurse in
the early morning, at dusk, and during the night (Bowker
1977).

Species in the carrier group maintain constant physical
contact with their infants during early development. Most
primate species adopt the carrier strategy, with infants typi-
cally clinging to the fur of the mother’s back, or in some
species, the belly. In marmosets and tamarins, other family
members assist in carrying (Mendoza and Mason 1986;
Hoage 1977; Box 1975). Marsupial infants remain con-
stantly attached to one of the mother’s nipples during the
first weeks or months following birth (Nowak and Paradiso
1983; Ewer 1968). The teat swells inside the infant’s mouth
to provide a firm attachment. In pouched marsupials, older
young continue to ride in the pouch after they become ma-
ture enough to detach from the nipple, while in pouchless
species, they cling to the mother’s back. Other species that
carry their young include sloths, giant anteaters, Myrmeco-
phaga tridactyla, and some bats.



354 BEHAVIORAL DEVELOPMENT AND PLAY

TasLe 34.2. Developmental, Ecological, and Social Correlates of Nesting, Hiding, Carrying, and Following Behavioral Strategies

Nesting Hiding Carrying Following References=
Degree of Altricial Precocial Semiprecocial {e.g., primates) Extremely precocial  1,2,3
development or highly altricial
at birth {e.g., marsupials)
Body size Usually small, Small relative to followers No obvious trend Large 2,4
occasionally
large
Habitat Terrestrial or Terrestrial Arboreal, flying, or terrestrial Terrestrial or aquatic 1,5
arboreal
Availability of nesting  Present Present Absent Absent 2,6
or hiding sites
Home range stability ~ Stable Stable Stable or nomadic Nomadic 4
Litter size Large Usually one young Usually one or two Usually one 1,7

21, Ewer 1968; 2, Lent 1974; 3, Nowak and Paradiso 1983; 4, Lundrigan, unpub.; 3, Jolly 1972; 6, Estes 1976; 7, Rosenblatt 1976.

In follower species, infants accompany their mothers
throughout their daily activities. This strategy is exhibited
by several ungulate species (Leuthold 1977; Lent 1974
Walther 1965) and many aquatic mammals (Ewer 1968).
The wildebeest, Connochaetes taurinus, a typical follower,
displays the ability to follow its mother as soon as it can
walk, often within minutes of birth (Estes and Estes 1979).
In captive Nile hippopotamuses, Hippopotamus amphi-
bius, infants spend virtually 100% of their time within one
body length of their mothers for the first several weeks of
life (Ralls, Lundrigan, and Kranz 1987a).

Nesting, hiding, carrying, and following can be inter-
preted as strategies for protecting vulnerable newborns
from predators and accidents. The specific strategy used de-
pends on a variety of ecological and social factors, as well
as the degree of precociality of the infant (table 34.2). Most
species adopt one strategy, but some species show a mixture
of strategies, or show different strategies during different pe-
riods of development. For example, in several marsupials,
young remain in the pouch and are carried throughout early
development. Once they have outgrown the pouch, they are
left alone in a nest while the mother forages (Ewer 1968;
Beach 1939). Several prosimians that carry their young
most of the time display a combined strategy incorporating
a behavior pattern similar to hiding. This strategy, known
as “parking,” involves leaving the infant clinging to a tree
branch unattended while the mother forages (Pereira, Klep-
per, and Simons 1987; Charles-Dominique 1977; Lekagul
and McNeely 1977).

The strategies also differ in the relative responsibility of
mother and infant for regulating proximity. In nesting spe-
cies, the timing and duration of contact periods are largely
determined by the mother (pikas: Whitworth 1984; rodents:
Priestnall 1983). In hider species, mothers determine the
timing of contact periods, but the infants take the active role
in determining the duration of reunion periods by wander-
ing away from their mothers and searching for hiding sites
(Ralls, Lundrigan, and Kranz 1987b; Lent 1974). Constant
proximity in carriers is maintained largely by the infants,
which cling to their mothers’ fur (African yellow-winged
bat, Lavia frons: Vaughan and Vaughan 1987; primates:
Jolly 1972). If infants become detached before they have
gained motor coordination, however, they are dependent on

their mothers to retrieve them (dusky titi monkey, Callice-
bus moloch: Mendoza and Mason 1986). Infant followers
assume responsibility for maintaining contact with their
mothers (harbor seals, Phoca vitulina: Renouf and Die-
mand 1984; ungulates: Lent 1974}, but the mothers often
encourage following by vocalizing or by postural signals
such as tail wagging and head bobbing (Lent 1974).

The behavioral strategy adopted by a species largely de-
termines the daily pattern of activity shown by infants. Since
infants are highly vulnerable to predation, most activity oc-
curs under the protective watch of adults. In species that
have only intermittent contact, infants may show brief
bursts of concentrated activity during periods when mother
and offspring are reunited. The frequency of maternal con-
tact also affects the distribution of nursing opportunities for
the infant. The constant maternal contact provided by car-
rier and follower strategies allows greater flexibility and of-
ten results in more frequent suckling opportunities. Mou-
flon, Ovis musimon, which are followers, are reported to
nurse every 10-15 minutes during early infancy (Pfeffer
1967). Similarly, infant chimpanzees, Pan troglodytes, which
are carried, have been observed to nurse an average of 2.7
times per hour during the first month of life (Clark 1977).
In contrast, hiding and nesting species can suck only during
mother-offspring reunion periods, which may be brief and
infrequent. Leuthold (1977) reviewed the early develop-
ment of fourteen species of hider ungulates and noted that
most had two to five sucking bouts per day. The most ex-
treme pattern is shown by the tree shrews, nesting species in
which the mother approaches the nest site only once every
48 hours to nurse the young (Martin 1968; Lekagul and
McNeely 1977).

These behavioral differences appear to be associated
with differences in lactation physiology. Species that nurse
their young at infrequent intervals tend to produce milk that
contains high concentrations of fat and the protein casein;
species that nurse their young very frequently produce more
dilute milk (Oftedal 1980). The pattern of maternal contact
exhibited by a species thus provides clues to appropriate
nonmaternal milk substitutes for infants that must be hand-
reared.

Familiarity with a particular species’ pattern of early be-
havioral development and parent-offspring proximity is es-



sential to its successful management in captivity. Such fa-
miliarity allows the detection of deviations from the normal
developmental pattern that may indicate problems. Follow-
ers that do not remain close to their mothers, carrier infants
that are found separated from their parents, and nester
adults that constantly carry young are all cause for concern.
Knowledge of a species’ early developmental history allows
exhibit designers to provide the necessary environmental
features so that normal developmental behaviors can be
expressed. For example, hider ungulates that frequently
change hiding sites need to have access to multiple potential
hiding areas. Similarly, nesting species should be provided
with a selection of appropriate nesting sites. Tree shrews,
Tupaia belangeri, are among the many species that require
multiple nesting sites. Females rest separately from their
young, and if provided with fewer than two nest boxes, often
kill their offspring (Martin 1968). Knowledge of interspe-
cific differences in early development allows informed man-
agement decisions when temporary separation of mother
and young becomes necessary for medical treatment, neo-
natal workups, or marking of the infant. In species with in-
termittent contact, the normal periods of mother-infant
separation are an ideal time to gain access to the infants
with a minimum of trauma. Separating infants from their
mothers in constant contact species is necessarily more trau-
matic and disruptive.

Sucking

Sucking is a universal characteristic of mammals (Vaughan
1978), and all infant mammals are initially dependent on
their mothers for nutritional support. Infants take an active
role in the initiation and maintenance of sucking. Charac-
teristic odors of the mother’s teat area (rabbits, Oryctolagus
cuniculus: Hudson and Distel 1985; rats: Teicher and Blass
1977, 1976; cats: Kovach and Kling 1967), as well as its
warmth (domestic sheep: Billing and Vince 1987a, 1987b)
and texture (Billing and Vince 1987a, 1987b; rabbits: Hud-
son and Distel 1985; cats: Rosenblatt 1971), are the pri-
mary cues used by infants to locate nipples. While sucking,
infant mammals use a variety of tactics to stimulate milk
delivery (reviewed by Ewer 1968, 1973). For example, in-
fants of many species exhibit kneading, massaging of the
mammary gland with their forepaws, while infant ungulates
commonly engage in bunting, a forceful butting of the ud-
der. Even in highly altricial species such as rats, infants can
control the amount of milk received by modulating the
vigor with which they suck (Hall and Williams 1983).

In several species, each infant within a litter sucks from a
particular teat and maintains this preference throughout de-
velopment. This phenomenon, known as a teat order, has
been described for a wide variety of exotic animals, includ-
ing African civets, Civettictis civetta (Ewer and Wemmer
1974), binturongs, Arctictis binturong (Schoknecht 1984),
mountain lions, Felis concolor (Pfeifer 1980), snow leop-
ards (McVittie 1978), and green acouchis, Myoprocta
acouchy (Kleiman 1972). The function of teat orders is un-
known; however, it has been suggested that they may mini-
mize potentially harmful competition among littermates for
teats (Ewer 1959, 1968). Intense sibling competition for
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teats was indeed observed in captive binturongs (Schok-
necht 1984) and resulted in physical injuries to the cubs. In
order to prevent further injury, the cubs’ nails were periodi-
cally trimmed.

THE DEVELOPMENT OF INDEPENDENCE

Increasing maturity of the infant brings about changes in the
quality of the mother-young relationship and a general
trend toward decreased proximity. In species in which con-
stant proximity was the rule early in development, the in-
fant begins to wander farther away from its mother, and the
mother’s attempts to limit the infant’s forays decrease (un-
gulates: Ralls, Lundrigan, and Kranz 1987a; domestic
horses: Crowell-Davis 1986; cotton-top tamarins, Saguinus
0. oedipus: Cleveland and Snowdon 1984; baboons, Papio
anubis: Nash 1978; yellow baboons, Papio cynocephalus:
Altmann 1978; rhesus macaques, Macaca mulatta: Hinde
and Spencer-Booth 1967). Infants of species with intermit-
tent contact show an increased tendency to be active in the
absence of the mother (white-tailed deer, Odocoileus virgi-
nianus: Nelson and Woolf 1987; pika: Whitworth 1984; roe
deer, Capreolus capreolus: Espmark 1969). In both pri-
mates (Hauser and Fairbanks 1988; Altmann 1978; Nash
1978; Hinde 1977) and ungulates (Lickliter 1984; Espmark
1969) there is a gradual shift toward greater responsibility
on the part of the infant for maintaining proximity.

Sex Differences in the Development of Independence
Male and female mammals typically differ in their adult so-
cial roles. In such species, sex differences in behavior often
have their roots in the earliest interactions of mother and
infant. These species typically show a matrilineal social or-
ganization: females remain throughout their lives in the
groups in which they were born, while males emigrate at
sexual maturity (Melnick and Pearl 1987). Table 34.3 sum-
marizes sex differences in early development in social cer-
copithecine primates, in which this phenomenon has been
most thoroughly documented. The trend is for mothers to
behave in ways that promote early independence in their
sons. In contrast, immature females engage in frequent and
prolonged interactions with their mothers, other adult fe-
males, and younger infants. Social grooming among pri-
mates is often interpreted as a mechanism for building and
strengthening bonds between group members (Dunbar
1980, 1984; Seyfarth and Cheney 1984; Seyfarth 1977);
thus these frequent grooming bouts between immature
female primates and other female group members may
form the matrix upon which the social group is built and
maintained. '

Parent-Offspring Conflict

Conflict between mother and offspring during this period of
growing independence is a normal and expected feature of
behavioral development. This conflict arises because an off-
spring shares only half of its genes with each parent, and
therefore its interests cannot be expected to coincide com-
pletely with those of its parents (Trivers 1974). Clashes be-
tween parent and offspring arise over the amount and du-
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TaBLE 34.3.  Sex Differences in Behavioral Development of Selected Cercopithecine Primates

Sex difference

Species

References

Female infants spend more time in contact
with their mothers than do male infants

Male infants assume a greater role in
maintaining proximity with their mothers

Mothers reject nursing attempts of sons
more than those of daughters

Grooming interactions are more frequent
between mothers and daughters than be-
tween mothers and sons

Grooming interactions are more frequent
between female infants and unrelated
adult female group members

Female immatures are more likely to be-
have maternally toward infants

Rhesus macaque, Macaca mulatta
Pigtail macaque, Macaca nemestrina
Kra macaque, Macaca fascicularis
Vervet monkey, Chlorocebus aethiops
Patas monkey, Erythrocebus patas

Rhesus macaque, Macaca mulatta
Japanese macaque, Macaca fuscata

Rhesus macaque, Macaca mulatta
Kra macaque, Macaca fascicularis
Pigtail macaque, Macaca nemestrina

Patas monkey, Erythrocebus patas
Vervet monkey, Chlorocebus aethiops

Patas monkey, Erythrocebus patas
Patas monkey, Erythrocebus patas

Olive baboon, Papio anubis
Yellow baboon, Papio cynocephalus

‘White and Hinde 1975

Jensen, Bobbitt, and Gordon 1968
Thommen 1982

Fairbanks and McGuire 1985
Loy and Loy 1987

Berman 1984
Glick et al. 1986

Berman 1984; White and Hinde 1975
Thommen 1982
Jensen, Bobbitt, and Gordon 1968

Loy and Loy 1987
Fairbanks and McGuire 1985

Loy and Loy 1987

Loy and Loy 1987
Hendy 1986
Hendy 1986

Chacma baboon, Papio ursinus

Cheney 1978; Seyfarth, Cheney, and Hinde 1978

ration of parental care, with parents attempting to limit the
total care provided to any particular offspring so that they
are better able to care for other offspring.

Conflict may be manifested in virtually all aspects of the
mother-offspring relationship, including maintenance of
proximity (yellow baboons: Altmann 1978), parental com-
forting of distressed infants (vervet monkeys, Chlorocebus
(=Cercopithecus) aethiops: Hauser 1986), and access to the
maternal pouch in marsupials (Ewer 1968). The most
widely reported manifestation of parent-offspring conflict
involves disputes over suckling and is often termed weaning
conflict. Infants predictably “disagree” with their mothers
about the duration and frequency of individual nursing
bouts and the age at which weaning occurs.

As the infant grows, its demands for care tend to in-
crease; however, its increasing self-sufficiency allows the
parent to limit the amount of care provided. Therefore, the
intensity of parent-offspring conflict tends to increase with
time (Trivers 1974). The proportion of the infant’s attempts
to initiate suckling that are successful decreases as the infant
ages in many species (cervids: Gauthier and Barrette 1985;
vervet monkeys: Lee 1984; pika: Whitworth 1984; bighorn
sheep, Ovis canadensis: Berger 1979b; chimpanzees: Clark
1977). Occasionally, this decrease in sucking success is ac-
companied by increased maternal aggression toward her
offspring (pikas: Whitworth 1984; bighorn sheep: Berger
1979b; baboons: Nash 1978). Furthermore, as the infant
ages, those sucking bouts that are successful are more likely
to be terminated by the mother than by the infant (cervids:
Espmark 1969; Gauthier and Barrette 1985; harbor seals:
Renouf and Diemand 1984), suggesting that the infant is
not being permitted to drink to satiety (Berger 1979b).

Parker and McNair (1979) predicted that infants should
thwart their parents’ attempts to limit care by exaggerating
their need. Sable antelope calves, Hippotragus niger, for ex-
ample, display a multitude of behavioral tactics apparently

aimed at increasing sucking opportunities (pers. obs.). In
early infancy, the calf grasps the teats directly to initiate
sucking and nurses silently. As the mother begins to resist
sucking attempts and terminates sucking bouts before the
calf is satiated, the calf’s strategy changes. Prior to grasping
a teat, the calf may spend several seconds nuzzling its moth-
er’s side until she remains still and permits sucking. If the
mother attempts to walk away, the calf moves in front of her
to impede her forward motion, then resumes nuzzling her.
During successful sucking bouts, the infant makes a high-
pitched, whimpering vocalization. If the bout is terminated
by the mother, the infant continues to vocalize and makes
repeated attempts to reinitiate sucking. Young commonly
revert to infantile behavior, implying helplessness, in order
to gain additional parental care (Trivers 1985), and this may
be the reason for the sable calf’s whimpering vocalizations.

More extreme tactics are occasionally employed. Clark
(1977) and Van Lawick-Goodall (1968) describe temper
tantrums by infant chimpanzees whose sucking attempts
were rebuffed. Trivers (1985) interprets such tantrums as a
form of psychological manipulation, a threat by the infant
to harm itself if the parent refuses to accede to its demands.

Weaning and the Transition to Adult Feeding

The transition to adult feeding is perhaps the most critical
milestone in early mammalian development. In some spe-
cies, weaning is abrupt and highly predictable. For example,
hooded seal pups, Cystophora cristata, which show the
shortest period of sucking known among mammals, are
completely weaned at 3-5 days of age (Bowen, Oftedal,
and Boness 1985). For the vast majority of species, however,
weaning is a slow, gradual process characterized by de-
creasing milk intake and a corresponding increase in the
consumption of solid food (African elephants, Loxodonta
africana: Lee and Moss 1986; cervids: Gauthier and Bar-
rette 1985; baboons: Rhine et al. 1985; Nash 1978).




Weaning is ultimately achieved through the efforts of
both mother and young. Mothers may discourage sucking
by adopting postures that make it difficult for the young to
reach the nipples (tree shrews: Martin 1968}, and often ac-
tively reject sucking attempts (vervet monkeys: Hauser
and Fairbanks 1988; cervids: Gauthier and Barrette 1985;
cotton-top tamarins: Cleveland and Snowdon 1984; ba-
boons: Nash 1978). Additionally, mothers may promote in-
dependent feeding by bringing food items to the young
(beavers, Castor canadensis: Patenaude 1983; golden lion
tamarins, Leontopithecus rosalia: Hoage 1982; dholes,
Cuon alpinus: Johnsingh 1982; cats: Leyhausen 1979).
Young of some species contribute to the weaning process by
decreasing their attempts to suck as they grow increasingly
able to provide for themselves (Roberts, Thompson, and
Cranford 1988). Maturing juveniles apparently reach a
stage at which the mother’s milk cannot supply enough en-
ergy to maintain their growth, and thus independently
switch to alternative food sources (Galef 1981).

Most infants are capable of adequately feeding them-
selves long before the complete cessation of sucking. African
elephant calves, for example, normally suck for about 5
years, but calves orphaned at only 2 years of age can survive
on solid food alone (Lee and Moss 1986). Additionally, the
timing of weaning appears to be sensitive to the availability
of solid food.in the environment (vervet monkeys: Lee 1984;
bighorn sheep: Berger 1979b). In captivity, where food is
plentiful, weaning may occur weeks or even months earlier
than in free-ranging populations (Ewer 1973). For example,
free-ranging musk oxen, Ovibos moschatus, may continue
nursing for a year or more after birth (Tener 1965), but a
hand-reared individual weaned itself at only 139 days of age
(Banks 1978). Thus, the time at which infants first become
nutritionally independent is. difficult to pinpoint using be-
havioral indicators and often can be determined only
through anecdotes or experimental means.

Making the transition from nursing to eating solid food
is far more complex than simply substituting one type of
food for another. The process can involve engaging in spe-
cialized behaviors that prepare the infant’s digestive system
for the digestion of solid food, learning to discriminate ap-
propriate foods from potentially harmful ones, and devel-
oping complex food acquisition skills, such as hunting (see
also Fernandes, chap. 35, this volume).

In herbivores, digestion of plant material depends on mi-
croorganisms living in the animal’s gut. At birth, the diges-
tive system is virtually devoid of these essential microorga-
nisms (Eadie and Mann 1970), and young must inoculate
themselves to enable their digestive systems to assimilate
plant material. Behaviors that may serve this purpose in-
clude licking the lips and tongue of the mother, which could
result in the transfer of microbes in the saliva (Hungate
1968), feeding on plants that have maternal saliva remain-
ing on them (elephants: Eltringham 1982), and eating the
feces of the mother or other adults (domestic horses, Equus
caballus: Crowell-Davis and Houpt 1985; African ele-
phants: Guy 1977). Koalas, Phascolarctos cinereus, have a
specialized method for transferring digestive microbes from
mother to offspring. At about 5 months of age, when the
infant’s teeth are beginning to erupt, the mother begins pro-
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ducing special fecal matter composed of partially digested
plant matter from the cecum, the organ in which microbial
digestion occurs. The infant koala receives feedings of this
material at 2- to 3-day intervals for 1-6 weeks, after which
it is capable of feeding independently (Thompson 1986;
Martin and Lee 1984).

Preferences for particular food items may be acquired
through observation and imitation of the mother (Provenzo
and Balph 1987; Leuthold 1977). Moose calves, Alces alces,
for example, develop food preferences by first feeding si-
multaneously with their mothers on a single plant. Later in
development, calves feed on separate plants of the same spe-
cies that their mother is eating before making the final tran-
sition to selecting forage independently (Edwards 1976). In
species in which adults provision the young, preferences
may be learned through food sharing. At 4-5 weeks of age,
golden lion tamarins regularly touch, sniff, and taste food
items being consumed by their carriers (Hoage 1982). Soon
after this period of investigation, the infants begin to snatch
food away from family members and consume it. Prefer-
ences for certain types of solid food may be well developed
long before weaning occurs at 11-15 weeks.

Learning may play an even greater role in the develop-
ment of adult feeding in carnivores. The domestic cat, a
solitary hunter, learns hunting skills through maternal en-
couragement and supervision (Leyhausen 1979). Early in
development, mother cats bring prey back to the den and
allow their kittens to observe its consumption. Soon after,
dead prey, and later live prey, is provided for the kittens to
manipulate and eat. Prey that manage to evade the kittens
are recaptured by the mother and returned to the kittens.
After several weeks of exposure and practice, the kittens de-
velop sufficient hunting skills to dispatch prey independently.

Cooperative hunters, such as the social canids, show a
similar dependence on learning. Dhole pups are first given
regurgitated food by adults. Later, the pups are brought to
the sites of kills to feed. Shortly after weaning, the pups ac-
company the pack on hunts, but it may be several months
before the pups actually assist in making a kill (Johnsingh
1982).

Parents, particularly the mother, often play prominent
roles in the acquisition of feeding skills, and premature sepa-
ration of infants from their family groups may have lasting
detrimental effects. Even young that are no longer nursing
may be dependent on their parents for acquiring food pre-
ferences and honing feeding skills critical to their future sur-
vival and well-being. Van Lawick-Goodall (1971) reported
that a 5-year-old chimpanzee juvenile, orphaned 2 years be-
fore, showed deficits in termite foraging compared with his
peers, suggesting that this important feeding skill is in part
developed through mother-offspring interaction.

Premature separation of mother and infant may also re-
sult in aberrant feeding behaviors. Regurgitation and re-
ingestion of food is widespread among captive gorillas,
Gorilla gorilla, yet absent in the wild. Wild-caught and
captive-born hand-reared gorillas show much higher rates
of regurgitation and reingestion than captive-born mother-
reared individuals, leading Gould and Bres (1986) to specu-
late that this abnormal behavior results from deficits in early
social development.
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Predatory species in particular may be permanently af-
fected by a lack of experience with prey items in early devel-
opment. Domestic kittens separated from their mothers at
an early age and with no prior exposure to live prey often
show a lack of ability or inclination to hunt live prey in
adulthood (Ewer 1973; Leyhausen 1965). Similarly, there
are anecdotes illustrating the extreme difficulty of encour-
aging normal hunting behavior in captive big cats returned
to the wild (Adamson 1969, 1960). The obstacles faced by
Adamson’s lion, Panthera leo, and cheetah, Acinonyx juba-
tus, could be attributed to their having passed the age at
which hunting skills were most easily learned (Ewer 1973).

Interaction with conspecifics is as important in captive
populations as in free-ranging ones, since such interaction
may allow the learning of feeding skills specific to the cap-
tive environment. If captive-born young must be hand-
reared, prompt reintroduction to adult conspecifics may al-
low the development of normal feeding strategies. Providing
a captive environment that allows the normal development
of feeding skills is critically important when reintroduction
to the wild is a goal. Animals deprived of early experience
may never become fully competent at foraging in a natural
setting.

PLAY

As the infant becomes less dependent on its mother, it be-
gins to interact more frequently with littermates, peers, and
other members of the social group. Among the most con-
spicuous social activities exhibited by young mammals at
this stage is play. In addition to social play, two other forms
of play that may sometimes occur in a social context are
locomotor play and object play.

Play is nearly ubiquitous among mammals. In his com-
prehensive review of the natural history of animal play be-
havior, Fagen (1981) found descriptions of juvenile play in
all mammalian orders except the relatively poorly studied
flying lemurs (order Dermoptera), aardvarks (order Tubuli-
dentata), and hyraxes (order Hyracoidea). Play appears to
be especially frequent and elaborate in the primates, carni-
vores, ungulates, and rodents, and it is in these taxonomic
groups that play has been most thoroughly studied.

Types of Play

Play is commonly subdivided into three basic categories: ob-
ject, locomotor, and social (Fagen 1981). These categories
are not entirely mutually exclusive, however, since object
and locomotor play frequently occur in social contexts, and
elements of all three types of play frequently occur within
single play bouts.

Object play involves repetitive manipulation of things in
the infant’s environment, and can be quite remarkable in its
diversity. Goodall (1986) listed sticks, stones, dry dung,
small fruits, fruit-laden twigs, and strips of skin and hair
from old kills as among the favored play objects of juvenile
chimpanzees. These objects were carried, thrown on the
ground, used for self-tickling, rubbed on the body, rolled on
the ground, thrown hand to hand, and thrown in the air to
be caught or retrieved.

Object play often incorporates behaviors used in forag-

ing or in the handling and capture of live prey, although
many of the more inventive manipulations have no obvious
parallel in the adult behavioral repertoire. It may occur in
social as well as solitary contexts, for example, when two or
more infants vie for possession of an object. Additionally,
the focus of object play may itself be another animal, a;
when a young predator toys with a live prey item, or a ju-
venile playfully manipulates the body parts of its parents.

Locomotor play is composed of vigorous body move-
ments such as running, jumping, head tossing, and body
twists (Wilson and Kleiman 1974). More spectacular loco-
motor behaviors, such as back flips performed by rhesus
macaques (Symons 1978), whirling around in the air by
mountain goat kids, Oreamnos americanus (Dane 1977),
and breaching and surf riding by infant whales (Fagen
1981), vary with the species’ morphology and ecology. In
general, locomotor play bears a strong resemblance to the
behaviors seen in predator evasion.

Social play differs from other types of play in that it is
truly interactive. It involves two or more individuals, each
of whose movements are oriented toward the other and
whose responses are influenced by the other’s actions. Com-
mon forms of social play include play fighting, which mim-
ics serious fighting, and approach-withdrawal play, in
which individuals take turns chasing and being chased. So-
cial play may also include elements of reproductive behav-
ior, such as mounting.

Ontogeny of Play Behavior

Play begins early in postnatal ontogeny, shortly after infants
have developed locomotor skills adequate to perform play-
ful movements (Fagen 1976). Primates are a notable excep-
tion to this trend, with several species showing playful
manipulation of objects well before they are capable of co-
ordinated locomotion. In general, solitary forms of play
(object and locomotor play) precede social forms in on-
togeny (squirrel monkeys, Saimiri sciureus: Baldwin 1969;
Nilgiri langurs, Trachypithecus (=Presbytis) johnii: Poirier
1968, 1970; cats: West 1974; Cuvier’s gazelle, Gazella cu-
vieri: Gomendio 1988). )

There is a general trend toward increasing play com-
plexity and more interactive play as the infant matures
(Baldwin 1986). For example, in domestic cats, play first ap-
pears at 4 weeks of age in the form of single play behavior
patterns performed in solitary contexts. Soon after, kittens
begin to create sequences of play behaviors by stringing to-
gether several repetitions of a single behavior pattern. At 5
weeks of age, these behavior patterns begin to appear in so-
cial contexts, directed at other kittens, and play bouts often
involve sequences of two or three different play behaviors.
Finally, during the 6th week, kittens are able to perform

" complex sequences containing as many as eight different

play behavior patterns (West 1974).

Although play frequency, complexity, and duration peak
during infancy and the juvenile period, play often persists
into adulthood. The vast majority of adult play is social play
with infants and juveniles. In free-ranging rhesus macaques,
for example, 75% of adult play bouts involved immature
individuals younger than 3 years of age, while only 25 % of
bouts involved two adults (Breuggeman 1978). Adults typi-
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TaBLE 34.4. Characteristics Distinguishing Social Play from Aggression in the American Black Bear, Ursus

americanus

Features distinguishing play

Examples

Some agonistic behaviors
are never exhibited during play.

Components of agonistic behavior that are absent from juvenile
social play include jaw snapping, swatting the ground, aggressive

vocalizations, and erection of the fur on the neck and back.

Some behaviors are exhibited
exclusively in the context of play.

Components of juvenile social play that are absent from agonistic
interactions include head butting, muzzle seizing, hind-leg

clawing, and nipping.

Some behaviors may be performed
with greater frequency in play.

Biting, licking, biting intention movements, and swiping with the
pad of the foot are exhibited significantly more frequently in

juvenile social play than in agonistic interactions of similar

duration.

Play may be less predictable
and more variable.

Biting, clawing, and mounting are more variable in orientation
and directed at more target areas in social

play than in agonism.

Behaviors from different contexts may
be interspersed during single play bouts.

Mounting, a component of adult sexual behavior, is incorporated
into sequences of juvenile social play almost ten times as

frequently as it appears during adult agonistic interactions.

Source: Henry and Herrero 1974.

cally do not play indiscriminately with all immatures, but
rather favor playing with their offspring and younger sib-
lings. Feral horse stallions show a remarkable ability to
discriminate between their own offspring and unrelated
foals, playing with their sons six times more than with un-
related, similarly aged male foals (Berger 1986). Parent-
offspring play has been reported for a wide variety of
taxonomic groups, including marsupials (Croft 1981; Kauf-
man 1975; Herrmann 1971), primates (Breuggeman 1978;
Maple and Zucker 1978; Zucker, Mitchell, and Maple
1978; Sussman 1977; Hrdy 1976; Van Lawick-Goodall
1968, 1967), rodents (Wilson and Kleiman 1974), ungu-
lates (Fagen 1981; Espmark 1971; Mohr 1968; Walther
1962), and carnivores (Kleiman and Malcolm 1981). In spe-
cies that bear singleton offspring, adults rather than peers
may be the primary play partners (euros, Macropus robus-
tus: Croft 1981; lemurs, Lemur spp.: Sussman 1977; whip-
tail wallabies, Macropus parryi: Kaufmann 1975; orangu-
tans, Pongo pygmaeus: MacKinnon 1974; eastern gray
kangaroo, Macropus giganteus: Herrmann 1971).

General Characteristics of Juvenile Play

Theorists have had great difficulty formulating a compre-
hensive definition of play behavior because it is so diverse
and so closely resembles other types of behavior, such as ag-
gressive combat, prey catching, and predator avoidance
(Martin and Caro 1985; Fagen 1981). Martin and Caro
(1985), after reviewing various definitions of play, con-
cluded that play is best characterized by the absence of the
endpoints in which “serious” versions of the behavior pat-
terns culminate. For example, play fighting does not result
in injury or differential access to a disputed resource; like-
wise, predatory play does not involve killing and consuming
prey.

Several additional characteristics seem to differentiate
play behavior from its serious equivalents. The sequence in
which behavioral components occur may be reordered (Loi-
zos 1966) or less predictable (canids: Bekoff 1974). Play

bouts commonly incorporate behaviors usually seen in vari-
ous unrelated contexts. For example, in the degu, Octodon
degus, and the choz-choz, Octodontomys gliroides, two
South American rodent species, elements of fighting behav-
ior are interspersed with jumping and running, behaviors
otherwise used in predator avoidance (Wilson and Kleiman
1974). Certain behaviors may be exhibited more frequently
in play (American black bears, Ursus americanus: Henry
and Herrero 1974; Loizos 1966), while others are always
absent. Additionally, during play bouts, animals are more
likely to alternate dominant and submissive roles than in se-
rious fighting (squirrel monkeys: Biben 1986; baboons: Ow-
ens 1975a). Characteristics distinguishing social play from
serious fighting in the American black bear are shown in
table 34.4.

Possible Functions of Juvenile Play

There has been much speculation about the precise benefits
young animals receive from play, but research in this area
has been sparse, and the function of play remains obscure.
Baldwin (1986), in his review of primate play behavior, was
able to identify no fewer than thirty-two different proposed
benefits of play, ranging from optimizing physiological de-
velopment (Brownlee 1954) to promoting normal person-
ality development (Harlow and Harlow 1969). Martin and
Caro (1985), Fagen (1981), and Smith (1982) provide ex-
cellent reviews of the various proposed functions of play
and the evidence supporting and refuting them.

Play has not lent itself to straightforward scientific inves-
tigation. The very nature of play, intermixing behavior pat-
terns from widely divergent contexts, makes its purpose dif-
ficult to decipher. The physical appearance of play and the
context in which it occurs provide few clues as to how it
might improve a youngster’s ability to survive or repro-
duce. Furthermore, researchers have found it impossible to
deprive juveniles of play experimentally without simultane-
ously altering many other aspects of their social behavior.
The behavioral deficits exhibited by animals in such play
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TabLe 34.5. Play Signals Exhibited by a Representative Sample of Species

Behavior Species Reference
Vocalization Squirrel monkey, Saimiri sciureus Biben and Symmes 1986
Winter, Ploog, and Latta 1966

Hamadryas baboon, Papio hamadryas Leresche 1976
Cotton-top tamarin, Saguinus oedipus Goedeking 1985
Vervet monkey, Chlorocebus aethiops Struhsaker 1967
Chimpanzee, Pan troglodytes Van Lawick-Goodall 1968
Gorilla, Gorilla gorilla Schaller 1963
Baboon, Papio anubis Owens 1975b
Degu, Octodon degus Wilson 1982
Dwarf mongoose, Helogale parvula " Rasa 1984

Play face Mouse lemur, Microcebus coguereli Pages 1983

Tarsier, Tarsius bancanus

Common marmoset, Callithrix jacchus
Hamadryas baboon, Papio hamadryas
Chimpanzee, Pan troglodytes

Japanese macaque, Macaca fuscata

Rhesus macaque, Macaca mulatta
Yellow-bellied marmot, Marmota flaviventris

Niemitz 1974

Stevenson and Poole 1982
Leresche 1976

Hayaki 1985

Koyama 1985

Symons 1978

Jamieson and Armitage 1987

Black bear, Ursus americanus Henry and Herrero 1974
African lion, Panthera leo Schaller 1963
Polecat, Mustela putorius Poole 1978
Collared peccary, Pecari tajacu Byers 1985
Tiger quoll, Dasyurus maculatus Fagen 1981
Choz choz, Octodontomys gliroides Fagen 1981
Crescent or flattened ears Black bear, Ursus americanus Henry and Herrero 1974
Tail up Reedbuck, Redunca arundinum Jungius 1971
Gambol, stagger Rhesus macaque, Macaca mulatta Symons 1978
Odors Short-tailed vole, Microtus agrestis Wilson 1973

deprivation experiments cannot be attributed simply to the
lack of opportunity to play (Bekoff 1976).

In his review of ungulate play, Byers (1984) evaluated the
possible functions of play based on differences and similari-
ties among species. Locomotor movements were cCommon
to all species and were the only form of play exhibited by
some, leading Byers to suggest that play in ungulates, and
perhaps other mammals as well, evolved to promote opti-
mal physiological development. As competition among
males for mates became more common, social play devel-
oped as practice for adult combat. Byers further suggested
that in some species, such as the collared peccary, Pecari
(=Tayassu) tajacu, play has assumed an additional function
of maintaining group cohesion. Other species, experiencing
different evolutionary selection pressures, may have devel-
oped different secondary functions for play behavior.

The form and content of juvenile play have undoubtedly
been shaped by many factors that vary from species to spe-
cies. It is probable that no single hypothesis will explain all
types of play, and each function may not be of equal impor-
tance to all species. In spite of a recent surge of interest in
play behavior, there is not a single species for which the
function of play has been unambiguously determined.

Play Signals and Solicitation Behaviors

Play is frequently accompanied by the presence of play sig-
nals, communicatory behaviors that occur virtually exclu-
sively in the context of play. These signals, typically vocali-
zations or facial expressions, may be displayed almost
continuously throughout play bouts, and, because of their

specificity, are useful indicators of the playful nature of so-
cial interactions.

Examples of behaviors from a variety of sensory modali-
ties that have been identified as play signals are given in ta-
ble 34.5. The play face (figure 34.1), characterized by a re-
laxed, open-mouthed expression with the lips usually
covering the teeth, appears to be an almost universal mam-
malian play signal. Other play signals, such as play vocali-
zations, tend to be more species-specific. For example, de-
gus “gurgle” during social play (Wilson 1982; Wilson and

Fig. 34.1. Two striped hyenas, Hyaena byaena, exhibiting play faces
during a play bout. (Photo courtesy of Lee Miller.)



Kleiman 1974), while squirrel monkeys produce a high-
pitched “peep” (Biben and Symmes 1986). In still other spe-
cies, play is silent, and any vocalization emitted is an indi-
cation that play has become too rough and one of the
participants is unwilling to continue the play bout (Fagen
1981). Olfactory play signals are probably more wide-
spread than table 34.5 would suggest. It is likely that olfac-
tory signals accompany visual and auditory indicators of
play in species that depend heavily on chemical modes of
communication.

In addition to play signals, certain specific behaviors,
known as play solicitation behaviors, tend to be associated
with the initiation of social play bouts. Representative play
solicitation behaviors are given in table 34.6. While many
patterns appear to be specific to certain taxonomic groups,
others, denoted by asterisks in table 34.6, are common to a
wide variety of mammalian species. Play solicitation behav-
iors appear to be of two major types: (1) locomotor move-
ments such as head tossing, body rotation, rolling over,
and bouncy gaits (termed locomotor-rotational movements
by Wilson and Kleiman 1974), and (2) brief, sudden physi-
cal contact such as pouncing, nipping, nudging, and bat-
ting with the paws. Locomotor-rotational play movements
are perhaps associated with the initiation of play bouts be-
cause they are unlikely to be confused with real aggressive
communication signals. Play solicitations involving sudden
physical contact may be more likely to be misinterpreted as
actual aggression, and may therefore be restricted to play
interactions among animals who are already familiar with
each other.

Interspecific Differences in Play Content and Frequency
The form and content of juvenile play vary widely among
species (fig. 34.2), and in general parallels the behavior and
ecology of adults. Social play is structurally similar to adult
fighting or sexual behavior (Fagen 1981). Examples of so-
cial play and serious aggression from three mammalian
orders illustrate this point. In the punaré, Thrichomys aper-
eoides, both aggression and play are characterized by up-
right sparring, in which the participants stand on their hind
legs and push against each other’s shoulders in an attempt
to knock each other off balance (Thompson 1985). Esca-
lated fighting in rhesus macaques consists of wrestling,
grappling, and biting the opponent. Similar behaviors pre-
dominate in juvenile play, although bites are inhibited and
inflict no damage (Symons 1978). In bighorn sheep, the
principal components of both play and aggression are rear-
ing and head butting (Berger 1979a).

Carnivorous species from a wide variety of taxonomic
groups incorporate elements of predatory behavior into so-
cial play and play with objects. The lion, a carnivore, the
tiger quoll, Dasyurus maculatus, a carnivorous marsupial,
and the grasshopper mouse, Onychomys leucogaster, an in-
sectivorous rodent, all show the predatory behavior pattern
“pounce” as part of their play repertoire (Davies and Kem-
ble 1983; Schaller 1972). Subtle differences among species
in the structure of predatory play reflect differences in adult
hunting strategies (Biben 1982a). The object play of the
crab-eating fox, Cerdocyon thous, a solitary hunter, tends
to be solitary in nature, with pups frequently attempting to
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monopolize objects and stealing them from littermates. In
contrast, the play of the cooperatively hunting bush dog,
Speothos venaticus, includes frequent bouts of noncompe-
titive group play with objects, in which several pups jointly
carry sticks or stones. Biben (1982a) found a general trend
among the carnivores for species that are solitary hunters to
engage in solitary play with objects and for cooperative
hunters that share food to participate more in group object
play.

At the opposite end of the spectrum, play in species that
are often the targets of predation is largely composed of lo-
comotor behaviors that are prominent components of
predator avoidance (reviewed by Byers 1984; Wilson and
Kleiman 1974). Wilson and Kleiman (1974), in their broad
comparative study of locomotor play, noted a general rela-
tionship between the level of predation risk and the fre-
quency of locomotor play. In species in which predation
risks were high, such as rodents and ungulates, locomotor
play formed a significant portion of the entire play reper-
toire, while species having little predation pressure, such as
seals, rarely exhibited locomotor play.

When differences in play frequency, as opposed to play
content, among taxa are considered, the trends are less
clear. Far too few quantitative studies of related species have
been conducted to permit broad generalizations, and in
most cases methodological differences among studies pre-
clude direct comparisons. Even where detailed information
exists, trends are ambiguous. Fagen (1981) reported a gen-
eral tendency for juvenile social play frequency to be posi-
tively correlated with measures of sociality such as adult
group size and adult tolerance of conspecifics. Groups that
seem to show such an association include North American
canids (Fox et al. 1976; Bekoff 1974), marmots (Barash
1976), and deer (Fagen 1981). This trend, however, may be
simply a result of differences in the numbers of available
playmates, rather than a reflection of a species’ innate pro-
pensity to play (Fagen 1981). Even species that are solitary
in nature, such as the orangutan, show high frequencies
of play when play partners are available (Maple 1980;
Zucker, Mitchell, and Maple 1978). Additionally, there
are many taxonomic groups, such as the South American
canids (Biben 1983), that show no relationship between—
play frequency and sociality. The relationship between play
frequency and sociality remains obscure.

It has been suggested that aquatic species should show
more frequent play than terrestrial species (Burghardt 1988,
1984). Since water is an energy-efficient medium in which
to move, the vigorous motor patterns characteristic of play
would require lower energy expenditures by aquatic species
than by terrestrial ones. Play frequency data on comparable
terrestrial and aquatic species are lacking, however. As Bur-
ghardt (1988) noted, many of the species commonly
thought of as highly playful, such as the otter, Lontra (= Lu-
tra) canadensis, are indeed aquatic.

Sex Differences in Play

There is a general trend among mammals for male juveniles
to exhibit more social play than their female peers (Meaney,
Stewart, and Beatty 1985). This trend appears to be
correlated with the degree of sexual dimorphism in adult




TABLE 34.6. Representative Play Solicitation Behaviors

Species

- Behavior patterns®

References

Primates
Common marmoset
Callithrix jacchus
Squirrel monkey
Saimiri sciureus
Rbhesus macaque
Macaca mulatta
Japanese macaque
Macaca fuscata
Chimpanzee
Pan troglodytes

Rodents
Grasshopper mouse
Onychomys leucogaster
Yellow-bellied marmot
Marmota flaviventris
Columbian ground squirrel
Spermophilus columbianus
Norway rat
Rattus norvegicus
Choz choz
Octodontomys gliroides
Salt desert cavy
Dolichotis salinicola

Insectivores
Hedgehog
Erinaceus europaeus

Carnivores
European badger
Meles meles
Polecat
Mustela putorius
Domestic cat
Felis catus
Black bear
Ursus americanus
Crab-eating raccoon
Procyon cancrivorus
African lion
Panthera leo
Wolf
Canis lupus
Giant panda
Ailuropoda melanoleuca

0dd-Toed Ungulates
Tapir '
Tapirus indicus
Square-lipped rhinoceros
Ceratotherium simum
Asian rhinoceros
Rbinoceros unicornis

Even-Toed Ungulates
Bighorn sheep
Ovis canadensis
Reedbuck
Redunca arundinum
Pygmy hippopotamus
Hexaprotodon liberiensis
Cuvier’s gazelle
Gazella cuvieri

e i
Pounce,* bat partner with hands,*
stalk, bouncy approach”
Leap toward partner,* roll over,*

swing from perch in front of partner

Transverse body rotation,* play
bow,* crouch-stare, roll on back*
Stare™

Stare,* play walk, sit facing away
from partner, finger wrestle

Roll over on back*

Nose push,* somersault®
Jump,* nudge,* paw,* pounce”
Charge, pounce®

Head shake,* body twist®

Head shake,* body twist*
Chase, rub against partner

Head sway*

Pounce®

Pounce,* play bow*

Rear, paw,* play bite,* head butt,
lunge

Twist body,* hop*

Bouncy approach,* roll on back,*
play bite,* nudge,* play bow*

Bouncy approach,* head toss,” paw

at face of partner,* play bow*
Somersault*

Push with head*

Head toss,* prance®

Head toss*

Neck twist,* gambol,* heel kick
Head down*
Agitate water, lie on side, gape

Rotation of head and neck*

Stevenson and Poole 1982
Biben 1986

Symons 1978; Sade 1973
Koyama 1985

Goodall 1986; Hayaki 1985

Davies and Kemble 1983
Jamieson and Armitage 1987
Steiner 1971

Poole and Fish 1975,1976
Wilson and Kleiman 1974

Wilson and Kleiman 1974

Poduschka 1969

Eibl-Eibesfeldt 1950
Poole 1966

Martin 1984; West 1974
Henry and Herrero 1974
Lohmer 1976

Schaller 1972

Bekoff 1972, 1974

Wilson and Kleiman 1974

Fridrich and Thenius 1972
Richter 1966
Owen-Smith 1973,1975

Buechner et al. 1975

Berger 1980
Jungius 1971
Wilson and Kleiman 1974

Gomendio 1988
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TaBLE 34.6. Continued
Species Behavior patterns® References
Pinnipeds
Stellar sea lion Head toss,* nip™ Gentry 1974; Farentinos 1971
Eumetopias jubatus

Harbor seal Head-over-back

Phoca vitulina

Wilson and Kleiman 1974

Marsupials
Kowari Grasp partner’s head or body with Meissner and Ganslosser 1985
Dasycercus byrnei forepaws
Whiptail wallaby Paw at face of partner,* grasp part- Kaufmann 1974
Macropus parryi ner’s head
Sirenia
Manatee Roll on back,* rub up against Hartman 1979
Trichechus manatus partner

= Asterisk indicates play solicitation behaviors exhibited in a wide variety of mammalian taxonomic groups.

aggressive behavior. Sex differences in juvenile play fre-
quency are most common in species in which males must
aggressively compete for mates and show much greater fre-
quencies of aggression than females. In species in which fre-
quencies of adult aggression are similar between the sexes,
no sex differencés have been detected in juvenile play. For

Fic. 34.2. Some examples of the diversity of mammalian social play.
(A) A gray kangaroo joey, Macropus giganteus, sparring with its
mother. (Photo courtesy of Lee Miller.) (B) Sable antelope calves,
Hippotragus niger, neck wrestling. (Photo by Katerina Thompson.)
(C) Young tiger quolls, Dasyurus maculatus, engaged in wrestling
play. (Photograph courtesy of Lee Miller.)

example, play frequencies are equal for juvenile males and
females in monogamous canids (Hilland Bekoff 1977; Bekoff
1974), monogamous primates (Stevenson and Poole 1982),
solitary mustelids (Biben 1982b), and solitary felids (Barrett
and Bateson 1978; Lindemann 1955). Sex differences in lo-
comotor play are apparently uncommon. Most studies have
found little difference between the sexes in locomotor play
(e.g., gorillas: Brown 1988; bighorn sheep: Berger 1979a),
but occasionally female juveniles exhibit more of this type of
play (domestic horses: Crowell-Davis, Houpt, and Kane
1987; domestic sheep: Sachs and Harris 1978).

Where play is sexually dimorphic, differences are mani-
fested in virtually all aspects of play, including frequency,
content, ontogeny, and play partner preferences. Juvenile
males of a wide variety of species have been reported to play
more frequently than females (Meaney, Stewart, and Beatty
1985) and more roughly, using more play patterns involving
physical contact (squirrel monkeys: Biben 1986; Siberian




364 BEHAVIORAL DEVELOPMENT AND PLAY

ibex, Capra sibirica: Byers 1980; rhesus macaques: Symons
1978; baboons: Owens 1975b). Males may exhibit social
play earlier in ontogeny than their female siblings (punaré:
Thompson 1985) and may continue playing later in devel-
opment (cercopithecine primates: Bramblett and Coehlo
1987; Symons 1978). Juvenile males often seek out other
juvenile males as play partners, presumably because they are
more playful than females and provide opportunities to en-
gage in more vigorous play (patas monkeys, Erythrocebus
patas: Loy and Loy 1987; squirrel monkeys: Biben 1986;
Siberian ibex: Byers 1980). Furthermore, male juveniles
seem to seek out more varied play experiences, playing more
often with adults (rhesus macaques: Breuggeman 1978) and
unrelated individuals (Japanese macaques, Macaca fuscata:
Koyama 1985).

Social and Environmental Factors Affecting Play

Social Factors. Group size influences play by affecting
the number and proximity of potential playmates. Play is
usually facilitated in large social groups since they are more
likely to contain cohorts of similarly aged immature ani-
mals. Play is more frequent in large groups of squirrel mon-
keys than in small groups (Baldwin and Baldwin 1977,
1971). In bighorn sheep lambs, play becomes more complex
with increasing group size (Berger 1979a). While increasing
group size generally has a positive effect on play, overcrowd-
ing may have an inhibitory effect (cats: Leyhausen 1979).

The composition of the social group or peer group also
influences juvenile play. The sex ratio of the litter or peer
group may be an important factor, especially in species in

which play is sexually.dimorphic. For example, in the pun-

aré, the age at which social play first appears in both male
and female infants is correlated with the proportion of
males in the litter: litters with more males begin to play at
an earlier age (Thompson 1985). The play of domestic kit-
tens is similarly affected by litter sex ratio, with female kit-
tens from litters containing no males showing significantly
less object play than those from mixed-sex litters (Bateson
and Young 1979; Barrett and Bateson 1978). Play content
may be similarly affected by cohort sex ratio. Female juve-
niles in cohorts containing many males may show rougher
social play than females with fewer male playmates.

The particular individuals with which a juvenile initiates
social play are determined by a multitude of factors, many
of which have yet to be identified. Relatedness, age dis-
parity, and dominance rank within the social group all influ-
ence a juvenile’s opportunities to play and its choice of play
partners. Kin generally are more likely to play together than
are unrelated individuals (Japanese macaques: Glick et al.
1986; Koyama 1985; domestic pigs: Dobao, Rodriganez,
and Silio 1984/85; Siberian ibex: Byers 1980; bighorn
sheep: Berger 1979a). Play partners of similar ages are also
strongly preferred (sable antelope: Thompson 1992; big-
horn sheep: Berger 1980; Siberian ibex: Byers 1980; rhesus
macaques: Breuggeman 1978;). In twin-bearing primates,
play between twins, which are both closely related and iden-
tically aged, is by far the most common form of social play
(Stevenson and Poole 1982; Izawa 1978; Vogt, Carlson, and
Menzel 1978).

Species differ with respect to the sensitivity of social play

to differences in social rank. In many primate species, off-
spring of high-ranking females play more often than off-
spring of low-ranking females (Breuggeman 1978; Cheney
1978; Gard and Meier 1977), although Symons (1978)
reported that the daughter of the highest-ranking rhesus
macaque in his study group seldom played and that her play
solicitations were largely ignored by her peers. In coyotes,
Canis latrans, dominance rank among pups is determined
by fighting prior to the emergence of social play. Coyote
pups in the middle of the dominance hierarchy play more
and are more successful in soliciting play than are their
high- and low-ranking siblings (Vincent and Bekoff 1978).

Environmental Factors. Food availability is known to
have a profound effect on play. Baldwin and Baldwin (1973,
1974) reported that social play was virtually extinguished
in a free-ranging population of squirrel monkeys during a
period of extreme food scarcity. Subsequent laboratory in-
vestigations confirmed that play frequencies in this species
were significantly depressed both by limited quantities and
by decreased accessibility of food resources (Baldwin and
Baldwin 1976). Similar effects have been documented in
free-ranging rhesus macaques (Loy 1970), chacma ba-
boons, Papio ursinus (Hall 1963), vervet monkeys (Lee
1984), and caribou, Rangifer tarandus (Miiller-Schwarze
and Miiller-Schwarze 1982) and in captive rhesus macaques
(Oakley and Reynolds 1976) and white-tailed deer (Miiller-
Schwarze, Stagge, and Miiller-Schwarze 1982). Play also
appears to be sensitive to the quality of the diet. In vervet
monkeys inhabiting a seasonally fluctuating environment,
play frequency was correlated with food quality: when the
caloric content and the amount of protein in the diet de-
clined, play decreased dramatically (Lee 1984).

Although play frequency is severely affected by food
scarcity, this effect is only temporary. In fact, when the qual-
ity and quantity of food resources are restored to favorable
levels, play rebounds, often reaching frequencies higher
than exhibited prior to periods of food scarcity (vervet mon-
keys: Lee 1984; rhesus macaques: Oakley and Reynolds
1976). This finding suggests that juveniles may be able to
compensate for brief periods of play deprivation by increas-
ing subsequent play frequencies, in effect “making up for”
lost play time. '

Play is inhibited by extremes of temperature. In very cold
weather, squirrel monkeys forgo play, preferring instead to
bask in the sun (Baldwin 1967). Similarly, in domestic
cattle, Bos taurus, play ceases when it is cold and wet
(Brownlee 1954). Play also tends to decrease when it is very
hot. An inverse relationship between the frequency of play
and ambient temperature has been reported in domestic
horse foals (Crowell-Davis, Houpt, and Kane 1987), north-
ern elephant seals, Mirounga angustirostris (Rasa 1971),
and rhesus macaques (Oakley and Reynolds 1976). Appar-
ently, extremely cold weather causes juveniles to forgo play
in order to conserve the energy needed to maintain a con-
stant body temperature. Vigorous play in extremely hot
weather may result in the production of more body heat
than the juvenile can easily dissipate.

Play is often facilitated in habitats with certain specific
features. Play in several species of ungulates is concentrated
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on grassy slopes, sandbowls, and snowfields (Berger 1980;

_ Altmann 1956; Darling 1937). Collared peccaries play pref-

erentially on well-worn, scent-marked “playgrounds” near
bedding sites (Byers 1985), and play bouts occurring there
involve more individuals and last longer than play bouts in
other locations. Sandboxes, where a great deal of scent
marking occurs, are the preferred sites for locomotor play
in captive salt desert cavies, Dolichotis salinicola (Wilson
and Kleiman 1974). The physical attributes that make these
locations popular sites for play have yet to be identified, but
perhaps they are places that are relatively safe from preda-
tion and where the risk of injury is low.

Play is sometimes inhibited in environments that present
too great a risk of injury. Desert bighorn sheep frequently
come into contact with the spines of the cholla cactus,
Opuntia spp., no doubt a painful experience. Lambs in
habitats where these cacti are plentiful show much lower
rates of play than lambs in grassy habitats (Berger 1980,
1979a).

Not surprisingly, sick animals play less than healthy ones
(Fagen 1981), and lack of play may be one of the first symp-
toms of illness. Gaughan (1983) reported the case of a cap-
tive snow leopard female who, in contrast to others studied,
rarely played with her cubs. Her lack of play was noted by
observers well before the appearance of more obvious signs
of illness, such as lethargy and loss of appetite. Medical ex-
amination revealed the animal to be seriously ill. Heavy
parasite infestation may similarly inhibit play (bighorn
sheep: Bennett and Fewell 1987; elk, Cervus (=canadensis)
elaphus: Altmann 1952).

Captivity. Captivity, which produces profound changes
in an animal’s immediate physical and social environment,
often has significant effects on play. In general, play is more
frequent in captive animals than in their free-ranging coun-
terparts. For example, Stevenson and Poole (1982) observed
common marmosets, Callithrix jacchus, in a free-ranging
Brazilian population and in a laboratory colony, and noted
that social play was much more frequent in captivity. The
higher rates of play seen among captive animals are com-
monly attributed to unlimited food resources and the ab-
sence of predators (Shoemaker 1978).

Adult animals, in particular, seem to show more play in
captivity (Fagen 1981). Fagen (1981) suggested that this
might represent a reversion to a more infantile state, since
in captivity virtually all of an animal’s needs are provided
for. Alternatively, he proposed that play in adult captives
might provide a means of maintaining a healthy physical
condition in an environment where opportunities for vigor-
ous exercise are otherwise absent. Captive animals have no
need to flee from danger and a reduced need to search ac-
tively for food; therefore play might be a captive animal’s
only means of staying fit and. active.

Since play is sensitive to so many social and environmen-
tal factors, its presence or absence in captive individuals can
be used as an index of the adequacy of the captive environ-
ment. Observations of far too little play have indeed been
the impetus for reevaluation of the appropriateness of ex-
hibit substrates, the quantity of shade, and herd parasite
load in at least one zoo (Bennett and Fewell 1987).
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It is desirable to provide captive animals with ample op-
portunities for play. Playing animals are highly visible to zoo
visitors and are likely to hold a visitor’s attention for a
longer period of time. Also, several studies have shown that
exhibit modifications that increase the amount of time cap-
tive animals spend playing often result in substantial de-
creases in abnormal behaviors (e.g., chimpanzees: Paquette
and Prescott 1988). Play experience has further been shown
to lessen the damaging effects of early social deprivation in
rats (Potegal and Einon 1989; Einon, Morgan, and Kibbler
1978).

Some objects and exhibit modifications that promote
play in captive animals are listed in table 34.7 (see also Ma-
ple and Perkins, chap. 21, this volume). The most important
features of play objects are novelty and the ability to stimu-
late multiple senses (Kieber 1990; Paquette and Prescott
1988; Hutt 1967). Rotating play objects among different
enclosures is a highly effective way of preserving their ap-
peal (Kieber 1990; Paquette and Prescott 1988). If preserv-
ing the natural appearance of the exhibit is a primary objec-
tive, conspicuously man-made play objects can be restricted
to off-exhibit areas (Kieber 1990).

The enigmatic nature of the function of play makes it ex-
tremely difficult to assess whether immature animals in cap-
tive environments are obtaining adequate amounts and
types of play experience. Perhaps the most conservative ap-
proach to ensuring optimal juvenile development is to at-
tempt to mimic natural social groupings and features of the
native habitat such that opportunities for locomotor, object,
and social play are as similar as possible to those of free-
ranging animals. All captive immature animals should be
provided with enough space to engage in vigorous locomo-
tor play, a variety of objects to manipulate, and conspecifics,
preferably of similar ages, with which to engage in social
play. Allowing access to a wide range of play experiences
may be the best way to ensure that captive animals do not
suffer physiological and behavioral deficits as a result of
their somewhat artificial upbringing.

CONCLUSIONS

Fvidence exists that deficits in early development (most
notably social development) have far-reaching and often
permanent consequences. The best way to promote nor-
mal behavioral development is to allow infants to be
mother-reared in a diverse and spacious physical environ-
ment and in a social environment that closely approximates
that in the wild. When mother-rearing is not possible, other
alternatives, in order of their desirability, are (1) using an-
other lactating female as a foster mother, (2) hand-rearing
the infant without removing it from the social group, and
(3) hand-rearing the infant with conspecific peers. Hand-
rearing infants in isolation should be considered a last re-
sort, and the techniques of artificial rearing should be based
on the normal developmental patterns of the species in
question (Collier 1983). Understanding the natural course
of development in each mammalian species is critical for
ensuring that captive-born infants grow into competent
adults.
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TaBLE 34.7. Methods of Promoting Play Behavior in Captive Mammals

Taxonomic Exhibit modification Type of play
group or addition promoted References

Ungulates Open space Locomotor
Hills, sloped surfaces, rock piles Locomotor and social

Carnivores Wooden balls, leather balls, sticks, Object Kieber 1990; Biben 1982a; Hediger 1968
stones, logs, tires, cardboard boxes,
large paper bags, hanging rope, plasic
jugs (with lids removed), rawhide
bones, beef bones
PVC tubing Locomotor Biben 1982b

Rhinos and elephants Planks, stumps, blocks of wood Object Hediger 1968

Aquatic mammals Pieces of floating wood, blocks of ice Object Sanders 1987; Hediger 1968
with embedded fish

Monkeys Networks of branches with flexible Locomotor Clark 1990; Hutchins, Hancocks, and
attachment points, hanging milk Crockett 1978
crates, rope swings
Nylon balls Object Renquist and Judge 1985

Great apes Tire swings Locomotor Paquette and Prescott 1988
Loose tires, burlap feed bags, heavy Object Cole 1987; Goerke, Fleming, and Creel 1987;
rubber feed tubs, heavy plastic drums Cole and Ervine 1983; Sammarco 1981
(cut in half), straw or hay, branches,
rubber balls
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Aspects of the Ecology and Psychology
of Feeding and Foraging

DonNNA FERNANDES

In nature, the lives of most mammals are dominated by a
never-ending quest for food, resulting in strong selective
pressures to maximize the efficiency with which they locate,
subdue, or process food. These selective pressures have led
to a host of morphological and physiological adaptations
for feeding, from dentition and the size and shape of the
tongue to the kinds of digestive enzymes produced and the
structure and length of the digestive tract (Ricklefs 1979;
Eisenberg 1981). The need to obtain food has led to a num-
ber of behavioral adaptations as well, which make use of
various sensory mechanisms to identify edible plants or ani-
mals, spatial abilities to search efficiently for food, stalking
behaviors, and even social cooperation to bring down very
large prey. This chapter presents some of the basic concepts
of the ecology and psychology of feeding in mammals and
relates these to the management of mammals in captivity.

THE TYPE OF DIET CONSUMED

The diet of any animal species can be characterized by two
related components: (1) the type of food selected and (2) the
variety of foods consumed. Animals that eat only plants or
their seeds and fruits are called herbivores, while animals
that prey on other animals are called carnivores. Omnivores
consume both plant and animal material. Still finer distinc-
tions are sometimes made with regard to dietary type. For
example, herbivores can be further broken down into foli-
vores (leaf eaters), granivores (seed eaters), and frugivores
(fruit eaters). But the utility of these distinctions is limited,
since many mammals consume a combination of foodstuffs.
This brings us to the second major component of diet: di-
etary breadth.

Animals that consume only one or a very few kinds of food
are known as specialists. Classic examples of mammalian
specialists include the giant panda, Ailuropoda melano-
lenca, which feeds exclusively on bamboo; the koala, Phas-

colarctos cinereus, which eats only eucalyptus leaves; and
the giant anteater, Myrmecophaga tridactyla, whose name
bespeaks its rather limited diet. Specialists obtain the nu-
trients necessary for growth and reproduction from a very
narrow range of foods. The foraging challenge facing spe-
cialists is to locate sufficient amounts of the appropriate ma-
terial to sustain them. Their recognition of food is usually
innate (Rozin 1976; Rozin and Schulkin 1990).

The captive management of extreme specialists can be
very difficult. Regional populations of koalas, for example,
are adapted to different species of eucalyptus leaves (Chi-
nery 1992). Moreover, providing the mainstay of the speci-
alist’s diet may not be sufficient to ensure its good health. In
nature, a specialist may obtain necessary nutrients from
sources other than its primary food. For example, some
mammals may occasionally consume soil or lick or chew
mineral deposits. Very little is known about the nutrient re-
quirements of specialists and how those requirements are
met by their limited diets. Finally, temporal variation in the
abundance of key food species in the specialist’s native habi-
tat may serve as a cue for reproduction. The cultivated diets
fed to zoo animals may obscure these cues.

Generalists are at the opposite end of the dietary spec-
trum, choosing to feed on a variety of plants or animals.
Since generalists consume a wide range of substances, it is
unlikely that they innately recognize appropriate foods;
rather, they rely on learning and experience (Rozin 1976;
Rozin and Schulkin 1990). In addition, from the smorgas-
bord of edible substances in their environment, generalists
must select a diet that is nutritionally well balanced.

Many of the mammals commonly exhibited in zoos are
generalists, including bears, canids, and a host of primates.
But few species rival the Norway rat, Rattus norvegicus, in
willingness to eat almost anything. The extreme breadth of
the rat’s diet has endowed it with great versatility and is
largely responsible for its current worldwide distribution.
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The ability of rats to learn quickly to discriminate between
edible and inedible substances has been the subject of con-
siderable research, which is discussed below.

NEOPHOBIA AND FOOD AVOIDANCE

Few plants or animals passively accept their role as food for
other organisms. One defense against predation that has
evolved in a number of plants is the production or concen-
tration of toxic substances known as secondary compounds
(Feeney 1975; Freeland and Janzen 1974). Organisms pro-
tected by poisons or secondary compounds are generally
avoided by potential consumers; however, many animals
must learn to avoid these harmful species (Brower 1969).

Many animals faced with a new food are extremely sus-
picious of it and may avoid it for long periods of time. When
they finally do ingest it, they take a very small amount. This
wary response to novel foods, referred to as neophobia, has
been observed in a variety of mammals and birds (Rozin
1976; Rozin and Schulkin 1990). Neophobic behavior is
clearly adaptive. If the novel food turns out to be toxic, the
mild effects of a low dose of poison will probably not be
fatal, but the resulting discomfort will indicate that the food
should be avoided in the future. Pairing of the discomfort
with a clear visual cue (e.g., bright red coloration) or che-
mosensory cue (e.g., bitter taste) makes the learning that
much faster. The readiness of animals to generalize their
bad experience with one species to others that are similar in
appearance has not gone unnoticed by natural selection. A
multitude of edible species avoid being eaten by mimicking
the appearance and behavior of distasteful species found in
the same environment (Wickler 1968).

Classic studies of neophobia and poison avoidance were
first conducted on wild rats by Richter (1953), Rzoska
(1953), and Garcia et al. (1966). The rats were typically of-
fered a flavored solution (e.g., vanilla) and allowed to drink
it. Shortly thereafter, some of the rats were poisoned, either
by exposure to x-rays or injection with lithium chloride.
The rats that had been poisoned subsequently refused to
drink the flavored solution when it was offered again. Sur-
prisingly, these rats learned to associate the novel food fla-
vor with negative consequences (i.e., the nausea induced by
poisoning) after only a single pairing. Moreover, the rats
learned this association even if several hours had passed be-
tween ingestion and poisoning. Subsequent studies demon-
strated that wild rats are also able to distinguish between
familiar and unfamiliar foods. If a rat consumes both a fa-
miliar and a novel food and then becomes sick, it will later
avoid only the novel food (Shettleworth 1972).

Large generalist herbivores do not appear to possess the
specialized food aversion learning mechanisms identified in
the omnivorous rat. In studies of domestic cattle, sheep,
ponies, and goats, Zahorik and Houpt (1981) found that
although these species were able to form aversions to novel
foods eaten as discrete meals when followed immediately by
poisoning, they failed to learn the food aversion if there was
a long delay (30 minutes or more) between ingestion and
poisoning. The latter condition more accurately duplicates
the situation faced by grazing animals in the wild, where
they are more likely to encounter various slow-acting poi-
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sons (Freeland and Janzen 1974). Nonselective grazers such
as the African buffalo, Syncerus caffer, or Burchell’s zebra,
Equus burchellii, are particularly unlikely to evolve food
avoidance mechanisms since they consume a variety of plant
species within an 8—12-hour feeding period (Beekman and
Prins 1989). This feeding pattern makes specific associ-
ations between a particular plant and its toxic consequences
difficult, Data on plant toxin aversion by zoo herbivores are
lacking. Nevertheless, toxic ornamental plants should not
be used in the vicinity of large herbivore enclosures.

INTER- AND INTRASPECIFIC DIFFERENCES
IN NEOPHOBIA

Recent experiments suggest that the degree of neophobia
can vary, even among closely related species. Greenberg
(1984) studied the wintering ecology of two insectivorous
tropical migrant birds in the lowland forests of Panama. He
found that the bay-breasted warbler, Dendroica castanea,
was more of a generalist and opportunist in its foraging
behavior than the chestnut-sided warbler, D. pennsylvan-
ica. In laboratory studies with immature animals of both
species, he found that the chestnut-sided warbler was less
willing to feed in a range of unfamiliar microhabitats than
the bay-breasted warbler. His results indicate that young
animals respond to novel feeding situations in ways that are
appropriate to the feeding ecology of their species—that is,
generalists are less neophobic than specialists.

Even within a species, there are clear differences in the
degree of neophobia exhibited by individuals. Some animals
are much more willing to try novel foods than others. The
development of neophobia and the establishment of subse-
quent diet preferences has been shown to be mediated by
early feeding experiences. Studies of Japanese macaque,
Macaca fuscata, troops indicate that the acquisition of food
preferences by juveniles results from the young’s habit of in-
gesting scraps dropped by their mothers (Kawamura 1959).
Social transmission of diet preference has also been reported
in chacma baboons, Papio ursinus, mantled howler mon-
keys, Alouatta palliata, and meerkats, Suricata suricatta
(reviewed in Galef 1976). Galef and Henderson (1972) have
also shown that the diet of mother rats influences the prefer-
ences found in their offspring through gustatory cues incor-
porated into the flavor of the mother’s milk.

The acquisition and persistence of early dietary prefer-
ences can have important consequences for the management
of captive mammals (see part 2, Nutrition, this volume).
While all mammals need nutritious, well-balanced diets, the
exposure of young animals to a wide variety of foods, par-
ticularly through the use of adults as role models, may en-
sure that later changes to an animal’s diet, due to a change
in suppliers or translocation to another facility, are readily
accepted.

SELECTING A BALANCED DIET

It is not enough for a foraging mammal to learn to avoid
harmful substances; the animal must also consume a suffi-
cient range of foods to satisfy all of its quantitative nutrient
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requirements. Early work with captive rats suggested that
these animals selected a nutritionally balanced diet when of-
fered a choice of items containing various amounts of car-
bohydrates, fats, proteins, vitamins, and minerals (Richter
1955). Evidence that mammals other than rats select bal-
anced diets is equivocal, although some field studies report
correlations between preferred diets and soluble concentra-
tions of carbohydrates, proteins, minerals, and vitamins (cf.
Westoby 1974).

In earlier studies, Richter (1943) demonstrated that rats
are capable of responding to.certain nutritional deficiencies
by selecting diets that correct the deficiencies. The term
“specific hunger” was used to describe the animal’s innate
preference for foods that contained the deficient nutrient.
Rats with an increased need for sodium due to a defi-
cient diet or adrenalectomy consumed higher quantities of
sodium-rich foods. Likewise, rats deficient in vitamin B,
preferentially consumed thiamine-rich foods.

The typical paradigm for these studies involved raising
an animal on a diet lacking some essential nutrient (sodium
or thiamine). When signs of the deficiency appeared, the
animal was offered a choice between the original diet and a
new diet that contained the missing nutrient. Rozin (1976)
has argued that the preference for the new diet is not medi-
ated by an innate recognition that the diet contains the miss-
ing nutrient; rather, the preference for the new diet is a re-
sult of a learned aversion to the original diet (the one that
caused the illness) and therefore may be explained by the
rat’s poison avoidance mechanism. The observation that
rats will eat less and less of a nutritionally deficient diet if
not offered an alternative, even to the point of starvation, is
consistent with this view (Rozin 1967).

The extent to which Rozin’s rat studies can provide clues
to feeding or appetite problems in captive animals is uncer-
tain, however. While some mammals may have specific ap-
petites for specific nutrients, we have no evidence that cap-
tive mammals possess the nutritional wisdom necessary to
select a balanced diet. Specific hungers (e.g., sodium: cf.
Schulkin 1991) and specific receptors (e.g., polysaccharide:
cf. Rozin and Schulkin 1990) are known and help to ex-
plain food selection by some animals. However, the specific
mechanisms that drive nutrient regulation are complex and
are beyond the scope of this chapter.

BALANCING THE GOOD AND THE EVIL

In choosing an appropriate diet from the vast array of po-
tential foods available in nature, certain mammalian species
do not completely avoid potentially toxic species. In fact,
the ecological literature is replete with examples of wild
mammals that consume plant material known to contain
toxic secondary compounds. Animals are able to survive on
such diets only if they are able to detoxify these substances
in the digestive tract, liver, or kidneys. But the need to de-
toxify may limit the amount of material that can be eaten
at one time.-It has been proposed that the range of plants
typically consumed by mammalian herbivores is not a con-
sequence of nutritional wisdom due to specific nutrient
needs, but rather stems from their need to avoid damaging

concentrations of any one particular toxin (Freeland and
Janzen 1974).

A number of field studies have confirmed the importance
of secondary plant compounds in the food selection of
free-ranging primates. Oates, Swain, and Zantouske (1977)
demonstrated that concentrations of tannin and alkaloids in
leaves influenced the feeding behavior of black-and-white
colobus monkeys, Colobus guereza. McKey et al. (1978)
showed that secondary plant compounds affected black co-
lobus, C. satanas, feeding strategies, while Glander (1981)
found that mantled howler monkeys selected a diet that
maximized their intake of total protein and water but min;-
mized their intake of tannin and crude fiber.

Geophagy, or the ingestion of soil, has been observed in
a variety of nonhuman primates. One explanation for this
behavior is that certain soils contain compounds that help
in the detoxification of secondary plant compounds (Hladik
1978; Oates 1978). A study by Gurian, O’Neill, and Price
(1992) on free-ranging rhesus macaques, Macaca mulatta,
in a large outdoor enclosure lends support to this view. The
authors report that monkeys who were observed ingesting
soil ate more of the vegetation growing within the enclosure
than did non-soil consumers. Moreover, those monkeys
who consumed the two vegetation types highest in tannin
concentration-——plantain leaves and yarrow roots—were all
soil consumers. Previous studies have shown that kaolin, the
active ingredient in Kaopectate, is found in clay soils and
acts to neutralize toxins in the diet (Vermeer 1985).

In general, herbivorous mammals select from a broad
spectrum of available foods. The bulk of the diet may be
composed of a small subset of plants that satisfy the imme-
diate caloric needs of the animal, while the remaining spe-
cies consumed presumably satisfy other nutritional require-
ments (Belovsky 1978; Milton 1979; Robbins 1993).

INTRASPECIFIC DIFFERENCES IN DIET
AND FORAGING BEHAVIOR

A number of field studies on primates report significant dif-
ferences in the diet and foraging patterns of males and fe-
males (Clutton-Brock 1974; Gautier-Hion 1980; Pollock
1977; Rodman 1977; Waser 1977) or adults and juveniles
(Van Schaik and Van Noordwijk 1986). Various explana-
tions have been proposed to account for these differences,
including sexual dimorphism, social dominance, and the
changing nutritional needs of growing youngsters or repro-
ductive females. Each of these explanations has received
some empirical support, but several studies suggest that
dominance interactions are primarily responsible for the ob-
served differences in diet and foraging patterns within a spe-
cies (Barton and Whiten 1993; Janson 1985; Wrangham
and Waterman 1981). For example, Harrison (1983) found
substantial differences between the diets of adult male and
female green monkeys, Cercopithecus sabaeus. These differ-
ences were due to the competitive ability of males to domi-
nate first-choice foods (fruits and flowers) as well as the ten-
dency of lactating females to spend more time feeding on
foods rich in protein (foliage, herbs, and grasses).

Social interaction also influences food selection in some
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species, particularly in opportunistic species with patchy or
unpredictable food resources (Lefebvre and Palameta 1988;
Caraco and Giraldeau 1991). While much work in this area
has been done with honeybees, Galef (1988), in a series of
studies, has demonstrated that foraging efficiency in Nor-
way rats is enhanced by social interaction and exchange of
olfactory signals.

Zoo managers typically attempt to minimize feeding
competition in primates by chopping foods into very small
pieces so that dominant animals cannot control all of the
preferred food items. Yet Smith, Lindburg, and Vehrencamp
(1989) report that this practice does not prevent dominant
individuals from hoarding preferred foods. In their study,
ten captive lion-tailed macaques, Macaca silenus, were pre-
sented with fruits and vegetables in either whole or chopped
form. The authors found that the dietary diversity of the
group was actually higher when foods were presented whole
rather than chopped. In this study, the fruits and vegetables
were scattered over a bare concrete floor. An alternative
way to equalize access to preferred foods is to distribute the
diet over a large three-dimensional area, preferably hiding
the items in a variety of nooks and crannies within the
enclosure.

SPATIAL DISTRIBUTION OF FOOD

Milton (1981) has suggested that the cognitive abilities of a
species may be related to the spatial distribution or patchi-
ness of its main food source. She examined differences in
brain size and mental abilities between the red spider mon-
key, Ateles geoffroyi, and the mantled howler monkey, both
of which live in the tropical forests of central Panama. The
more frugivorous spider monkey was found to possess su-
perior cognitive abilities and a larger brain. Milton argued
that this was due to the fact that the spider monkey requires
greater spatial memory to keep track of the changing re-
sources within its enormous home range than does the more
folivorous howler monkey.

The spatial distribution of food in a species’ natural habi-
tat influences its preferred strategies for foraging in captivity
as well. Roberts and Cunningham (1986) found that adult
western tarsiers, Tarsius bancanus, are extremely reluctant
to hunt for insects on the floor of their enclosure. This for-
aging preference is consistent with the vertical stratification
of their orthopteran prey in nature. It is important for zoo
managers to consider the natural foraging behavior of a spe-
cies when deciding how to present the diet in a captive
setting.

CONCLUDING REMARKS

Much attention is now focused on the optimum foraging
strategies of animals. This is a relatively new field that em-
braces the disciplines of psychology and behavioral ecology
(Shettleworth 1984). A species’ natural mechanisms for
food recognition, capture, and processing will influence
how it will forage in captivity. Many natural foraging be-
haviors, however, will not be expressed in the captive envi-
ronment due to the physical form and spatial arrangement
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of the zoo diet. The stalking behaviors of carnivores, for ex-
ample, will not be elicited by a food pan heaped with feline
diet. Maintaining such behaviors in captivity may require
the occasional presentation of novel foods, live prey, or
the use of appropriate enrichment devices (see Carlstead,
chap. 31, this volume).

The concentration and predictability of zoo diets is also
quite unlike what is found in the natural world. Edible sub-
stances are usually patchily distributed in the environment,

and require extensive time to collect and consume in suffi-

cient amounts. Moreover, most wild mammals experience
great seasonal variation in the composition of their diets as
populations of major prey species fluctuate and plants go
through their annual cycles of leaf, fruit, or seed production
(Eagle and Pelton 1983; Karasov 1985; MacCracken and
Hansen 1987).

The dietary preferences exhibited by species in captivity
may be different from those observed in the wild. The time
or energy costs involved in handling certain food items,
such as nuts with heavy shells, are often removed in the pro-
cessed diets offered in captivity. This practice can result in a
higher ranking for such “difficult” items in captive studies
of food choice. Species in the wild may also experience con-
siderable interspecific competition, leading to a high degree
of niche separation and dietary specialization. In zoos, even
in mixed-species exhibits, major ecological competitors are
rarely housed together. The absence of competitors will
tend to broaden the diet choices exhibited by zoo animals.
Therefore, a thorough understanding of both the ecology
and psychology of wild feeding behaviors is critical if the
results of captive studies are to be fully understood.
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