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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.
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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.
































































































































































