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This book is dedicated to the memory of our

mentor, colleague, and cherished friend, Devra

Kleiman, in recognition of her lifelong devotion
to conservation. Her tireless effort to understand
and conserve the natural world has inspired an
international community of zoo and conservation
biologists to perpetuate her life’s work. The scien-
tists she worked with and the animals she studied
will forever be the fortunate heirs of her scientific
labors. Aside from her professional endeavors, she
also gave selflessly of her personal life to ensure
that all those around her could learn, grow, and
enjoy. This publication is but one example of the
enormous contributions Devra made to the realm
of our current knowledge of zoos and animal
management for the betterment of all species on
Earth. It is our hope that readers of this text will
use it with the same rigor, enthusiasm, and passion

with which Devra developed it.
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Foreword
George Rabb

President emeritus, Chicago Zoological Society

Many readers and users of this great assembly of current
knowledge concerning mammalian biology and behavior are
responsible in some fashion for maintaining one or more
species in long-term and limited conditions of captivity. It
is therefore fitting that almost every chapter of this volume
comes with 3 values. One value is information directly rel-
evant to keeping individual animals in good circumstances
during their time in captivity. Another benefit is the readers’
implicit obligation to confirm findings reported here and ex-
tend them appropriately. The third value is that of a resource
for meaningful responses to the ever-growing challenge of
biodiversity conservation facing zoological parks, aquariums,
and related facilities.

This extraordinary challenge is to maintain the diversity
of a class of vertebrates by securing their survival in suitable
settings in our institutions while we and others try to pro-
vide for their future in their native natural environments.
Several such undertakings for notable species have been suc-
cessful over the last century—Peére David’s deer, Przewalski’s
horse, addax, and Arabian oryx among them. However, the
survival of other large species is still problematic—for in-
stance the giant panda, cheetah, great apes, and rhinos. And
we must recognize that the endangerment problem is very
much greater, with about 1500 species of mammals consid-
ered threatened with extinction in the latest global assess-
ment of their status. As to whether such species diversity,
especially of rodents and bats, warrants the investment of
people and capital for their conservation, species richness
is known to be important for the existence and resilience of
ecosystems. Given the current and increasing pressures of

anthropogenic climate change on ecosystems everywhere,
further losses in species richness will affect the capacity of
ecosystems and their component species to adapt in the near
future.

Other dimensions of this enormous conservation chal-
lenge require attention if we are to respond adequately. One
is much more cooperation among our institutions in sharing
the recovery programs for species. Another is better linking
to field conservation agents and agencies, engaging with them
for recovery of species and their native environments. Such
cooperative actions will also involve linking with people and
communities cohabiting or using the natural environments of
species of concern. An overriding dimension of the challenge
is more successfully linking urban peoples to such conserva-
tion actions. Most captive collection institutions are public
entities serving for the education and biophilic entertain-
ment of usually local people. Given the greater general public
awareness of the threat to much of the fauna and flora of the
world, most urban people would likely take ethical pride in
having their local institutions be part of a conservation net-
work preventing further losses of the diversity of life.

Regional and international zoological park and aquarium
associations as well as organizations of both professional and
lay conservationists are already committed to conserving bi-
ological diversity. However, as indicated here, the support
of urban communities is essential; and therefore I hope that
readers and users of this volume will themselves be inspired to
act as conservation advocates, reaching out to neighbors and
teachers, and to governmental, political, and societal leaders
in their communities.
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Preface

Devra G. Kleiman

More than 40 years have passed since the original Wild Mam-
mals in Captivity, written by Lee Crandall, was published.
This masterwork was a taxonomically organized treatise that
included everything we knew about captive exotic mammals
at that time. When deciding to revise the book in the 1980s,
my colleagues and I realized that repeating its taxonomic ap-
proach would not be possible, and chose instead to focus on
important topic areas. The book was a major success, pro-
viding in one thick volume summaries of important areas of
concern to zoo professionals, including mammal husbandry,
nutrition, exhibitry, population management, behavior, re-
production, and research. By 1996, there had already been a
quantum change in the focus of zoos, along with the recog-
nition that zoos could and should contribute to in situ con-
servation and use the animals in their care to increase and
diffuse knowledge about their collections.

The 1996 Wild Mammals in Captivity volume took almost
10 years from initial concept to publication and had 48 chap-
ters, 5 appendixes, and 78 authors. Ten years later, I real-
ized that the previous decade had brought additional massive
change in the management of zoo mammals and started dis-
cussing a revision with colleagues. We first sought feedback
on which sections and chapters in the original volume were
most useful to zoo professionals. Additionally, we did a “needs
assessment” to determine what vacuums in that first edition
needed to be filled. My initial intention was to have the origi-
nal authors (if available) revise and update their chapters, but
it soon became clear that (1) some chapters needed no up-
dating or revising, (2) there were unmet needs from the first
edition, and (3) several major conceptual and technological
shifts within the zoo community needed to be addressed.
Thus, this edition of 34 chapters and 4 appendixes is quite
different from the first. More than 75% of the chapters and

Capybaras swimming at the Smithsonian’s National Zoological Park,
Washington, DC. Photography by Jessie Cohen, Smithsonian’s National
Zoological Park. Reprinted by permission.

appendixes have substantially new content when compared
with the original, or else present the material in substantially
new ways. With fewer chapters, we still have 78 authors, and
have attracted them much more from the international zoo
community (contributors derive from Asia, Australia, North
and South America, and Europe).

Probably the most notable change in the past decade has
been an increased focus on integrated zoo management such
that exhibitry, education, conservation, and research staff
work more closely together as they develop the conceptual
frameworks for new initiatives. Thus, this volume contains
chapters on topics that have emerged as critical to the mod-
ern zoo mission during this period, including the integration
of zoo in-house activities with in situ programs occurring far
afield. For most topics, we have tried to pair the conceptual
approach to a zoo problem with the practical applications. As
a result, this volume contains less theoretical material and is
much more management oriented, with the hope that zoos
in both developed and developing countries will find all its
content useful.

For example, the pressure on zoos to ensure that their
programs are of the finest quality in the profession and that
their collections are maintained with the highest possible
standards of welfare has resulted in much greater attention
to the evaluation of zoo programs. We thus include an over-
view of accreditation processes and 3 short chapters on ap-
proaches to the evaluation of zoo facilities, from authors on
3 different continents.

The past decade has also seen an explosion in concern
about animal welfare, so this volume provides leading-edge
techniques for measuring welfare and improving the envi-
ronmental conditions of mammals in the zoo staff’s care. The
recent focus on animal enrichment to enhance animal wel-
fare, both conceptually and methodologically, is well repre-
sented throughout this volume. Additionally, the increase in
the use of training techniques for animal management, in-
cluding for the provision of health care, has been extraordi-
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nary. Enrichment and training have together transformed
mammal management in Zoos.

Another area of focus is the expansion of collaborative
management programs across regions, well represented by
the chapters on population management and regional col-
lection planning. The species and taxon management pro-
grams flourished through the 1990s, and today the vast ma-
jority of animals, especially endangered species, are managed
locally, regionally, and internationally. Also noteworthy are
the emergence and widespread use of software to manage
zoo populations.

Finally, the critical role that education programs play in
changing the perceptions of zoo visitors and encouraging a
conservation ethic in our citizenry is acknowledged through
this edition’s greater focus on visitor research and conserva-
tion learning. Education is now integral to the zoo mission
and all its programs.

Note: The mammalian taxonomy used throughout this
book is that of Wilson, D. E., and Reeder, D. M. 2005. Mam-
mal Species of the World: A Taxonomic and Geographic Ref-
erence. 3rd ed. 2 vols. Baltimore: Johns Hopkins University
Press.
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Part One

Ethics and Animal Welfare Standards

Introduction

Devra G. Kleiman

Zoos, unlike museums, have the unique challenge of maintaining living collections. They are charged with the
humane treatment and daily maintenance of the animals in their care. The level of sophistication in the hus-
bandry of zoo animals has progressed substantially in recent years, as has the recognition that animal caretakers
have a responsibility not only to provide humane treatment for zoo animals, but also to create captive conditions
which actually enhance their quality of life. Improvements in animal management have resulted from an increas-
ing awareness of both the physical and the psychological needs of captive animals. Part 1 deals with the ethics of
maintaining mammals in captivity as well as the challenges zoo staff have to enhance the welfare of the animals
in their care. Additionally, standards for the accreditation of zoos have and are being developed by regional zoo
professional associations as a way to improve the functioning of zoos and animal care.

This volume, Wild Mammals in Captivity: Principles and Techniques for Zoo Management, appropriately begins
with a chapter on the ethics of maintaining mammals in zoos and aquariums, a continuing and evolving contro-
versy. In chapter 1, Kreger and Hutchins discuss the ongoing dialogue concerning what roles zoos should play
in society, including historical and modern cultural differences in attitudes toward animals. They also consider
whether there should be limits on which species are maintained and exhibited, and the potential conflict between
the conservation and exhibit functions of a modern zoo. In chapter 2, Kagan and Veasey provide a history and
the foundations of the animal welfare movement and challenge the zoo and aquarium community to increase the

Asian elephant smashing pumpkins at the Smithsonian’s National Zoological Park, Washington, DC. Photography by Jessie Cohen, Smithsonian’s
National Zoological Park. Reprinted by permission.



resources devoted to researching and improving animal welfare. Of great importance is the need to identify and
implement methods to measure and improve animal welfare, an area of research that seems to be more devel-
oped in Europe compared with the United States. In chapter 3, we have 3 regional approaches to the evaluation
of zoos and the development of industrywide standards (Lewis, North America; Agoramoorthy; Southeast Asia;
Stevenson, Europe), with an introductory overview by Barber of the challenges associated with setting guidelines
and assessing zoos. Clearly there are regional approaches to the evaluation of zoos and aquariums, and these are
still evolving, with differences in the degree of government involvement and the degree to which the evaluation
is voluntary or mandated. Some of these differences may derive from cultural differences in how nonhuman ani-
mals are viewed within a society, and also from the degree of “modernization” and development within a region.
The challenge for zoos as stated by Barber (and also Kagan and Veasey) is to determine how best to measure the
welfare of animals in our zoos in a quantitative manner, rather than via subjectivity alone, and then to ensure
that we provide the best possible conditions for the expression of natural behaviors.



Ethics of Keeping Mammals in Zoos and Aquariums

Michael D. Kreger and Michael Hutchins

INTRODUCTION

Ethics is about what is right and what is wrong. Rather than
focusing on “what is,” which is the realm of science, ethicists
focus on “what ought to be” (White 1981). However, when it
comes to moral issues, one size does not fit all. Human beings
are not moral absolutists; our ethical decisions are complex,
and ethical standards often vary with context. For example,
while killing a rare animal may represent a loss to biodiver-
sity and may even be against the law, killing a rare animal in
self-defense may be considered morally justifiable. Similarly,
while a zoo may not be ethically justified in maintaining an
endangered wild animal purely for entertainment or profit,
many believe that it would be justified for research, educa-
tional, or conservation purposes (Hutchins, Smith, and Al-
lard 2003). In bringing wild animals into captivity, important
questions are raised that sometimes polarize segments of so-
ciety and at other times create consensus. When is it morally
acceptable to remove an animal from the wild and place it in
captivity? Are zoos bleak prisons for wild animals, or are they
a comfortable shelter from a potentially cruel and threaten-
ing world? Some critics have denounced zoos as exploiters
and traffickers of wildlife, while supporters have countered
that zoos are champions for wildlife conservation (Mench
and Kreger 1996; Hutchins, Smith, and Allard 2003). Animal
advocates, philosophers, scientists, conservationists, animal
caretakers, and the visiting public are asking difficult ethi-
cal questions. There is ongoing debate about what roles zoos
should play in society, which species should or should not
be exhibited, how animals ought to be exhibited and cared
for, and what should be done with animals that are no longer
needed for zoo programs.

This chapter will outline some of the ethical concerns as-
sociated with keeping and managing wild mammals in cap-
tivity. We will describe philosophical differences in ethical
perceptions, discuss how ethics affect the conservation mis-
sion of zoos, as well as other ethical issues, and address what
zoos can do to bridge the ethics gap. We use the term zoo to

refer to any professionally managed zoological institution, in-
cluding aquariums, that holds live wild mammals in captivity.
We define wild animals as representatives of nondomesticated
species, that is, species that have not undergone generations
of selective breeding to emphasize particular traits (artifi-
cial selection). Professionally managed zoos are those that
are accredited by international, regional, or national zoo as-
sociations (www.eaza.net; Bell 2001). Examples of interna-
tional or regional associations include the World Association
of Zoos and Aquariums, the European Association of Zoos
and Aquaria, and the Association of Zoos and Aquariums
(AZA). AZA accredits about 10% of all animal exhibitors in
the United States (approximately 214 out of over 2,500 ex-
hibitors) licensed by the U.S. Department of Agriculture (see
Lewis, chap. 3b, this volume); however, these include most
major metropolitan zoos in the United States and Canada.
The Sociedade de Zooldgicos do Brasil is an example of a na-
tional zoo association.

Almost all these associations require their member insti-
tutions to abide by a code of ethics. While such codes vary
among associations, institutional missions and good animal
care are at the core of the codes. Nevertheless, codes may
represent minimum rather than optimum standards or goals.
Effectiveness in exceeding codes and standards is often lim-
ited by resources (e.g. technical, financial, space). Nonpro-
fessionally managed exhibitors include most roadside zoos,
circuses, private animal educators and trainers, wildlife reha-
bilitation centers, and sanctuaries. The ethics codes, among
other professional standards, separate professionally run in-
stitutions from nonaccredited facilities.

ETHICAL PERCEPTIONS

Historically, humans have worshipped animals, hunted them
for food or sport, domesticated them, eaten them, worn them,
made them companions, and wondered about their and our
place in the natural world. Humans have also captured and
collected them for amusement or scientific study. The history

3
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of the world’s zoos and their justification through time has
been reviewed elsewhere (Mullan and Marvin 1987; Mench
and Kreger 1996; Bell 2001; Hanson 2002). From the collec-
tion of the Egyptian queen Hatshepsut (1490 BCE) through
the European menageries of the 1600s, the earliest collections
of captive wild animals were private menageries, assembled
mostly to satisfy curiosity or as symbols of wealth and power.
Beginning in the late 1700s, public recreation, education, and
scientific research separated the Western zoological parks
from menageries. However, it was not until the late 1900s
that conservation—whether through research, species rein-
troduction programs, genetic management, or educating visi-
tors about species or habitat conservation—assumed a more
central role for the metropolitan zoo. Zoos shifted from large
collections of many species, often held in small, sterile cages,
to smaller collections of fewer species, exhibited in larger,
more naturalistic enclosures (Mullan and Marvin 1987; Han-
cocks 2001; Hanson 2002). Zoos exhibited species to educate
the public and cultivate its appreciation of conservation or
research programs. Zoos offered their visitors “edu-tainment”
through shows, contact areas, and interactive exhibits. They
also began to reflect on their reason for being, along with is-
sues related to animal welfare, such as behavior, exhibit de-
sign, and nutrition. This process is ongoing and is proceeding
slowly as the zoo community continues to debate ethical dif-
ferences related to meeting the biological needs of individual
animals while still meeting institutional missions.

Today there exists a continuum of ethical perspectives,
ranging from the abolitionist view of no animal use (includ-
ing as pets, for food, and in zoos) to the extreme utilitarian
view in which humans are free to use animals regardless of
the cost to the individual animal. Two prominent ethical phi-
losophies have emerged regarding the keeping of wild animals
in captivity: animal rights, the absolutist approach, and ani-
mal welfare, a more utilitarian view. Animal rights advocates
focus on whether or not animals should be in zoos at all. As
cognitive research has indicated the existence of subjective
states in nonhuman animals (Griffin 1984; Bekoft, Allen, and
Burghardt 2002), animal rights philosophers have argued that
animals must be given moral consideration equal or similar
to that given humans (Regan 1983). Those who share this per-
spective have argued that nonhumans should be given moral
and legal consideration equal to humans (i.e. “legal person-
hood”: Wise 2000). In animal rights philosophy, sentience (or
the ability to feel pain) is the only characteristic required for
full moral consideration. Thus, holding nonhumans in cap-
tivity is viewed as “speciesism,” that is, one species (humans)
giving less moral consideration to other species based solely
on taxonomic status (Regan 1983).

The philosopher Peter Singer also espouses moral consid-
eration for nonhumans but has a less absolute approach. He
recognizes that humans utilize animals for a variety of pur-
poses. However, to be morally justifiable, the benefits to hu-
mans must far exceed the costs to individual animals (Singer
1990). It would be unusual for animal rights advocates to sup-
port keeping wild animals in zoos, even if they contributed
to species survival (Regan 1995). Indeed, Regan (1983) has la-
beled any attempt to usurp the rights of individual animals to
save species or ecosystems as “environmental fascism”” In this
view, the welfare of individual common animals also trumps

the survival of endangered species and ecosystems. This has
caused some to characterize animal rights as anticonserva-
tionist or antienvironmental (e.g. Hutchins and Wemmer
1987; Norton 1987; Hutchins 2004b). In general, animal rights
advocates oppose zoos because of the belief that any form
of human use of animals is intrinsically wrong, especially
if it results in any harm whatsoever. In addition, Jamieson
(1995) has argued that education of the public and conser-
vation of species can be conducted without keeping animals
in zoos, thus questioning the need for zoos. Thus zoos, even
nonprofit ones, are seen as exploiting animals for financial
gain, while at the same time harming the interests of indi-
vidual animals that should be allowed to live their lives un-
disturbed in nature.

Animal welfare has philosophical and scientific compo-
nents (see Kagan and Veasey, chap. 2, this volume). First, it
is based on the assumption that it is ethical for animals to be
used by humans. Criteria used to support this ethical deci-
sion range from the roles that zoos play in educating visitors
and conserving wildlife and wildlife habitat, to arguments
that few animals are removed from the wild for zoos; many
have been bred over generations and are nearly domesticated;
and human managers are providing the animals a better life
in captivity than they would have in the wild (a paternalistic
attitude: Bostock 1993; Hutchins and Smith 2003). Thus, there
are benefits to humans and nonhumans from the existence of
zoos. Many definitions of animal welfare have been put for-
ward by philosophers, veterinarians, and applied ethologists,
but most share the concept that pain, suffering, and loss of
life should be minimized to the extent possible. Some have
argued that animal welfare is about how an animal “feels”—
in other words, whether it is sentient and has the capacity
to suffer (Dawkins 1990; Duncan 1993). This assumes that
animals do not simply react to a stimulus, but actually think
about the stimulus and react according to their perceptions
(Rogers 1994). Zoos must make a moral judgment to deter-
mine if an animal’s welfare level is acceptable. If it is not, the
animal welfare philosophy would insist that behavioral and
psychological needs be met. Using the disciplines of ethol-
ogy, neuroscience, endocrinology, genetics, and immunology,
animal welfare science can be used to determine the level of
animal welfare by identifying how an animal perceives and
responds to environmental stimuli (Mench 1993).

Animal welfare, or quality oflife, is enhanced by more than
the simple provision of adequate food, water, living space,
and veterinary care. However, animal welfare, like animal
rights, also is laden with human values (Mench 1993), and has
evolved as more information about the needs of animals has
been discovered. For example, some early zoo managers be-
lieved that barren cages with ceramic tile walls and concrete
floors promoted animal welfare, as these facilities were easily
cleaned and sanitized, thus reducing the risk of disease (Han-
cocks 2001). For veterinary procedures, barren cages also ap-
peared to make capture easier and seemed less traumatic to
the animals. In essence, early zoos simply wanted to keep the
animals alive and, if lucky, to breed them. However, others,
such as T. H. Gillespie, director of the Edinburgh Zoo in the
1930s, realized that meeting zoo animals’ minimum health
and safety needs was simply not enough, and believed that
quality of life was also an important consideration. In his 1934



book Is It Cruel? he states: “The kind of captivity I am con-
sidering must imply good and sufficient food, and such de-
gree of shelter, sunshine, shade, fresh air, room for exercise,
and generally, such conditions as are desirable for that par-
ticular animal’s welfare—such as it naturally desires”(p. 25).
In the 1940s, Heini Hediger, then director of the Basel Zoo,
recognized that despite some improvements, zoos were still
not meeting the basic biological and psychological needs of
captive wild animals. In 1942 he stated: “A fundamental prob-
lem of zoo biology is how to neutralize as far as possible
all modifying (non-hereditary, externally conditioned) and
mutative (hereditary) degeneration phenomena in captivity”
(Hediger 1969, 63).

Like Hediger and Gillespie, animal welfarists argue that
meeting an animal’s most basic health and safety needs is
not enough. For zoos, the goal of maximizing animal wel-
fare is not as easy or straightforward as it may seem (see
Kagan and Veasey, chap. 2, this volume; Barber, chap. 3a,
this volume). Many compromises must be made between the
competing goals of ensuring animal safety and health ver-
sus those of providing an interesting and species-appropriate
quality of life (Kreger, Hutchins, and Fascione 1997; Kreger
and Hutchins 1998). These compromises, however, only need
to be made in captivity, which raises the very issue of the eth-
ics of keeping mammals in captivity. For example, some risk
of disease or injury may be necessary in order to give captive
animals the ability to perform a greater range of normal be-
haviors. The provision of substrate for burrowing, branches
for climbing, water for bathing and interactive play, or social
companions substantially increases the risk of disease or in-
jury for zoo animals, but also has the potential to enhance
the quality of an animal’s life. Yet precisely how much risk
to an individual animal’s health should zoo managers toler-
ate to ensure that psychological well-being is maximized is
an ethical question with no clear answer. Indeed, quality of
life itself is a subjective term, often interpreted differently
among humans. For example, some people are most com-
fortable living in the city and would be bored or frustrated
by rural life, whereas others have strong preferences for rural
life. Answers may also vary depending on the specific taxon
and individual animals involved (Kreger and Hutchins 1998).
In addition, the ultimate goal of modern zoos is not neces-
sarily to maximize longevity or eliminate any risk of pain or
suffering (Hutchins 2007).

Zoos have frequently been placed in a defensive position
as the media, animal protectionists (particularly animal rights
advocates), and some scientists criticize zoos on animal wel-
fare issues (e.g. Jamieson 1985, 1995; Malamud 1998; Clubb
and Mason 2002; PETA 2005). These issues range from the
causes of injuries or mortality, to animal escapes, to the dis-
position of surplus animals, to the size of animal enclosures.
Indeed, media characterizations of zoo and aquarium animal
deaths for a 20-month period (September 2003-May 2005)
indicated that while most articles were either dispassionate
and objective or sympathetic, nearly a third were either ac-
cusatory or attempted to balance the accusatory statements of
animal rights activists with sympathetic statements from zoo
professionals (Hutchins 2006a). The vast majority of these ac-
cusations involved the death of charismatic megavertebrates
such as elephants, great apes, dolphins, and big cats.
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ELEPHANTS

Of the terrestrial vertebrates in zoos, perhaps the elephant,
the largest land mammal, has attracted the most attention.
Criticism of elephants in zoos has come not only from the
public, but from some elephant field researchers as well.
Given the great body of research conducted on wild ele-
phants, it is no wonder that zoo exhibitions of these bio-
logically complex creatures draw criticism (Wemmer and
Christen 2008). A study commissioned by the Royal Society
for the Prevention of Cruelty to Animals (Clubb and Mason
2002) has been used by animal protectionists to argue that ele-
phants in captivity live miserable and greatly shortened lives.
Zoos have responded by critically examining such reports to
determine their scientific veracity, addressing animal wel-
fare concerns, and debating the education and conservation
benefits of having elephants in captivity (Smith and Hutchins
2000; Hutchins 2006b). Scientific discussions have examined
captive versus wild longevity of elephants (Wiese and Willis
2004), the use of nature as the sole metric for evaluating ani-
mal welfare (Hutchins 2004a), spatial needs and complexity
in captivity (ibid.), appropriate group sizes (Mellen and Keele
1994; AZA 2001), and training methods (Desmond and Laule
1991; Hutchins, Smith, and Keele 2008).

Scrutiny of whether elephants should be in captivity and, if
50, how they can be managed to provide for their welfare has
resulted in husbandry guidelines and policies developed by
a variety of organizations (e.g. AZA, the Elephant Managers
Association, International Elephant Association, European
Association of Zoos and Aquaria, Australasian Association of
Zoos and Aquaria, and the U.S. Department of Agriculture)
(Olson 2004; Wemmer and Christen 2008). In the United
States, only the Animal Welfare Act (1966 as amended) car-
ries the weight of law (7 U.S. Code 2131-2157). However, these
guidelines are often based on experience, not science, and are
not always in agreement. A zoo in one part of the world may
not meet the standards of a zoo in another part of the world.
Some zoos are deciding not to keep elephants, because they
cannot meet the standards (Kaufman 2004; Strauss 2005).
Other facilities are being renovated to upgrade elephant ex-
hibits, increase living space, and maintain appropriate group
sizes (Hutchins, Smith, and Keele 2008). Certainly, research
is needed to determine how best to meet elephant welfare
needs in captivity.

Even if animal welfare needs of elephants are met in the
z00, is it still ethically acceptable to maintain elephants in
captivity? Can animal welfare be compromised if there are
other benefits of keeping elephants? These are points of on-
going debate, both within the zoo community and in the
public arena. Some critics have argued that captive elephants
should not be in captivity, because they contribute nothing
to conservation since they are not being bred for reintroduc-
tion to the wild. In contrast, zoo elephant advocates main-
tain that zoo elephants serve as conservation ambassadors for
their wild counterparts. By exhibiting live elephants, visitors
can be moved or educated to support elephant conservation
in the field (Smith and Hutchins 2000; Hutchins, Smith, and
Keele 2008). Simply having elephants at the zoo helps at-
tract visitors. In fact, when the Maryland Zoo in Baltimore
informed the public that it might have to move its 2 African
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elephants to another zoo because of budget shortfalls, the out-
cry was so great that local business leaders and the governor
raised the necessary funds to operate the zoo and keep the ele-
phants (Zoo News Digest 2003). In effect, the threat of remov-
ing the elephants contributed to rescuing the zoo. Revenue
generated from admissions and concessions from visitors
who come to see the elephants can then be funneled into
zoo-sponsored research and conservation projects. Indeed,
between July 2002 and December 2003, AZA zoos either initi-
ated or supported at least 87 such projects that were elephant
related (Hutchins, Smith, and Keele 2008).Some of this re-
search is relevant to field conservation. For example, popu-
lation control is becoming increasingly necessary to reduce
human-elephant conflicts (Pienaar 1969), and contraceptive
techniques developed at zoos offer a potential nonlethal op-
tion for population reduction (Fayrer-Hoskin et al. 2000).
Infrasonic communication in elephants was first discovered
and studied in zoo elephants (Payne, Langbauer, and Thomas
1986). This knowledge is vital for understanding how wild ele-
phants communicate and coordinate their movements over
great distances. Nevertheless, for zoos to be able to use ele-
phants for research or to educate the public, they must have
elephants (Smith and Hutchins 2000). The ethical question
is, do these benefits to wild elephants justify keeping some
individuals in captivity?

ETHICS AND THE ROLE OF SPECIES
CONSERVATION IN Z0OS

One of the missions of zoos is conservation. Conservation-
ists seek to ensure a future for naturally occurring biological
diversity (Primack 2002). The term natural is used here to
distinguish between diversity that has occurred as the result
of natural ecological/evolutionary processes (i.e. speciation,
colonization, and “natural” extinction), and that which has
occurred because of relatively recent human interventions
(i.e. introduction of non-native invasive species, human-
caused extinctions) (Aitken 1998). Decisions regarding the
future of wildlife and their habitats are becoming increasingly
complex, particularly as human populations grow, become
more affluent, and use more natural resources.

In some instances, the animal rights ethic and the con-
servation ethic will lead to the same conclusions, and may
even result in coalitions between zoological and animal pro-
tection organizations. For example, both ethics would con-
sider it wrong for humans to destroy critical wildlife habitat.
Both ethics would support conservation training, finding al-
ternatives for communities that market bushmeat, and sup-
porting antipoaching patrols. But when the 2 viewpoints are
compared, it is evident that disagreements will arise when
the “rights” of individual, sentient animals come into con-
flict with using zoo animals in efforts to conserve popula-
tions, species, habitats, or ecosystems (Hutchins and Wem-
mer 1987). Even from an animal welfare perspective, many
z0o professionals would argue that zoos should prioritize the
welfare of the individual animals in the collection over what is
good for the herd (with dominant and subordinate animals)
or animals used for conservation projects.

Ideological differences between animal rights and conser-
vation ethics are evident in their contrasting view about how

to rescue endangered species. While both ethics favor saving
threatened or endangered species or populations, they differ
in their reasons for doing so. Regan (1983, 360) argues that we
must conserve endangered species “not because the species
is endangered, but because the individual animals have valid
claims and thus rights against those who would destroy their
natural habitat, for example, or would make a living off their
dead carcasses through poaching and traffic in exotic animals,
practices which unjustifiably override the rights of those ani-
mals” Thus, all sentient animals, regardless of species, rar-
ity, or other considerations, are to be given equal moral con-
sideration. In contrast, proponents of the conservation ethic
argue that endangered populations or species should be given
special status solely because of their scarcity (Callicott 1986;
Norton 1987; Aitken 1998). That is, extraordinary efforts need
to be made to preserve rare populations or species, especially
when an organism has become scarce due to some action on
the part of humans (e.g. as the result of overexploitation, pol-
lution, or habitat loss or alteration).

Modern zoos use animals as conservation tools in many
ways. Animals are used to educate visitors, in fund-raising for
in situ and ex situ conservation projects, and for research or
reintroduction. Some zoo-based conservation programs in-
volve welfare risks. A good example is the reintroduction pro-
gram (see Earnhardt, this volume, chap. 22). Reintroduction
is an attempt to establish a species in an area that was once
part of its historical range, but from which it has been extir-
pated or become extinct (IUCN 1998). However, the risk to
individual animals during reintroduction through morbidity
and mortality may be considerable, especially in a program’s
early stages (Beck 1995). Reintroduction release candidates
must be able to avoid predators, acquire and process food,
interact socially with conspecifics, find or construct shelter,
move on complex terrain, and orient and navigate in a com-
plex environment (Kleiman 1996). Zoos must decide how to
provide animals with the challenges they are likely to encoun-
ter in the wild while minimizing potential harm to the release
candidates. For example, to teach the reintroduction candi-
dates to fear humans, avoid predators, and shun inappropriate
habitat, it may be necessary to provide negative experiences
in captivity (Griffin, Blumstein, and Evans 2000).

To ensure that captive-reared black-footed ferret release
candidates could recognize and kill their primary food, prai-
rie dogs, they were given the opportunity to hunt and kill
live prairie dogs (Miller et al. 1998). While this experience
was critical for the success of the reintroduction program,
there is no doubt that it violated the “rights” of the individ-
ual prairie dogs.

OTHER AREAS OF ETHICAL CONCERN

How animals are selected for exhibit and how they should be
exhibited are also areas of ethical concern. There may be spe-
cies that are too specialized nutritionally or behaviorally to
be maintained in captivity. New multi-institutional studies of
the behavioral needs of animals (e.g. Shepherdson, Carlstead,
and Wielebnowski 2004; Swaisgood and Shepherdson 2005)
have led some zoos to question whether or not they can pro-
vide for some animals already in their collections. Should a
z00 exhibit an animal whose welfare is compromised simply



by the presence of visitors? During periods of high visitor at-
tendance, gorillas, Gorilla gorilla, at the Belfast Zoo displayed
more intragroup aggression, stereotypies, and autogrooming
(Wells 2005). Similarly, visitor presence increased abnormal
behaviors by 30% in lion-tailed macaques, Macaca silenus,
over the long term and decreased the use of enriched parts
of the exhibit (Mallapur, Sinha, and Waran 2005). While the
degree that these behavior patterns vary among individuals
and across species, this kind of research can be used to make
informed management decisions about the ethics and method
of exhibiting these species. Thus, zoos should be proactive by
examining their collections and determining if they have any
species for which animal welfare needs cannot be met, even
if it means that they will close exhibits and relocate animals
to more appropriate facilities.

Another area of ethical concern is the use of animals in
shows, rides, and contact areas (Kreger and Mench 1995;
Mench and Kreger 1996). Animals used in educational dem-
onstrations, petting zoos, rides, and shows often interact with
their caretakers and the visitors to a greater extent than those
placed on exhibit. They may also be housed very differently
from animals on exhibit. When does training, handling, or
other interactions for such activities compromise or enhance
animal welfare, and what kinds of techniques are appropri-
ate? Some zoos have policies regarding how and when ani-
mals may be used for such interactions, as well as which indi-
vidual animals are more suitable for handling by the visitors
than others (Kreger and Mench 1995; AZA 2006).

When is the use of animals in entertainment (including
on-site shows and television programming) educational, and
when is it exploitative and/or harmful to public attitudes?
Visitor studies evaluate the effectiveness of animal exhibits,
shows, and visitor contact with animals on visitor knowledge
and awareness (see reviews in Kreger and Mench 1995; AZA
2003). Some argue that zoos may unintentionally be portray-
ing animals as glorified pets. Visitors simply observing animal
caretakers interacting with animals may engender compas-
sion, but they may also develop the misperception that wild
animals are tame.

Ethical decisions also must be made about captive popu-
lation management. Decisions include which animals should
be removed from a group and relocated to another zoo for
breeding, when to separate mothers from young, how and
where to house offspring that are surplus to the genetically
managed population (see Carter and Kagan, chap. 21, this
volume), and what to do with postreproductive animals. Re-
location of favorite animals has attracted media scrutiny and
sometimes ignited debates between zoo managers and ani-
mal protection groups. While there are animal welfare is-
sues regarding the transport of live animals, the transport of
semen from one zoo to another in itself does not reduce ani-
mal welfare, but it may deprive the animal of the experience
of breeding. The World Association of Zoos and Aquariums’
Code of Ethics and Animal Welfare acknowledges the wel-
fare benefits of reproductive behavior, including courtship,
pair formation, mother-infant attachment, and socialization
of the young (WAZA 2005). There are also potential welfare
benefits arising from genetic management (Hutchins 2001). In
small, unmanaged populations, animals may become highly
inbred. Inbred individuals are known be at higher risk of con-

MICHAEL D. KREGER AND MICHAEL HUTCHINS 7

genital abnormalities (i.e. birth defects), have lower repro-
ductive rates, and experience higher rates of neonatal mor-
tality (Ralls, Ballou, and Templeton 1988), all of which could
diminish welfare.

Sufficient space for maintaining a sustainable and geneti-
cally viable population of rare species is often limited in zoos
(Soulé et al. 1986). Removal of genetic surplus, postrepro-
ductive, unhealthy, or behaviorally incompatible animals is
a difficult decision that sometimes must be made for veteri-
nary, population management, or conservation reasons. Re-
location to other zoos, sanctuaries, or private individuals is
among the first options considered, as is controlling repro-
duction through contraception programs (Porton 2005; see
also Asa and Porton, chap. 34, this volume). Some zoos re-
tain large holding areas to house animals that are no longer
needed for breeding or exhibition programs, and some zoo
professionals have argued for the establishment of “retirement
homes” for such animals (Lindburg and Lindburg 1995). A
final alternative is culling surplus individuals (Lacy 1995).
There are policies describing when and how this option can
be implemented (AZA AWC 2005; WAZA 2005). As the term
euthanasia implies, the death must be quick, painless, and as
stress-free as possible. It should also be a last resort and in
conjunction with careful, long-term population planning.

WHAT CAN Z00S DO TO BRIDGE THE ETHICS GAP?

The difficulty with zoo ethics is that there is no consensus
across institutions worldwide. There are guidelines for animal
welfare, environmental enrichment, euthanasia, and reintro-
ductions, but an ethical framework regarding if and how spe-
cies should be exhibited has yet to be developed. Perhaps part
of the debate lies in differences in institution-by-institution
priorities. Will the zoo maintain a collection based on what
the visiting public expects to see, or will it focus on species
of conservation need? How much risk to animal health is
acceptable to improve animal welfare? How much, if ever,
should zoos engage in debate or collaboration with animal
advocacy organizations, particularly animal rights groups?
What are the political and financial implications for the in-
stitution? Such issues are frequently discussed at professional
meetings. There may be more gray areas than black and white
views on how zoos should address ethical issues. However,
zoos have recognized this, and are moving forward to ad-
dress the concerns.

Since zoos cannot exist without a collection of live, cap-
tive animals (unless it is a virtual zoo), zoo managers obvi-
ously cannot adopt a strict animal rights ethic. However, zoos
are finding more common ground with animal welfare ad-
vocates. In fact, modern, professionally managed zoos con-
sider themselves to be animal welfare advocates (Hutchins
and Smith 2003; Stevens and McAlister 2003; WAZA 2005).
The AZA has even developed a national awareness campaign
with the goal of portraying zoos to the public as animal wel-
fare and conservation organizations (Mills and Carr 2005).
In fact, animal welfare has become one of the most impor-
tant and provocative facets of zoo management. The AZA
Animal Welfare Committee (AWC) was established to ensure
that AZA institutions identify animal welfare as a top prior-
ity. Its purposes are to
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foster a common understanding among AZA members
of what animal welfare is, to assist members in their ef-
forts to continually improve the welfare of animals in their
care, and to serve as a guide and information resource to
member organizations and the public as the AZA and its
member institutions engage in cooperative local, national,
and international efforts to influence animal welfare is-
sues. (www.members.aza.org/Departments/ConScience
MO/animal welfare/)

One of the projects of the AWC is to coordinate the creation
of standardized guidelines for animal care by taxa, drawing
on the experience of zoo animal managers and the best scien-
tific information available.

The importance of zoo research in meeting ethical obli-
gations cannot be understated. Physiological and behavioral
studies measure cognition, motivation, and stress responses.
They can be used to determine animal preferences and iden-
tify stressors (Fraser, Phillips, and Thompson 1993; Mench
1993). Some studies ask animals to select their preferred food
item, social group, or exhibit furniture. For example, giant
pandas, Ailuropoda melanoleuca, that were given the option
to move between exhibit and off-exhibit bedroom areas dis-
played less behavioral agitation and had lower cortisol levels
(a hormonal indicator of stress) than when they were given
access to the exhibit area only (Owen et al. 2005). Zoos must
encourage these studies and seriously consider the implica-
tions of their results.

There are few systematic efforts to examine the welfare of
mammals for most taxa. Perhaps the most research has been
conducted on the larger, more charismatic species. However,
little attention has been paid to small mammals, including lago-
morphs, rodents, and bats. Knowledge of what constitutes “nor-
mal” behavior can sometimes be difficult, due to lack of species-
specific field behavioral and ecological data as well as differences
among individuals of the same species. We agree with Swais-
good and Shepherdson (2005) and Carlstead et al. (1999) that
future studies, including those of cognition, stereotypies, and
environmental enrichment, should strive to increase sample
size (e.g. through multi-institutional studies), use appropri-
ate statistical design, and improve descriptions of methods
and behaviors in published literature. Further, Swaisgood and
Shepherdson (ibid.) envision the development of a predictive
science for enrichment, stereotypies, and animal welfare.

Zoos must make animal welfare a research priority that is
just as deserving of support as veterinary, nutrition, or any
other type of zoo-sponsored research. Too often, such re-
search is underfunded, if funded at all, and results of the
studies are often not applied to day-to-day management. Part-
nerships have been developed with zoo and university re-
searchers to address animal welfare issues; such partnerships
should be supported. Indeed, zoo collections can benefit from
the results of ethological and physiological studies in labora-
tory science, animal science, and wildlife biology.

There are other ways zoos can be portrayed as animal wel-
fare advocates. For example, zoos could provide emergency
services to nonzoo animals. Animal care staff can be pro-
moted as animal welfare experts. Many zoos dispatch staft to
help rehabilitate wild animals affected by oil spills. Aquariums
rescue stranded marine mammals. Zoos could do more lo-

cally. They can provide advice for care of pets or care and re-
habilitation of local wildlife. If they cannot temporarily main-
tain injured local wildlife or unwanted exotic pets, they can
provide contact information for those who need it. Zoos can
also partner with wildlife sanctuaries and rehabilitation cen-
ters to provide technical assistance or adopt nonreleasable an-
imals if they could be used in zoo programs. Moreover, zoos
can take a more active role in identifying exhibitors whose
animals live in poor conditions, and either mentor their staff
to improve animal welfare or advocate for their closure.

If zoos wish to be ethical institutions, they must also de-
fend animal welfare issues outside their own borders. The
AZA Board of Directors approved several specific issue-
focused policies that affect animal welfare. These include
policies opposing the use of some exotic animals as pets
and rattlesnake roundups (Mays 2001). As conservation and
welfare institutions, zoos must recognize that there are ir-
reconcilable differences between them and certain animal
protection organizations. Zoos should enlist conservation
organizations to defend science-based wildlife management
decisions that may involve controlling wildlife populations,
habitat protection and removal of invasive species, and sus-
tainable use—all of which can result in the death of individ-
ual animals, but benefit species and habitats.

Zoos and aquariums exist because of public support. They
must be able to demonstrate to the public that their manage-
ment practices are based on sound scientific principles and
are compassionate to the animals in their care. Conservation
and animal welfare are moral obligations. As stated by the
AZA Animal Welfare Committee, animal welfare belongs to
each animal; it is not given to them. Zoos affect the degree of
that welfare, but must balance it with their conservation ob-
jectives. It is hoped that, as zoos consider the future of their
collections and the urgency of their missions in a world of
diminishing wildlife species and habitats, they will develop
an ethical framework that will have a positive affect on the
welfare and conservation of their animal ambassadors.
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Challenges of Zoo Animal Welfare
Ron Kagan and Jake Veasey

INTRODUCTION

The public rarely asks questions about the “happiness” of
zoo animals using a scientific framework. However, in re-
cent years the scientific community has shown significant
interest in and recognition of the cognitive abilities, emo-
tions, and feelings (such as sadness, happiness, pleasure, joy,
fear, contentment, and anxiety), even the “mental illness,” of
animals (Rollin 1990, 2005; Duncan 1993, 2004; Bekoff 1994,
2005; Meyers and Diener 1995; DeGrazia 1996; Broom 1998;
Fraser and Duncan 1998; Rushen, Taylor, and de Passille 1999;
Hauser 2000; Kirkwood and Hubrecht 2001; Wynne 2002; Ca-
banac 2005; McMillan 2005b, 2005¢; Balcombe 2006; Mendl
et al. 2009). Some view these emotional and psychological
qualities of animals as subjective, sentimental, and anthropo-
morphic (Mitchell, Thompson, and Miles 1997).

Animal welfare concerns are important to modern zoos
and aquariums (hereafter zoos). Where compromised zoo
animal welfare exists, it can lead to stress and boredom (We-
melsfelder 2005) as well as aberrant behaviors like swaying
(Spijkerman et al. 1994; Wilson, Bloomsmith, and Maple
2004), fur plucking, and pacing (see Welfare Indicators sec-
tion below; Bashaw et al. 2007; Miller, Bettinger, and Mellen
2008). As zoo professionals we need to understand and ef-
fectively address issues of animal welfare in our institutions.
In this chapter, we present the primary concepts, challenges,
and issues of animal welfare relevant to modern zoos. We also
review methods to evaluate the welfare status of zoo mam-
mals, and offer guidelines to advance this vital cornerstone
of our profession. Since there are many different cultures,
religions, values, and economics in the very human world of
zoos, there are typical as well as unusual challenges for cap-
tive exotic animal welfare across the globe (Kirkwood 1996;
Agoramoorthy 2002, 2004; Almazan, Rubio, and Agoramoor-
thy 2005; Bayvel, Rahman, and Gavinelli 2005; Jordan 2005;
Fraser 2009b).

FOUNDATIONS OF ZOO ANIMAL WELFARE

Over 70 years ago, Gillespie (1934) acknowledged inadequa-
cies in the quality of life of captive exotic animals. In the
early part of the twentieth century, animal protection laws
(Wild Animals in Captivity Protection Act of 1900/1911 in
the UK) and advocacy efforts (Jack London Club in the USA)
emerged as the public’s concern grew over the treatment of
trained and caged animals in both zoos and circuses. Euro-
pean countries have generally led in efforts to improve ani-
mal welfare policies and legislation (Leeming 1989; Dol et al.
1997; Radford 2001; Broom and Radford 2001; Bayvel, Rah-
man, and Gavinelli 2005; Caporale et al. 2005; Anonymous
2006). In 1964, the United Kingdom developed the paradigm
of “Five Freedoms” in order to help the agriculture industry
simplify welfare concepts, recognize the importance of well-
being, and facilitate the adoption of adequate welfare stan-
dards. These freedoms include (1) freedom from injury and
disease; (2) freedom from hunger, thirst, and malnutrition;
(3) freedom from thermal or physical distress; (4) freedom to
express most “normal” behaviors; and (5) freedom from fear.
By providing for these freedoms, the UK government hoped
to achieve the proper care and welfare of farm animals. The
UK zoo licensing legislation of 1981 and 2000 also included
the Five Freedoms, which if deemed unmet can lead to the
denial/revocation of a license.

While the Five Freedoms are limited, and not a framework
for measuring welfare, they give structure, context, and ac-
countability to issues of captive animal welfare. Additional
freedoms proposed more recently include the freedom of an
animal to exert control over its quality of life (Webster 1994)
and freedom from boredom (Ryder 1998).

The U.S. Animal Welfare Act 0£1970 set the stage for regu-
lating animal care (and, to some degree, for animal welfare)
in the United States, including zoos. In 1985, amendments
specifically addressed the psychological well-being of cap-
tive primates.
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While animal care techniques have been improving in
zoos for decades, it is only relatively recently that animal wel-
fare has been a significant, separate topic of discussion in the
United States (Norton et al. 1995; Rowan 1995; Burghardt et al.
1996; Hutchins 2002; Maple 2007). The Association of Zoos
and Aquariums (AZA) created an Animal Welfare Commit-
tee in 2000, though in contrast with European zoo associa-
tions, there are still no AZA professional awards in North
America for animal welfare excellence. In fact, many have
published criticisms of zoo animal welfare policies and con-
ditions (Batten 1976; Jordan and Ormrod 1978; McKenna,
Travers, and Wray 1987; Malamud 1998; Mullen and Marvin
1999; Margodt 2001; Donahue and Trump 2006).

Public pressure has encouraged much of the current at-
tention on animal welfare, while science has focused on the
need to improve the conditions of farm and research animals
(Dodds and Orlans 1983; Novak and Petto 1991; van Zutphen
and Balls 1997; Ewing, Lay, and von Borell 1998; Rollin 2003;
Benson and Rollin 2004; Duncan 2004). Zoo-sponsored re-
search efforts focusing on animal welfare are recent and pre-
dominate in the United Kingdom and Europe. The existing
challenge for all zoos is to develop both a robust and a rig-
orous evaluative system to measure well-being, along with a
strategy that ensures a good quality of life for each animal
(Hosey, Melfi, and Pankhurst 2009).

Zoos have invested in improved exhibit design over the
past several decades (see Hancocks, chap. 11, this volume;
Coe and Dykstra, chap. 18, this volume), yet exhibit design
often attends disproportionately to human needs and wishes,
e.g. aesthetics, visitor flow, and ease of cleaning. Since the
design of an exhibit can play a critical role in affecting ani-
mal welfare, some new exhibits incorporate important ele-
ments that address this concern (see Cipreste, Schetini de
Azevedo, and Young, chap. 15, this volume). Zoos need to
ensure that old and new exhibits meet more than the basic
needs of animals.

WHAT IS ANIMAL WELFARE?

The term welfare is generally considered synonymous with
well-being, which is essentially the state of feeling “well-off”
(Varner 1996). Welfare is not a simply defined term in either
philosophy or science (Fraser 1995; Wuichet and Norton 1995;
Appleby and Sandoe 2002; Taylor 2003; Haynes 2008; Mel-
lor, Patterson-Kane, and Stafford 2009). It encompasses the
condition of good mental, physical, and emotional health
(Appleby and Hughes 1997; Bekoff 1998; Dolins 1999; Ryder
1998; Spedding 2000; Nordenfelt 2006). Well-being is a con-
dition that is self-determined by the individual (human or
animal) and not by an observer or caretaker—a central chal-
lenge for its evaluation.

To provide a good quality of life for captive mammals, we
need to understand the main determinants of well-being for
each species and, just as important, each individual (Gos-
ling 2001). For example, while the need for food is obviously
critical to all organisms for survival, the control over choice
of food items, mealtimes, and dining style may be impor-
tant to some species and/or some individuals, but less so to
others (Young 1997; Owen et al. 2005; Videan et al. 2005;
Ross 2006).

How can we know if an animal’s welfare or state of well-
being is good? An understanding of a species’ behavioral ecol-
ogy and natural history is fundamental to identifying those
factors likely to be linked with the individual’s well-being.
Welfare is also dependent on an individual’s ability to per-
form certain species-specific behaviors that it is highly mo-
tivated to perform, e.g. nest building or avoiding predators
(Gregory 2005; see McPhee and Carlstead, chap. 25, this vol-
ume). There should be an absence of signs of distress or se-
vere discomfort and of acute or prolonged stress that results
in a reduction in physical and/or mental health (Broom and
Johnson 1993; Balm 1999; Moberg and Mench 2000). Thus,
good welfare can be demonstrated by the absence of “prob-
lems” along with the presence of normal, natural behaviors
and good physical condition (Archer 1979; Stoskopf 1983;
Wiepkema and Koolhaas 1993; von Holst 1998; Sapolsky 2004;
Morgan and Tromborg 2007).

The term distress has been suggested as central to charac-
terizing the impact of negative stress (Wielebnowski 2003;
McMillan 2005b; NRC 2008). Prolonged distress or severe
discomfort will compromise well-being and is measurable
behaviorally and/or physiologically. While we are sure that
animals deprived of food and water for a prolonged period
will ultimately be distressed, we still do not know if (or how
much) distress occurs when other, less obvious physical or
social needs are not met. If an anteater lives in a zoo with-
out a deep substrate in which to dig, will it be distressed? Do
captive polar bears and other marine mammals experience
distress when maintained in freshwater as opposed to seawa-
ter? We need far more research on hundreds of exotic species
to answer these questions.

Individual physical problems, e.g. from disease-related de-
cline, may neither result from poor welfare nor cause a reduc-
tion in welfare. For example, an animal’s arthritis may not be
caused by poor management, but by effective husbandry and
care that allow the individual to live longer than is typical in
the wild. However, arthritic animals may not only experience
chronic pain but also be unable to perform species-specific
behaviors, e.g. avoid the aggression of conspecifics, in which
case their well-being is likely compromised.

An animal’s survival in the wild depends on its success-
fully reacting and responding to its environment (Poole
1992; Stafleur, Grommers, and Vorstenbosch 1996; Broom
1998; Dawkins 1998). If a zoo animal cannot react appro-
priately to stimuli in its captive environment, behaviors in-
dicative of “frustration” may result. In addition, the “de-
sign” of mammals includes the need to initiate activity (e.g.
play, exploration, information gathering) based on changes
in motivation, and not just to react to events or circum-
stances (Mench 1998; Carlstead 1999). Although conditions
that compromise well-being do occur in the wild, the ani-
mal management staff is responsible for ensuring adequate
well-being once an animal enters the care of the zoo. Zoos
need to address how they can meet the complete needs of
all their mammals, regardless of an animal’s age, popularity,
or value (Follmi et al. 2007).

Both the physical and the social environments (Rees 2009)
profoundly affect quality of life and therefore state of wel-
fare and sense of well-being. Quality of life and suffering are
subjective and relative challenges for animals as they are for



humans (Sandoe 1999; Wemelsfelder 1999; Dawkins 1980,
2005; Gregory 2005).

WELFARE INDICATORS

In a very real and literal way, humans are somewhat “blind”
to how most other species perceive and experience the
world. Our ability to understand the needs of most mam-
mals may also be quite limited. A greater research focus on
“soft” psychological characteristics (e.g. animal awareness,
consciousness, sentience, emotions, individuality, feelings,
and thoughts) may help us better understand the complete
needs and complexity of other mammals and therefore how
to improve their welfare in captivity (Dawkins 1993, 2001;
Capitano 1999; Griffin 2001; Kirkwood 2003; Turner and
D’Silva 2006; Powell and Svoke 2008; Fraser 2009a).

Since the thoughts and feelings of animals are largely in-
accessible to us, we rely on indirect indicators of an animal’s
mental state and physical condition to determine its state of
well-being. Historically, indicators of zoo animal well-being
have included longevity and reproductive success. However,
mammals can survive and reproduce over many years, even
in the most stressful circumstances. Thus, we need to estab-
lish more sensitive indicators.

The challenges scientists face in assessing animal welfare
are considerable (Sandoe and Simonsen 1992; Mason and
Mendl 1993; Mench 1993; Gonder, Smeby, and Wolfe 2001;
Dawkins 2003, 2006; Jordan 2005; Webster 2005). The great
number of species, small sample size, limited resources (fi-
nancial and staff), multiple variables (including individual
animal variation), and the unique circumstances of each facil-
ity all create additional obstacles when working in zoos. As-
sessing welfare generally involves measuring behavioral and
physiological responses to stressors (Morgan and Tromborg
2007; McPhee and Carlstead, chap. 25, this volume; Hodges,
Brown, and Heistermann, chap. 33, this volume). The behav-
ioral and physiological responses of mammals to environ-
mental variables, e.g. insufficient space, that typically have a
negative impact on welfare are thought to be their attempts
to cope with or eliminate stressors.

PHYSIOLOGICAL INDICATORS

Physiological responses to stress are complex and multifac-
eted, and they vary according to the species of the animal and
the nature of the stressor (Moberg 1985; Touma and Palme
2005; see also Hodges, Brown, and Heistermann, chap. 33,
this volume; McPhee and Carlstead, chap. 25, this volume).
Exposure to stress generally results in an elevation in gluco-
corticoids secreted by the hypothalamic-pituitary-adrenal
(HPA) axis (Matteri, Carroll, and Dyer 2000; Shepherdson,
Carlstead, and Wielebnowski 2004; Carlstead and Brown
2005; Lane 2006). The secretion of these steroid hormones
facilitates the mobilization of energy reserves and enhanced
cardiovascular tone to prepare the animal for a coping re-
sponse, such as fight or flight.

Physiological indicators of welfare primarily involve mea-
suring compounds released by the animal in its blood, and/or
in excreta and saliva, as well as short-term changes in body
temperature and heart and respiration rates (Dathe, Kuck-
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elkorn, and Minnemann 1992; Bauman 2002; Von der Ohe
and Servheen 2002; Peel et al. 2005; Stewart et al. 2005; Touma
and Palme 2005; Pedernera-Romano et al. 2006; Hodges,
Brown, and Heistermann, chap. 33, this volume). However,
an elevation in glucocorticoids comparable to that during a
stress response can occur seasonally or when an animal is
simply excited or has exerted itself. Indeed, the sampling pro-
cedure alone, particularly if this involves capture and taking
blood, may activate a stress response, potentially invalidat-
ing any worthwhile conclusions about other stressors. Fur-
ther complicating our understanding of the physiological
indicators of stress is the finding that in some situations of
chronic stress, the HPA response will be depressed (Wieleb-
nowski 2003).

Chronic stress, with a prolonged activation of short-term
coping responses, can ultimately harm the health of an in-
dividual. The more the animal is required to cope—and the
less an animal is able to cope—the more its welfare is likely to
be compromised. Chronic physiological stress responses can
also be measured, and include immunosuppression, reduced
fecundity, reduction in protein synthesis, weight loss, elevated
blood pressure, ulceration, thickening of the arteries, and pre-
mature death (Coe and Scheffler 1989; Blecha 2000; Elsasser
etal. 2000; Shepherdson, Carlstead, and Wielebnowski 2004).
Chronic stress reactions may be particularly significant in as-
sessing the level of everyday welfare of zoo animals, because
they should reflect welfare status under the prevailing condi-
tions, rather than at the moment of measurement. However,
chronic stress indicators are often difficult to measure in live
animals. Finally, these measures only result from highly acute
or prolonged stressors, and so while they can tell us that the
animal is coping poorly, they may be slow to do so.

BEHAVIORAL MEASURES

Since the collection and interpretation of physiological indi-
cators may be difficult, behavioral studies are often a practi-
cal approach to evaluating welfare status, particularly in such
nonexperimental conditions as are found in zoos. Comparing
the behavior of zoo mammals with their wild counterparts
can reveal the effects of captive conditions on exotic mam-
mals as we attempt to improve zoo mammal well-being (see
also McPhee and Carlstead, chap. 25, this volume).

Time budgets and comparisons with the wild. Time budgets
essentially measure how animals allocate their time. Ani-
mal care staff can use time budgets of captive mammals as a
baseline to assess the impact on behavior caused by changes
in management practices or other changes in the animal’s
physical and social environment. Knowledge of the time-
budget differences between wild animals and captive ani-
mals can indicate possible problems with captive manage-
ment (Mallapur and Chellam 2002; Melfi and Feistner 2002),
although changes in the frequencies of certain behaviors need
not—e.g. it is unlikely that a reduction in vigilance behav-
ior by prey animals would mean that their welfare was com-
promised.

Preference tests and behavioral needs. Animals can provide
insight into their motivations by expressing preferences for
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certain environmental variables (Fraser, Phillips, and Thomp-
son 1993; Duncan 2004). Thus, preference tests can indicate
what animals are motivated to obtain or to avoid. For ex-
ample, chickens prefer larger cages with a substrate to smaller
cages with a wire floor (Dawkins 1983), presumably because
the former provide more opportunities to perform species-
appropriate behaviors such as dust bathing. However, pref-
erence tests only indicate a relative preference. Preferences
may vary based on age, season, temperature, social environ-
ment, previous experiences, and the availability of different
resources. Also, because an animal expresses a preference
for a certain variable does not mean that it will inevitably
experience reduced well-being in its absence. Finally, ani-
mals do not always make choices that are in their individual
best interests: e.g. adult male mammals may fight during the
breeding season.

The strength of preferences can be measured by making
the animal choose to give up resources or perform work for its
preference (Consumer Demand Theory: Dawkins 1983,1990).
An individual’s unwillingness to sacrifice food, comfort, or
social contact, or its willingness to perform “work” such as
pressing levers, swimming through cold water, or pushing
open heavy doors, is measurable (Van der Harst and Spruijt
2007; Watters, Margulis, and Atsalis 2009) and can demon-
strate the strength of its preference. The harder the animal
works or the more it is willing to sacrifice, the greater its pref-
erence, and hence the greater the likely welfare deficit if the
individual is denied access to that resource or opportunity.
Such an approach can inform facility design, especially with
regard to indoor areas (Ewing, Lay, and von Borell 1998). Spe-
cies differences are important considerations; a lack of social
interaction is likely to be more significant for a social primate
such as a chimpanzee than for a solitary predator such as a
tiger. Similarly, the compression of an elephant’s extensive
daily walking routine into 2 or 3 hours in captivity is likely to
pose a greater welfare challenge than altering a captive snake’s
mobility or feeding ecology.

There are certain behaviors (termed behavioral needs) that
we believe animals must perform for satisfactory well-being.
Such behaviors may be of a long duration, energetically de-
manding, and internally stimulated (i.e. not reliant on exter-
nal stimuli). For example, if members of a species typically
forage for 14 to 20 hours per day in the wild, limited foraging
opportunities in a captive environment may lead to reduced
well-being. Zoo professionals should develop creative ways to
compensate for such a large discrepancy in the time budget
(McPhee and Carlstead, chap. 25, this volume).

Animals usually exhibit escape behavior in the presence
of the appropriate external stimuli, e.g. a predator. Never-
theless, many zoo exhibits house animals in close visual, au-
ditory, and olfactory proximity to machinery, visitors, and
other species, including their natural predators (Hosey 2000;
Birke 2002; Davey and Henzi 2004; Davey 2006; Owen et al.
2004; Davis, Schaffner, and Smith 2005; Powell et al. 2006;
Sellinger and Ha 2006; Davey 2007; Kuhar 2008). While the
actual risk of being attacked is low (though there are risks of
predation in zoos), an animal may exhibit predator avoid-
ance behaviors, e.g. hiding. This important behavioral need
can collide with the zoo’s wish to have animals in full view
during visitor hours.

Abnormal behaviors. We can also document the frequency
and duration of “abnormal” behaviors, the most obvious
of which are stereotypic behaviors (Meyer-Holzapfel 1968;
Dantzer 1986, 1991; Mason 1991a, 1991b, 2006; Mason and
Latham 2004; Wechsler 1991; Lawrence and Rushen 1993; Gru-
ber et al. 2000; Rees 2004; Wilson, Bloomsmith, and Maple
2004; Montaudouin and Le Page 2005; Shyne 2005; Tarou,
Bloomsmith, and Maple 2005; Swaisgood and Shepherdson
2005; Renner and Kelly 2006; Ross 2006; Elzanowski and Ser-
giel 2006; Soriano et al. 2006; see also McPhee and Carlstead,
chap. 25, this volume). High levels of stereotypy may indicate
that an individual has experienced a welfare challenge and has
been coping for a prolonged period (Wilson, Bloomsmith, and
Maple 2004). These unvarying behaviors have been correlated
with poor welfare, as they are typically seen in animals housed
in small enclosures. However, stereotypies, like physiologi-
cal changes, can also occur when an animal is simply excited
(Veasey 1993). It has been suggested that stereotypic behav-
iors may be satisfying or soothing to perform in that they pro-
vide a controllable (albeit high) level of stimulation that helps
the individual animal cope with unpleasant or uncontrollable
conditions (Rushen 1993). Thus, some animals exhibiting ste-
reotypies may actually have lower heart rates, higher levels of
circulating endogenous opioids, and reduced cortisol levels
in comparison with animals in similar conditions not exhib-
iting stereotypies (Dantzer 1986; Mason 1991a).

A factor complicating the relationship between stereo-
typies and animal welfare is that even after conditions im-
prove, stereotypies often persist (Mason 1991b). Therefore
the presence of stereotypies may not always reflect the pre-
vailing conditions experienced by the individual. Assessing
and addressing the welfare (and especially stereotypies) of
primates, elephants, bears, and marine mammals, with their
complex behavioral needs, is especially challenging (Novak
and Suomi 1988; Kiley-Worthington 1990; Schmid 1995; Gal-
hardo et al. 1996; Baker 1997; McBain 1999; Waples and Gales
2002; Clubb and Mason 2003; Swaisgood et al. 2003; Hosey
2005; Cheyne 2006; Hutchins 2006; Meller, Coney, and Shep-
herdson 2007; Wemmer and Christen 2008; Forthman, Kane,
and Waldau 2009). Instances of apparent stereotypic behav-
iors have been described in wild animals (Veasey, Waran,
and Young 1996).

Behavioral indicators of poor welfare or distress can also
include vocalizing, extreme timidity, aggression, escape be-
haviors, self-mutilation, fur plucking, pacing (Boinski, Gross,
and Davis 1999; Wielebnowski et al. 2002; Peel et al. 2005),
and decreased performance of behaviors critical to survival
and reproduction, e.g. grooming, mating, and foraging/feed-
ing. The context is important when attempting to attribute a
cause to the behaviors.

COMPENSATING FOR STRESS

Enrichment is one method of compensating for compromised
conditions in captivity. Environmental enrichment programs
(Markowitz 1981; Markowitz and Aday 1998; Maple 1996; Rob-
inson 1997; Young 2003; Shyne 2005; Shepherdson, chap. 6,
this volume; Cipreste, Schetini de Azevedo, and Young, chap.
15, this volume) continue to evolve as an important way to
address challenges created by captive environments.



For zoos, environmental enrichment has traditionally not
been as rigorously and consistently applied as has “basic” man-
agement, i.e. husbandry, nutrition, and preventive medicine.
“Basic” animal care (e.g. feeding, housing, and transport) has
tended to be separated from animal welfare (i.e. how an animal
is fed, housed, and transported) (Dembiec, Snider, and Zanella
2004; Broom 2005; Iossa, Soulsbury, and Harris 2009). Zoos
need to allocate more staff time and expertise to enrichment
and engage welfare professionals who have been scientifi-
cally trained (see Shepherdson, chap. 6, this volume; Cipreste,
Schetini de Azevedo, and Young, chap. 15, this volume).

Although counterintuitive to some degree, exposure to
a certain amount of stress, even in captivity, may be good
for animal well-being (McEwan 2002), since stress in nature
helps individuals build a healthy capacity to cope with dy-
namic physical and social environments. Some of the stress
in captivity is similar in frequency, quality, and magnitude
to the stress of living in the wild; but captive animals face
many additional artificial stressors, e.g. confined space, close
proximity to conspecifics, constant human presence, unnatu-
ral diets, and exposure to chemicals for cleaning enclosures,
among others (Morris 1964; Hosey 2008).

Providing zoo mammals with choice in addition to the
Five Freedoms discussed earlier is an enormous challenge
(Laule 2003; Owen et al. 2005; Videan et al. 2005; Schapiro
and Lambeth 2007) and requires significant rethinking and
reengineering of space and other resources for many mam-
malian species. Control, choice, and decision making rep-
resent important biological needs, since they are character-
istics that animals exhibit regularly in the wild (Meyers and
Diener 1995).

INDIVIDUAL VERSUS SPECIES WELFARE

Conway (1976) suggested that focus on the welfare of in-
dividuals is antithetical to the conservation of species, and
creates a conflict between the welfare of individuals and that
of populations. Thus, the argument implies that consider-
ation for the welfare of many, including future individuals,
should outweigh consideration for the welfare of an individ-
ual (Lacy 1991, 1995). Animal welfare groups, the media, and
the general public often focus their attention on individual
animals. And some in the conservation community (includ-
ing zoos) may essentially contribute to welfare “speciesism”
in that the charismatic megavertebrates often benefit more
from attention and investment than other species (e.g. giant
pandas [Ailuropoda melanoleuca] and gorillas [Gorilla go-
rilla]). Zoos conservation education programs that encour-
age a greater focus on species survival and habitat preserva-
tion may not overcome the great value the public places on
individual animals, especially large mammals (Conway 1976;
Lewandowski 2003). Zoos can, however, take on this chal-
lenge and engage the public in a discovery of, and dialogue
about, the relationship between individual animal welfare and
conservation, including the complicated choices and signifi-
cant costs of achieving well-being for all individuals.
Conway (1976), Lacy (1991), and Lindburg (1991) argue
that an aesthetic appreciation of individual animals can lead
to enhanced appreciation of and support for species. This
may be a major contribution of zoos, and the foundation for
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much support for wildlife conservation and animal welfare
(see Routman, Ogden, and Winsten, chap. 12, this volume).
Ideally, we should develop solutions that benefit both indi-
viduals and populations, although strategies and practices
that fully embrace both animal conservation and animal wel-
fare can be difficult to achieve (Kagan 2001; Maple 2003). For
instance, consider the dilemma faced by a zoo asked to pro-
vide space and resources for a rescued pet tiger of uncertain
ancestry. By accommodating this animal, the zoo now may
have less space available for captive breeding of genetically
valuable tigers capable of making substantial contributions
to conservation.

Z00 ENVIRONMENTS FOR IMPROVED
ANIMAL WELFARE

The design of exhibits and the interaction of keepers with the
animals in their care are central determinants of the quality
of a captive animal’s life (Shepherdson, Mellen, and Hutchins
1998). For some exhibits, an important distinction between
captivity and confinement can be made (Wemelsfelder 2005).
Some zoo mammals may be so limited and restricted by their
physical environment that they are indeed confined, and not
simply captive (Bostock 1993).

Decisions of animal care staft essentially replace many im-
portant decisions the animal would have made in the wild.
For example, choosing a mate or when and what to eat are
important life experiences that we, not the captive animal,
determine. Providing significant choice and control to the
animal may improve its situation quite dramatically. Current
management protocols for elephants, including maintaining
them in chains—though banned in the United Kingdom by
elephant management guidelines established by the British
and Irish Association of Zoos and Aquariums—and the use/
threat of physical discipline including electric shock—cur-
rent AZA elephant standards—are vivid examples of how in-
tensive our control is over some zoo animals (Schmid 1998;
Friend and Parker 1999; Gruber et al. 2000; Elzanowski and
Sergiel 2006).

Greater knowledge of and sensitivity to how animals (not
humans) perceive and experience life in a captive environ-
ment could help prevent a host of stressors from dramati-
cally compromising the well-being of zoo animals (Wemels-
felder 1999). For example, while humans’ sensory abilities
include detecting certain air pollutants, we may not detect
many odors (or their relative intensity) or realize that pro-
longed, even chronic, exposure to fumes from cleaning so-
lutions, urine, dust, and excreta in a holding barn could be
extremely challenging for many animals. Moreover, captive
animals are often subjected to loud noises (Birke 2002; Owen
et al. 2004; Coppola, Enns, and Grandin 2006; Patterson-
Kane and Farnworth 2006; Powell et al. 2006), inappropri-
ate temperatures (Lindburg 1998; Rees 2004), unnatural light
cycles and/or artificial lighting, and forced human proximity
(Rushen, Taylor, and de Passille 1999; Fernandez et al. 2009).
Since we humans are usually only temporarily exposed to
these stimuli within exhibits, we may not perceive the stimuli
as strong, offensive, or even detect them at all.

Similarly, zoos with relatively spacious natural and com-
plex outdoor exhibits may not allow their animals to remain
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outdoors 24 hours a day for reasons of visibility, security,
weather, and ease of maintenance. Some zoos “rotate” indi-
viduals within exhibits several times during the day to en-
sure that the animals that are on display are always active.
Thus, some individual animals may spend the vast majority
of their lives, by design, off exhibit in small, sterile holding
cages (Sommer 1973; Coe 2003), not significantly different
from what was provided 50 years ago. We need to provide
mammals that climb, dig, fly, run, hide, swim, and burrow
with ample and appropriate opportunities to express their be-
havioral needs. For convenience, we feed some zoo animals at
set times in specific locations, not the way most animals feed
in the wild. As a consequence, we increase predictability and
the passive time in the animals’ daily time budget, and we may
facilitate aggression in group-dwelling species.

Finally, the impact of weather and climate on captive ex-
otic animal welfare needs significant scientific attention.

THE FUTURE

The environments of zoo animals have improved over the
years and, it is hoped, not only appear better to visitors, but
also are better for the animals. But, as Mench and Kreger
(1996, 10) so poignantly wrote in the first edition of this book,
“The natural habitat created in a zoo environment is an il-
lusion . . . real to the visitor but to the animal . . . restrictive,
monotonous, lacking most of the niches in nature” While
hard to admit, zoo professionals’ assumptions, best intentions,
expertise, and great affection for animals do not necessarily
mean that all individual captive animals are thriving. Our
challenge is to develop and utilize accurate measurements of
well-being and to provide conditions that will promote wel-
fare for all animals in our care.

Today, while exhibits are larger and more cosmetically
appealing to humans, they still may not be fully relevant to
their residents. A mowed grassy area may be enticing to hu-
mans, but does not offer a natural home to most animals (see
Hancocks, chap. 11, this volume). We believe that if each zoo
maintained fewer species in truly appropriate physical and
social conditions, captive animals would experience better
well-being.

Our own sensory limitations as well as the costs of change
retard progress in developing new approaches. Providing a
full, 24-hour, enriched, stimulating, and relatively uncon-
trolled life experience for zoo mammals mandates sophis-
ticated, complex environmental design and significantly
different animal management practices, developed from ex-
tensive, professionwide collaborative research efforts and
evaluations (Smith 2004; Wells and Irwin 2008; Wells 2009).
Our goal should be to establish institutional policies and pro-
fessional standards that provide animals with a full range of
opportunities, choice, and control.

Of course, we need to avoid creating exhibit features that
can pose serious risks for our animals. For example, water
moats may be more attractive and less expensive to build
than dry moats, and they are effective at containing almost all
primates. But, they led to drownings in half of all U.S. water-
moated chimpanzee exhibits during the 1990s, even where
compensatory safeguards such as underwater nets were in-
stalled (data from Chimpanzee SSP). While costly and logisti-

cally challenging, we also need to provide mammals with op-
portunities to be rough on their environments, e.g. to destroy
trees (Maki and Bloomsmith 1989). Hot-wired trees and other
inaccessible naturalistic exhibit features afford little value to
the nonhuman primates.

Our focus should be on optimum, not minimum, condi-
tions. We need to consider that even a successful record of
increasing investment in ex situ and in situ conservation (im-
proving the welfare of a species) does not necessarily mean
that individual zoo animals have been adequately provided
for (Kirkpatrick 1996). Saving a species may be a hollow con-
servation success, and ethically questionable, if we harm in-
dividual captive animals in the process. We need to advance
both the science and the policy of zoo animal welfare (Jor-
dan 2005; Defra 2005, 2006); otherwise, our public stand-
ing as “the” animal experts, advocates, and preservers is vul-
nerable.

ASSOCIATIONS/WEB SITES FOCUSING
ON ANIMAL WELFARE

Important associations/Web sites that focus on animal wel-
fare research and issues include the Scientists Center for Ani-
mal Welfare (SCAW —www.scaw.com), Universities Federa-
tion for Animal Welfare (UFAW —www.ufaw.org.uk), Society
and Animals Forum (formerly Psychologists for the Ethical
Treatment of Animals, www.psyeta.org), and the Interna-
tional Society for Applied Ethology (ISAE—www.applied-
ethology.org). Related journals that regularly publish cap-
tive animal welfare studies include Applied Animal Behaviour
Science, Animal Welfare, Journal of Applied Animal Welfare,
and Zoo Biology.
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Setting Standards for Evaluation of Captive Facilities

Joseph Barber, Denny Lewis, Govindasamy Agoramoorthy, and Miranda F. Stevenson

Overview

Joseph Barber

INTRODUCTION

The establishment of zoo and aquarium (henceforth zoo) ac-
creditation programs is a critical milestone in the history of
z0o associations, and plays an important role in promoting
the welfare of captive wild mammals. In the following sub-
chapters, 3 similar approaches to assessing the level of care
offered by individual zoos are discussed from different re-
gional perspectives. Each author identifies the development
of high-level animal care standards as an integral component
of accreditation or welfare assessments. Since accreditation
relies on this development, and since our understanding of
animal care and welfare continues to change with new re-
search findings, zoos are faced with an ongoing commitment
to updating these standards of care. In this introduction, the
process of accreditation will be discussed in terms of its pur-
pose and its ability to offer valid insights into animal welfare.
The challenges associated with accreditation and the process
of developing animal care standards will also be highlighted,
and possible solutions to these challenges identified.

ACCREDITATION

In the following subchapters, the authors describe a mostly
qualitative approach to evaluating the level of animal care of-
fered by zoos, believing it to be the most effective tool to en-
sure that institutions are meeting appropriate care standards
(Lewis, chap. 3b, this volume). This approach involves on-
site examinations of animal, personnel, and storage areas,
interviews with animal care staff, and a review of docu-
mented zoo records (ibid.; Agoramoorthy, chap. 3c, this vol-
ume; Stevenson, chap. 3d, this volume). Written materials,
policies, programs, and philosophies are reviewed in com-
parison to general standards of care identified by the zoo
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associations. Many of the animal care reccommendations fea-
tured within the accreditation standards discussed are based
on the concepts described in the Five Freedoms (Brambell
1965; Farm Animal Welfare Council 1992; see Kagan and
Veasey, chap. 2, this volume). The creation of accreditation
programs that expand on and formalize these guiding prin-
ciples within a framework of general animal care standards
is a very important step. However, these “freedoms” only
offer general guidelines, and there are challenges associ-
ated with applying these standards of care consistently and
interpreting them objectively during any accreditation or
welfare inspection.

If one of the goals of accreditation is to improve stan-
dards of animal welfare (Lewis, chap. 3b, this volume; Ste-
venson, chap. 3d, this volume), then it will be necessary to be
able to measure welfare. True assessments of animal welfare
are based on detailed quantitative analyses of the behavior,
physiology, and physical health of individual animals (Daw-
kins 1976, 1983, 1998; Broom 1991a, 1991b, 1996; Rushen and
de Passille 1992; Mason and Mendl 1993; Clark 1997; Clark,
Rager, and Calpin 1997; see also Kagan and Veasey, chap. 2,
this volume). Since no new quantitative information is col-
lected during the accreditation processes described by the au-
thors, and the time actually spent observing animals over a
2- to 3-day inspection is minimal, accreditation can only offer
an indirect assessment of animal welfare. For example, during
a qualitative assessment, an accreditation inspector may look
for evidence of an effective nutrition program, but will have
no direct way of determining whether each animal is experi-
encing any nutrient deficiencies unless veterinary records are
readily available. When looking at animal exhibits, inspectors
may also look for evidence that enrichment has been pro-
vided to the animals, but the presence of enrichment initia-
tives does not show the inspectors whether that enrichment
is truly effective at promoting species-appropriate behaviors.
Thus, the concepts addressed in the Five Freedoms are only
really suited to evaluations of whether captive conditions are
theoretically suitable for animals to experience good welfare,



in that they represent ideal states rather than specific animal
care standards (Farm Animal Welfare Council 1992).

Without strict criteria to evaluate collected information
(similar to that dictated by the statistical analysis of quantita-
tive data), qualitative assessments run the risk of being sub-
jectively interpreted. The challenges associated with these
assessments are underscored by the example provided by Ag-
oramoorthy (chap. 3¢, this volume), where in-house zoo eval-
uators, in reviewing their own institutions, identified fewer
welfare concerns and chose better-constructed exhibits to
assess than did evaluators from outside institutions. None-
theless, there is little doubt that zoo professionals are partic-
ularly qualified to determine the suitability of animal care,
given their experience working with wild animals in captiv-
ity. Using accreditation inspectors from the zoo community,
who understand the very real limitations that zoos face, is
perhaps the most feasible way for a zoo association to con-
duct an accreditation or welfare inspection. However, it may
not be the only or the best method to achieve the goal, identi-
fied by Stevenson (chap. 3d, this volume), of consistently ap-
plied standards leading to high-quality zoos. The fact that
a zoo lacks the money or space to build larger exhibits, or
faces restrictions in how it houses more tropical species dur-
ing cold-weather months, or is limited in how much browse
it offers to a browsing species throughout the year because
of its locale, are certainly realities of captive animal manage-
ment. However, these issues are not sufficient by themselves
to justify any variance from professionally developed animal
care standards that are focused on the welfare of animals. As-
sessments of animal welfare should be made independently
of the limitations that zoos face, and animal care standards
implemented equally in all situations. The effectiveness of
accreditation programs will always be judged based on how
objectively they address situations where zoos cannot meet
the needs of certain species because their limitations are too
great. The need for a consistent approach is critical to en-
sure that professionals outside the zoo community can see
that good science is not being ignored in the interest of in-
stitutional solidarity.

The accreditation and inspection programs discussed in the
following subchapters are currently not set up to offer insights
into the actual welfare status of zoo mammals (Agoramoor-
thy, chap. 3c, this volume), as this would require inspectors
having specific knowledge of every species in the collection,
and significant periods of time to research the conditions. As
an indirect measure of welfare, qualitative accreditation pro-
grams are limited to an assessment of “welfare potential”’—
the potential that captive animals will experience good welfare
based on the conditions they are provided. For example, the
more effective the animal care programs are at an institution,
the greater the potential that the animals will be housed, fed,
trained, and enriched in the most appropriate manner. Since
animal welfare is a property of individual animals (Broom
1996), we can never assume that recommended standards of
animal care will be sufficient to meet the needs of all animals
in all situations. Indeed, without a quantitative assessment of
the impact that recommended standards of animal care have
on the welfare of individual animals, it is difficult to determine
the efficacy of any standards. There is a great opportunity for
this type of data to be collected by all zoo associations.
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Qualitative assessments may currently be the only way
for inspectors to get a snapshot of the animal care offered by
z00s, but the question remains whether assessments of “wel-
fare potential” represent the end of the road when it comes to
evaluating captive facilities, or simply a step in the right direc-
tion. As the techniques used to assess the welfare of captive
mammals become more readily available, should the mea-
surement of actual welfare be a key consideration in the im-
provement of zoo accreditation programs?

A FUTURE APPROACH

It is important to acknowledge the significant progress that
z0o associations have made in establishing and implement-
ing accreditation programs; but while it is tempting to say
that accreditation differentiates good zoos from bad zoos,
the reality is slightly more complex. For example, there are
instances of animals performing abnormal stereotypic behav-
iors within both accredited and unaccredited facilities (e.g.
Carlstead, Brown, and Seidensticker 1993; Stoinski, Daniel,
and Maple 2000; Bashaw et al. 2001; Jenny and Schmid 2002;
Tarou, Bashaw, and Maple 2003; Rees 2004). These behaviors
can be interpreted either as coping responses (Cronin, Wiep-
kema, and van Ree 1986; Jones, Mittleman, and Robbins 1989;
Zanella et al. 1996), or as indicators that the needs of the ani-
mals are not being met (Mason 1991; Wechsler 1991; Vickery
and Mason 2004). If the latter interpretation is valid for ani-
mals in accredited zoos, then there would seem to be a dis-
connect between what has been judged by accreditation as
appropriate from a “welfare potential” perspective, and what
the animals are actually experiencing. If these types of dis-
connects do exist, then the need to assess the actual welfare
of mammals is vitally important.

Incorporating more quantitative assessments of welfare
into qualitative accreditation programs will certainly be a
challenging endeavor. Small steps will be necessary, such as
the creation of species-specific animal care standards (Lewis,
chap. 3b, this volume). Although still not a measure of wel-
fare, such standards of care would offer much more objec-
tive information to accreditation inspectors—and the more
objective the information they have, the more consistently
it can be applied.

Creating species-specific standards is not without its chal-
lenges, however. The behavior of mammals can show a great
deal of plasticity (Komers 1997; Reader and Laland 2001),
and not all animals within the same species will respond to
the same conditions in the same way. Deciding how best to
combine the knowledge of animal care professionals with in-
formation from the scientific literature to create these stan-
dards also requires considerable deliberation. All standards
of care will need to be validated by quantitative assessments
if they are to become more objective.

The validity and objectivity of any species-specific wel-
fare standards would be effectively illustrated if all regional
200 associations endorsed them. Since a Thomson’s gazelle
or an elephant will have the same needs in whichever coun-
try or latitude they are housed, the development of different
regional standards would seem counterintuitive. This is the
current reality, though. Stevenson (chap. 3d, this volume) de-
scribes the difficulty that neighboring countries have in agree-
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ing on the same set of general standards within a region, let
alone finding a consensus between regions. In the absence of
scientific data, experiential and intuitive knowledge remains
a key component of animal care. However, the more scientifi-
cally based that standards can be made, the more likely it is
that proponents and opponents of zoos can debate the issues
behind the management of captive mammals in more objec-
tive rather than subjective terms—not a common occurrence
at present (Agoramoorthy, chap. 3c, this volume).

CONCLUSION

The information in the following subchapters chronicles the
progress of 3 different regional associations in developing
formalized accreditation programs. There is little doubt that
accreditation programs do improve the conditions for cap-
tive mammals, and zoo associations should clearly document
the evidence to support this belief. Nevertheless, while many
of the programs implemented in zoos over the last 30 years
have focused on providing more effective animal care (max-
imizing “welfare potential”), the ability of animal care staft
within zoos to assess animal welfare quantitatively has yet to
show a similar advancement—nor have the tools or training
needed to do so become more available within the commu-
nity. Thus, the creation of species-specific animal care guide-
lines in tandem with the further development of tools and
methods needed to assess animal welfare, and not just “wel-
fare potential,” will be fundamental to the continued improve-
ment of welfare standards for evaluating the captive facilities
for wild mammals.
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North America

Denny Lewis

INTRODUCTION

Until professional standards were established in the early
1970s, zoological parks and aquariums in North America
were governed according to the varying objectives of their
individual governing bodies and staff. The creation of stan-
dards was a recurring topic of discussion, but individual goals
and interests at each institution remained the driving force in
making choices regarding animal housing and care.

In 1965, the call for an accreditation-like program began in
Great Britain, where the Federation of Zoos (now known as
BIAZA —the British and Irish Association of Zoos and Aquar-
iums) administered its development. In the United States, sev-
eral states passed legislation that included a system of inspec-
tion and licensing embodying the public’s rightful concern
about the well-being of animals in zoological collections. On
a federal level, the passage of the Animal Welfare Act in 1966
reflected the nation’s growing concern about animal care.



The zoo and aquarium community in North America rec-
ognized that the time had come for development of a system
for evaluating the quality of institutions holding wildlife in
the United States, and that its own professional organiza-
tion, the Association of Zoos and Aquariums (AZA—then
known as AAZPA, the American Association of Zoological
Parks and Aquariums), was best qualified to accomplish this
task. AZA members had long expressed a collective belief
that institutions maintaining wildlife must recognize and ac-
cept common goals, and seek to advance those goals by ad-
hering to professional standards for maintaining quality and
performance.

AZA and its members believe that assuring high stan-
dards of animal management and husbandry is paramount
in the operation of collections of living creatures, and that
good conscience permits no higher priority. In addition to
enhancing animal care, AZA recognized that an unbiased and
thorough review of zoos and aquariums, measured against
written standards and performed by experts within the pro-
fession, would provide a service in assuring the public that
excellent care was indeed being provided to the collection
housed within. AZA also understood that providing qual-
ity animal care was dependent on an institution’s entire op-
eration, including areas not directly related to animal care,
such as governance, finance, maintenance, and the support
organization. And finally, by encouraging strong programs
in education, conservation, and other scientific studies de-
signed to benefit animals, the importance of maintaining such
collections for reasons beyond simple recreational purposes
would be increased.

In the early 1970s, AZA developed an accreditation pro-
cess and appointed an Accreditation Commission to over-
see its administration. The twelve-person body consists of
a chairperson and eleven commissioners usually serving 2
consecutive 3-year terms. In addition to the chair and com-
missioners, several advisors are appointed to serve, with-
out vote. Advisors expand the overall body of expertise
of the commission, and are appointed from among past
commissioners to enhance continuity. Those appointed to
serve on the commission are selected from among the top
authorities in their fields of expertise, including zoological
and aquarium operations, animal management and hus-
bandry, and veterinary medicine, representing zoos and
aquariums of all sizes. Currently, commissioners and ad-
visors serving on the Accreditation Commission comprise
over 450 collective years of professional training and ex-
perience, on which they draw when considering each case
and making decisions.

In addition to possessing expertise within the profession,
commissioners must approach each case without bias and
judge each institution based on factual information substanti-
ated by inspectors. Anything less compromises the integrity of
the accreditation process, negates its purpose, and removes its
value from every institution that has earned the credential.

Accreditation is granted to institutions judged as meeting
or exceeding the professional standards developed by AZA.
The process itself is a rigorous one, taking upward of a year
to complete, and in some cases longer. Accreditation is good
for 5 years, at which time an institution must complete the
entire process again.
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ASSESSMENT PROCESS

Accreditation begins with the completion of an application,
and assembly of documentation. The application package
contains copies of institution policies, procedures, person-
nel information, animal inventory, financial statistics, reports
from outside agencies, master plans, and much more—all
key elements in measuring the quality of a professional op-
eration. Months of preparation go into the application prior
to submittal, after which an intense, 6-month evaluation is
conducted by the Accreditation Commission and its expert
team of inspectors.

Undergoing an accreditation inspection is analogous to
an audit or a physical examination: all require individuals
with the proper training and experience in the applicable
field to conduct the investigation. Inspectors are selected by
the commission from within the ranks of the zoological and
aquarium profession based on a demonstrated level of ex-
pertise in their chosen field, as well as a set of specific crite-
ria. Each team member must remain impartial and measure
an institution solely against standards. It is also important
that all team members agree that an institution is meeting a
standard before approving it as such. Teams are composed of
experts in 3 primary fields: operations, curatorial/husbandry
(animal management), and veterinary medicine. Inspection
teams range in size from 2 to 4 inspectors depending on the
size of the institution being assessed, and always include a
veterinarian.

After evaluating the institution’s application, teams spend
2 to 4 days inspecting the institution in light of professional
standards and generally accepted modern zoological practices
and philosophies. Team members spend several months pre-
paring for the inspection by studying all the institution’s inter-
nal materials submitted with its application, and draw on their
professional expertise and experience in making their judg-
ments. Examples of materials inspectors review in advance
include all internal policies and procedures, reports, staff re-
sumes, long-range and master plans, animal inventories, de-
partmental programs, maintenance programs, finances, and
educational materials. While on site, inspectors examine all
areas of the physical plant, including exhibits, holding and
service areas, food preparation and storage areas, the ani-
mal hospital and quarantine areas, public amenities, eateries
and restaurants, maintenance areas, administrative offices,
and off-site facilities if any exist. Additionally, inspectors re-
view animal records, diets, medical reports and records, and
reports of outside agencies such as the U.S. Department of
Agriculture. Inspectors also conduct private interviews with
staff at all levels, as well as with the governing authority and
support organization.

At the conclusion of the inspection, the inspection team
presents the institution director with a list that must be ad-
dressed before the institution can be granted accreditation.
Based on the team’s observations, the list includes both major
and lesser concerns, and also identifies areas in which the in-
stitution is judged as excelling. Each institution is expected
to provide the Accreditation Commission with a written ac-
count documenting how those concerns are being addressed.
Finally, representatives of the institution appear in person
before the commission to answer questions and receive the
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commission’s decision. The commission considers all fac-
tors when determining the outcome of a case, including the
number and the nature of the concerns, and how they have
been addressed.

After the hearing is concluded, the institution receives a
copy of the inspection report. This report is tied to the list of
concerns generated by the team at the end of the inspection,
and is submitted to the Accreditation Commission along with
aletter containing the team’s recommendation. Although this
recommendation is important, it only is a piece of the over-
all information considered by the commission in making its
final decision. On occasion the commission takes action that
is different from what the inspection team recommends. This
occurs when information surfaces that the team did not have
access to, or when events take place that affect the outcome
positively or negatively after the inspection is completed, in-
cluding how well the institution has addressed the list of con-
cerns developed by the inspection team.

Decisions made regarding the granting or denial of ac-
creditation are based on conditions at the institution at the
time the evaluation is conducted—not on future plans or past
events. When making its decision, the commission considers
all information that has been confirmed and evaluated dur-
ing the 6-month review process, including

« materials submitted by the institution,

« materials submitted by outside sources,

« reports of other agencies,

« the on-site inspection,

o the inspection team’s written report and recommenda-
tion,

« the institution’s response to the list of concerns, and

« the interview with institution representatives con-
ducted by the commission at the end of the process
(AZA 2009).

ACCREDITATION STANDARDS

While animal care is recognized as the single most important
section of the standards, and the driving force behind their
creation, all branches of an institution must function well to
assure top-quality animal care.

When developing professional standards, AZA recog-
nized the need to build in flexibility so that one set of stan-
dards could apply to both small and large institutions. Stan-
dards dealing with such things as research, public amenities,
staff, and conservation projects, for example, are areas where
judgment of adequacy is directly related to the size of the in-
stitution. For instance, the standard requiring that the educa-
tion program “be under the direction of a paid staff person”
deliberately does not specify that the staff person be dedi-
cated to the position on a full-time basis. When considering
this issue, the inspection team and the Accreditation Com-
mission will factor in the size of the institution. A small fa-
cility with a part-time staff person directing the education
program might prove acceptable, whereas the program at a
medium-to-large facility would require someone full time.
However, while it is helpful to remain flexible and consider
an institution’s size and nature when evaluating require-
ments, standards dealing directly with animal care are firm

in their application to institutions of all sizes. Standards deal-
ing with such things as living environment, physical com-
fort, health, nutrition, social and biological needs, and en-
richment activities are not based on an institution’s size or
the nature of its collection.

At present, professional standards for evaluating zoos and
aquariums are divided into the following sections: animal col-
lection, veterinary care, staff, governing authority, physical
facilities, guest services, safety/security, finance, conserva-
tion, education and interpretation, research, and other pro-
grams/activities. As both the zoological and aquatic profes-
sions are dynamic fields of study in which new discoveries
are continuously being brought to light, so, too, are profes-
sional standards being evaluated and revised regularly. The
Accreditation Commission reviews its standards continually,
and issues its standards each year.

ANIMAL COLLECTION

Accreditation standards (AZA 2009) are especially concerned
with assuring high standards of animal management and hus-
bandry. Accreditation inspectors evaluate all animal areas,
including exhibits, holding areas, and all the institution’s off-
site facilities at which animals are kept. Among the things
closely examined is the institution’s Acquisition and Disposi-
tion (A&D) policy for animals. The written A&D policy of an
accredited institution must, at minimum, incorporate all re-
quirements contained in AZA’s A&D policy. Animal records
are examined, and accredited institutions are encouraged to
place animals only at other accredited institutions. If an ani-
mal is placed at a nonaccredited institution, documentation
must be obtained verifying that the receiving institution has
the expertise, records management capabilities, financial sta-
bility, and facilities to provide for the animal’s health and
comfort. There must also be evidence that the nonaccredited
facility balances public exhibition of animals with efforts in
conservation, education, and science. In addition, the receiv-
ing institution’s mission (stated or implied) must not be in
conflict with AZA’s mission or A&D policy.

Under the animal collection section, the accreditation
team assesses exhibits to ensure that they are of a size and
nature sufficient to provide for the psychological and physical
well-being of each specimen. Inspectors check to ensure that
animals are protected from excessive heat and cold, that ex-
hibits replicate natural habitats and contain appropriate fur-
niture and sufficient shade, and that animals are kept in num-
bers adequate to meeting their social and behavioral needs.
Display of single animals is acceptable only when biologically
correct for that species.

Enrichment is also considered important for the proper
care of animals in captivity, particularly mammals; and each
institution is expected to have an active program in place for
the enrichment of all the animals in its collection, including
a system for documenting behavior that can be shared with
other institutions. Other areas addressed under animal care
standards include collection planning, permits, food stor-
age and preparation areas, and the use of animals in touch
tanks and other programs in which animals interact with the
public (including appropriateness of species used and fre-
quency of rotation).



VETERINARY CARE

Standards in the veterinary care section require that each
institution’s animal heath care program be under the direc-
tion of a licensed veterinarian. The program must follow the
guidelines of the American Association of Zoo Veterinarians.
Veterinarians are required to be properly qualified to care
for exotic collections, and there must be an adequate num-
ber of them on staff based on the size of each institution and
its collection. The support staff provided to the veterinarians
is also assessed as to number and experience. In addition,
standards in this section address veterinary records, quaran-
tine procedures, nutrition programs, emergency procedures,
alarm systems, necropsy policies, drug storage, authoriza-
tion, and use protocol, and all related inspection reports of
the U.S. Department of Agriculture, Animal and Plant Health
Inspection Service.

STAFF

A key element of an institution’s successful operation is
maintaining a staff sufficient in qualification and number
to meet the needs of the institution’s collection. Effective
communication, good working relationships, and regular
training are the basic essentials on which good animal care
begins.

SAFETY AND SECURITY

The security program employed by an institution should be
sufficient to provide appropriate, 24-hour protection for the
animal collection, its staff, and the visiting public. Perimeter
fencing must be 2.4 m high, surround the institution com-
pletely, and be separate from exhibit fencing. The perimeter
fence should be checked regularly and fixed immediately to
deter vandals, feral animals, and effectively contain the col-
lection. Also required are appropriate safety procedures to
deal with potentially dangerous or venomous animals, natural
disasters, power outages, and animal escapes (see Rosenthal
and Xanten, chap. 8, this volume).

CONSERVATION, EDUCATION, AND RESEARCH

Standards also consider the future of animal care, including
educating the public about the needs of animals and partici-
pating in conservation and research efforts both locally and
in situ. Education must be a key element in the mission state-
ment of the institution. Standards target both on-site and off-
site programming for audiences such as school groups and
families, and interpretive methods such as graphics, exhibits,
program animal use, and docent/keeper talks. Each institu-
tion must have a written education plan, and the education
program must be under the direction of a paid staff person
with appropriate experience or training. Institutions are re-
quired to evaluate their education programs regularly for ef-
fectiveness, content, and the use of current scientific informa-
tion. Conservation is a requirement in education messages
so as to foster concern about disappearing biodiversity and
to elevate the environmental knowledge of individuals in the
field, the institution, and the visiting public.
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Participation in conservation efforts must also be a mis-
sion of the institution, and each facility is expected to contrib-
ute at an appropriate level, based on the size of its budget and
number of staff. Participation in field conservation is strongly
encouraged, particularly ecosystem conservation. Examples
of such involvement are (1) conducting educational programs
in the targeted areas, (2) contributing to the establishment
or continued support of reserves, (3) conducting conserva-
tion research in the field, (4) supporting ecotourism so that
indigenous individuals derive a value from preserving their
natural environment, (5) conducting or supporting conserva-
tion training in the targeted areas, and (6) technology trans-
fer. Institutions are expected to work with local colleges and
universities on conservation efforts, and to encourage the
next generation of conservationists.

ADDITIONAL CONSIDERATIONS

While some sections of the standards do not relate directly
to animal care, it is important that each institution function
efficiently in all areas in order to ensure its ability to provide
its collection with a high level of care. Areas of this nature
covered by the standards include the governing authority, fi-
nance, guest services, and overall physical facilities (includ-
ing preventive maintenance).

GUIDELINES FOR INDIVIDUAL SPECIES

Leaders within the zoo and aquarium community in the
United States are now turning their attention to creat-
ing more-specific guidelines of care for all vertebrates in
captivity, beginning with mammals. The creation of these
guidelines is a huge undertaking involving experts in each
taxonomic group and animal welfare specialists from ac-
credited institutions around the country, and will require
several years to complete. The guidelines will identify the
most suitable and appropriate conditions for management
of species in captivity, and will supplement current accredi-
tation standards in the United States. Based on a standard-
ized template that includes information on the physical,
biological, social, and psychological needs of animals, the
guidelines are intended to complement current husbandry
manuals (Moore, Barber, and Mellen 2004). In addition to
being used as a blueprint for daily care, the guidelines will
stand as a common source of documented information to
supplement the professional knowledge and experience of
accreditation inspectors when assessing adequate or proper
care of a particular species within an institution, thus fur-
ther enhancing the welfare of animals managed by AZA-
accredited institutions.

With an increasing focus on conservation, accreditation
standards can help to ensure that accredited institutions
remain actively involved in efforts to save and conserve ani-
mals and their habitats in the wild. Certainly, a good accred-
itation program is never finished, nor should it be. Only by
constantly raising professional standards can leaders in the
zoo and aquarium community throughout the world pro-
mote continuous improvement in providing humane, healthy,
and stimulating environments for mammals, and all animals
held in captivity.
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Southeast Asia

Govindasamy Agoramoorthy

INTRODUCTION

Southeast Asia is known for its unique diversity of fauna and
flora (Myers et al. 2000). Yet the region is losing its forests
faster than any equatorial region for reasons that include
increasing human population density, habitat destruction,
unsustainable use of natural resources, poaching, and trade
in endangered species. Zoos play a crucial role in Southeast
Asian countries by promoting public awareness campaigns to
minimize human impact on natural resources and conserv-
ing animals in captivity to safeguard endangered species from
extinction. Major zoos and recreational parks are associated
with the Southeast Asian Zoos Association (SEAZA), which is
the major zoological union in the region (Agoramoorthy and
Hsu 2001a). It was officially formed in 1990 with the objectives
to strengthen in situ conservation, increase captive breeding,
improve standards of animal welfare, provide better recre-
ational experiences for zoo visitors, and educate the public
about wildlife conservation. Since 1993, SEAZA has com-
prised 12 countries and territories, including Brunei, Cambo-
dia, Hong Kong, Indonesia, Laos, Malaysia, Myanmar, Philip-
pines, Singapore, Taiwan, Thailand, and Vietnam.

All member institutions are obligated to sign the associa-
tion’s code of conduct and to ensure the minimum ethical
and welfare standards required by SEAZA (1998). Despite the
fact that recognized zoos in Southeast Asian countries work
hard to improve standards of animal welfare and ethics, cer-
tain resorts, recreational theme parks, and even restaurants
are increasingly displaying wildlife with less legal, ethical,
and professional scrutiny. As a consequence, stringent ethi-
cal and welfare evaluations have become crucial to maintain
high professional standards among member zoos.

To promote the continued advancement of animal wel-
fare, SEAZA has adopted the zoo evaluation procedure as
an accreditation process, and all institutional members are
required to obtain the certificate affirming that their zoo has
fulfilled the minimum welfare standards, a document that is
valid for 5 years. In order for zoos to obtain this accredita-
tion certificate, they must go through a voluntary evaluation
first and be reevaluated later by SEAZA, to assess whether
they complied with the suggestions made in the initial as-
sessment reports. Upon satisfactory completion of the evalu-
ations, SEAZA’ Ethics and Welfare Committee will recom-

mend the zoo to the Executive Board, which in turn issues
the certificate, signed by the president and the chair of the
Ethics and Welfare Committee.

ETHICS AND WELFARE EVALUATIONS IN Z00S

Since 1998, I have been leading SEAZA’s Ethics and Welfare
Committee in conducting zoo evaluations. The objective of
the zoo evaluation is not to measure animal welfare scientifi-
cally, but to identify, rectify, and prevent ethical and welfare-
related problems in zoos. Between 1999 and 2005, at the in-
vitation of the local zoos and zoo associations, SEAZA has
assessed 14 zoos in countries such as Malaysia, Thailand, and
Indonesia. So far, 5 zoos in Thailand have been awarded cer-
tificates for passing the minimum welfare standards. In the
meantime, oo assessments and reassessments continue, and
qualifying institutions will be awarded with certificates in
due course. In this chapter, a summary of the procedures of
such evaluations is provided, including their importance in
improving ethical and animal welfare standards in zoos in
Southeast Asia.

EVALUATION METHODS

Data on animal welfare and ethics are collected using ques-
tionnaires and data forms. Representatives from the SEAZA
Executive Board, local animal welfare/conservation organi-
zations, and the zoo community participate in the evaluation
process (Agoramoorthy 2002, 2004, 2008; Agoramoorthy
and Harrison 2002). Usually, a maximum of 6 representa-
tives form a team to conduct evaluations; the idea of includ-
ing local zoo staff is to understand how they would evaluate
their own zoo. The evaluators’ experiences range from basic
animal welfare to specialized training in husbandry and veter-
inary care. Each evaluator also targets a single exhibit/species
to assess welfare problems thoroughly, and all taxa are consid-
ered equally. In an ideal exhibit, animals should have access
to sufficient food and drinking water, shelter from inclement
weather conditions, a clean enclosure to reduce the spread
of infectious diseases, and responsible staft to care for them;
and finally, the animals displayed should exhibit normal be-
havior. The animal exhibit should be as large as possible, with
adequate environmental and behavioral enrichment devices
following internationally accepted minimum husbandry and
welfare standards (e.g. AZA 1997). The most contentious ethi-
cal issues facing zoos are the acquisition of animals for captive
breeding, disposal of surplus animals, basic animal care and
husbandry, and use of animals for research and recreation
(Hutchins and Fascione 1991; Agoramoorthy 2002, 2004;
Agoramoorthy and Hsu 2005; WAZA 2005)—all are care-
tully reviewed during the evaluation process.

A few months prior to the evaluation, all data collected
are translated into local languages such as Thai, Bahasa Indo-
nesian, or Bahasa Malaysian and forwarded to the respective
z00s. Before each evaluation, a meeting is held with the direc-
tor, curators, veterinarians, animal keepers, and administra-
tive staff. After the completion of the evaluation, staff mem-
bers of each zoo are briefed on the major findings. A total of
94 questions are asked during data collection (Agoramoor-
thy 2002, 2004, 2008), and the questions are organized into 7



broad categories, such as (1) freedom from hunger and thirst,
(2) freedom from thermal and physical discomfort, (3) free-
dom from pain, disease, and injury, (4) freedom to express
normal behavior, (5) freedom from fear and distress, (6) ani-
mal welfare and zoo management, and (7) animal welfare and
zoo responsibility (adapted from Thorpe 1969 and Spedding
1993). The last 2 categories are mainly to understand whether
or not member zoos realize the importance of welfare im-
provements in respective member zoos, and their respon-
sibility for them. While recording data in each category, an
evaluation score such as 5—excellent, 4 —good, 3—average,
2—poor, and 1—not acceptable is given. Once the data are en-
tered into a computer, statistical analyses are performed using
Statistical Analysis Systems software (SAS Institute 2000). The
effect of zoos and evaluators are tested using analysis of vari-
ance in general linear model. Duncan’s multiple range test is
used to test the differences in mean scores. If the results in-
dicate below-average scores, the zoos will be asked to make
appropriate changes based on the evaluation report. SEAZA
cannot issue the certificate until further improvements are
made to upgrade welfare standards to the satisfaction of the
Ethics and Welfare Committee.

WELFARE AND ETHICAL PROBLEMS IN Z00S

The most serious problems that the zoos face are overcrowd-
ing of animals in small cages (often resulting from the res-
cue of confiscated and abandoned animals such as gibbons,
macaques, orangutans, and various species of birds and rep-
tiles), poor hygiene associated with overcrowding, lack of
enrichment, old/unsuitable indoor animal enclosures, use
of animals in shows and photography, and lack of policies to
take responsibility for animals that are traded or exchanged
to other zoos (Agoramoorthy 2008). These problems are seen
even in well-managed zoos. There are 3 pressing concerns that
need to be tackled swiftly in Southeast Asian zoos: (1) rebuild-
ing decades-old indoor enclosures; (2) addressing the prob-
lems created by confiscated and abandoned animals that are
regularly dumped on zoos by the general public, the govern-
ment, and nongovernment agencies; and (3) monitoring the
use of animals in photography and shows. Financial support
and policies related to ethics, welfare, and management are
essential to solve these crucial problems. The minor problems
are usually associated with the lack of enrichment for animals
in exhibits and holding areas.

EVALUATIONS ENHANCE WELFARE
STANDARDS IN Z00S

Being in the tropics, zoos in Southeast Asia usually have fast-
growing, lush green vegetation; thus, most outdoor exhibits
tend to have naturalistic surroundings. But animal enclosures
regularly lack behavioral and environmental enrichment de-
vices to stimulate natural behavior among animals. This could
be easily improved by adding ropes, artificial vines, branches,
and other furniture to encourage activity (Markowitz 1982).
Some zoo employees reacted swiftly to rectify basic problems
by adding more ropes in gibbon enclosures to stimulate be-
havioral enrichment, and socializing macaques and chim-
panzees that were kept alone in small cages (Agoramoorthy
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and Harrison 2002). Furthermore, all zoo directors submit
reports on how they solve problems and what measures are
being taken to solve major issues that might otherwise re-
quire more time and funds. During zoo evaluations, I often
had productive interactions with the employees, who took
the criticisms constructively by showing immediate progress
in solving some issues. This indicates that zoo managers not
only are concerned about problems related to animal welfare,
but also demonstrate their ethical/professional obligations to
provide humane care for animals in their facility.

Following evaluations, zoo directors are advised to con-
duct courses on environmental/behavioral enrichment for
their staff to serve as a catalyst for creativity, since enrichment
activities often need to be provided on a variable schedule to
minimize boredom among animals. Institutional members
and national zoo associations are encouraged to conduct zoo
biology courses, and in fact, enrichment courses are being
conducted regularly in countries such as Malaysia, Thailand,
Taiwan, and Indonesia.

Zoos in Southeast Asian countries continue to rescue and
receive from the public various species of animals, both com-
mon and endangered, which triggers overcrowding and other
welfare-related problems due to insufficient space and staffing.
Similar instances have been reported in other regions as well
(Cuaron 2005). Instead of waiting for funds to rebuild cages
and increase staffing, zoos should embark on projects to relo-
cate rescued animals to more-specialized centers that maintain
better welfare standards (Agoramoorthy and Hsu 2001b). Zoos
have been involved in releasing healthy animals back into their
natural habitats for some time. This practice must strictly fol-
low the guidelines established by the International Union for
Conservation of Nature (IUCN 1998, 2002) for the release of
confiscated species and the reintroduction of animals.

During evaluations, recommendations are made to rebuild
old/outdated enclosures; it can sometimes take 5 years to see
any improvement, as this involves major construction work.
For example, in 2000 the evaluation team recommended that
the Zoological Parks Organization of Thailand rebuild an ani-
mal holding area, hospital, quarantine area, and sun bear ex-
hibit in Dusit Zoo (Agoramoorthy and Harrison 2002). The
zoo used the evaluation report to convince the government
of Thailand to provide the funds needed to rebuild exhibits
and other facilities. When Dusit Zoo was reevaluated in 2005,
all problems identified in the 2000 report had been rectified.
This is an example of the success of the ongoing evaluations
in Southeast Asia in upgrading zoo standards.

In inspecting their own zoos, local evaluators gave high
scores and underestimated the extent of welfare issues. Fur-
thermore, they selected the best exhibits for evaluation, while
outside evaluators chose exhibits with major welfare con-
cerns, indicating that the local evaluators were biased and
reluctant to look critically at welfare problems in their own
institutions. The role of outside evaluators therefore is cru-
cial to make the assessment procedure fair, efficient, and suc-
cessful.

CRITICISMS OF ZOOS IN SOUTHEAST ASIA

Recently, animal rights activists and conservation groups
have criticized zoos in Thailand, Indonesia, Malaysia, and
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Singapore, highlighting various concerns. The crackdown
on private zoos in Thailand by law enforcement officials was
unprecedented—armed policemen raided various zoos, in-
cluding Safari World, which harbored over 100 orangutans, of
which only 44 were legally registered (Agoramoorthy 2004).
These zoos are still part of the Thai Zoo Association, so there
is an ethical issue for this local zoo organization having ju-
risdiction over the investigation. In Singapore, local activists
asked the Singapore Zoo and Night Safari to ban all animal
shows, citing cases of animal attacks and raising welfare, ethi-
cal, and safety concerns.

Animal rights and conservation groups tend to voice arm-
chair philosophy and may even be sarcastic, but they do little
that is practical to alleviate animal suffering in zoos. Most
animal rights groups do not provide applied support for the
care of animals in zoos, as they are philosophically against
the idea of animals in captivity. They tend to believe that zoos
will never be able to provide appropriate conditions, manage-
ment, and care to meet the needs of their animals (see Kreger
and Hutchins, chap. 1, this volume).

Many animal rights groups also comment on welfare is-
sues (e.g. the report Caged Cruelty published by the World
Society for the Protection of Animals), and they then have
campaigns that likely bring in substantial donations from the
public (WSPA 2002). But their condemnation alone will not
help in relieving animal suffering in our zoos.

In contrast, only a few animal welfare organizations have
been willing to conduct constructive dialogue with us and
work closely to improve welfare conditions in our zoos. For
example, the International Fund for Animal Welfare and the
Royal Society for the Prevention of Cruelty to Animals sup-
ported our evaluation efforts financially by providing small
travel grants to conduct animal welfare evaluations; these ulti-
mately contributed to improved zoo animal welfare standards
in SEAZA zoos (Agoramoorthy 2002, 2004).

Over the last decade, SEAZA has permitted animal rights
groups to participate in its conferences and workshops. In-
ternational organizations such as the World Society for the
Protection of Animals and other smaller animal rights groups
from Malaysia, Hong Kong, and Singapore participated in
our workshops and conferences, yet do not provide finan-
cial support to SEAZA to upgrade welfare standards in zoos;
moreover, they continue to criticize our zoos. If constructive
progress in animal welfare is to be made in our zoos, animal
rights and animal welfare organizations need to be more bal-
anced in addressing the issue.

Z00 EVALUATIONS AND FUTURE PROSPECTS

SEAZASs Ethics and Welfare Committee does not discrimi-
nate against poor zoos or favor rich ones. Opinions from zoo
managers, conservationists, and animal rights activists are
held in equal regard. Customarily, these independent stake-
holders of the world’s wildlife diversity seldom work closely
together, and instead are often in conflict. Over the last 2
decades, I have had the opportunity to work with this out-
wardly incompatible trio. As a rule, the focus of each group
is to denounce the inadequacies of the other in a process that
often results in intimidating conflicts and an ultimate loss of
headway in alleviating animal suffering. Therefore, a syner-

gistic approach to accomplishing the shared, yet seemingly
conflicting, objectives of the various groups is essential. I am
confident that such a binding adjudication among different
conservation, zoo, and animal rights interest groups can be
accomplished, consequently enabling them to focus much
more on welfare standards.

Conducting zoo evaluations in the culturally diverse coun-
tries of Southeast Asia is a complex task, and presenting evi-
dence of animal suffering in a cordial manner without being
openly unpleasant is even harder. However, in the course of
z00 evaluations I have been astounded at how open our zoo
community is to constructive criticism. Several of our zoos
operate with insufficient funds and thus face the dual chal-
lenge of maintaining welfare standards and keeping the eco-
nomic bottom line. Yet the zoo managers are willing to com-
mit their efforts to upgrade welfare standards in their zoos.
SEAZA members that do not and cannot afford to provide
sufficient care in general for all animals (or in certain cases
even with only a few animals) are not given a pass—their
membership is not renewed if necessary changes to upgrade
welfare are not made.

On the recommendations of the Ethics and Welfare Com-
mittee of SEAZA, zoo associations in Malaysia, Thailand, and
Indonesia have already set up ethics and welfare committees,
and are enthusiastically carrying out their own assessments
on a regular basis (Agoramoorthy 2008). Certificates for ful-
filling the requirement of meeting the basic professional stan-
dards of ethics and welfare were awarded for the first time
in SEAZA to 5 institutional members in Thailand —Dusit
Zoo, Songkhla Zoo, Chiang Mai Zoo, Nakhon Ratchasima
Zoo, and Khao Kheow Open Zoo—during the joint con-
ference of SEAZA and the Australian Regional Association
of Zoological Parks and Aquaria (ARAZPA) held in Mel-
bourne, Australia, in May 2005. More SEAZA member zoos
are destined to undergo the evaluation process to be quali-
fied for the ethics and welfare certificates in the near future.
I find the current SEAZA evaluation process adequate, since
it facilitates zoos’ understanding of basic animal welfare and
ethical problems, which in turn leads to an improvement in
professional standards. Thus, I am confident that the future
prospects for improving animal welfare standards in South
Asian zoos look bright.
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Europe

Miranda E Stevenson

INTRODUCTION

Compliance with set standards can be achieved through legis-
lation and the membership of national and regional zoo and
aquarium associations, which apply certain minimum cri-
teria as a condition of membership. Apart from direct zoo-
related standards, zoos and aquariums, regardless of country
or region, have to comply with a plethora of legislation. These
range from employment of staff, health and safety of public
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and staff, animal health and transportation, restrictions on
performing animals, Convention on International Trade in
Endangered Species (CITES) and other international conven-
tions, and legislation specifically aimed at zoos and wildlife.
Nonetheless, there can be no hope of consistency of zoo and
aquarium quality, in terms of welfare and conservation cri-
teria, throughout a country or region without some form of
enforceable legislation.

Much of the current legislation has evolved through the
setting of standards by zoo associations. For example the Fed-
eration of Zoological Gardens of Great Britain and Ireland
(now BIAZA, the British and Irish Association of Zoos and
Aquariums) was formed in 1966 with the objective “to en-
courage the proper care of wild animals in captivity by laying
down minimum standards of management of animals’ hus-
bandry and transportation and by encouraging acceptance
and maintenance of these standards.” The federation ensured
that members complied with its objectives through an inspec-
tion system. BIAZA was also one of the organizations that
assisted in the preparation of the standards (DETR [Defra]
2000) accompanying the UK. Zoo Licensing Act (Zoo Li-
censing Act 2002), which first came into force in 1984 (Olney
and Rosevear 2001). This was one of the first pieces of zoo
legislation in Europe that involved a system of zoo inspec-
tion for its implementation.

The main legislation in the European Union is the EU
Zoos Directive.! Prior to the introduction of this Directive
in 1999, the situation varied from countries that had strict
legislation of zoos, e.g. Britain (Kirkwood 2001a, 2001b), to
other countries with little or none. If legislation exists within
a country which applies standards with regular inspections,
then zoo associations may not need to have an inspection
regime (e.g. BIAZA no longer inspects licensed zoos that
apply for membership). However, the problem with legisla-
tion is that it applies minimum standards, so something else
is needed if standards are to continue to improve. Legislation
might be regarded as a stick, and the accreditation systems
of zoo associations more of a carrot.

EUROPEAN LEGISLATION

In order to understand zoo regulation variations throughout
the European continent, it is necessary to have some under-
standing of what constitutes Europe—and as with most things
European, this is not entirely clear. Europe is geologically and
geographically a peninsula that forms the western portion of
the Eurasian landmass. It has clear boundaries on the north
(Arctic Ocean), west (Atlantic Ocean), and south (Mediter-
ranean Sea), but to the east the boundary is unclear, with the
only definite geographic border being the Ural Mountains.
Lack of clarity over what is Europe and what is Asia combined
with the legal entities of some of the smaller states results in

1. The European Union, or EU, is an intergovernmental and supranational
union of (currently) 27 democratic countries (nations) known as Member
States. (It is important to note that these are nation-states.) The European
Union was established under that name in 1992 by the Treaty on European
Union. It has a complex system of internal law, which has a direct effect on
the legal systems of Member States. Zoo legislation is based on economic,
social, and environmental policies and comes under the EU’s Environmen-
tal Law.
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TABLE 3D.1. Member (nation) states of the European Union as of
the end of 2007

Status Year of joining Countries

Member states Founder states Belgium, France,

1952 Germany; Italy,
Luxembourg, Netherlands
1973 Denmark, Ireland, United
Kingdom
1981 Greece
1986 Portugal, Spain
1995 Austria, Finland, Sweden
2004 Cyprus, Czech Republic,
Estonia, Hungary,
Latvia, Lithuania,
Malta, Poland,
Slovakia, Slovenia
2007 Romania, Bulgaria
Candidate states— Western Balkans,
i.e. hope to become Croatia, Macedonia,
members in time Turkey
Special relationship Current Iceland, Norway,

Liechtenstein,
Switzerland

states

some fuzziness over the number of countries (states) in the
Continent. Many changes have taken place since the disman-
tling of the Iron Curtain in the early 1990s, resulting in much
political unrest and the formation of new nation-states. This
event also brought the zoos of Eastern and Western Europe
closer together. For the purpose of this publication, the num-
ber of countries in Europe is taken as 48 (including the Vati-
can City, Georgia, Armenia, and Azerbaijan). Twenty-seven
of these countries form the Member States of the European
Union (EU); a list of these (2009) is provided in table 3d.1.
Within the mass of the EU there are also territories that are
not members, but that have some sort of relationship status,
e.g. Monaco, San Marino, Jersey, Guernsey, Isle of Man, and
the Faroe Islands.

The European Union has various levels of legislation that
apply to all Member States. Treaties and international agree-
ments form its primary legislation. Secondary legislation
comprises binding legal instruments, which take the form
of Regulations, Directives, and Decisions. The zoo legislation
is a Directive; as such it is designed to align national legisla-
tion and is binding on Member States in terms of the results
that are to be achieved, but it leaves them the choice of the
form or methods to adopt to realize the objectives of the Di-
rective. Members have a time frame in which to transpose
a Directive into national legislation; e.g. the Zoos Directive
(EU Council 1999) came into force in 1999, but Member States
had until 2002 to implement it. Some Member States incor-
porated the Directive into existing legislation (e.g. Scotland,
England, and Wales incorporated it into the existing Zoo
Licensing Act), whereas other countries prepared new legis-
lation—the very nature of a Directive means that it will not
be applied identically throughout the EU. Another problem,
specific to the Zoos Directive, is that the agreement that it
hinges on is Article 9 of the Convention on Biological Diver-

sity (CBD), which is primarily environmental and conserva-
tion, not welfare, legislation.

Article 3 of the Directive deals with ensuring that zoos
(1) comply with conservation measures, (2) accommodate
their animals under conditions which “aim to satisfy the bio-
logical and conservation requirements of the species,” and
(3) keep good records. In order to ensure compliance, the
Directive requires the Member States to introduce licensing
and inspection systems for its zoos and aquariums. The Di-
rective also enables Member States to have the power to close
noncompliant facilities. Member States, therefore, individu-
ally decide on the criteria that they will apply to ensure that
enclosures satisfy the “biological needs” and “conservation
requirements” of species.

Zoo legislation also exists in non-EU countries in Eu-
rope. For example, Switzerland has an Animal Protection
Ordinance that ensures minimal requirements for the keep-
ing of wild animals (Peter Dollinger, personal communica-
tion). It has undergone several revisions since coming into
force in 1981. This is federal legislation which is implemented
by the Swiss Cantons, and involves licensing and annual in-
spections. However, in general few non-EU countries have
a licensing and inspection system (Walker 2001; Walker and
Cooper 2001).

Zoo licensing legislation can only be implemented through
the drawing up and application of standards evaluated by an
inspection process, and herein is the main basis for incon-
sistency. Key areas are the standards themselves, the nature
and frequency of inspections and license renewals, and sub-
sequent review processes to ensure that any license conditions
are met. The standards produced by Britain (England, Scot-
land, and Wales) are particularly detailed and helpful, and
are used along with a comprehensive inspection and licens-
ing system (DETR (Defra) 2000). The welfare standards are
based on the Five Freedoms, as mentioned in Barber (chap.
3a, this volume) and Kagan and Veasey (chap. 2, this vol-
ume). These have been modified, termed “principles,” and
refer specifically to species maintained in zoos and aquari-
ums. There are also conservation, education, research, and
veterinary standards and appendixes providing more details
in specific areas such as animal contact and certain specialist
exhibits such as invertebrates, reptiles/amphibians, aquari-
ums, and marine mammals. A comprehensive bibliography
lists the many husbandry guidelines currently available. These
standards, originally produced in the early 1980s, were com-
pletely revised and republished in 2002, and are frequently
revised and updated by the Zoos Forum, the latest version
being 2004.

The Zoos Forum (www.defra.gov.uk/wildlife-countryside/
protection/zoo/zoo-forum.htm) is an independent body set
up to advise the UK. government on matters pertaining to
zoos. The terms of reference of the forum are to encourage
the role of zoos in conservation, education, and scientific re-
search; to keep under review the operation and implemen-
tation of the zoo licensing system in the UK; and to advise
or make recommendations to government ministers of any
necessary legislative or other changes. The forum has pro-
duced a handbook (Defra 2002), which is designed to aid in
the implementation of good standards and legislation. This
handbook is a living document, with chapters added and up-



dated over time. It is designed to assist inspectors in applying
consistent standards when carrying out inspections under the
legislation. The forum also arranges training for inspectors,
zo0o and aquarium operators, and those who implement the
licensing system. This training covers the inspection process,
criteria of judging and expected standards, and the imple-
mentation of the licensing system.

The EU has not, as yet, carried out a review on the level
of implementation of the Directive in Member States. There
are known problems and inconsistencies (Eurogroup 2008).
Some countries have implemented the Directive but not
initiated inspection systems, and as of 2009 others had not
even implemented the Directive (e.g. the commission started
proceedings against Germany, Italy, and Greece in 2004 for
fajlure to transpose certain measures under the Directive).
The frequency of inspections also varies, from regular inter-
vals (Britain, Finland) to more ad hoc systems. Moreover,
the organization responsible for licensing varies within each
country, from local (e.g. Austria, Britain, Germany) to cen-
tral government implementation (e.g. Belgium, Republic of
Ireland, Netherlands). Thus, the Zoos Directive is not yet
fully or consistently implemented throughout the EU, but it
has the best potential for ensuring national and regional wel-
fare and conservation standards for zoos and aquariums—
especially since, with the increasing expansion of the EU,
more countries will have to implement the Directive. This
should eventually result in more consistent standards for zoos
throughout Europe.

Z00 ASSOCIATIONS

In 1990, the countries of Eastern Europe formed EARAZA,
the Euro-Asian Association of Zoos and Aquariums (Spitsin
2001), which is also working toward improving standards in
its member collections.

In Europe, as in other parts of the world, much of the
progress in improving management of species in zoos is a
result of accreditation systems of national and regional zoo
associations. Many European countries have national zoo as-
sociations; these vary enormously in their ability and influ-
ence. EAZA, the European Association of Zoos and Aquari-
ums (Nogge 2001), is the only regional association for all of
Europe, and has over 300 members in 35 countries. Since
2000, it has required all potential new members to pass an
accreditation process. This process involves the submission
of a portfolio of information; compliance with various EAZA
codes of practice, including the standards for the Accom-
modation for the Care of Animals in Zoos (www.eaza.net);
and undergoing an inspection. The inspection process is very
rigorous and culminates in a report, which is then reviewed
by the association’s Membership and Ethics Committee and
then by its council.

One of EAZA's committees, Technical Assistance and Ani-
mal Welfare, helps potential members, especially those from
countries with particular problems. For example, training
workshops have been held for zoos in Hungary, Bulgaria,
Greece, Macedonia, Croatia, and Albania. The committee
also provides guidance and support to candidate members
of EAZA, i.e. those collections who wish to be members, but
have not yet reached EAZA standards.
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EAZA and the national zoo associations in Europe expect
their members to carry out the recommendations from the
World Zoo and Aquarium Conservation Strategy (WAZA
2005), and assist them in doing so.

Standards applied by legislation ultimately tend to be the
minimum; zoo associations expect their members to uphold
standards exceeding these. Realistically, however, only about
25% of zoos or fewer will become members of national or re-
gional associations. Therefore, legislation is required to ensure
that all zoos and aquariums reach minimum standards, and zoo
associations should lead and support their members in achieving
exemplary standards, far in excess of these minimal levels.

GENERAL LEGISLATIVE COMMITMENTS

As in all regions, zoos and aquariums in Europe have to
comply with international conventions (CITES, CBD, CMS,
RAMSAR, etc.) to which their respective countries are sig-
natories. Compliance with CITES (especially within the EU)
may also involve minimum standards for the keeping of cer-
tain species (Cooper and Rosser 2002). Moreover, zoos and
aquariums have to comply with animal health and transport
regulations, and once again, within the EU these frequently
take the form of directives and regulations.

Although efficiently implemented legislation is probably
the only way of ensuring consistently good standards in zoos
within a country or region, it can also hinder and/or delay
animal movements and other aspects of animal management
that benefit species conservation and welfare. CBSG—the
Conservation Breeding Specialist Group of the International
Union for Conservation of Nature/Species Survival Com-
mission—recently ran workshops to address this conun-
drum and highlight the problem (CBSG 2002, 2004). This
circumstance further emphasizes the importance of good
zoos working together within national and regional associa-
tions to ensure excellent standards of welfare and positive
contributions to conservation, and their significant ability
to influence decision makers and assist zoos in their impor-
tant conservation work.

DOES SETTING STANDARDS IMPROVE
Z00S AND AQUARIUMS?

In his introduction, Barber (chap. 3c, this volume) rightly
points out that inspection systems tend to involve qualitative
rather than quantitative assessment processes. There is prob-
ably no alternative to this, as the inspections realistically can
only take 1 or 2 days at most. However, the inspection process
can check any auditing practices that the zoo carries out and
also recommend that auditing take place. A good example
of this is detailed in the welfare assessment chapter in the
Zoos Forum Handbook (Defra 2002). Here parameters and
methodologies for assessing welfare in zoos are presented.
The inspection process can include requesting evidence that
this sort of quantitative evaluation has been carried out by the
zoo or aquarium. This marks the next stage: the evaluation
of standards to see if they are sufficiently high to satisfy the
welfare needs of the species concerned. Quantitative evalua-
tions often involve behavioral research projects, which may
involve many collections; e.g. in 2005-6 a Defra-initiated
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elephant project was being carried out by the University of
Bristol on the welfare of elephants in zoos (now online; see
Defra 2009). Research and good data collection can result in
the production of husbandry guidelines, which can then be
used to set standards for the relevant species. For example, the
EAZA elephant guidelines (Terkel 2004b), developed through
the Elephant Taxon Advisory Group, demand that zoos place
potential breeding animals in breeding situations. This has
resulted in an increase in births and herd size. Those collec-
tions that commit to keeping elephants must focus on larger
herds in larger areas (Terkel 2004a; Dorresteyn 2004).

Similarly, better understanding of the needs of the polar
bear, Ursus maritimus, has resulted in a decrease in the num-
ber of collections keeping them (e.g. only one polar bear re-
mains in zoos in Britain and Ireland) and the construction
of much larger and more complex enclosures by those zoos
that have decided to continue to keep the species.

The challenge of improving conditions for captive mam-
mals will persist, which is why husbandry guidelines and
standards must be living documents and frequently updated.
Also, zoos have to get better at auditing and evaluating their
collections, covering all aspects of welfare (behavioral, en-
vironmental, husbandry, and health). One of the main roles
of zoos is to inspire their visitors with the wonder of nature
through their living collections. This can only be done if the
animals are kept in natural environments with excellent wel-
fare. Zoos and aquariums must also evaluate their contribu-
tions to conservation, to fulfill the aspirations of the World
Zoo and Aquarium Conservation Strategy: achieving seam-
less and integrated conservation from the zoo to the wild. To
accomplish all this we need legislation, zoo associations that
encourage the aspirations of their members, and a commit-
ment from zoos and aquariums to evaluate all their actions
to achieve the highest standards of welfare, conservation, and
environmental education.
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Part Two

Basic Mammal Management

Introduction

Devra G. Kleiman

Since the first version of Wild Mammals in Captivity, the zoo and aquarium communities have become ever more
professional in their organization and function. One measure of that is the increasing number of guidelines,
frameworks, and processes for carrying out various regular as well as rare activities. Zoo professional stafts now
have in place in their zoos written methods for dealing with many of the daily aspects of managing mammals,
as well as for coping with emergencies. This section provides chapters on the processes involved in restraining
and moving mammals, incorporating enrichment into husbandry, responding to threats from emerging diseases,
and developing safety programs to reduce the risk that either animals or humans will be harmed through their
regular interactions. Of note is the greater consideration given to developing clear goals and objectives, preplan-
ning, and using collaborative interdisciplinary teams in planning and implementation, all of which were less
common a decade ago.

For mammals in captivity, we remove many of the choices that they face in nature: we provide food, shelter,
and medical care, establish breeding pairs, and make decisions about group composition. Zoos today are much
more “hands-on” than even a decade ago, frequently needing to handle or examine individuals in their animal
collections. Zoo staff also regularly moves individual animals both within a zoo and between zoos to optimize
genetic diversity in species that have long-term breeding programs and Masterplans. Frequent transfers increase

A rufous elephant shrew being weighed at the Smithsonian’s National Zoological Park, Washington, DC. Photography by Jessie Cohen, Smithsonian’s
National Zoological Park. Reprinted by permission.



the importance of understanding and properly organizing the move as well as the socialization processes that
accompany moves or introductions.

Christman focuses on the capture, handling, and restraint of mammals and provides a process for choosing the
appropriate restraint (e.g. physical, pharmacological, or behavioral options), the processes involved in planning
it, and the tools and team needed to implement any restraint procedure for different sizes and types of mammals.
Careful planning and design can eliminate injuries and deaths of animals in shipment, especially in light of the
dramatic increases in animal shipments.

Powell’s chapter provides a framework for implementing successful introductions and socializations, and em-
phasizes the need for significant planning along with a stepwise process to achieve success. He also stresses the
need to identify goals, organize and prepare the team, prepare the enclosure, and evaluate and adjust tactics on
an ongoing basis, as well as know the species biology and the individual(s)’ temperament and history.

In chapter 6, Shepherdson provides an overview of the conceptual and theoretical framework for environmen-
tal enrichment. Enrichment is a method of mimicking nature by fulfilling behavioral and information needs, and
providing control and choice for captive animals. A significant problem with enrichment is measuring its effec-
tiveness; currently used guideposts include a reduction in abnormal behavior, an increase in behavioral diversity,
and a decrease in physiological indices of stress. Finally, Shepherdson discusses the research methodology typi-
cally used in environmental enrichment studies and their flaws, chief among them the small sample sizes most
zoo professionals have available to them.

The Travis and Barbiers chapter discusses emerging diseases and methods for preventing and controlling dis-
ease. As a surprising 75% of emerging pathogenic diseases are zoonotic, disease management must be a high
priority for all zoological institutions despite the large information gaps. The authors emphasize the need for
science-based health surveillance and monitoring systems for disease management, including early identifica-
tion, rigorous investigations, and assessment of risk. They discuss options for prevention, control, and manage-
ment of disease.

Risk assessments are also key to the management of safety issues, as presented in the chapter by Rosenthal and
Xanten. Zoos need to conduct regular safety analyses, including the likelihood of injuries caused by human error
(both staft and visitor), animal escapes, natural disasters, and other potential emergencies. Today’s zoos look at
safety issues much more closely and carefully than even a decade ago, and many have dedicated safety officers or
safety committees to evaluate potential safety problems routinely.



Physical Methods of Capture, Handling, and Restraint of Mammals

Joe Christman

INTRODUCTION
HISTORY OF CAPTURE, HANDLING, AND RESTRAINT

Physical manipulation has its limits as the sole means of
handling and restraining large, dangerous, or temperamen-
tal animals (Kleiman et al. 1996). During the last third of the
twentieth century, great advances were made in pharmaco-
logical restraint techniques to deal with these limitations.
New drugs were discovered, and new methods of adminis-
tering these drugs were developed and refined. These devel-
opments have made the use of immobilization drugs safer
and economically feasible for exotic animal restraint. In zoos
around the world, many husbandry and veterinary proce-
dures (e.g. dental care procedures in large carnivores) that
were not previously possible due to the size and/or dangerous
nature of the species involved can now be performed safely,
both for the animals and for the handlers (Fowler 1995). The
use of chemical restraint is effective, relatively easy, and often
faster and more efficient than traditional restraint methods.
Its use greatly advanced the scope of animal care and gives
animal managers a powerful means of extending their abil-
ity to meet the needs of their animals.

Additionally, husbandry training techniques in use today
provide a means of behavior modification and desensitization
to procedures that in the past would have required physical
restraint. All 3—husbandry training, physical restraint, and
pharmaceutical restraint—should be considered complemen-
tary and applied as a continuum in deciding the most appro-
priate method of restraint (Mellen and MacPhee 2000; Mel-
len and MacPhee, chap. 26, this volume).

Due to the efficacy of pharmaceutical restraint, it has al-
most entirely supplanted physical and mechanical restraint
techniques, which require training and practice (Kleiman
et al. 1996). As staff members with hands-on experience in
traditional physical restraint methods leave the profession,
that experience is often lost from institutional memory.

Every restraint event is different and almost always will
permit the use of multiple methods. There is no hard-and-fast

rule that a particular method must be used with a particular
species. Each species and each scenario require careful plan-
ning, consideration, and evaluation of the resources and expe-
rience at hand to determine the most appropriate or preferred
method of restraint. In many cases, the “best” method will
involve a combination of several different methods applied at
the appropriate time and place. Safety for both the personnel
and the animals involved should always be the first consider-
ation in choosing a restraint method (Fowler 1995).

DEFINITION OF RESTRAINT: PHYSICAL,
MECHANICAL, CHEMICAL, AND BEHAVIORAL

Any restraint procedure involves a capture and some degree
of handling. For the purposes of this chapter, the 3 elements—
capture, handling, and restraint—will be combined and re-
ferred to as the single process of restraint. Physical restraint
refers to any circumstance where physical force alone is used
to restrain an animal. This can be in the form of hand re-
straint, where an animal is captured, restrained, and handled
using only the handlers’ bare hands. Depending on the situa-
tion, it could involve the use of a variety of handheld capture
and safety equipment (e.g., gloves, ropes, noose poles, baftle
boards, shields, and nets). All these equipment items require
training and practice to master; an excellent reference for
their use can be found in Fowler (1995).

Mechanical restraint refers to the use of restraint systems
such as a squeeze box, drop-floor chute, or hydraulically op-
erated restraint chute (sources for equipment mentioned here
can be found in appendix 4.1). For small mammals, mechani-
cal restraint may be in the form of a Plexiglas (Perspex) box,
with a panel providing a squeeze action. The Plexiglas al-
lows the handler to see the animal for positioning. Small wire
cages may be used for species such as mink, Mustela vison
(see Fowler 1995). These cages limit the animal’s movement
while protecting the handler and allowing necessary access
for exams and procedures.

Large-mammal mechanical restraint systems are for the
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most part stationary or fixed systems incorporated into a con-
tainment or handling facility and require a degree of coop-
eration on the animal’s part. There are portable systems avail-
able, but their application is more limited than the traditional
stationary devices due to the need for supporting pens and
runways. The primary goals of a mechanical restraint device
are to counter the size and strength of larger animals, protect
handlers, limit the movement of the animal, and safely and
humanely allow access to various parts of the animal. Figures
4.1 through 4.4 show examples of 4 systems in use. While
greatly increasing the range of procedures that may be per-
formed on an animal, they cannot entirely eliminate the need
for chemical immobilization. As a complement to physical
restraint and/or chemical immobilization, zoo staff often uses
husbandry training to desensitize and habituate animals to
the restraint system and to facilitate an animal’s entering it
on cue. However, emergencies may occur that will not allow
an animal to be shifted into an area where a mechanical re-
straint or husbandry training can be used.

CHEMICAL RESTRAINT

Chemical restraint should only be performed by, or under the
direct supervision of, a trained veterinarian. Many drugs are
legally regulated and require licensing and registration for
use. For specific drugs and dosages, please refer to a quali-

T v

fied veterinarian. Information regarding drugs and dosages
can be obtained from several sources (e.g. Kleiman et al. 1996;
Thurmon, Tranquilli, and Benson 1999). During chemical re-
straint procedures, physical restraint may or may not be used
in the process of administering the drugs used for tranquil-
ization or immobilization.

BEHAVIORAL “RESTRAINT”

Behavioral restraint refers to situations where husbandry
training, desensitization, and/or operant conditioning are
used to facilitate or perform a procedure. By definition, this is
not restraint—this is cooperation. Should the animal involved
choose not to cooperate, the procedure cannot be completed
using the training alone. Regardless, training and desensiti-
zation should always be the first consideration in develop-
ing a restraint plan, in order to reduce stress and desensitize
the animal to the procedure. For example, an animal may be
trained to enter a restraint device voluntarily where it can
then be mechanically restrained or chemically immobilized.
A backup method or methods should be available if the train-
ing does not accomplish the goals. Today, many procedures
that in the past would have required full immobilization (e.g.
collecting blood samples from large cats or apes) are now
accomplished through husbandry training (see Mellen and
MacPhee, chap. 26, this volume). There is a time factor—an
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Fig. 4.1. White rhinoceros, Ceratotherium simum simum, mechanical restraint and training backstage at Disney’s Animal Kingdom, Orlando, Florida.

(Courtesy of Disney’s Animal Kingdom. Reprinted by permission.)



Fig. 4.2. Nile hippopotamus, Hippopotamus amphibius, backstage
training at Disney’s Animal Kingdom, Orlando, Florida. (Courtesy of
Disney’s Animal Kingdom. Reprinted by permission.)

acute illness or emergency may not allow the time required
to develop, implement, and establish the degree of training
needed for such voluntary procedures.

In this chapter, I do not advocate any one method of re-
straint over another. Rather, my purpose is to discuss the
options available for any restraint procedure and to assist
in applying a problem-solving tool for each case. Knowing
what method of restraint to use, and when and how to use
it, require experience that can only be obtained through staft
training and practice. The more tools managers have avail-
able to them, the better will be their ability to meet the needs
of their captive animals.

When deciding on a restraint method, factors to consider
include the goal of the restraint, the conditions (both climatic
and facilities), the resources available, and the nature of the
animal (Leuthold 1977). Choosing the appropriate method
or combination of methods should always begin with the
rule of least force; i.e. the chosen method of animal capture,
restraint, and handling should involve the least amount of
force possible to achieve the desired result. For example, a
physical exam that can be done at a distance using binocu-
lars is preferable to any restraint, if it can achieve the objec-
tive. In contrast, some procedures, such as dental or surgi-
cal operations, may require chemical immobilization as the
least force needed.

Regardless of the situation or the restraint method cho-
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Fig. 4.3. African elephant, Loxodonta africana, training in mechanical
restraint device backstage at Disney’s Animal Kingdom, Orlando, Florida.
(Courtesy of Disney’s Animal Kingdom. Reprinted by permission.)

e

Fig. 4.4. Javan Banteng, Bos javanicus, mechanical restraint training
backstage at Disney’s Animal Kingdom, Orlando, Florida. (Courtesy of
Disney’s Animal Kingdom. Reprinted by permission.)

sen, certain common elements should always be discussed
before deciding on a method of restraint. These include the
following.

Safety. The choice of whether or not to restrain an animal,
and the method of choice, should always have safety as the
first consideration. The safety of the personnel should always
be the primary consideration, with the safety of the animal
next. The immediate and long-term physical, psychologi-
cal, and social effects on the animal should be taken into ac-
count also.
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Fig. 4.5. Impala, Aepyceros melampus, mechanical restraint for physical
exam backstage at Disney’s Animal Kingdom, Orlando, Florida. (Courtesy
of Disney’s Animal Kingdom. Reprinted by permission.)

Reduction or removal of unwanted stimuli. In all restraint
procedures, visual and acoustic stimuli should be controlled
and minimized. Enclosing an animal in a darkened stall re-
duces stress in some species, and the use of a blindfold dur-
ing handling is recommended for most species (Fowler 1995)
(fig. 4.5). Earplugs (e.g. rolls of gauze) can be used for certain
species, but care must be taken to remove them after the pro-
cedure (Fowler 1995).

Use of voice, body language, and posture. How animal care
staff uses voice and body language is critical in restraint situ-
ations (Fowler 1995). Much of an animal’s communication is
through its posture and expressions, and they are very sen-
sitive to the body language and cues of people. Most ani-
mal staff has seen situations where an intractable animal has
been soothed and handled by an experienced and confident
staff member. This confidence, and the ability to convey it to
the animal, cannot be taught but can be developed through
experience. It is essential for everyone involved with a re-
straint procedure to be comfortable in his or her abilities. A
lack of comfort and confidence is immediately perceived by
the animal and can result in an increase in its anxiety and
stress levels.

Clarifying the goal for restraint, capture, and handling. The
reason for and goal of the restraint procedure should be clear

in everyone’s mind, although the goal may change during a
restraint. For example, upon routine examination an animal
might be found to require surgical intervention or be in need
of treatment for a previously undisclosed or unnoticed injury.
If possible, these potential issues should be considered before
the procedure, and preparations made for as many possibili-
ties as are practical. The staff needs to know what is intended,
but there should be plans for contingencies.

Natural history of the species and the specimen. Knowing
as much as possible about the natural history, capabilities, be-
havior, and nature of the species and the individual animals
involved is critical to the planning of the restraint procedure
(Leuthold 1977). In some situations, an otherwise timid an-
imal that would be expected to turn and run may stand its
ground or even attack (e.g. a mother defending a newborn
calf). Zoo staff should know whether the animal has expe-
rience with restraint, i.e. is it naive or has it been restrained
many times?

Physical surroundings, climate, and resources. Staff needs to
consider the physical condition of the restraint location, in-
cluding the climate, the terrain, and the facilities and equip-
ment. Some options for restraint may be precluded by the
setting. For example, if animals are maintained on expansive
open-range facilities, the only option available for restraint
might be a drug administered with a dart. If veterinary sup-
port is unavailable, physical restraint may be the only option.
If a species or specimen is heat- or cold-weather intolerant,
it may not be safe to attempt a restraint procedure during
extreme temperatures. Sometimes the best choice is not to
perform the procedure.

Being prepared for emergencies. No matter how well an-
imal care staff plan and prepare, restraint procedures will
occur because of an emergency, e.g. an animal escape. Pro-
cedures should be in place to address escapes in general, but
no amount of planning can cover every eventuality. Careful
preparation and training of staff using drills and brainstorm-
ing sessions can assist staff in thinking about their role in an
emergency. Training the animals for specific behaviors, such
as shifting, stationing, and emergency recalls, can be helpful
in resolving emergency situations.

Release and recovery. In many, maybe even most, restraint
events, release and/or recovery is the most critical and dan-
gerous point of the procedure. The transition of an animal
from a controlled situation of physical restraint or complete
immobilization to a state of freedom must be done carefully.
Many animals may react according to their nature—either a
flight or a fight response—and either response can result in
injury if not anticipated, controlled, or directed (Leuthold
1977). All personnel should be aware of the likelihood of the
response upon release and be prepared for every eventual-
ity. Staff escape routes should be discussed as a group and
clear to everyone. As an animal is released, it should be di-
rected toward an area that minimizes the risk of injury to it
or others. Maintaining a calm, quiet environment that al-
lows an animal to act rather than react is essential to good
release and recovery.



TOOLS FOR PLANNING

Emergencies forestall the planning process, but even they
can be anticipated and a partial response to them planned. In
the collection planning process, the restraint needs for each
species should be identified and adjusted to work with the
facilities and resources available. When planning a new facil-
ity, there should be physical and chemical restraint designs
for every species and specimen it houses. A good reference
for hoofstock loading and handling facilities can be found at
www.grandin.com, the Web site for Dr. Temple Grandin. Any
design should incorporate facilities to allow training and be-
havioral conditioning or modification; these designs should
include structures that facilitate husbandry training that is
safe for staff and animals.

It is essential that animal managers with restraint expe-
rience be included in the design process, and for everyone
involved in the design to understand the critical and essen-
tial need for restraint systems. Having a clearly outlined
and documented restraint plan allows for clear communi-
cation between all parties involved, and any differences in
philosophy can be identified and agreements reached before
the animal care staft actually needs to restrain an animal. An
example is given in box 4.1.

Another tool for problem solving, goal setting, evaluation,
and improvement is the SPIDER model (adapted from Mel-
len and MacPhee 2000; see Mellen and MacPhee, chap. 26,
this volume). This tool provides a systematic framework for
analysis, problem solving, reassessment, and adjustment of
procedures, as needed.

RESTRAINT AND HANDLING
GUIDELINES FOR SPECIFIC TAXA

COMMON MAMMALIAN ORDERS AND SUGGESTED
HANDLING AND RESTRAINT METHODS

Table 4.1 organizes most mammalian orders commonly main-
tained in zoos and aquariums into separate groups, followed
by their restraint and handling guidelines (taxonomy adapted
from Wilson and Reeder 1993; also Nowak and Paradiso 1983).
These orders are included as a basic point of reference; every
institution should evaluate all restraint procedures involving
any of these species in relation to the principles stated earlier,
which are a baseline: resources available; level of staff train-
ing, knowledge, and experience; local conditions; and reason
for the restraint.

Each taxonomic group has been organized according to
the average size, temperament, and nature of the majority of
the species classified in the group. The selections are arbitrary
and done solely for the ease of use. This is not an exhaustive
list, but rather is intended to be representative of as many
taxonomic groups as possible.

GROUP 1: SMALL MAMMALS

Suggested restraint methods. Because of their size, hand re-
straint is the primary means of capture and initial restraint
for animals in this group. If chemical restraint is required for
more extensive or invasive procedures, an anesthesia box can
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Box 4.1 Capture Restraint and Handling Guidelines

Species: Meerkat, Suricata suricatta (Wilson and Reeder 1993)

Preferred Restraint Method: As a defense mechanism, this
species’ natural tendency is to escape by hiding, and indi-
viduals will voluntarily enter a crate or container to escape
pursuit. This species can be readily trained to enter holding
and transport crates. Establishing a training routine to have
animals voluntarily enter a transport container on cue can
mitigate stress. If physically restrained, the specimen should
be held with gloved hands, one hand restraining the head at
the neck, the other around the hips to control the hind limbs.
With gloves, the danger of injury from claws is minimal.

Equipment and Staff Needed: For restraint, this species will
require gloves, long-handled net(s), shipping crates, and 2
keepers.

Safety Concerns: These animals are capable of inflicting bite
wounds and, to a lesser extent, scratches from claws. Indi-
vidual crates are recommended to prevent injury following
capture.

Techniques for Capture: A program to train the specimens
to enter a carrier on cue should be designed, developed, and
implemented. In the event of an emergency or if training is
not successful, an empty, open carrier should be placed in the
enclosure. Two keepers working together as a team can care-
fully herd the animal(s) into the carrier or carriers. A meer-
kat group will usually move together. It may be necessary to
catch the entire group and remove the individual(s) desired.
If herding is not successful, a long-handled net can be used,
and the meerkat captured as it runs along an enclosure wall.
Care must be taken to avoid injuring them with the net hoop
and to avoid being bitten when removing the animal from the
net. Wrapping a meerkat in net fabric and carefully inverting
the net into an upended carrier is recommended.

Release and Recovery: Upon completion of the procedure,
the individual animal should be returned immediately to the
group (if possible) by releasing it into an open portion of
the exhibit with the other specimens present. If a specimen
is to be held away from the group for more than 24 hours,
another member or members should be held with it for com-
pany. Due to the social nature of meerkats, introduction and
reintroductions can be problematic—meerkats are intolerant
of specimens outside their social group.

often be used. Simple restraint devices such as handling crates
or cages are suitable in many cases, but a net or gloved
hands is the first choice for general exams and minor non-
pain-inducing procedures. Often, small mammals can be
trained to enter transfer crates voluntarily (Fowler 1995).

Safety concerns. Again, because of their small size, many of
these species are very difficult to hand restrain. Their strength
in relation to their size is considerable, and most are capable
of injuring themselves in attempts to escape. Species such
as lagomorphs may struggle to the point of extreme stress
and death.
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TABLE 4.1. Organization of mammalian orders into categories hav-
ing similar restraint characteristics

Group 1. Small mammals:

These are mainly noncarnivorous, nonprimate mammals weighing less
than 5 kg (with some exceptions, e.g. capybara, giant armadillo, and
beaver). Included in this group are

» Lagomorpha—rabbits and hares

« Monotremata—platypus and echidna

« Didelphimorphia—opossums

« Insectivora—hedgehogs, tenrecs

« Scandentia—tree shrews

« Chiroptera—bats

« Pholidota—pangolin

« Hyracoidea—hyrax

« Dermoptera—colugo

« Rodentia—mice, squirrels, capybara, porcupines, agouti, cavys, guinea
pigs

 Xenarthra—sloth, armadillo

Group 2. Hoofstock and similar species under 900 kg:

This category includes all members of the order Artiodactyla, and
Perissodactyla that average less than 900 kg. The Tubulidentata (aardvark)
are included in this group.

« antelopes

o camels

« pigs

« peccaries

o deer

« chevrotain

« zebras, horses, and asses
o tapirs

« aardvark

Group 3. Carnivores:
All carnivores described in this section are further divided into small
(<5 kg) or medium to large (>5 kg).

Group 4. Primates:
The primates are divided using the same criteria as set up for carnivores—
small (<5 kg) and medium to large (>5 kg).

Group 5. Megavertebrates:
This category includes the following species groups:

« giraffe

« elephant

« rhinoceros

« hippopotamus

« large bovids

Group 6. Cetacea, Sirenia and Pinnipedia:
« dolphins, whales

e manatees

« walrus, seals, and sea lions

Defense adaptations vary widely within these species.
Monotremes (echidnas and platypus) have spines and ven-
omous spurs, respectively, and require great care during the
restraint process. Pangolins have heavy scales that make it
difficult to grasp the animal and can cut an unwary handler.
Many species (e.g. flying foxes, shrews, rodents, hyrax, and
opossums) are armed with sharp and in some cases impres-

sive teeth that can be used to great effect in the animal’s de-
fense.

GROUP 2A: HOOFSTOCK AND OTHER
HERBIVORES WEIGHING <5 KG

Suggested restraint methods. Physical restraint in the form
of hand restraint is the first choice for most situations that
do not require anesthesia. Transfer to a small, confined space
should occur before hand restraint. As with other small mam-
mals, these animals can be trained to enter a transfer crate
on cue. A darkened stall, approximately 3 m* and heavily
padded with hay, straw, or other suitable substrate, is ideal.
One animal at a time should be enclosed in the stall, with a
single trained handler entering after it. As the animal circles
the stall, the handler scoops the animal from the floor, sup-
porting the midsection. The hind limbs are restrained at the
flanks, and the forelimbs and head restrained with the other
hand, while cradling the animal against the handlers’ body to
support the spine. With practice, this technique can be com-
pleted in a single fluid motion. As a second choice, a trans-
fer crate can be used to trap and contain the animal, and as
the crate is slowly opened, the animal can be captured and
restrained as it is released.

Nets are not recommended for small hoofstock, as most
will struggle dramatically, with hooves and horns becom-
ing entangled in the mesh (Fowler 1995). Many species can
break one or more legs or rupture a tendon when struggling
against a net. Most mechanical restraint devices do not have
the range of adjustment to accommodate very small ungu-
lates, and therefore their application is limited.

Safety concerns. The safety of the specimen is the major
concern for this group. Only the force necessary to restrain
an animal without injuring it should be used. Because of
their small size, staff may underestimate the potential for
serious personal injury from these animals. Many males
in this group (e.g. most gazelles, duikers, and klipspring-
ers) are pugnacious. Some small species of deer have ant-
lers or tusks that can inflict wounds, and all small antelope
can use their sharp hooves to injure unwary or untrained
handlers.

Following chemical immobilization, staff must be care-
ful to prevent the animal from being injured during recov-
ery, either from group mates or itself. Staff should confine
the specimen to a dark, quiet transport crate or kennel and
closely monitor it until it has fully recovered, after which it
can be returned to its enclosure and social group.

Special considerations. When performing a hand restraint,
the handlers need to be aware of potential dangers to the
animals. All watches, bracelets, necklaces, belts, and ear-
rings should be removed, as these can potentially catch an
animal’s leg and cause injury. Long-sleeve shirts are rec-
ommended, but buttoned cuffs should be unbuttoned to
prevent catching a foot. Shirttails should be untucked to
prevent a foot from being caught in the tops of trousers.
Coveralls with no pockets are ideal attire during a hand re-
straint procedure.



GROUP 2B: HOOFSTOCK AND OTHER
HERBIVORES WEIGHING FROM 5 TO 900 KG

Suggested restraint methods. This group contains a wide
array of species that comprise the majority of animals found in
zoo collections today. All are potentially dangerous to them-
selves, conspecifics, or their handlers and should always be
approached with caution. In conjunction with husbandry
training, mechanical restraint is recommended as the primary
restraint method for most medium and large ungulates. Many
types of restraint chutes have been developed and are in use
throughout zoos and aquariums (see figs. 4.1-4.4). Physical
restraint can be used on many species and/or specimens in
this group, and depending on the situation may be the pre-
ferred method. The use of hand restraint, or of lariats or nets,
should be balanced against the safety of all involved. Some
animals can be trained to submit to routine husbandry proce-
dures using operant conditioning techniques. Hand restraint
techniques for medium-sized ungulates are similar to those
described for small antelope. More personnel may be required
to achieve restraint, and it may not be possible to lift the ani-
mal off the ground. In this situation, care should be taken to
keep the restrained animal from striking anything (or any-
one) with its legs and hooves. Staff should support the animal’s
spine from the back by holding its body against the handlers,
with the legs extended away from the handlers. The animal’s
head should always be maintained at a level above the rumen
to avoid regurgitation and inhalation of ingesta.

Safety concerns. Personnel safety is more of a concern when
restraining this group of animals, but there is still danger
of injury to the animal itself. An animal in this size class
is capable of severely injuring or even killing itself through
trauma. Some species in this group are extremely aggressive
by nature or too big to be restrained by hand. The species in
this group pose the greatest risk of injury for personnel: be-
cause of their medium size, it is unclear whether it is safer
to use chemical restraint, manual restraint, or pure physical
restraint for any given individual. In the absence of appro-
priate mechanical restraint equipment, chemical restraint
may be the only safe alternative for extremely large and/or
aggressive ungulates.

Special considerations. Capture myopathy brought on by
overexertion can occur in a restraint situation (McKenzie
1993). Staff must be careful to limit the duration of a manual
or physical procedure to minimize the potential for this and
other injuries. When in doubt, or if time is an issue, chemi-
cal immobilization should be the method of choice. After-
ward, the procedure should be evaluated to determine if hus-
bandry training could have provided an alternative method.
When releasing an animal, everyone should be aware of its
potential reaction (e.g. fight or flight) and have an escape
route in mind.

GROUP 3A: CARNIVORES WEIGHING <5 KG

Suggested restraint methods. Physical restraint is not a first
choice, but an option to consider for this group. Many small
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carnivores can be restrained sufficiently for routine exami-
nation using nets and transport crates or kennels. For proce-
dures involving manipulation or for handling more intense
than simple examination, chemical immobilization is recom-
mended. Many individual small carnivores can be trained to
enter transport crates or kennels voluntarily.

Safety concerns. Injury to the handler is a major concern.
Most small carnivores are aggressive and fight back if threat-
ened or cornered. Mustelids and viverrids are particularly
aggressive and agile, and react quickly to perceived threats.
Many small carnivores are difficult to hand restrain, and are
able to turn and bite the handler. The otters, raccoons, mon-
gooses, and many other species have very loose skin, making
them even more difficult to handle.

Special considerations. The animals in this group are bor-
derline from those animals that can be reasonably restrained
physically when husbandry training is not an option. Expe-
rience of the handler, knowledge of the subject, conditions,
goals, and resource availability should dictate the method
used.

GROUP 3B: CARNIVORES WEIGHING >5KG

Suggested restraint methods. Carnivores weighing more than
5 kg are dangerous if handled without anesthesia, and chemi-
cal restraint should be the primary restraint method. Me-
chanical restraint in the form of remote or protected squeeze
chutes is most often the means for administering immobi-
lizing agents. Wherever possible, staff should use husbandry
training/operant conditioning to facilitate the administration
of drugs. Training can greatly reduce stress to the animal (and
staff), and may reduce the amount of drug needed to achieve
the appropriate anesthesia. During transport and treatment
of immobilized animals, staff should be careful to position
the head and neck to maintain an open airway at all times,
and to avoid being bitten or clawed if the animal is aroused
or has a seizure during the procedure. A trained and expe-
rienced handler should be responsible for holding the head
of the animal at all times to monitor its anesthetic state and
alert the medical staff if needed.

Safety concerns. For many medium and large carnivores, the
initiation of immobilization can be dangerous for both for
staff and animal. During the early stages of anesthesia, an ani-
mal may become recumbent in a position that compromises
its airway and requires assistance. If the animal is large and/or
dangerous, it may be difficult or impossible to gain access to
it to provide aid. Some species (e.g. polar bears, Ursus mariti-
mus) have been observed to fake an anesthesia response (Ne-
iffer, personal communication; Mellen, personal communi-
cation). All anesthetized large carnivores should be carefully
checked to ascertain the level of anesthesia and to determine
when it is safe to enter the enclosure with them.

Release and recovery is potentially the most dangerous
period of large carnivore restraint. After completion of the
procedure and before full recovery, most large carnivores re-
quire careful monitoring to watch for the return of the swal-
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low reflex. If an animal has been intubated, the intubation
tube is left in place until this reflex returns. Staff must take
care to avoid the animal biting though the tube and inhaling
it. If an animal should partially recover and fall in a position
that compromises its breathing, it is extremely dangerous to
reenter the enclosure to assist it. Further stimulation may be
needed, but this should only be done remotely.

Special considerations. Since most large carnivore restraints
are performed in the animal’s enclosure and access points are
limited, minimal numbers of personnel should be in the en-
closure. All staff should have a clearly designated escape route,
and each escape route should have a person stationed outside
to assist and secure the door as needed. As in all restraint pro-
cedures, noise, light, and all other unwanted stimuli should
be minimized. The use of a bite stick should be considered
to prevent injury to the teeth.

GROUP 4A: PRIMATES WEIGHING <5 KG

The restraint of all nonhuman primates (NHP) is of par-
ticular concern due to the risk of disease transmission, from
NHP to human and vice versa. The U.S. Occupational Pri-
mate Disease Safety Guidelines for Zoological Institutions
(www.aazv.org/associations/6442/files/primate_safety_
guidelines.cfm) provides a standardized framework for
managing nonhuman primates, and should be consulted
and incorporated into all primate restraint plans. All per-
sonnel involved in primate restraint should be familiar with
the disease risks and trained in proper techniques to mini-
mize the risk of transmission. Proper protective equipment
should be worn at all times.

Suggested restraint methods. For primates less than 5 kg, the
use of hand restraint and nets is the first choice. Most small
primates are agile, fast, and very difficult to net. Hand re-
straint using gloves is an option, but should only be attempted
by trained staff. Hand restraint without gloves should not be
done. The potential for receiving a bite or a scratch is high,
and disease transmission is a serious issue.

Safety concerns. For this group, the risk for serious injury
to the animal is higher than the risk for serious injury to the
handler. An added concern is the dexterity of small primates
and their ability to grasp with both hands and feet. Knowing
the medical status of all primates in the collection is essen-
tial. Some diseases carried by primates pose a severe health
risk to humans. All equipment used for restraint (e.g. nets,
gloves, and transport containers) should be carefully cleaned
and disinfected after each use.

GROUP 4B: PRIMATES WEIGHING >5 KG

Suggested restraint methods. Physical restraint is very diffi-
cult and should not be attempted unless absolutely necessary
in special circumstances. Attempting to hand restrain any
ape species is not feasible and extremely dangerous to both
the handler and the animal. Because of the species’ intelli-
gence and the stress that is caused, involuntary mechanical

restraint is not a method of choice, and should be avoided.
Mechanical squeeze systems can be used together with hus-
bandry training that may alleviate the stress. Primates can
learn behaviors that facilitate many procedures, including
hand injection of immobilization drugs (Colahan and Breder
2003). Many large primates are attuned to human behavior
and are capable of knowing the difference between a train-
ing procedure and a real restraint. Practicing and training
for restraint procedures should be a standard part of a hus-
bandry training program, including all steps leading to the
restraint procedure itself. Any changes in routine, no matter
how subtle, may give the animal a cue that a restraint rather
than a training session is planned.

Safety concerns. Large primates can be extremely dangerous
due to their strength, agility, and intelligence. Disease trans-
mission is especially problematic with this group.

Special considerations. As large primates recover from an-
esthesia, care must be taken by staff to avoid being grabbed
and/or bitten. During recovery, I recommend confinement
in a smaller enclosure. An area that does not allow climb-
ing is preferable, because a recovering primate may attempt
to climb before being fully recovered and could fall and in-
jure itself.

GROUP 5: MEGAVERTEBRATES (ELEPHANTS,
RHINOCEROSES, GIRAFFES, AND OTHER LARGE BOVIDS)

Restraint methods. Mechanical restraint is the method of
choice in most institutions. Many types of specialized handling
and restraint devices allow procedures to be performed safely
on this group of animals. Due to their size and strength, those
procedures that cannot be performed without cooperation
must be conducted with some sort of mechanical assistance
and potentially with chemical restraint.

Safety concerns. With modern mechanical restraint devices,
the primary concern is for the safety of the animal involved.
Human safety is less of a risk if involved zoo staff is adequately
trained and the equipment has been tested and maintained.

Special considerations. Husbandry training is critical. Any
animal being restrained in a mechanical chute should be de-
sensitized to the area, and to the sounds, smells, and move-
ment of the restraint equipment. These animals should be
trained so that they calmly and voluntarily enter the restraint
area on cue. Most large-mammal restraint devices are not in-
tended to press on an animal physically, but instead limit the
space available for retreat (figs. 4.6 and 4.7). I suggest that staft
estimate the space needed by the animal before the procedure,
and then adjust the size of the chute and allow the animal to
enter on its own. Some specimens may voluntarily enter into
a space barely large enough to allow passage, yet object to any
movement of the chute once they are inside.

Animal care personnel should be sure to have an emer-
gency release wall or door. If an animal becomes overly ex-
cited or startled or goes down in the chute, a means of quickly
releasing it is necessary.
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Fig. 4.6. Giraffe, Giraffa camelopardalis, mechanical restraint and
training at Disney’s Animal Kingdom, Orlando, Florida. (Courtesy of
Disney’s Animal Kingdom. Reprinted by permission.)

GROUP 6: CETACEANS, MANATEES, AND PINNIPEDS

Restraint methods. Physical restraint is not a first option. If
animals are in water sufficiently deep to allow them mobility,
restraint will require their removal from the water (Fowler
1995) by husbandry training, using nets and slings, or drain-
ing the tank to a level that will allow manipulation of the
subjects.

Safety concerns. Overheating and respiratory distress of a
restrained animal are the primary concerns. Because marine
mammals are voluntary breathers, chemical immobilization
is especially risky. Procedures must be carefully timed and
monitored to prevent injury to the subject. While out of the
water, many species of cetaceans have enough mobility to
bite unwary bystanders. Manatees are very powerful and may
roll onto their back, catching handlers by surprise and pin-
ning them.

Special considerations. Husbandry training is essential in the
preparation and implementation of restraint procedures for
animals in this group. Pinnipeds are agile both in and out of
the water, difficult to restrain physically, and capable of in-
flicting serious injury. Attempting to restrain a manatee or

Fig. 4.7. Okapi, Okapia johnstoni, mechanical restraint training backstage
at Disney’s Animal Kingdom, Orlando, Florida. (Courtesy of Disney’s
Animal Kingdom. Reprinted by permission.)

cetacean without desensitization to the process, removing it
from the water, or severely restricting its movement in a sling
can cause severe stress and/or injury.

DISCUSSION AND CONCLUSIONS

Husbandry training, physical restraint, and pharmaceutical
restraint should be seen as a continuum, and the appropri-
ate method or combinations of methods for restraint should
always be available for consideration. Restraint methods
should, and are, continuing to evolve to meet the needs of
managing animals in our collections. Advances in mechani-
cal restraint systems have greatly enhanced our ability to care
safely and humanely for elephants, rhinoceroses, hippopot-
amuses, giraffes, and large bovid species on a routine basis.
Advances in drug regimens increase the efficacy of chemical
restraint options and allow us to perform safer procedures.
There are now husbandry training programs being used with
many species to aid in restraint procedures.

Together with these advances, it is important to remember
and retain the animal handling skills they have supplanted
lest they become lost over time. Skills such as roping or the
use of nets require practice to maintain the levels of profi-
ciency and confidence required to use them effectively. All
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animal husbandry personnel should be trained in the profi-
cient use of these varied methods through formal staff train-
ing programs.

The process for selection of a restraint method must always
consider a hierarchy of criteria. First among these is safety—
safety of the personnel and of the animal. Depending on the
conditions, the resources available, and the purpose of the
restraint, the best restraint method may not be an option at
a particular facility. Having as many viable alternatives as
possible should provide a level of flexibility that can greatly
enhance an institution’s capability to meet the needs of the
animals in its care.

APPENDIX 4.1
Sources for Equipment Mentioned in the Text

Fauna Research

8 Bard Avenue

Red Hook, NY 12571-1108

marknmartv@yahoo.com

Manufacturer of handling equipment for nondomestic hoofstock,
hydraulic tamer, standard mechanical tamer, giraffe tamer, rhi-
noceros crates and restraint, bison and large-bovid head gates, etc.

Powder River Livestock Equipment
www.powderriver.com
Manufacturer of livestock chutes and restraint equipment

Fuhrman Diversified Inc.

2912 Bayport Blvd

Seabrook, TX 77586

www.fieldcam.com

Manufacturer of Flexinets and other animal handling and capture
equipment
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A Framework for Introduction and

Socialization Processes for Mammals

David M. Powell

INTRODUCTION

For the modern zoo, construction of new, naturalistic exhibits
or renovation of existing facilities represents one of the most
important tools for ensuring animal well-being. Exhibit de-
signers today seek to create an exhibit that not only displays
animals, but also minimizes stress and challenges them physi-
cally and psychologically.

New tools for small population management now enable
managers to make scientifically based decisions about the
breeding of species in captivity to ensure their long-term ge-
netic and demographic health (see Ballou et al., chap. 19, this
volume). Ironically, those management tools that should ul-
timately contribute to the well-being of animals in captivity
may also cause them stress in the short term, e.g. placing ani-
mals into novel environments or introducing them to unfa-
miliar individuals. In order to maintain diverse gene pools
in captive populations, zoo personnel must move individuals
from one facility to another, where they are first exposed to a
novel environment and later to unfamiliar individuals, either
for breeding or exhibitry. In these cases, the individuals have
lost a familiar territory and possibly a social network, losses
which may cause animals to behave differently, particularly
if the move to a new facility represents their first “disper-
sal” Dispersal is a sensitive time for captive and free-ranging
wildlife, since they are in environments where there may be
no familiar conspecifics, and they lack knowledge about the
location of critical resources. In describing animals that are
captured from the wild and brought into captivity, Hediger
(1964) said that the animal must construct an entirely fresh
“subjective world” while struggling with new and unfamiliar
factors. Animals that move from one facility to another or
even between social groups within a facility also must alter
their subjective world, based on changes in their environ-
ment. Animal managers must work carefully to manage ani-
mals through this sensitive period.

In this chapter, I will set forth a framework for conduct-

ing successful introductions and socializations of captive
mammals based on surveys of the literature, conversations
with colleagues, and personal experience. I take a some-
what less mechanistic approach than had Kranz (1996) and
Watts and Meder (1996) in the first edition of this book,
but I strongly recommend reviewing their chapters when
planning introductions. I consider physical introductions
(e.g. admittance to exhibit spaces or holding areas) and so-
cial introductions (e.g. formation of social groups or breed-
ing units) separately, although both processes have some
similar characteristics. Within social introductions, I will
only briefly discuss socialization processes for individuals
that display some behavioral deficiency (e.g. hand-reared
individuals or individuals showing inappropriate maternal
care). Watts and Meder (1996) previously provided a good
overview of the literature on socialization techniques for pri-
mates, and there is very little new literature since that time.
For each class of introductions, the framework includes 4
general steps: identifying goals, considerations, preparation,
and process. My goal is not to provide taxon-specific rec-
ommendations, but rather to provide a framework that can
be applied to diverse taxa.

There is still relatively little published information on in-
troduction and socialization techniques (Kranz 1996), espe-
cially for nonprimate mammals. A survey of the literature
suggests that a few universal principles exist that should
apply to introductions and socializations. These will be em-
phasized in this chapter. I encourage animal managers to
share their experiences more widely (e.g. in journals, con-
ference proceedings, husbandry manuals). A well-designed
survey study would be a valuable tool for gathering the col-
lective experience of professionals involved in animal in-
troductions. The results of such a study could be published
in professional journals and provide additional guidelines.
Lindburg and Robinson’s (1986) paper remains a valuable
resource for planning social introductions of animals in cap-
tivity.

49
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PHYSICAL INTRODUCTIONS

An introduction to a new physical space may or may not be
accompanied by introduction to unfamiliar conspecifics. In
this section, the focus is on planning the introduction of an
individual or an intact social unit to a new physical space.

IDENTIFYING GOALS

First, it is useful to define both long- and short-term goals
for the introduction to new physical space. Long-term goals
identify the eventual outcome desired, while short-term
goals help to clarify the steps to take along the way. The long-
term goal of a physical introduction is generally to get animals
comfortable with all the new living spaces and accustomed to
new husbandry routines with minimal stress or injury. Short-
term goals relevant here include acclimation to the holding
facility, habituation to the husbandry routine and animal care
personnel, easy transfer from one enclosure to another (in-
cluding shifting on and off exhibit), familiarization with ex-
hibit boundaries, and desensitization to certain stressors (e.g.
visitor traffic, heavy machinery, and amusement rides), in-
cluding animals in adjacent enclosures. For each goal, end
points and criteria for determining whether the goal has been
met should be developed, including criteria that outline when
to halt an introduction due to presumed failure.

The animal care team should carefully review reasons for
an introduction’ failure and take actions to eliminate those
obstacles. Knowledge of the animal’s biology and individual
history will be instructive in developing the criteria used to
assess progress, success, and failure. To monitor animal pro-
gress during the introduction process, the animal care team
should be sensitive to and record those behaviors known to
indicate distress in the species; similarly, they should keep
track of positive milestones (e.g. sleeping on exhibit, play,
and foraging behavior). Everyone on the team should also
understand the criteria that will determine when close moni-
toring can cease.

Goals may be developed by the animal manager or col-
lectively by animal care staff. If only a subset of individu-
als develops the goals, all members of the animal care team
(curators, supervisors, keepers) still should have a chance to
comment on them. Since keepers will have the most in-depth
knowledge of the individual animals at the facility, their input
is critical to planning an introduction or socialization.

CONSIDERATIONS

A number of factors need to be considered when developing
short- and long-term goals for an introduction, beginning
with the species itself. First, what are the species’ abilities in
terms of locomotion, strength, agility, and intellect? Many of
these will have already been taken into consideration during
the design and construction of new and refurbished exhib-
its, but another review of these abilities may uncover prob-
lems. For example, when a species of monkey is put onto an
island exhibit previously occupied by another primate spe-
cies, zoo staff should reevaluate escape risks and hazards to
the animals.

Ungulates may be moved between different paddocks.
Containment developed for a large species may not be suit-
able for use with a smaller species and vice versa. Are the
openings in the fencing small enough to prevent legs from
getting caught and infants from escaping the enclosure?

Motivation can enhance an animal’s abilities. An animal
that feels threatened may jump farther or climb substrates
that it never would under normal conditions (Hediger 1964).
Under stress, an animal may take unexpected risks (e.g. jump-
ing into moats and climbing over electrical wires). These
worst-case scenarios must be considered when designing
enclosures, and staff should be prepared to respond to these
events.

Species behavioral characteristics, ecological niche, and
temperament also need to be considered. Whether a species
is a predator or prey or tends to be inquisitive or shy affects
how it will adjust to new physical surroundings and some-
times more important, what its first reaction will be upon re-
lease into a new enclosure. For example, ungulates are gen-
erally more likely to flee, whereas many carnivores will look
for hiding places. An understanding of niche will also aid in
predicting what sorts of stimuli will be most stressful for the
species (e.g. Grandin and Johnson 2005), and it will help pre-
dict where animals will go for shelter when they feel threat-
ened. The species’ propensity for territoriality can affect its
adjustment to new spaces.

After reviewing the appropriate aspects of the species’ bi-
ology, the history and temperament of each animal involved
in the introduction needs consideration. Which animal in the
group tends to be dominant? Are any individuals known to
be especially “nervous”? Do any of the animals have a history
of escape attempts? Are there important relevant experiences
from the individual’s developmental and rearing history? A
group of female Przewalski’s horses, Equus caballus przewal-
skii, at the Bronx Zoo was moved into a larger, forested en-
closure that also included a rocky hillside. One concern was
that the horses might choose to flee along this hillside during
their early exposure to the new exhibit and possibly injure
themselves. Our prior knowledge of the calm demeanor of
these mares around people allowed us to use a line of animal
care staff as a psychological barrier to traversing the hill on
their first days in the exhibit rather than having to exclude
the horses from the area by using a physical barrier.

When receiving animals from another facility, it is critical
to ask the sending institution to provide details not only of
the individual animals’ histories, but also of the enclosures
they lived in. For example, a zoo may receive animals that
have not been exposed to glass barriers or electrical fenc-
ing (“hotwire”). Part of the introduction planning must then
include measures to help animals identify, understand, and
avoid these barriers.

Staff resources are important considerations. During in-
troductions it is essential to have adequate staffing so that
animals can be closely monitored during their early expo-
sure to new exhibits. Animals may need to be watched for
several hours or all day in some cases. Staff monitoring the
animals should be familiar with the species’ behavior so
they can interpret the animal’s movements and anticipate
problems.



PREPARATION

Staff. While all the preceding steps will prepare the staff for
conducting a physical introduction, there are a number of
additional preparations that should take place immediately
before the introduction. First, everyone must understand who
the team leader is, i.e. who will decide to end a session or in-
tervene in some other way. The team leader should ensure
that everyone understands what the potential outcomes are
of the introduction session, and must be sure that everyone
on the team agrees on how to respond and intervene. For ex-
ample, negative reinforcement (i.e. fire extinguishers, hoses,
and tools for making noise) might be used to alter an animal’s
behavior. All team members should be comfortable using
these techniques and trained in their use. If the animal has
had a positive-reinforcement training program (see Mellen
and MacPhee, chap. 26, this volume), the training may be
helpful in keeping the animal calm during the introduction,
but it should not be relied on solely to prevent the animal
from injuring itself.

The goal of an introduction may be evaluated relative to
the animals’ behavior (e.g. calm or no excessive locomotion),
to some time criterion (e.g. allow the animals to explore the
exhibit for 30 minutes), or to another factor. Team members
need to know when to end a session and/or how an intro-
duction is progressing, even if they are not the individuals
making the final decision. During one of the early Przewal-
ski’s horse introduction sessions mentioned above, the mares
spent only about 10 minutes in the exhibit before moving back
into the corral. The team leader decided to end the introduc-
tion session immediately, since the mares had shown no be-
havior indicative of stress and returned reliably to the holding
facility. The mares were immediately fed in the holding area
to reinforce the behavior of returning to holding.

The team leader should give one team member responsi-
bility for collecting, recording, and summarizing basic data
on the session (e.g. the length of the session, the animals’
responses, the measures used to keep the animals calm) so
that data can be shared with team members and available for
future introductions.

Additional personnel. In addition to animal care staff, other
zoo departments should be notified, depending on the situa-
tion. Veterinary personnel should be aware and perhaps pres-
ent (in case immobilization is needed) when large or poten-
tially dangerous animals are being introduced to exhibits.
Veterinary staff should preferably remain out of view of the
animals until needed, since many animals respond negatively
to veterinarians. Although veterinary staft can contribute to
planning an introduction, final decisions should rest with the
animal managers. Individuals licensed in the use of appro-
priate firearms may also be present in case an animal escapes
from the new enclosure. Zoo security staff may be helpful in
restricting visitors from the introduction site. If exhibit areas
are going to be closed to visitors during an introduction, ad-
missions and public relations staff should be notified.
Introductions to new enclosures sometimes provide op-
portunities to observe rare or interesting behaviors. A pho-
tographer or videographer can be helpful in documenting
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the process and providing media that could be useful for
public relations or marketing. Research staff can also docu-
ment these behaviors and thus contribute to refining the next
stages (e.g. Burks et al. 2004). However, for some animals, in-
troduction to a new enclosure will be stressful and the pres-
ence of many people may be overwhelming; thus, animals
should have been previously habituated to the visible staff.
Additional support staff should be out of view during the
procedure but be in contact (via radio).

Enclosure. The enclosure and holding facilities should be in-
spected very carefully by multiple individuals before intro-
duction, especially if the enclosure was originally built for a
different species. All barriers must be secure and intact and
potential escape routes eliminated. Viewing areas for visitors
may be seen as escape routes by animals, and the presence of
visitors may be stressful at first. Visual access to animals in
other exhibits might be stressful also. Kranz (1996) recom-
mends that these areas be screened temporarily during ac-
climation to new enclosures.

Zoo exhibits often have electrified fencing, or “hotwire,”
as a form of secondary containment or for exclusion from
certain areas. All hotwires should be tested and inspected
daily by staff. Animals that are naive to hotwire might benefit
from having it clearly marked or having prior exposure to a
hotwire panel while still in their old enclosure or their indoor
holding area (e.g. Cowan 1998). This is not always necessary.
Giant pandas, Ailuropoda melanoleuca, at the Smithsonian
National Zoological Park in Washington, DC, learned to
recognize and avoid exposed hotwire and naturalistic “hot
vines” in their enclosures within the first week of occupancy,
despite being naive to hotwire of any kind (fig. 5.1). Animals
can be trained to respect hotwire by luring them to it with
food. If animals come in contact with hotwire, they must
have an easy escape route. Exhibit features that will require
complex hotwiring should be avoided when enclosures are
designed. McKillop and Sibly (1988) provide a nice over-
view of the design of electrified fencing for wildlife and de-
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Fig. 5.1. A male and female giant panda at the Smithsonian National
Zoological Park in Washington, DC, quickly learned to identify and avoid
electrified wire in their enclosure, including wires disguised to look like
vines. (Powell, D. M., Kleiman, D. G., and Beck, B. B., unpublished.)
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scribe some procedures for training animals to recognize
and avoid it.

In new enclosures, shifting mechanisms and locks should
be functioning properly, and food and water delivery systems
should be operational. Hardware used in construction should
be secured (e.g. nuts and bolts welded) and foreign objects
(e.g. glass, nails, and lumber) remaining after construction
or renovation should be removed. Sensitive equipment (e.g.
lights and surveillance cameras) needs adequate protection.
Major horticultural or maintenance work should be com-
pleted before the introduction or postponed until after ani-
mals are acclimated.

Clearly identified exhibit boundaries are important. Un-
gulates tend to run into fences or moats when frightened
(Farst et al. 1980; Kranz, Xanten, and Lumpkin 1984). Fences
can be screened using burlap or shade cloth, or they may be
marked at intervals with plastic flagging (fig. 5.2a-b). Moat
edges should also be marked or flagged in some way. As de-
scribed for the Przewalski’s horse introduction, zoo staff can
be used to discourage animals from approaching certain ex-
hibit features that would be dangerous to traverse if in flight.
Glass barriers can be made more obvious by covering them
with paper, marking them with tape, or making them opaque
using soap. Placement of these marking materials on the in-
side versus outside of the glass depends on the degree of vis-
itor access to the glass and the likelihood of animals inter-
acting with the marking materials (Kranz 1996). Papering
the animal side of the exhibit glass may give new arrivals the
ability to regulate their exposure to visitors in the early days
of an introduction.

Before an introduction, environmental enrichment mate-
rials should be placed in the exhibit to help reduce anxiety
and provide opportunities for distraction or displacement
of stress-induced aggression. Critical resources such as nest
boxes, areas of shade, perches, and feeding stations should
be provided such that one is available for each animal. Trans-
ferring dung, urine, nest boxes, toys, or bedding from hold-
ing areas into exhibits can help make the exhibit seem famil-
iar to the animal (Kranz 1996). Rewards or treats should be
available to reward animals for calm behavior or returning
to the holding area.

PROCESS

Timing. Some introductions proceed quickly and others may
take many months; thus, introduction procedures must in-
clude adequate time for success. All construction, mainte-
nance, and horticultural work should be completed before in-
troduction to a new exhibit. Animals need at least one month
to acclimate to new enclosures and routines. There is always
pressure to open new exhibits as soon as possible; however,
rushing an introduction can lead to animal injuries, animal
management problems (e.g. getting the animal to shift in and
out on time), and thus even longer delays. Zoo administra-
tion, public relations, development, and marketing depart-
ments must be aware of these constraints and plan accord-
ingly when preparing press releases, promotions, and special
donor events.

Outdoor introductions should take place when tempera-
ture extremes are unlikely so that animals do not overheat or

become hypothermic. For many mammals, this means sched-
uling introductions during the warmer months and usually
in the morning before the zoo opens to visitors. In the morn-
ing, there are also fewer external stressors such as visitors and
noise from rides or attractions. Starting early provides more
time for monitoring the introduction, allows managers to
respond to unexpected events without public presence, and
increases the likelihood that animals will return to holding
areas before closing time.

Staffing. During an introduction, the right number and qual-
ity of staff need to be available. Keepers who have good re-
lationships with the animals and the most knowledge of the
particular individuals should be present, as well as person-
nel to monitor the animals for the duration of the first intro-
duction session.

Monitoring. During the introduction, the animals should be
observed from multiple locations, and someone must be
available to operate shift doors immediately. Radio contact
between observers is critical. Everyone present should be fa-
miliar with the behavior patterns of the animals, including
signs of stress or abnormal behavior. Observers should be
familiar with the exhibit and prepared to assist with inter-
ventions, including rescuing animals from water or other ex-
hibit features. Any equipment needed for interventions (e.g.
nets, ropes) should be readily available. Typically, newly in-
troduced animals should be closely monitored during the
first week, but this schedule can be reviewed and adjusted
by team members.

Managing the animals and the environment. Some animal
management guidelines are applicable to a wide variety of
species during an introduction. First, animals should be al-
lowed free access into and out of the holding facility. If the
animals choose to spend only a few minutes in the new ex-
hibit on the first day, they should not be forced back out, but
rewarded for returning to holding, thus terminating the day’s
session. Second, while some food can be provided on exhibit,
it is preferable to feed the majority of the diet off exhibit to
encourage return to the holding facility. Third, introduction
sessions should be ended long before the zoo closes to give the
staff sufficient time to solve any problems that arise. Ending
the session early also provides more opportunities to end the
introduction positively. Finally, after animals are acclimated
to the exhibit and the husbandry routine, they can be intro-
duced to outside stressors. Only after our Przewalski’s horse
mares were acclimated to their new exhibit and routine did
we allow the train that goes by their exhibit to operate.

Adjusting and evaluating the plan. The progress of the in-
troduction should be discussed daily with team members
and communicated to other departments when applicable.
Team members should achieve consensus on how to pro-
ceed, solutions for problems, and appropriate levels of mon-
itoring. Criteria and definitions for a “successful introduc-
tion” should be reviewed to see if they are still achievable; if
problems arise, goals may have to be changed. Flexibility is
important, and the plan should be adjusted when necessary.
Lindburg and Robinson (1986) provide a sample data sheet



‘ -J!_I:-l-"‘-' I ; 1T
B o L Vs
X ipNEs
Vo
DA

Al \ ‘_

4\

LA

-, <

Fig. 5.2 (A-B). At the Bronx Zoo, New York, yellow plastic flagging is used to assist ungulates in identifying the boundaries of their enclosures. The
flagging is usually removed after a couple of weeks. (Photography by Julie Larsen Maher. © Wildlife Conservation Society. Reprinted by permission.)
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for recording data during introductions that can be used to
adjust the plan.

SOCIAL INTRODUCTIONS AND SOCIALIZATION

Animals are introduced to one another for breeding, for-
mation of new groups, addition to existing groups, and re-
turning individuals to groups in which they lived previ-
ously. Socialization is a process whereby an animal learns
appropriate social skills for the eventual purposes of breed-
ing and rearing offspring, or simply living compatibly in a
more natural social setting. In mammals, the mother-infant
relationship plays a critical role in the development of nor-
mal adult social behavior. Removal of infants from their
mothers should be avoided whenever possible (Watts and
Meder 1996). Inappropriate socialization during develop-
ment has a profound impact on the expression of normal
maternal, reproductive, and social behavior throughout life
(Harlow and Harlow 1962; Sackett 1965; Suomi, Harlow, and
Kimball 1971).

Nonhuman primates, the focus of the vast majority of pub-
lished literature on social introductions and socialization, ex-
hibit some of the most complex social dynamics among mam-
mals; thus, we can adapt and apply some of the principles and
techniques learned from primates to other species.

IDENTIFYING GOALS

For any social introduction or socialization process, there
should be both short- and long-term goals. For example, a
long-term goal for a group of nonbreeding animals might be
basic compatibility, good general health, and maintenance
of body weight. In socializations, the short-term goal might
be compatibility, while the long-term goals might include
species-appropriate levels of social behavior, reproduction,
and rearing of offspring. For females with poor maternal
skills, while the long-term goal is to rear offspring properly,
short-term goals might include showing appropriate maternal
behavior toward a surrogate or allowing the infant to receive
supplemental food from animal care staff.

While most physical introductions will eventually be suc-
cessful, some social introductions will never succeed. Failure
may simply be the result of mate choice or individual differ-
ences in behavior (e.g. excessive fearfulness or aggression, in-
appropriate socialization, “individual antipathies” [Hediger
1964]). At the Bronx Zoo, a new silverback gorilla, Gorilla go-
rilla, acquired for breeding was to be introduced to a group
of 11 females. After approximately 7 months of introduction
efforts, we succeeded in introducing him to 10 of the 11, but he
was consistently aggressive to the one remaining female. We
introduced the remaining female to another social group and
left the silverback living compatibly with the 10 females.

CONSIDERATIONS

Many of the same factors that must be considered in physical
introductions should be evaluated in a social introduction,
beginning with a thorough understanding of the natural his-
tory, behavior, and ecology of the species. I suggest consult-
ing with biologists familiar with the species’ biology. When

receiving a species with which they have no experience, ani-
mal care staff should visit facilities that have the species, and
perhaps even the individual animals intended to come to their
00, to learn their basic husbandry and behavior.

If breeding is a long-term goal for the animals, an under-
standing of the species’ mating system and the specific group’s
social and dominance relations is crucial so that animal care
personnel can predict which individuals might be sources
of competition, aggression, and comfort for the new animal.
Juveniles/subadults might have to be temporarily or perma-
nently removed from their social group if they are viewed as
competitors by a new breeding individual.

Social dominance may also dictate which sex can be suc-
cessfully integrated into a social group. In some cases it is
advantageous for the new individual to have an established
ally when finally introduced to the larger social group. Since
female Old World monkeys tend to be subordinate when they
are introduced to new social groups, we typically introduce
them to the male first so they have his support when they are
introduced to the larger social group.

Regardless of sex, the specific histories of the group mem-
bers will have an impact on which individuals will be an ap-
propriate ally for a new social group member. A good choice
for a new individual to meet first might be a social group
member who has already experienced multiple introduc-
tions or has a calm temperament. If there are group mem-
bers that are likely to be aggressive to a new individual, the
new group member may need an ally before the introduc-
tion. These considerations apply when introducing new in-
dividuals of either sex.

When introducing a new silverback gorilla to an estab-
lished group of females, we found that the temperament of
the male could provide insight into which females to intro-
duce first. With an aggressive male, it is preferable to intro-
duce him first to the most dominant females, whereas if a new
male is easily intimidated or timid, he should be introduced
first to the most subordinate females. Knowledge of an indi-
vidual’s temperament is also useful in deciding where to do
an introduction (see Process section below).

The timing of an introduction is also important, espe-
cially with respect to reproductive cycles. For example, Al-
ford et al. (1995) introduced new female chimpanzees, Pan
troglodytes, to males only when the new female was in estrus,
while Bloomsmith, Lambeth, and Alford (1991) and McNary
(1992) suggest that introducing females to one another when
they are in estrus should be avoided, since estrous females are
more likely to be aggressive or assertive. At the Bronx Zoo,
introductions of male and female Matschie’s tree kangaroos,
Dendrolagus matschiei, have been most successful when they
are timed to coincide with the female’s estrus.

Territoriality is another consideration in social introduc-
tions. Both males and females may establish territories within
their exhibits, consisting of preferred resting spots, perches,
or den boxes, or the entire exhibit. When introducing indi-
viduals to a social group with an established territory, allow-
ing the new individual(s) to explore the territory first without
the established group present may be helpful. This technique
will give the new individuals an opportunity to locate sources
of food, water, and refuge with less harassment from animals
in the established group. New individuals may also become



familiar with the other animals through exposure to their
sounds and odors in the physical space. Initial social intro-
ductions should preferably take place in a neutral environ-
ment (e.g. holding areas that are clean) so that territoriality
is not a handicap to the new individual(s).

One factor that seems universal in mammalian introduc-
tions is that prior familiarity with space or other individu-
als increases the likelihood of success. Introduction of com-
pletely unfamiliar individuals may result in significant stress,
fighting, injury, and sometimes death. In the vast majority of
mammals, the first contact with an unfamiliar individual in
nature takes place via scent or sound rather than in the ani-
mal’s direct physical presence. Sex, age, reproductive condi-
tion, and even body size can be communicated by scent in
some mammals (e.g. giant pandas: Swaisgood, Lindburg, and
Zhou 1999; Swaisgood et al. 2000; Swaisgood, Lindburg, and
Zhang 2002; White, Swaisgood, and Zhang 2002, 2003), so
it is important to allow individuals to meet first in the most
natural way possible.

In some species, individuals may be driven out from their
social group (e.g. mongooses, Helogale, Mungos, Crossarchus,
Cynictis, Suricata spp.: Rasa 1975; agouti, Dasyprocta spp.:
Meritt 1978) whether they are newly introduced or estab-
lished group members. These individuals can rarely be re-
introduced to that group, which reinforces the need for a
gradual introduction process and the monitoring of group
dynamics. Craig (2007) describes a successful integration of
a new male meerkat, Suricata suricatta, into an established
group that had lost its breeding male.

PREPARATION

The preparations for a social introduction are similar to those
suggested above for physical introductions. Some additional
guidelines for preparing the staff, enclosure(s), and animals
are outlined below.

Staff. Because social introductions can result in aggression,
all staff must be aware of which behavior patterns are asso-
ciated with different levels of aggression (e.g. body move-
ments or postures, vocalizations) and especially the difference
between normal and excessive aggression. Aggression may be
reduced with positive-reinforcement training by asking ani-
mals to separate from one another or attempting to do short
training sets with individuals during the introduction. Train-
ing has been used to moderate aggression during feeding in
captive chimpanzees (Bloomsmith et al. 1994) and during
social introductions of binturongs, Arctictis binturong (Gou-
lart 2002). However, aversive methods (e.g. making noises or
using a hose or a carbon dioxide fire extinguisher) may be
necessary to distract animals or separate fighting individuals.
All team members should know how to use these tools.

Physical intervention is also occasionally necessary; thus,
staff members should have the appropriate tools and train-
ing to capture and restrain animals safely (see Christman,
chap. 4, this volume), and a single team leader should have
authority to give directions when excessive aggression occurs.
Postintroduction evaluation sessions will permit the staff to
determine whether changes could be made to improve the
process.
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Enclosure. Enclosures for conducting social introductions
should be chosen on the basis of space availability and the
ability to separate individuals quickly. Exhibit enclosures are
often larger than off-exhibit spaces, but they are less desirable
locations for introductions because intervening or separat-
ing animals may be more difficult. Courtship in some spe-
cies (e.g. Indian rhinoceros, Rhinoceros unicornis) may be so
aggressive and dangerous that animal managers may decide
to restrict breeding introductions exclusively to oft-exhibit
areas for maximum animal control.

Indoor, oft-exhibit enclosures tend to have multiple access
doors, which make them a better choice for introductions.
Multiple, interconnected cages should be made available to
maximize space. All doors should be working properly. In
some cases, the addition of visual barriers is helpful in reduc-
ing stress. Species that spend time in trees need multiple “ar-
boreal” sites for sitting and should have multiple pathways to
those sites. In some small mammal exhibits, where only one
area may be available for introductions, a different introduc-
tion process is suggested (see Process section below).

Enclosures should be furnished with a variety of materials
for enrichment and distraction (see Shepherdson, chap. 6,
this volume; see Cipreste, Schetini de Azevedo, and Young,
chap. 15, this volume). If food is used, we recommend pre-
venting competition by providing an excess of food, spread-
ing it throughout the enclosure and, where appropriate, pro-
viding many smaller items mixed into straw, hay, and other
substrates that encourage the animals to forage or search (e.g.
seeds or nuts). Craig (2007) suggests that the provision of
food during introductions of meerkats is beneficial in help-
ing to establish social bonds, since animals were able to for-
age together. Plenty of bedding material should be available
so that animals can make separate nests if they so choose
(Wharton 1986).

During full-contact introductions, access to certain areas
where animals might get trapped or injured (e.g. dens, nest
boxes, and small corrals) should be prevented (McCaskill
1997; Law and Tatner 1998; Goulart 2002). By contrast, for
some species a nest box may be a valuable refuge. The deci-
sion by animal care staff concerning whether or not to pro-
vide access to these areas depends on the possibility of in-
tervening quickly and effectively, as is typically the case with
small mammals when excessive aggression occurs in a con-
fined space.

Animals. Before initiating an introduction or socialization
process, all animals, both newly arrived and residents, should
be determined to be in good health, because the stress of an
introduction may result in the outbreak of a disease that was
previously subclinical.

Pharmaceutical drugs have been used frequently during
introductions of mammals, particularly primates and un-
gulates (e.g. chimpanzees and gorillas: Moran et al. 1993;
ungulates: Ebedes and Raath 1999). The choice of drug de-
pends on the desired effect. Some treatments will lower ag-
gression, while others will reduce fear. The goal of temporary
pharmaceutical use should be to facilitate the introduction
by allowing animals to get accustomed to the new stimuli.
Consultation with experts is recommended.

Before a social introduction, animal care staff may manip-
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ulate certain features of an animal’s anatomy, e.g. antelopes’
horns may be covered by rubber hose to decrease the like-
lihood of injury during the process. Colorful sexual skin in
some species may communicate dominance. Gerald, Weiss,
and Ayala (2006) found that increasing the contrast in sexual
skin color using paint was effective at decreasing aggression
between 2 unfamiliar male vervet monkeys, Chlorocebus py-
gerythrus, during an introduction.

PROCESS

Before full contact, at least 2 steps have been used in a wide
variety of mammalian introductions: establishing sensory
contact and limited tactile contact. Research by Burks et al.
(2004) suggests that moving from nontactile sensory con-
tact (i.e. animals could see, smell, and hear one another but
not touch one another) to limited tactile contact (i.e. animals
could touch one another through a barrier) to full contact
was more effective at managing aggression and stress dur-
ing a herd formation process in captive African elephants,
Loxodonta africana, than using these steps in a more or less
random sequence.

Thus, the first step is to establish familiarity through non-
tactile sensory contact (Andrews 1998), e.g. by giving individ-
uals visual access to one another or rotating them through a
common enclosure (e.g. Law and Tattner 1998). Scent can also
be transferred from one enclosure to another by swapping
dung, urine, scent-marked materials, or bedding between
enclosures (e.g. Goulart 2002).

Once visual, olfactory, and auditory contact have been
established, limited tactile contact across some kind of bar-
rier (e.g. fencing or cage mesh) should be permitted. Access
doors between exhibits can be fitted with mesh windows to
allow this type of contact, with the size of the openings small
enough to prevent injury from fighting through the mesh.
Positive-reinforcement training can also be used at this stage
to encourage individuals to sit adjacent to one another safely,
a behavior that may be useful when full-contact introduc-
tions take place. For some species, the motivation for tac-
tile contact may be so great that introduction windows are
not only unnecessary, but in fact may contribute to greater
stress. Our experience with the formation of breeding pairs
of small-clawed otters, Aonyx cinereus, at the Bronx Zoo has
been that the animals are so anxious for contact with one an-
other that initial tactile introduction across a barrier causes
them to become too excited. Similarly, when introducing a
new male meerkat to an established group, Craig (2007) pro-
gressed to visual, olfactory, and limited tactile contact sooner
than planned due to intense mutual interest between the new
male and the group.

Many small mammal exhibits are glass fronted, with solid
walls and little or no off-exhibit space, thus requiring parti-
tioning with temporary barriers. During introductions of ro-
dents at the Bronx Zoo, we have used cardboard to partition
the enclosure, which provides initial olfactory and auditory
contact and allows the animals to initiate tactile contact by
chewing through the barrier. Protected tactile contact can
also be achieved using a “cage within a cage” (often called a
“howdy cage”): the new individual is placed in a small cage
that is placed in the established individual’s enclosure. This

technique has been used successfully with many small mam-
mals (e.g. striped grass mouse, Lemniscomys striatus: Whar-
ton 1986; tiger quoll, Dasyurus maculatus: Conway 1988;
agouti, Dasyprocta spp.: Meritt 1978). When forming an all-
male group of Rodrigues fruit bats, Pteropus rodricensis, at the
Bronx Zoo, we added successive individuals to the group by
placing each new individual in a cage that hung in the free-
flight area for 3-5 days.

Due to the design of some holding facilities, visual, olfac-
tory, and limited tactile contact may have to be provided at
the same time. Black rhinoceros, Diceros bicornis, have been
prepared for full-contact breeding introductions in this way
with success (McCaskill 1997). To introduce male maned
wolves, Chrysocyon brachyurus, to their pups, the males and
pups were given visual, olfactory, and limited tactile contact
simultaneously. No aggression from the males was seen dur-
ing this stage, and all the females remained calm (Bestelmeyer
1999).

Full-contact physical introductions should take place only
after animals have stopped showing aggression or anxiety
when housed next to each other with limited tactile contact
(e.g. Rasa1975). Some animal managers believe that affiliative
or play behavior must first be observed through the barrier
(e.g. Alford et al. 1995). However, serious aggression can still
occur once animals have full access; thus, staff should moni-
tor these introductions directly and be prepared to intervene.
The number of staff monitoring the introduction should be
restricted to only those needed to intervene effectively.

The full-contact stage of an introduction process is most
variable in terms of its execution. For example, it may be ad-
vantageous to put all individuals into an exhibit at once with-
out prior experience in the exhibit (Andrews 1998), since this
can reduce the likelihood that any individual will claim the
entire exhibit as its territory (Hediger 1964). Additionally,
there may be less aggression if animals are exploring their
surroundings rather than confronting one another. Finally,
naive individuals may seek contact with one another if they
are put into a novel environment simultaneously.

If it is thought that a full-contact introduction and first ex-
posure to a new enclosure will increase stress to unacceptable
levels, the animals can first be introduced individually to the
enclosure, and then to one another. When introducing timid
or submissive individuals to new conspecifics, it is preferable
for the introduction to take place in the timid animal’s enclo-
sure rather than the reverse. Among felids, males are more
likely to be the aggressor during an introduction than females;
thus, some zoo biologists suggest that physical introductions
take place in the female’s cage, thus giving her some advan-
tage in dealing with the male (Andrews 1998).

When introducing individuals to established groups, the
decision concerning whether to introduce the new animal
to all group members simultaneously or first to individuals
or subgroups will depend on the species and the situation.
In many primate introductions, the latter method is gener-
ally chosen so that new individuals have the opportunity to
establish affiliative bonds with at least some group members
before meeting the entire group (e.g. McDonald 1994; Alford
et al. 1995; Brent, Kessel, and Barrera 1997; Meshik 1999). In
species characterized by strong dominance hierarchies or
castes, introductions of subsets of individuals may not be



possible without disrupting the hierarchy and unintention-
ally creating subgroups that cannot be re-formed (e.g. naked
mole rats, Heterocephalus glaber).

The progress made by animals during the introduction
process should guide the pace and timing of the introduction.
Success may be achieved relatively quickly (days to weeks)
or very slowly (months to years). Initial full-contact intro-
ductions should be short in duration, and zoo staft should
attempt to end the session in a positive way (e.g. when the
animals voluntarily separate themselves). Subsequent ses-
sions can be longer based on the responses of the animals,
but introduction sessions should happen consistently, as even
short delays can set the process back (Andrews 1998). Ani-
mals should not be housed together overnight until there is
consistently positive interaction between them during mul-
tiple all-day encounters, and all animals seem comfortable
with one another and the environment. All individuals should
be eating and resting normally before they are housed to-
gether overnight.

For some small mammal introductions, continuing with
the introduction process is advisable, even on weekends when
fewer staff are present, because stopping for even a couple of
days may retard the process. At the Bronx Zoo, we reintro-
duced a hand-reared female Damaraland mole rat, Cryptomys
damarensis, to her parents and 4 other offspring by confin-
ing her to a nest box that had a connected tube with metal
mesh over its end and putting her into the enclosure with the
colony for one week. During that week, feces from the female
and the colony members were exchanged between enclosures.
After a week, the female was released into the colony, but she
was removed for the weekend when the senior keeper was off
duty. When released again, the colony attacked her, and the
process had to be restarted.

The timing of introductions is another issue, i.e. whether to
do them during the day or at night. Most felids are nocturnal
or crepuscular, and conspecific aggression tends to occur at
night or in the dawn and dusk hours, when absent staff can-
not witness interactions (Andrews 1998). Some institutions
therefore separate animals at night. Introductions of clouded
leopards, Neofelis nebulosa, for breeding are notoriously diffi-
cult, given that a male may kill or seriously injure its intended
mate (Law 1991; Mellen 1991; Kitchener 1999). At the Glasgow
Z00, a clouded leopard male that had attacked a previous mate
was successfully introduced at night to a female who had never
accepted a mate, with keepers present through all stages of a
gradual stepwise process (Law and Tatner 1998).

The timing of introductions in relation to feeding is an-
other consideration. In some cases, hunger can be used to
focus the animals’ attention on feeding rather than aggres-
sion, but the food should not provoke competition. Alterna-
tively, being satiated during an introduction may decrease the
likelihood of aggression. In the clouded leopard introduction
described above, the male was fed before the full-contact in-
troduction in an attempt to suppress any hunting behavior
he might direct toward the female (Law and Tatner 1998); he
was also given catnip as a distraction. At the Bronx Zoo, we
typically feed carnivores before any social introductions.

For some highly social species, staff may prefer to begin an
introduction before the quarantine period has ended. If the
medical record for the newly arrived individual is complete
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and concerns about disease transmission minimal, the bene-
fits of having social contact may outweigh the disease risk to
the collection and the stress caused by isolation.

The plans and processes for social introductions need on-
going monitoring, documentation, evaluation, and readjust-
ment. The animals’ comfort with one another should be the
factor setting the pace for the process. Failure to take ade-
quate time to progress from the various steps described above
can result in more setbacks, a longer road to successful in-
tegration, long-term social instability, fighting, injury, and
even death.

SOCIALIZATION

In this section, I will discuss the process of moving animals
from living with humans or other surrogates to conspecifics.
I will focus on adult mammals rather than infants or juve-
niles, since Watts and Meder (1996) provide detailed guide-
lines for the socialization of young mammals. Jendry (1996)
also provides a good protocol for the use of surrogates to in-
tegrate hand-reared gorillas into social groups. When infants
or juveniles must be removed from their mothers, animal care
staff should provide opportunities for young mammals to have
social stimulation and contact with conspecifics. I provide a
list of references on socializing mammals in appendix 5.1 and
also briefly discuss methods for eliciting appropriate mater-
nal behavior from females that show behavioral deficiencies.

Socialization processes for adult great apes are well docu-
mented and often involve the same steps as those described
above for social introductions (i.e. nontactile sensory contact,
limited tactile contact, and then physical introduction), e.g. for
chimpanzees (Fritz 1989; Bloomsmith et al. 1999). Zoo Atlanta
successfully socialized 2 silverback gorillas, both of whom had
lived in complete social isolation for nearly 30 years (Winslow,
Ogden, and Maple 1992; Burks et al. 2001). Each introduction
process used similar stages, but during the second socializa-
tion procedure, observers collected and then used formal be-
havioral data to evaluate when to proceed to the next stage
rather than relying on subjective opinions of progress.

Socialization processes generally take more time than so-
cial introduction of behaviorally normal individuals, and only
limited goals may be achievable. For instance, it may be pos-
sible to socialize individuals so that they can live with one an-
other, but impossible to achieve complete social integration,
reproduction, and rearing of offspring (Fritz 1989). Socializa-
tion programs require an even greater in-depth understand-
ing of individual behavior so that the right choices are made
for pairing individuals and moving on to more advanced
stages of socialization. The likelihood of success in a social-
ization procedure is probably greater when there is a larger
pool of known individuals of various ages and sexes that can
be used for introduction to the behaviorally deficient individ-
ual. In chimpanzees, for example, socially normal individu-
als can serve as “teachers” for the compromised individual,
and young individuals may be particularly useful in teaching
older, compromised individuals how to play (ibid.). In rhesus
monkeys, Macaca mulatta, using similar-aged, behaviorally
normal individuals as “therapists” has been successful in re-
versing the effects of isolation rearing (Suomi, Harlow, and
Novak 1974; Novak and Harlow 1975; Novak 1979).
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To improve maternal skills in primate females, a remedial
strategy involves housing deficient females with proficient fe-
males so that the former can learn from appropriate models
(e.g. Hannah and Brotman 1990); however, in monogamous
species this may not be possible, since 2 females may become
aggressive to each other. Another strategy involves shaping
and reinforcing good maternal behaviors (e.g. proper posi-
tioning of infants on the nipple) or training behaviors that
allow caretakers to deliver food supplements to infants. The
challenge is that the time available for training mothers is
often very short, because infants need to nurse quickly and
regularly. Fontaine (1979) and Thorpe (1988) describe train-
ing programs that were used with a female orangutan, Pongo
pygmaeus, and gorilla, respectively, to permit supplemental
feedings of infants. Zhang et al. (2000) report a method used
to encourage maternal care in a female giant panda that ini-
tially displayed fear of her infant, necessitating hand rear-
ing of the cub. Initially they exposed the mother regularly
to 3 stimuli associated with infants (the mother’s own milk,
urine from the infant, and recordings of the infant’s vocaliza-
tions) in association with a stuffed toy panda “surrogate” The
urine cues elicited the strongest maternal behavior toward
the surrogate. In the second phase, they slowly reintroduced
the infant to the mother, first by allowing her to have limited
tactile contact with the live cub through metal bars. Then a
trusted caretaker entered the enclosure with the female and
assisted the cub in nursing from the mother until she picked
it up independently for nursing and grooming (an approach
also used with a female orangutan in the Tama Zoo in Japan:
Asano 1967). Animal care staff gradually reduced the human
assistance, increased the infants time with its mother, and
provided the mother with rewards for allowing the cub to
nurse. These studies highlight the importance of providing
sensory stimuli from infants to females.

CONCLUSION

Introduction and socialization processes for captive mam-
mals have always relied heavily on “the art of animal hus-
bandry” and less so on science, in part due to the lack of pub-
lished literature, particularly on nonprimate mammals. Most
of the primate literature on this topic derives from laborato-
ries, where housing and husbandry systems differ from zoos.
More applied research on the topic of introduction and so-
cialization processes for a wider range of mammals would be
desirable, especially with the results communicated broadly
within the zoo community. The introduction and socializa-
tion of mammals need significant planning and a systematic,
stepwise process; thus, a more scientific analytical approach
would be beneficial. Greater success will come from having
well-designed facilities and an in-depth knowledge of the spe-
cies’ biology and individual history. Patience and flexibility
are key features of successful programs.
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APPENDIX 5.1
References Related to Introduction and/or Socialization
Processes for Taxonomic Orders of Mammals

General Reference
Kranz 1996

Marsupialia
Conway 1988

Artiodactyla

Addison and Baker 1982; Castillo 1990; Davidson 1974; Dittrich 1968;
Dobroruka 1974; Ebedes and Raath 1999; Farst et al. 1980; Janecek
1971; Knowles and Oliver 1975; Kranz, Xanten, and Lumpkin 1984;
Moreno 1990; Oeming 1965; Rahn 1978; Read 1982; Read and Frueh
1980; Stanley Price 1986; Sullivan 1967

Carnivora

Andrews 1998; Bestelmeyer 1999; Brambell 1974; Brand 1980; Craig
2007; Fitzgerald 1985; Frese 1981; Goulart 2002; Kempske and Cran-
field 1987; Kinsey and Kreider 1990; Kitchener 1999; Law 1991; Law
and Tatner 1998; Leslie 1971; Mellen 1991; Qiu 1990; Rasa 1975;
Thomas et al. 1986; Weinheimer 1987; Wemmer and Fleming 1975;
Yost 1976; Zhang et al. 2000

Cetacea
Griffin and Goldsberry 1968

Insectivora
Dryden 1975; Eisenberg 1975; Eisenberg and Gould 1967; Eisenberg
and Maliniak 1974; Hoyt 1986; Martin 1975

Lagomorpha
Davison 1973, 1974

Perissodactyla
Atkinson and Blumer 1997; Barongi 1986; Boyd 1985; McCaskill
1997; Moreno 1990

Pholidota
Hoyt 1987

Primates

Alford et al. 1995; Anderson, Combette, and Roeder 1991; Asano
1967; Benton 1976; Bernstein 1969; Bernstein, Gordon, and Rose
1974; Bloomsmith et al. 1991, 1994, 1999; Bound, Shewman, and
Sievert 1988; Bowen 1981; Brent, Kessel, and Barrera 1997; Burks
et al. 2001; Caine and Short 1981; Coffman 1990; Cole et al. 1979;
Cowan 1998; Doherty 1991; Dronzek et al. 1986; Fontaine 1979; Fritz
1989; Fritz and Fritz 1979; Gerald, Weiss, and Ayala 2006; Hannah
and Brotman 1990; Haring and Wright 1989; Inglett et al. 1989; Jen-
dry 1996; Johnstone-Scott 1988; Keiter 1983; Kennedy 1992; Lippold
1989; Mack and Kafka 1978; Margulis 1989; Martin 1975; McDonald
1994; Meder 1985; Mellen and Littlewood 1978; Meritt 1980; Me-



shik 1999; Meyer and Wilcox 1982; Moran et al. 1993; Nadler and
Green 1975; Neugebauer 1980; Novak 1979; Novak and Harlow 1975;
Puleo, Zucker, and Maple 1983; Ruedi 1981; Ryf 1990; Stevenson 1976;
Suomi, Harlow, and Novak 1974; Thorpe 1988; Watts and Meder
1996; Williams and Abee 1988; Winslow, Ogden, and Maple 1992

Proboscidea
Burks et al. 2004; Young and Oelofse 1969

Rodentia
Blake and Gillett 1984; Meritt 1978; Richard 1975; Velte 1978; Whar-
ton 1986
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Principles of and Research on Environmental

Enrichment for Mammals
David Shepherdson

INTRODUCTION

Environmental enrichment has matured over the last decade
from a fringe activity with a few dedicated practitioners and
advocates into a mainstream husbandry activity and produc-
tive area of zoo research. In many ways it has become the tool
of choice for identifying and solving animal well-being issues
in zoos. Environmental enrichment, while not a science per se,
involves the application of many of the concepts and principles
of the increasingly active scientific discipline of animal wel-
fare. This link with science provides an objective foundation
for enrichment activities and gives it its dynamic and intellec-
tually interesting characteristics. A definition is a good place
to start, particularly for a subject with such diverse roots and
various applicants. An early definition was “Environmental
enrichment is a principle of animal husbandry that enhances
the quality of captive animals’ lives by identifying and provid-
ing environmental stimuli necessary for optimal psychologi-
cal and physiological well-being” (Shepherdson, Mellen, and
Hutchins 1998). In an unpublished report in 1999, the Behav-
ior Advisory Group of the American Zoo and Aquarium As-
sociation defined Environmental Enrichment thus:

Environmental enrichment is a process for improving
or enhancing zoo animal environments and care within
the context of their inhabitants behavioral biology and
natural history. It is a dynamic process in which changes
to structures and husbandry practices are made with the
goal of increasing the behavioral choices available to ani-
mals and drawing out their species-appropriate behaviors
and abilities, thus enhancing their welfare. As the term im-
plies enrichment typically involves the identification and
subsequent addition to the zoo environment of a specific
stimulus or characteristic that the occupant/s needs but
which was not previously present.

This latter definition succeeds (albeit somewhat clumsily)
in encompassing the major goals and principles of enrich-
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ment. At its simplest, environmental enrichment is about
making changes to an animal’s environment that result in im-
proved well-being as judged primarily by subsequent changes
in behavior. It is an implicit assumption of environmental
enrichment that it adds to the captive environment some-
thing that the animal was previously deprived of and which
is necessary for its optimal well-being. This is an important
semantic point, because otherwise the term can be seen to
imply that environmental enrichment is something “extra”
that is nice but not required (Burghardt 1996). As Mellen and
MacPhee (2001, 214) have stated: “Enrichment needs to be
more than a Band-Aid on abnormal behavior or inactivity;
it should be a concerted plan of action for captive manage-
ment with measurable goals and results”

Environmental enrichment activities cover a multitude of
innovative, imaginative, and ingenious techniques, devices,
and practices aimed at providing adequate social interac-
tion, keeping captive animals occupied, allowing an increased
range and diversity of behavioral opportunities, and provid-
ing more stimulating and responsive environments. Examples
range from naturalistic foraging tasks such as tools for chimps
(Celli et al. 2003), to objects introduced for manipulation,
play, and exploration, to novelty and sensory stimulation such
as scents for lions, Panthera leo (Powell 1995). Appropriate
social stimulation (both inter- and intraspecies) and even
training by humans are often described as environmental
enrichment. Renovation of old and sterile exhibits and the
construction of new exhibits with the design goal of provid-
ing enhanced opportunities for the expression of natural be-
havior patterns are also often considered as environmental
enrichment. White et al. (2003) describe how moving animals
between neighboring exhibits can be used to achieve more
natural activity budgets and reduce stereotypic behavior.

The rest of this chapter will expand on concepts, prin-
ciples, and goals of enrichment and describe some of the re-
search findings on which they are based. Rather than a “how-
to” guide to environmental enrichment (see Cipreste, Schetini
de Azevedo, and Young, chap. 15, this volume), this chapter is



intended to be a strategic guide to thinking about enrichment
and an essential starting point for developing effective envi-
ronmental enrichment activities and programs as well as for
designing future research. Given the broad nature of the topic,
many other chapters in this volume also contain pertinent in-
formation (see chap. 15 by Cipreste, Schetini de Azevedo, and
Young, chap. 25 by McPhee and Carlstead, chap. 26 by Mellen
and MacPhee, chap. 5 by Powell, and chap. 27 by Swaisgood
and Schulte; see also Young 2003).

CONCEPTUAL FRAMEWORK

Much has been written about the historical background of
enrichment (Forthman-Quick 1984; Hutchins, Hancocks, and
Crockett 1984; Mellen and MacPhee 2001; Shepherdson 2003)
such that a detailed review here would be redundant. A brief
overview, however, helps to set the stage. Markowitz (1982)
is usually and appropriately credited with being the first to
apply some of the ideas of zoo biologists such as Heini He-
diger (Hediger 1964) and others along with his own, and in-
tegrate them with current ideas from experimental psychol-
ogy, human psychology, and ethology to create “behavioral
enrichment,” the precursor to the activity now referred to by
most as environmental enrichment. Much of this work was
based on the concept of giving animals the opportunity of
“working” (performing active behavior) for a food reward.
The concepts of choice and control were also strong themes
in this early work and continue to be so to this day. Research
in the laboratory, on the farm, and in the zoo combined with
practical experience and theoretical paradigms have resulted
in the following commonly cited enrichment concepts.

MIMICKING NATURE

Mimicking nature is probably the most frequently cited ra-
tionale for enrichment and stems from publications such as
those by Hediger (1950) and by Hutchins, Hancocks, and
Crockett (1984). In a review of 25 published enrichment stud-
ies specifically aimed at reducing stereotypic behavior, Swais-
good and Shepherdson (2006) found that 76% of the papers
cited this concept. As a scientific concept it is not well refined,
and in many cases authors would probably do better to state
their argument in terms of behavioral needs (see below). The
argument is that animals have evolved over many generations
to thrive in a specific set of natural environments; thus, by
definition, in this environment (or a facsimile thereof) the
animals’ needs will be satisfactorily met. By extension, then,
an animal that behaves in captivity the same way as it would
in the wild is assumed to be in a good state of well-being.
Veasey, Waran, and Young (1996) do a good job of outlining
the major drawbacks of an overly simplistic application of
this concept. Preeminent among these are the problems of
defining “natural behavior” in a species with diverse habitats,
the problem of deciding which behaviors and environmen-
tal stimuli are “good” (perhaps foraging opportunities) and
which are “bad” (maybe predation events or poisoning), and
the fact that most animals are capable of learning to adapt to
novel environments and do this with novel behaviors. Never-
theless, the basic premise does have merit (Dawkins 1989),
and in the absence of better information and if applied with
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discretion, this concept can and has resulted in some effective
strategies for enrichment and exhibit design. That animals in
captivity can have activity budgets that closely approximate
those in the wild has certainly been documented (Melfi and
Feistner 2002).

BEHAVIORAL NEEDS

Also described as ethological needs, this concept gained mo-
mentum when developed by Hughes and Duncan (1988). In
the study by Swaisgood and Shepherdson (2006), this was the
second most-cited concept in 64% of papers. Essentially, the
argument is that animals have evolved complex patterns of
behaviors, and that they have a “need” to perform these be-
haviors. If animals are reinforced not just by the functional
consequences or end point of their behavior (e.g. for a preda-
tor, this might be eating its prey), but also by the performance
of the behavior itself (such as exploring, digging, hunting),
then the absence of either the ability to perform those be-
haviors or the stimuli needed to elicit them may result in
frustration and ultimately stress. If this is the case, then it is
not sufficient for us to simply anticipate our charges’ needs
and supply them; we must also allow for expression of the
behaviors that are associated with satisfying those needs in
the species’ wild environment. Zoo research supports the va-
lidity of this concept. For example, Shepherdson et al. (1993)
found that small cats given the opportunity to hunt for small
food items displayed fewer stereotypic behaviors, became
more active, and displayed a wider diversity of behaviors.
Furthermore, these changes in behavior were not limited
simply to the duration of interaction with the enrichment
activity. In an exemplary study on giant pandas, Ailuropoda
melanoleuca, Swaisgood et al. (2001) also found that the pro-
vision of complex foraging tasks as enrichment resulted in
fewer stereotypic behaviors, increased activity, and greater
diversity of behavior. Again, this effect was maintained even
when the animals were not interacting with enrichment de-
vices (an aspect that many studies fail to evaluate), and the
authors concluded that the results were “consistent with the
ethological needs model of motivation in that opportunities
to perform more natural behavior appeared to improve mo-
tivational indices of well-being” (p. 447). Broadly similar re-
sults have been documented in elephants, Loxodonta africana
(Stoinski, Daniel, and Maple 2000), large cats (McPhee 2002),
and many others. Further credence has recently been given
to this model in a study of carnivores by Clubb and Mason
(2003) which found a correlation between range size in the
wild and propensity to exhibit stereotypic locomotor behav-
iors (typically, “pacing”) in captivity. Carnivores that range
over larger areas in the wild also tend to be more prone to
pacing in zoos, suggesting that they have a stronger motiva-
tion or “need” to perform locomotor behaviors in captivity
that then presumably become stereotypic in nature due to
restriction of space.

There are several practical problems associated with ap-
plying this concept. Presumably, some behaviors are more
“necessary” than others, but how do we identify those be-
haviors? Some animals are so strongly motivated to perform
specific behaviors that they will perform them in the absence
of the usual eliciting stimuli (sometimes referred to as “vac-
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uum activities”). Can we conclude for these animals that their
needs are indeed being met?

INFORMATION PRIMACY

Animals will frequently “work” to obtain food in situations
where “free” food is easily available. This is often referred to
as “contra-freeloading” in the literature and also as an ex-
ample of the “Neuringer effect” (Neuringer 1969). The be-
havioral needs concept described above is one way to ex-
plain these behaviors, but there is an interesting alternative.
Inglis and Fergusson (1986) and Inglis et al. (2001) studied
this phenomenon in captive starlings, Sturnus vulgaris, and
argued that the purpose of this behavior was to gain knowl-
edge about the quality and distribution of a food resource
that might convey a fitness benefit in the future. They argue
that for many (if not most) animals, information seeking is
a primary motivation, and the information gained is used
to construct cognitive models that provide a framework for
the organization and prioritization of more goal-directed be-
haviors (Inglis 2000). Although Inglis et al. do not make the
explicit connection between this information-seeking moti-
vation and well-being, others have argued that frustrating
this motivation (or perhaps preventing the construction of
cognitive models that help an animal organize its actions) by
providing environments lacking in biologically relevant “in-
formation” may indeed result in reduced well-being (Shep-
herdson et al. 1993; Swaisgood et al. 2001). As Mench (1998)
points out, information seeking is likely to be important for
a wide range of activities and not only for feeding-related ac-
tivities. Enrichment activities based on this principle often
include novel or manipulable objects in addition to food.
General, but not exclusive, support for this concept is pro-
vided by many enrichment studies in which animals choose
more energetic or behaviorally complex alternatives to obtain
food when presented with a choice (Markowitz 1982; Coul-
ton, Waran, and Young 1997).

CONTROL/BEHAVIORAL CONTINGENCY

Control can be defined as the probability that a certain out-
come will occur in response to a given behavioral interaction.
For example, an animal that is in control of its feeding can
perform a behavior (foraging) and receive a food reward. An
alternative definition is that there is a contingency between
what the animal does and the response of the environment
to this behavior. Traditional zoo husbandry typically conveys
very little control to its charges. Theoretical models and re-
search findings support the hypothesis that control is impor-
tant to the well-being of captive animals (Joffe, Rawson, and
Mulick 1973; Carlstead 1986; Carlstead, Brown, and Seiden-
sticker 1993; Markowitz and Aday 1998). The concept of con-
trol can be applied to many aspects of an animal’s life, includ-
ing regulating body temperature, seeking shelter, and evading
stress-inducing stimuli. For example, Carlstead, Brown, and
Seidensticker (1993) demonstrated that leopard cats, Felis ben-
galensis, exhibited less stereotypic pacing when given places
to hide from the sight of larger cats located in the same build-
ing. This concept is linked with that of information primacy
in that both serve in different ways to increase predictability

in the environment. Sambrook and Buchanan-Smith (1997)
have developed this aspect further and suggest that it may in
fact be the acquisition of control that is important rather than
control per se. Although training is often cited as a form of en-
richment through “cognitive stimulation,” it might be useful
to think of this also in terms of control. After all, training is
about learning to control future events (e.g. obtaining a food
reward) through carefully scripted behavioral interactions
(with the trainer). It is worth emphasizing that the beneficial
effects of training suggested by this concept really only apply
to the training of new behaviors rather than the maintenance
of behaviors that the animal already knows. Evidence of the
beneficial effects of training on well-being are growing in
the scientific literature (Kastelein and Wiepkema 1988; Laule
1993; Laule and Desmond 1998; Bloomsmith et al. 2003).

Understanding what motivates animals is the fundamental
key to optimizing their well-being. These concepts help us to
do that by providing good starting points for understanding
how captive environments may be lacking and how enrich-
ment may work to alleviate or improve zoo environments.
Little is currently known about the relative utility of these
concepts in enrichment. Although evidence exists to support
each of them and these concepts are frequently cited in the
literature, very few studies attempt to test them with com-
peting hypotheses, as Swaisgood et al. (2001) did with giant
pandas. It is hoped that researchers in the future will address
this topic more rigorously.

In practice, most enrichment focuses on the more proxi-
mate goals of giving animals more choices, more complex
environments, more “naturalistic” environments, and less
“stressful” environments; providing more naturalistic behav-
ioral opportunities; and reducing or eliminating abnormal or
stress-related behaviors. As a practical interpretation of the
concepts described, I would argue that this is a pragmatic and
sensible approach and one that has proved successful. These
proximate goals are also the only objective criteria that we
have for measuring the effectiveness of enrichment.

HOW EFFECTIVE IS ENRICHMENT?
MEASURES OF EFFECTIVENESS

In order for the effectiveness of enrichment activities to be
objectively evaluated, there must be a clear goal or hypoth-
esis stated in terms of some measurable parameter, with a
demonstrable or at least theoretical relationship to animal
well-being. Clearly, it is not sufficient simply to document
a behavioral change or interaction with an enrichment ac-
tivity and assume that this is positive, although there is, un-
fortunately, a large literature on the topic that fits this de-
scription. In most cases hypotheses are based on behavioral
changes because these are the easiest to observe in zoo ani-
mals, the underlying concepts (described above) predict cer-
tain specific changes in behavior, and behavior is often one
of the most sensitive indicators of reduced well-being. In-
creasingly, however, physiological measures are being com-
bined with behavior to increase the sophistication and reli-
ability of studies.

The goals or hypotheses of most enrichment studies fall
into one or more of the following categories.



Reducing abnormal behavior. Many of the abnormal behav-
iors seen in captive animals have been associated with re-
duced well-being (Mason and Latham 2004). By far the most
commonly described abnormal behavior in zoo enrichment
studies is stereotypic behavior (Clubb and Mason 2003). In
a meta-analysis of 23 published enrichment studies with the
stated goals of reducing stereotypic behavior, Swaisgood and
Shepherdson (2006) found that on average stereotypies were
reduced by over 50%. These effects were not transient and
were not due to novelty effects, since longer-lasting enrich-
ments had greater, not lesser, effects. In no cases was stereo-
typic behavior eliminated, but these reductions in stereotypic
behavior are strong evidence of the effectiveness of enrich-
ment at improving well-being. Good examples of these kinds
of studies include the use of timed feeders for Amur tigers,
Panthera tigris altaica (Jenny and Schmid 2002), more natu-
ralistic enclosures for pandas (Liu et al. 2003), live fish and
bones provided for lions and Sumatran tigers, Panthera tigris
sumatrae (Bashaw et al. 2003), provision of live food and for-
aging opportunities to small cats (Shepherdson et al. 1993),
and providing foraging tasks for 3 bear species (Forthman
et al. 1992). The proven ability of environmental enrichment
to reduce stereotypic behaviors remains one of the strongest
indicators of its efficacy.

Increasing behavioral diversity. The behavioral diversity ex-
hibited by captive animals is usually less than that of animals
in the wild, and is also an indication of behavioral opportu-
nities and degree of control. Increasing behavioral diversity
is thus another mechanism for evaluating the effectiveness of
enrichment. In studies where behavioral diversity has been
assessed, enrichment has been shown to be effective at in-
creasing it. For example, feeding live fish intermittently to
a fishing cat, Prionailurus viverrinus, resulted in sustained
increases in behavioral diversity (Shepherdson et al. 1993),
as did novel object enrichment for giant pandas (Swaisgood
etal. 2001) and lions (Powell 1995). Various mathematical in-
dices have been developed in the field of ecology to quantify
biological diversity (a product of total number of entities and
the relative frequency of each entity in the population) which
can be readily applied to the measurement of behavioral di-
versity. For example, the Shannon Diversity Index (Shannon
and Weaver 1949) was used for this purpose by Shepherdson
et al. (1993) to quantify changes in behavioral diversity in
small cats. If behavioral diversity was measured more often,
it would probably turn out to be a common consequence of
enrichment.

Increasing duration or frequency of specific target behaviors.
Many studies in the literature document the effectiveness of
enrichment at increasing the frequency of “desirable” behav-
iors. The relationship between these kinds of studies and the
“behavioral needs” or “mimicking nature” concepts are clear,
but they can also support studies based on other concepts.
For example, increases in exploratory behavior might be used
to evaluate enrichment based on information primacy. The
kinds of behaviors that are cited most frequently include for-
aging behaviors, exploration, and locomotion and play. For
many years zoos have used various kinds of gum feeders to
encourage specific gum foraging behaviors (McGrew, Bren-
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nan, and Russell 1986). A large literature documents the ef-
fectiveness of whole carcasses at stimulating a wide range of
predatory-related behaviors; e.g. McPhee (2002) documented
increased foraging behaviors (combined with reduced abnor-
mal behaviors) when 3 different species of cat were fed whole
carcasses. Bashaw et al. (2003) tested the effects of feeding
live food (fish) and whole leg bones on behavior in Sumatran
tigers and African lions, and again were able to document
increases in both variety (live fish) and frequency of forag-
ing behaviors (both). There are also clear health benefits to
feeding large carnivores with whole carcasses, as Lindburg
has argued (1988). Moving animals into new surroundings
can be an effective way of producing quite long-lasting in-
creases in exploratory and territorial behaviors (White et al.
2003). Chang, Forthman, and Maple (1999) documented in-
creases in “natural” behavior patterns as a consequence of
more naturalistic enclosures for mandrills, Mandrillus sphinx.
Other studies have also been able to demonstrate the simi-
larity between animal behavior in enriched captive environ-
ments and in nature (Melfi and Feistner 2002). Enrichment
clearly can be an effective way of encouraging a wide range
of behaviors considered beneficial, based on one or more of
the concepts described above.

Increasing enclosure utilization. Many of the problems of
captivity are a consequence of confinement or reduced space.
If we define space in terms of the captive animal’s use of avail-
able space, then it may be possible to increase perceived space
without actually changing the physical size of the environ-
ment. Not many studies have taken this approach and com-
pared indices of space use. However, those that have done
this have been able to show that enrichment can increase
the amount of space used by captive animals. Shepherdson
et al. (1993) found this to be the case in an experiment with
live prey for a fishing cat, as did Zucker, Deitchman, and
Watts (1991) for a Diana monkey, Cercopithecus diana, and
Forthman-Quick and Pappas (1986) for chamois, Rupicapra
rupicapra. Mathematical indices such as the “spread of par-
ticipation index” first used in this context by Traylor-Holzer
and Fritz (1985) are useful for quantifying changes in space
use. Sometimes the aim is not to increase space use but to
encourage more “natural” space use, as in a study on orang-
utans, Pongo pygmaeus, by Hebert and Bard (2000). Use of
space is an aspect of zoo animal behavior that could benefit
from some creative thinking (see Coe and Dykstra, chap. 18,
this volume).

Reducing physiological correlates of stress. Few zoo en-
richment studies to date have evaluated physiological mea-
sures of well-being in zoo animals, although the technology
is becoming more practical. Studies in laboratories (Van Loo
et al. 2002) and on experimental farms (de Jong et al. 2000)
increasingly use these measures. Potential physiological mea-
sures include direct and indirect measures of blood cortisol,
immune function, and metabolic measures such as heart rate
(Ruis et al. 2002). Analysis of pathology results also holds
some potential for retroactive assessment of well-being, but
most data recording systems are currently not standardized
enough to make this realistic. Carlstead, Brown, and Seiden-
sticker (1993) documented reductions in cortisol in leopard
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cats, Felis bengalensis, as a consequence of environmental en-
richment involving novelty and visual barriers. Wielebnowski
etal. (2002) also demonstrated convincingly that enrichment
consisting of hiding places and climbing structures in modi-
fied clouded leopard, Neofelis nebulosa, enclosures resulted
in lower fecal corticoid levels.

The studies cited above show that there is convincing
scientific evidence that enrichment works, at least with re-
spect to proximate goals. However, as in all animal welfare
research, demonstrating a definitive link between achieving
these goals (e.g. reduced stereotypic behavior) and improved
well-being is more problematic, and future research needs to
be more refined in this respect.

ENRICHMENT RESEARCH METHODOLOGY

A recent review of the enrichment literature with respect to
stereotypic behavior (Swaisgood and Shepherdson 2005),
while confirming the overall effectiveness of enrichment
at reducing such behavior, revealed some consistent flaws
in research methodology. A fundamental problem of most
zoo studies is small sample size. One approach is to conduct
multi-institutional studies with larger sample sizes. There are
methodological problems with these also (e.g. large numbers
of confounding variables), but they have produced useful
results (Mellen 1991; Shepherdson, Carlstead, and Wieleb-
nowski 2004).

Questionnaire studies are a valuable way of collecting in-
formation on large sample sizes at multiple institutions, but
they are no substitute for direct observation (Bashaw et al.
2001). Experimental studies (preferably of an ABAB type of
design) are the ideal, although correlative studies and “acci-
dental experiments” are certainly useful. Probably owing to
the small sample sizes inherent in these types of studies, data-
pooling errors are common. A more acceptable alternative
may be to report descriptive statistics for individuals or to
conduct statistics on individuals. However, if this latter case
study approach is taken, it must be made clear that the results
cannot be generalized to the zoo population as a whole. An-
other approach to the sample size issue is to conduct meta-
analyses of many small sample studies. In order for these to
be productive, however, the treatments must be clearly de-
scribed and the results described in full, rather than simply
providing the results of statistical tests. Perhaps the biggest
problem is that enrichment studies frequently combine many
different types of enrichment in one study and fail to test mul-
tiple competing hypotheses.

CONCLUSION

While the relative importance of the various concepts under-
lying enrichment practiced on captive wild mammals is still
a matter of debate, these concepts have been of great prac-
tical use in guiding the general direction of enrichment ac-
tivities. While there are some problems with the research
(more a comment on the challenging working environment
perhaps than the research itself), the specified proximate
goals of environmental enrichment are clearly being met
on a regular basis, and there is good reason to believe that
the increased enrichment activities of the last decade have

resulted in improved well-being for captive wild mammals.
Research will continue to refine the theoretical basis of en-
richment and well-being, and it is hoped that this informa-
tion will continue to translate into more effective strategies.
In the meantime, great strides have been made in improv-
ing the programmatic effectiveness of enrichment in some
of the ways suggested by Mellen and MacPhee (2001). Envi-
ronmental enrichment continues to be an active and chal-
lenging field of endeavor at both the theoretical and the ap-
plied ends of the spectrum.
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Impact of Emerging and Zoonotic Diseases

on Mammal Management

Dominic Travis and Robyn Barbiers

INTRODUCTION

Health risks must be actively assessed and managed in all
kinds of captive situations. In addition, many strategies for
health risk mitigation can be applied to programs that in-
clude long-term or transient captive management compo-
nents. These programs include sanctuaries and some highly
managed parks around the world that participate in wildlife
translocations, reintroductions, rescues, and rehabilitations.

Disease can have a profound impact on captive wildlife
facilities by affecting rates of death (mortality), disease (mor-
bidity), and reproduction (fecundity). Even the mere threat
of introduced pathogens can affect institutions through re-
strictions imposed on the kind of animals that can be kept
(e.g. some species of rodents have been banned in the United
States due to the recent introduction of monkey pox); how
they are moved (e.g. there have been worldwide bans on the
importation of small carnivores due to the threat of intro-
ducing severe acute respiratory disease [SARS], and bans
on interstate movement of deer and elk in North America
due to chronic wasting disease); the type and style of ex-
hibits built (e.g. to prevent or control primate retroviruses);
and the degree of public contact with animals (e.g. to avoid
E. coli transmission in petting zoos). In turn, these changes
affect breeding recommendations, species population man-
agement programs, education and reintroduction efforts, and
the financial resources required for programs. In this chap-
ter, our goal is to review the issue of emerging infectious dis-
ease ecology, to examine some of the ways that disease may
be introduced into the captive environment, and to discuss
the various courses of action available for disease preven-
tion, control, and management. Although keepers of captive
mammals are faced with this situation throughout the world,
many of the examples herein refer to situations occurring in
North American zoological institutions, since we are most fa-
miliar with these issues. In addition, we hope this discussion
is useful to those managing the health of free- or semifree-
ranging animals.
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EMERGING DISEASE ECOLOGY: SHOULD
MANAGERS BE CONCERNED?

Disease is a normal part of a healthy ecosystem, which it often
helps to create. Fundamentally, the effects of disease are the
result of the interaction between the host (plants, animals, or
humans), the disease-causing agent (bacteria, virus, parasite,
or fungus), and the environment, referred to as the “epidemi-
ologic triad” As humans continue to manipulate their envi-
ronment, disturbing the natural equilibrium established over
long periods of time, both old and emerging disease agents
find new ecological niches and naive hosts to infect (Satcher
1995; Chomel, Belotto, and Meslin 2007). Naive hosts do not
have natural or acquired immunity to the new threat, and this
often results in severe disease outbreaks (McMichael and
Beaglehole 2000). For example, in 1999, West Nile virus (a
disease agent) entered the United States (a new environment)
and wreaked havoc in hundreds of nonimmune species of
birds, ungulates, marine mammals, other small mammals,
and even some reptiles housed in North America (naive
hosts) (Steele et al. 2000). Although outbreaks have been re-
corded in the Middle East and Europe, none have been of the
same magnitude as in North America. Many experts assume
that a new equilibrium will be reached among the virus, ani-
mals, and humans in the North American ecosystem, result-
ing in less mortality over time (Komar 2003). However, this
can only occur if the virus does not mutate, immune systems
remain competent, and new naive species are not introduced.
Unfortunately, it appears that the West Nile virus is already
mutating. Extreme weather conditions, shipment, quarantine,
and captivity itself can cause stress, which can adversely af-
fect an animal’s immune system; animal acquisitions bring
immunologically naive animals into new institutions all the
time; and some collection animals are constantly exposed to
wild animals in their environment. As responsible partners
in conservation, we must assess the impact of our actions and
minimize the introduction and spread of potential pathogens
(Cleaveland et al. 2001).



Since the early 1990s (when the term emerging disease was
popularized), both the usual suspects (rabies, tuberculosis,
brucellosis, tularemia, avian influenza, and plague) and emerg-
ing diseases (Ebola hemorrhagic fever virus in great apes,
SARS in civets, monkey pox in rodents, Nipah and Hendra
virus in bats and flying foxes, and West Nile virus in hundreds
of species) have dominated the popular and scientific litera-
ture (Levins et al. 1994; Daszak, Cunningham, and Hyatt 2001;
Hansen et al. 2001; Murphy 2002; Huijbregts et al. 2003). The
unique role of wildlife in the ecology of these diseases, com-
bined with their importance to human health —either real or
perceived—requires attention. As a result of the focus that in-
ternational agencies, treaties, and regulatory authorities give to
zoonotic diseases (those that can spread from animals to hu-
mans), managers of captive wildlife must assess the risk of dis-
ease in zoological and other captive environments. In addition,
anthropozoonoses, diseases such as measles that spread from
humans to animals, present a risk to animals and must also be
considered. The terms zoonotic and anthropozoonotic are used
synonymously throughout this text, since this is the current
trend throughout the global epidemiological community.

How much do emerging diseases really matter? What is
the likelihood that they will affect both animals and humans?
In 2000, a team of researchers at the University of Edinburgh,
led by Woolhouse et al., examined the relationship between
emerging diseases and their zoonotic potential. They found
that of approximately 1415 known diseases (viruses, bacteria,
fungi, protozoa, and other parasites) of humans, 868 (61%) are
zoonotic and 175 pathogenic diseases are considered “emerg-
ing” Of the emerging pathogens, 132 (75%) are known to be
zoonotic (Taylor, Latham, and Woolhouse 2001). Assuming
that we accept the premise that disease matters, and that we
should think about the potential role of zoos in the ecology
of emerging diseases, what is the potential that emerging or
zoonotic diseases will be released from or introduced into
captive mammal populations? A list of some emerging, re-
emerging, and/or zoonotic diseases affecting mammals as
reported in North America and European literature shows
that captive wildlife facilities and free-ranging populations
are currently faced with a broad variety of these disease is-
sues (table 7.1). While this list is certainly not exhaustive, it
does establish that these issues occur regularly in the larger,
well-funded institutions in Europe and North America. Those
facilities in the tropics with fewer resources and a more con-
ducive climate for disease introduction and spread are likely
to be affected to a greater degree. In addition, the species cate-
gories listed in table 7.1 are only those investigated; a com-
plete review of disease ecology must be conducted to assess
adequately the risk of infection for other captive species.

HOW DO DISEASES ARRIVE?

The routine operational practices of most captive animal fa-
cilities provide ample opportunity for the introduction of dis-
ease, including emerging or zoonotic diseases. When assess-
ing the risk of disease introduction, animal managers need
to consider the source of introduction and the transmission
route from carrier to host. Food, animals, and people are
the 3 major sources of introduction. Transmission routes are
different for every disease, and there may be multiple routes
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for any given disease. Common routes include direct contact
between individuals, which includes spread through body flu-
ids (including sexual transmission), and indirect transmission
through the introduction of infectious fomites acting as bio-
logical (animals, people, mosquitoes) or mechanical (equip-
ment, fly, soil, plants) vehicles of spread (vectors). Food-
borne diseases can sometimes be difficult to categorize and
are therefore usually treated differently. For example, Typhoid
Mary received her nickname for spreading the bacteria Sal-
monella typhi from herself to other people via contaminated
food in her job as a cook. In this case, she was the source but
spread the disease indirectly through cross-contamination of
food prepared using unsanitary practices. Therefore, she in-
troduced the disease and spread it indirectly by a mechanical
vector (food), although it is commonly referred to as a food-
borne disease. The risk of foodborne diseases is potentially
high in zoological institutions as a result of the large num-
ber of animals of differing species having various nutritional
needs, with their meals being prepared in multiple kitchen
facilities by many different individual nutritionists, keep-
ers, or other staff. Incorporation of food safety principles (as
outlined by the Hazard Analysis and Critical Control Point
system) will help minimize risks associated with foodborne
disease (Schmidt, Travis, and Williams 2006; see also Henry,
Maslanka, and Slifka, chap. 10, this volume).

Captive mammals may be exposed to numerous types of
wildlife that can introduce disease, including captive, free-
ranging, rehabilitated, or confiscated wild animals of all taxa
(Davidson and Nettles 1997; Friend and Franson 1999). Al-
though collection animals recently shipped between insti-
tutions represent the most frequent opportunity for disease
introduction, captive wildlife facilities should have preven-
tive medical and preshipment protocols in place to minimize
these risks. Many professional organizations, such as the As-
sociation of Zoos and Aquariums (AZA), the American As-
sociation of Zoo Veterinarians, the European Association of
Zoos and Aquaria, and the European Association of Zoo and
Wildlife Veterinarians, have written standards for the vari-
ous taxa included in their collections (these are usually pub-
lished on member-only Web sites, but most associations pro-
vide copies upon request). On the other hand, free-ranging
wildlife are common in and around many captive facilities
and are potentially an important source of disease introduc-
tion. For example, bats are the reservoir for many new lyssa-
viruses (Nipah and Hendra virus) in addition to rabies (Mc-
Coll, Tordo, and Aquilar Setien 2000; Mohd Nor, Gan, and
Ong 2000; Cliquet and Picard-Meyer 2004). They are also
thought to be the primary host for the Ebola virus, although
definitive evidence does not yet exist (Leroy et al. 2005). SARS
was recently shown to have a bat/flying fox reservoir as well
(Wang et al. 2005; Salazar-Bravo et al. 2006). Many species of
rodents commonly carry leptospirosis, hantavirus, and plague
(through hosting the flea reservoir) and played an important
role in the recent introduction of monkey pox into the United
States (Pattyn 2000; Higgins 2004; Enria and Levis 2004).
Birds are the normal reservoir of West Nile virus, avian in-
fluenza, avian mycobacteriosis (which is increasingly impor-
tant to immunocompromised people), and numerous types of
zoonotic parasites and fungi; all cause disease in mammalian
hosts as well. Free-ranging cervids have recently attracted at-
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TABLE 7.1. Emerging and/or zoonotic diseases that have either recently affected, or may potentially affect, captive wildlife facilities

Disease agent or condition Category Reported in Captive Wwild Zoonotic
Coxiella burnetii (Q fever) Bacteria Marine mammals, ruminants X X X
Erysipelothrix rhusiopathiae Bacteria Marine mammals X X
Eschericia coli (enteropathogenic) Bacteria Domestic mammals, ungulates, primates X X
Leptospira spp. Bacteria Mammals X X X
Mycobacterium avium Bacteria birds, mammals X X X
Mycobacterium bovis Bacteria Mammals X X X
Mycobacterium kansasii Bacteria Ungulates X X
Mycobacterium paratuberculosis Bacteria Ungulates X X X
Mycobacterium tuberculosis Bacteria Elephants, rhinoceroses, felids, goats X X
Shigella flexneri Bacteria Great apes X X
Tuleremia (Francisella tularensis) Bacteria Primates, rodents X X X
Yersinia pestis (plague) Bacteria Ferrets, prairie dogs, felids, rodents X X X
Yersinia pseudotuberculosis Bacteria Mammals, birds X X X
Blastomyces dermatitidis Fungus Large carnivores, marine mammals X

Cryptococcus neoformans Fungus Small mammals, birds, ungulates X X
Baylisascaris procyonis Parasite Birds, small mammals, primates X X X
Trypanosomiasis (Chagas’ disease) Parasite Hedgehog, rhinoceroses, rodents X X

Bovine spongiform encephalopathy Prion Ungulates, felids, mink X X X
Chronic wasting disease Prion Deer, elk X X
Toxoplasmosis Protozoan Marsupials, primates, small and marine mammals X X X
Avian influenza Virus Birds, felids X X X
Contagious echthyma (orf) Virus Ungulates X X
Eastern equine encephalitis Virus Birds, ungulates X X

Ebola virus (hemorrhagic fever) Virus Duikers, great apes, bats X X
Encephalomyocarditis virus Virus Ungulates, primates, elephants, felids X X
Foot-and-mouth disease Virus Ungulates, many other mammals X

Hendra virus Virus Flying foxes X X
Herpesvirus Virus Elephants, marine mammals X

Herpes simiae (B) Virus Primates X X
Lymphocytic choriomeningitis virus Virus Primates, rodents X X
Lyssavirus (including rabies) Virus Bats, mammals X X X
Malignant catarrhal fever Virus Sheep, wildebeest X X
Morbillivirus Virus Primates, ungulates, canids, marine mammals X X X
Nipah virus Virus Flying foxes, pigs X X X
Orthopoxvirus Virus Giant anteater, canids, rodents X X X
Rift Valley fever virus Virus Ungulates X X
Severe acute respiratory syndrome Virus Civets, felids X X X
Simian foamy virus Virus Primates X X X
Simian immunodeficiency virus Virus Primates X X X
West Nile virus Virus Birds, mammals, reptiles X X X

tention for their role in the ecology of brucellosis, tubercu-
losis, and chronic wasting disease; the former 2 are zoonotic
and the latter is emerging (Mahy and Brown 2000; Travis and
Miller 2003). Finally, wild/feral canids have been known to
introduce leptospirosis, distemper, and rabies into captive
mammal populations (Roelke-Parker et al. 1996).

The increasingly important role that zoos and wildlife
rehabilitation centers play in providing assistance to free-
ranging wildlife, abandoned exotic pets with unknown his-
tory, and both legally and illegally confiscated exotic animals
adds an entirely new dimension to the risk of emerging dis-

ease introduction. For example, Ebola and monkey pox vi-
ruses were introduced into the United States via the labora-
tory animal and pet supply chains (CDC 1989; Guarner et al.
2004). Finally, although recent facility design requirements
in the United States have greatly decreased direct interac-
tion between people and captive animals, contact still occurs
through animal caretakers, facility maintenance workers, re-
searchers, and the general public in many different situations.
Finally, the politics of today’s world unfortunately requires
that we also plan for the purposeful introduction of emerg-
ing or zoonotic disease agents.



DISEASE MANAGEMENT

The objectives of adequate disease management should be
(1) prevention of disease introduction; (2) control of the
spread of disease; and/or (3) eradication of an introduced
disease. Although relying on prevention alone would be ideal,
in reality control or eradication efforts are frequently neces-
sary. A good disease management program must include the
flexibility to address each objective, depending on which are
most relevant or feasible in a given situation.

DISEASE PREVENTION

Design, implementation, and compliance with preventive
medicine protocols are key factors in minimizing the risk
of introducing disease into both captive and wild mammal
populations. Although most protocols are primarily con-
cerned with the individual animal, the impact of disease on
the population must always be considered in the decision-
making process.

The importance of preventive medicine in captive situa-
tions is widely recognized. For instance, AZA accreditation
standards state that “The veterinary care program must em-
phasize disease prevention, implying that vaccination and
preventive medicine programs must be in force for the en-
tire collection and under the direction of qualified support
staff;” and that “an institution should adopt the guidelines for
medical programs developed by the American Association
of Zoo Veterinarians (AAZV)” (AZA 2006, 8). The AAZV
guidelines state that “programs should include quarantine,
parasite surveillance procedures and control, immunization,
infectious disease screening (e.g. using serology and tuber-
culosis testing), dental prophylaxis, and periodic reviews of
diets, husbandry techniques and vermin control” (Joslin et al.
1998, 9). Proper preventive medicine consists of numerous
interlocking and integrated activities, including husbandry
practices, occupational health considerations, and control
of exposure to domestic and wild animals, as well as cap-
tive animal preshipment screening and proper quarantine
procedures.

Good husbandry practices are an essential part of any pre-
ventive health program. In this light, many cooperative asso-
ciations around the world continue to develop standardized
care guidelines for managed species which address such is-
sues as housing (size, complexity, temperature and humidity
ranges, and light requirements), sanitation, social structure,
reproduction, and nutrition, all of which can have an impact
on stress, and therefore health. Mixed-species exhibits pose
a unique challenge to managing disease risks for mammals.
Two examples are (1) the risk of malignant catarrhal fever,
an infectious disease common in African alcelaphins, which
caused considerable mortality in the Asian cervid collections
in mixed-species exhibits at several North American zoos
(Heuschele, Swansen, and Fletcher 1983); and (2) the risk of
herpesvirus transmission between Asian and African ele-
phants if placed together, since herpes viruses endemic to one
species can be fatal in the other (Richman et al. 1996, 1999).

Occupational health protocols need implementation to
reduce disease transmission both from humans to animals
and from animals to humans. At the most basic level, employ-
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ees exhibiting symptoms of communicable diseases should
avoid entering or working in areas where the risk of disease
transmission is high or where there are susceptible species.
Staff working directly with animals should employ personal
protective equipment such as masks, gloves, and dedicated
outerwear. Good hygiene practices (e.g. hand washing) are es-
sential for all employees exposed directly or indirectly to ani-
mals. Precautions should be taken when staff works in more
than one area; dedicated boots, outer clothing, and equipment
for each animal area help reduce the likelihood of spreading
disease between exhibits. Protocols should be implemented
for specific diseases of concern. For example, tuberculosis
screening of all staff/volunteers with direct animal contact
is standard practice in many facilities. Protocols for clean-
ing animal areas should include safety measures aimed at
protecting staff from aerosolization of potentially infectious
fecal material —this is especially important in primate areas
in which enteric bacteria and retroviruses may be present.

Although not always simple, controlling captive mammal
exposure to free-ranging wildlife is an important aspect of
any preventive medical protocol. Of highest concern with re-
spect to emerging diseases are wild birds (i.e. feces contain-
ing bacteria, fungal spores, West Nile virus, and avian influ-
enza), bats (lyssavirus and SARS), rodents (i.e. leptospirosis,
monkey pox, tularemia, and fleas carrying plague), and other
mammals potentially carrying distemper and rabies, and in-
sect vectors such as mosquitoes and ticks. An integrated pest
management (IPM) program using information on the life
cycles of pests and their interaction with the environment to
control them is essential to minimize the risk of disease in-
troduction via species considered pests. Establishing an IPM
program involves (1) setting an action threshold (the point at
which pest populations or environmental conditions indicate
that pest control actions should be taken), (2) identifying the
pest and understanding its biology, (3) monitoring, (4) im-
plementing prevention and control strategies, and (5) evalu-
ating results. For instance, mosquito surveillance (trapping
and species identification and testing) and control (breeding
habitat reduction and application of larvicide and adulticide
chemicals) is common practice in most North American zoos
since the introduction of West Nile virus. Excluding wildlife
from animal exhibits or enclosures that may provide them
with food, water, and shelter minimizes the risk of attract-
ing greater numbers of pests in the future and decreases the
risk of spreading disease from wildlife to captive animals or
their caretakers. This measure is more difficult to implement
when managing risks associated with migratory bird popu-
lations such as those hypothesized to carry avian influenza
and West Nile virus. Finally, conducting necropsies of wild-
life found dead on zoo grounds provides a baseline measure
of risk posed by local wildlife and should be part of the basic
preventive medical protocol where feasible.

Quarantine is another essential aspect of minimizing dis-
ease risk in mammal management. Many zoological associa-
tions have set quarantine standards that their members must
follow. The primary goal of quarantine is the prevention of
disease introduction, but it also helps to “establish baseline
health status of new arrivals” (Miller 1999, 14). Quarantine
protocols must be reasonable and consider the welfare of the
animal involved. For example, isolation of larger mammals,
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such as elephants or giraffes, may not be possible without
endangering the health of the individual or the personnel
involved. In these cases, preshipment testing, careful review
of the medical history of both the individual and the source
population, and strict sanitation protocols (such as dedicated
equipment) may need to suffice. The risk to the animal of an-
esthesia to complete preshipment or quarantine testing must
be weighed against the actual risk of disease. Complete isola-
tion of social species for 30 or 60 days may cause behavioral
or social problems. Providing a companion animal may help
alleviate this, but animal managers need to assess the risk to
the companion.

Preshipment testing is critical before any kind of animal
transfer and is often conducted in conjunction with pre- or
postshipment quarantine or isolation/quarantine. At a mini-
mum, an in-depth observation of health and a basic clinical
examination should be performed, ideally including sedation/
immobilization, the collection of basic health parameters, and
some diagnostic testing for diseases of concern. Diagnos-
tic screening of the animal(s) to be moved may prevent the
introduction of a new pathogen into a resident population.
Conversely, the introduced animal must be prepared for any
pathogens in its new environment; screening of the resident
population is therefore an important aspect of preshipment
testing for any animal transfer. Although more work needs
to be done, recommended diagnostic panels for many spe-
cific species have been established; these may be influenced
by factors such as the availability or validation of specific
tests for a given species, known susceptibility of a species to
a given disease, known geographic distribution of diseases,
and regulatory requirements of the specific country.

In many countries, regulations focus on diseases of ag-
ricultural concern (e.g. tuberculosis or brucellosis) or “for-
eign” animal diseases of concern (e.g. in the United States,
vesicular stomatitis, or foot-and-mouth disease, is considered
foreign and has specific regulatory requirements). Animal
shipments are rejected due to the perception that disease ex-
posure could result in a negative impact on the population.
Such perception-based individual animal decisions can also
have a negative affect on cooperative population manage-
ment planning. For instance, the AZA Old World Monkey
Taxon Advisory Group (TAG) has had animal transfers based
on breeding recommendations canceled because of positive
foamy and simian immunodeficiency virus serology results
(indicates an animal has been exposed during its life but not
necessarily that it is currently infected and can spread the dis-
ease). Individual zoos have refused to accept the shipment of
a positive animal, even though the receiving institutions had
not screened their own populations to ensure the absence of
preexisting disease. The TAG currently recommends that fa-
cilities know the viral status of their own collection so that
informed decisions regarding risk can be made while plan-
ning animal transfers.

The lack of available data regarding the ecology of a disease
and its vectors can adversely affect animal transfers (including
translocations and reintroductions). Sometimes understand-
ing the disease ecology and vectors can help managers mini-
mize the risk of disease introduction/spread while allowing
animal movements to continue. Several years ago, the AZA
lion, Panthera leo, Species Survival Program (SSP) was at-

tempting to import African lions from a captive facility in Af-
rica to institutions in the United States in order to bolster the
genetic diversity of the North American captive population.
During preshipment testing, African ticks—possible vectors
of important diseases such as babesiosis, African swine fever,
and East coast fever—were discovered on the lions. After
many discussions between federal regulatory agencies and
the institutions involved, the importation was approved for
facilities located in northern climates, since this species of
tick would not survive the winter if it was introduced. Even
though the southern facility could not accept the shipment
(despite the inclusion of risk reduction measures such as the
administration of acaracides), managing the risk based on
understanding of the vector ecology allowed the managed
population to benefit eventually from the import.

Many wild mammal conservation areas/programs are
highly managed. Thus, many of the measures reviewed here
are being implemented to reduce the threat of disease intro-
duction or its impact once it occurs (Wolff and Seal 1993).
For example, the staff of the Mountain Gorilla Veterinary
Project (as well as numerous other wild primate conservation
sites) monitors both the health of gorillas, Gorilla beringei,
and people, including park employees, researchers, and tour-
ists in parks in Uganda, Rwanda, and Democratic Republic
of the Congo to reduce the threat of zoonotic disease trans-
mission. The staff manages exposure of gorillas to potentially
infected humans by limiting the number of people present,
the amount of time they are in close proximity to the ani-
mals, and the distance between the people and the gorillas.
Intervention is sometimes necessary when animal health is
thought to be compromised by humans (e.g. injury due to
snares or illness caused by exposure to a human infectious
disease). In addition, programs aimed at managing disease
spread between domestic and wild animals (e.g. the domestic
dog rabies and distemper vaccination program around the
Serengeti ecosystem in Tanzania) are becoming more com-
mon. Finally, some national parks (e.g. in South Africa) man-
age health risks to animals entering or leaving the population
by implementing preventive protocols in special quarantine/
isolation bomas, where animals are held before movement
into or out of the park.

DISEASE CONTROL

Disease control involves manipulating the host, the disease
agent, or the environment in order to decrease the likelihood
of exposure and break the cycle of transmission and infec-
tion. Hosts may be both humans and animals. With respect
to humans, animal managers must minimize disease spread
in 2 directions: human-animal and animal-human. Since few
effective human vaccines exist for emerging diseases, the use
of proper personal protective equipment is the simplest and
most effective measure to control both kinds of risk. However,
no protocol is effective without proper compliance.

The interaction between the number of susceptible, in-
fected, and recovered individuals in a population controls
the dynamics of a disease; overall population density and an
individual’s likelihood of becoming a healthy carrier are other
important factors. Wobeser (2006) lists 3 basic approaches
to (animal host) population manipulation, which can help



decrease disease transmission—all based on controlling ex-
posure between these populations with respect to popula-
tion density:

1. Reduce the density of the entire population

2. Reduce the proportion or density of infected individ-
uals in the population

3. Reduce the proportion or density of susceptible indi-
viduals in the population

In managed programs in captivity, animal managers con-
trol the population size by spreading it over multiple insti-
tutions, thus reducing risk to much of the population at any
given time. In rehabilitation or sanctuary settings, this is more
difficult, since it involves building more enclosures or reject-
ing injured or orphaned individuals (which often goes against
the mission of the facility). Some sanctuaries (e.g. members
of the Pan African Sanctuary Alliance) are considering con-
trolling population size by actively reintroducing animals
according to the International Union for Conservation of
Nature’s Reintroduction Specialist Group guidelines (www
.ucnsscrsg.org/downloads.html).

The impact of infected individuals, often identified while
in quarantine, can be controlled through effective isolation,
treatment, euthanasia, and sometimes birth control. Isolation
of affected individuals until they no longer pose a threat to the
population is sometimes the easiest method, but assumes full
recovery at some point and has potential welfare implications.
Specific treatment for emerging diseases is often unavailable,
with only empirical or supportive care available. Treatment
of a population is more difficult, but has been accomplished
in small populations that are routinely monitored and rela-
tively easy to medicate.

The goal of treatment may not be an actual cure but rather
control of the disease or reduction of its adverse impacts, as in
the case of various parasites. Euthanasia or culling can con-
trol many important emerging or regulatory diseases. Gov-
ernmental agencies may use euthanasia as a tool to control
disease. As this is usually not acceptable when managing en-
dangered populations, captive facilities should form proac-
tive partnerships with local regulatory authorities before an
emerging/zoonotic disease outbreak. For wild populations
that pose a risk to captive or human populations, reducing
population density by birth control or culling may be unpal-
atable to the public and is usually only a short-term solution.
Vaccination reduces the number of susceptible animals and
is part of any preventive medicine program in captivity. It is
not realistic for controlling emerging diseases, however, since
vaccines have not generally been developed or validated.

Controlling a disease agent in captive facilities is gener-
ally done by attempting to limit risks within the environment.
Treatment or vaccination of animals may reduce shedding
of the organism from infected animals into the environ-
ment. Control of environmental contamination and reduc-
tion of exposure to sources of infectious agents are two of
the most effective means of reducing disease problems in
captive populations. Good husbandry practices minimize
the disease-causing agents in the environment and reduce
the risk of disease transmission. Pest and wildlife control is
a major part of managing environmental disease risk. Dis-
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infection of animals and/or the environment destroys many
bacteria, viruses, or parasites and is fairly easily accomplished
in most captive situations, but very difficult to implement in
free-range settings.

DISEASE ERADICATION

Eradication is really an extreme form of control. The goal is
to eliminate the disease in a certain species or geographic
area in order to establish “freedom from disease” Due to the
high costs of such eradication programs, they usually focus
on diseases of agricultural (and hence economical) or human
concern, and may affect wild animals (for better or worse).
Captive mammals may fall under a regulatory eradication
program, e.g. ungulate tuberculosis, foot-and-mouth disease,
or bovine spongiform encephalopathy (mad cow disease). In
these cases, special exemptions may be sought for captive co-
operative breeding programs. In North America, the AZA has
worked with the U.S. Department of Agriculture to develop
zoo-specific outbreak response plans for foot-and-mouth dis-
ease, West Nile virus, and avian influenza. The goal of these
plans is to minimize the risk of depopulating collection an-
imals should a facility be included in a disease eradication
zone. The success of these protocols depends on the facility’s
ability to show that it poses little or no risk for spreading an
outbreak in the regulatory zone, which includes demonstrat-
ing the capability of having a very high level of biosecurity
around susceptible species. Additionally, captive animal man-
agers may have to demonstrate that they can manage sepa-
rate areas of the zoo differently or accept euthanasia of some
domestic (or other) species.

INFORMATION GAPS

We still have extremely limited knowledge of the ecology
of diseases and how best to deal with these risks in exotic
animals. We desperately need better diagnostic tools. The
antemortem disease detection tools currently available are
usually validated for domestic species or only a few exotic
species that are intensely managed for agricultural purposes
(i.e. cervids). We have limited information concerning the
prevalence or incidence of various diseases both in captiv-
ity and in the wild (in any country) and therefore know very
little about what to expect when assessing the risk of contact
between these populations. A new record-keeping system
(Zoological Information Management System) being devel-
oped by the International Species Information System for
captive animal management should allow long-term track-
ing of medical and husbandry records and summarization
of some disease information on a global scale. In the future,
wild and captive animal managers need to integrate informa-
tion management systems to complete the picture of wildlife
disease ecology more holistically.

There are many resources readily available to animal man-
agers that provide information on diseases. The World Ani-
mal Health Organization (www.oie.int) provides global and
up-to-date news on reportable diseases. The World Health
Organization (www.who.int) and, in the United States, the
Centers for Disease Control and Prevention (www.cdc.gov/),
provide information on many zoonotic diseases. The Euro-
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pean Association of Zoo and Wildlife Veterinarians Infec-
tious Disease Working Group has compiled a Transmissible
Diseases Handbook (Kaandorp 2004), which provides stan-
dard information on infectious diseases such as causative
organism, distribution, transmission, incubation, clinical
symptoms, and diagnosis. This resource also goes beyond
the standard information by addressing such issues as preven-
tion and control in zoos, suggested disinfectants, legal issues,
conditions for restoring disease-free status after an outbreak,
and country-by-country information on reference laborato-
ries. The Infectious Disease Committee of the American As-
sociation of Zoo Veterinarians is in the process of compiling
a similar handbook for North America.

THE IMPLEMENTATION OF NEW
MANAGEMENT STRATEGIES

Captive animal facilities are a lot like islands with respect to
the threat of emerging and zoonotic disease introductions.
For relatively isolated captive facilities that act alone or with
very few partners, the creation of, and adherence to, strict
disease prevention principles is crucial. In these cases, com-
pliance is usually the limiting factor for success—vigilance
is everything. For zoo associations (associations may be like
archipelagoes) that depend on cooperative management, or
individual facilities that are more “open” with respect to ani-
mal movements across their boundaries, risk management
is more complicated. One benefit of joining more-organized
associations is the ability to combine resources and infra-
structure needed to cope with an emerging disease outbreak.
Accreditation guidelines highlight preventive medicine pro-
grams, including quarantine protocols, and standards of hus-
bandry and medical care. Unified in their approach, these as-
sociations have built-in communication mechanisms among
members and have uniquely identified animals with stan-
dardized husbandry and medical records. Zookeepers are
trained to monitor animal welfare and health; veterinarians
investigate suspicious signs of disease; pathologists investi-
gate mortalities; and endocrinologists, animal behaviorists,
and nutritionists proactively address problems in their fields
as they are discovered. Although all these characteristics are
essential for proper disease outbreak investigation and re-
sponse, more can be done.

The application of a few epidemiological principles on a
broad scale can enhance the identification, response, and con-
trol of the introduction of an emerging disease into a cap-
tive facility. First, the implementation of a long-term, sci-
entifically based health surveillance and monitoring system
provides background information necessary for early iden-
tification of “abnormal” health signs; early identification of
a potential problem provides an opportunity for proper in-
vestigation and response before it is too late (Munson and
Cook 2003). Real-time descriptive summaries and analysis
of data must be available for a timely response to be feasible.
Second, animal health professionals and husbandry person-
nel must be equipped to conduct rigorous, methodical out-
break investigations when suspicious events occur. In order
to do this, resources must be dedicated to the proper training
of personnel, and animal managers must partner with local
public and animal health officials for the benefit of the com-

munity. Finally, since emerging or zoonotic disease outbreaks
may involve risk to the broader community, risk assessments
must be conducted to set priorities for cost-effective man-
agement options. There is an emerging tool known as risk
analysis for decision making in the face of the uncertainty
that inherently surrounds emerging disease issues. This pro-
vides a framework for using existing data (such as those gath-
ered from surveillance or outbreak investigations) to model
and assess risk while testing management strategies and their
costs (Leighton 2002; OIE 2004). Software exists for formu-
lating genetic-based breeding recommendations (Spark Plug,
Zoo Risk) and assessing extinction risk through population
health viability analysis (Vortex). Tools for addressing disease
risks are being developed through workshops conducted by
the IUCN’s Conservation Breeding Specialist Group among
others (Armstrong, Jakob-Hoff, and Seal 2002). Many mod-
els already exist in the public and domestic animal health
arenas. Captive wildlife facilities should be included in these
efforts.

The realities of our world today make disease emergence
and spread a real possibility. Although we have preventive
measures in place, we must continue to improve our response
to disease proactively through the use of new methodologies
and technologies. Only by engaging our own community, and
partnering with others both at home and abroad, can we hope
to control, manage, and eliminate diseases.
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Safety Considerations in a Zoological Park

Mark Rosenthal and William Xanten

INTRODUCTION

Working in a zoological setting carries its share of risks and
dangers. While each organization’s resources will be different,
many of the basic philosophies are the same in dealing with
safety issues. In every area in which animal keepers perform
their duties, the aim of the organization should be to provide
a work environment that is free from those identifiable safety
hazards that might result in accidents and possible injury to
the animal keeper or a member of the public.

Accidents usually occur on the job when employees are
negligent and forgetful, do not follow established rules, or fail
to keep equipment in excellent operational condition (Hart-
man 2007). Distractions and failure to concentrate on the job
at hand are other causes of safety problems. Further, keepers
may not receive sufficient training or plan ahead for emer-
gencies, both of which can lead to an accident.

It is the zoo administration’s responsibility to assess risks
in the workplace. This assessment essentially is a thoughtful
examination of what might cause harm to staff working di-
rectly with animals, and what precautions need to be put into
place to prevent problems (e.g. accidents or ill health) from
occurring. If a hazard is thought to be significant, the precau-
tions taken should minimize the risk (AZA 2006).

The following steps are general rules for assessing risk in
your organization:

1. Survey the facility and grounds to check for hazards.
Members of the safety committee or supervisors in
each section can do this.

2. Decide how a given hazard will potentially harm the
keeper, other members of your staff, or visitors. Re-
member that not all individuals are at equal risk. At
greater risk may be new staff members, trainees, or
pregnant women; contractors and maintenance work-
ers who might not be familiar with the physical lay-
out of the zoo; and members of the public who visit
the zoo.
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3. Conduct an evaluation of the risk and decide if
enough precautions are in place or if new ones are
needed. If it is impossible to get rid of a hazard, how
can you control it so that it is a low risk? To control
the risk, a zoo may (a) issue personnel with proper
protective gear and make sure they are used, (b) re-
duce exposure to the hazard, (c) provide facilities
for removal of the risk (e.g. washing stations or eye-
flushing stations), and (d) completely prevent access
to the problem.

4. Record the findings in a document that is available to
all employees in order to demonstrate that the zoo ad-
ministration considered all the obvious hazards and
all the individuals that might be involved.

5. Review the assessment periodically, and if necessary,
revise the procedures. As the animal collection within
the institution changes, evaluate whether there are
new potential hazards needing documentation. It is
good practice to review the written protocol
annually.

HEALTH AND SAFETY
ROUTINE ANIMAL HUSBANDRY

In typical zoos and aquariums, animal keepers are probably
injured more often by cutting themselves with a knife while
preparing food or hurting their back when improperly lift-
ing heavy objects than by animal bites and scratches. Keepers
need to think about their regular daily activities and have pro-
tocols for dealing with them. Performing a job safety analysis
(Lincoln Park Zoo 2003b) as a daily routine may help define
the hazards and the equipment needed to do a job safely. The
analysis can be broken down into the task, potential hazards,
and recommended action or procedure.

Many zoos and aquariums now have a dedicated safety
officer who is responsible for formulating, carrying out, and
monitoring a safety program. In the absence of a safety of-



ficer, a safety committee composed of senior staff, super-
visors, and animal keepers should be responsible for the
z0o’s safety program, including the investigation of acci-
dents and recommendations for methods and protocols
to prevent future accidents. The section supervisor needs
to check daily that safety equipment is available for em-
ployees, and that employees know how to use the equip-
ment properly and do so. Supervisors are responsible for
inspecting equipment and ensuring that repairs are made
in a timely fashion.

Personal protective equipment is vital for keepers who
are performing routine animal husbandry functions in po-
tentially dangerous conditions. The use of steel-capped boots
will protect toes from being crushed. Safety glasses or face
shields should always be worn when keepers are working in
an area where there is a risk of damage to their eyes. Stations
for flushing irritants from the eyes should be easily accessible.
Having keepers wear specialized gloves while cutting food
may prevent serious injuries from a knife. Lifting food con-
tainers, boxes with fresh produce, or animal crates can cause
back injuries unless done properly. When lifting a heavy ob-
ject, the back should be straight and the knees slightly bent,
so that the lifting uses the leg muscles rather than the back
muscles (www.back.com). A keeper should never attempt
to lift very heavy objects alone, but should enlist the help of
others to divide the load.

All cleaning chemicals and other potentially hazardous
materials that keepers work with daily should be labeled
and housed in unbreakable containers. Material Safety Data
Sheets for all materials should be maintained in a central area
with easy access for all staft.

When staff members need to handle individual animals
manually, general protection can include a mask, gloves, long
sleeves, and a heavy jacket (Karsten 1974; San Antonio Zoo
2002; see also Christman, chap. 4, this volume). Animal keep-
ers also are susceptible to acquiring zoonotic diseases in their
daily activities (see Travis and Barbiers, chap. 7, this volume),
and these risks can be reduced by correct hygiene (e.g. using
proper hand-washing techniques after handling animals) as
well as preventing improper exposure to animals in the first
place.

Duty assignments need to consider special physical con-
ditions such as pregnancy in keepers. Toxoplasmosis is
widespread in people and other warm-blooded animals. Al-
though it usually has no impact, it may have adverse con-
sequences for human fetuses/infants and people whose im-
mune system is compromised. Wild felids are hosts of the
parasite Toxoplasma gondii and excrete T. gondii oocysts in
their feces. Pregnant keepers should avoid dealing with cat
feces and probably not be assigned to a felid area during
their pregnancy.

Several mammal species can be infected by rabies, and the
virus in the saliva can be transmitted to humans by bites (Hin-
shaw, Armand, and Tinkelman 1996). If it becomes necessary
to restrain bats, raccoons, foxes, and skunks, personal protec-
tion equipment in the form of heavy gloves and jackets should
be employed. Protection of employees against zoonotics and
protection of the animal collection from staff-transmitted dis-
ease need to be addressed separately in each institution (see
also Travis and Barbiers, chap. 7, this volume).
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ANIMAL KEEPERS (OR PUBLIC) IN
THE ANIMALS” ENCLOSURES

A classic problem is that keepers think they have secured or
locked a dangerous animal into a behind-the-scenes loca-
tion, which permits them to enter the animal’s exhibit safely
to clean or to deliver food or enrichment materials. Once in
the exhibit, they discover, too late, that they did not really
contain the animal properly, and they are faced with serious
danger (Herrmann 2005; Sweeney and Donovan 2005).

How does one guard against this form of “keeper error”?
There is no easy answer except to have strong safety policies
and review them with staff on a regular basis. Also, having
additional safeguards that might prevent an accident or at
least assist a keeper caught in such a potentially deadly situa-
tion may be helpful. It is easy to become lax when perform-
ing the same routine each day; thus, before keepers enter an
area that houses dangerous animals, they need to double-
check that the number of animals originally in the exhibit
are now safely housed in a secure back area. All the animals
must be accounted for before entry into the exhibit, and be-
fore leaving an area, all locks must be checked to ensure they
are locked. Animal locks need to be inspected regularly to
ensure maximum security.

Keepers working with dangerous animals should have ra-
dios for sending a distress call in an emergency, and there
should always be 2 keepers working in such areas—with both
carrying radios. Staff in every area of a zoo should be able to
send and receive radio messages, so that even someone work-
ing in a lion or tiger moat will have a radio that functions.
When shifting animals between enclosures, only one keeper
should be responsible for the operation of doors and gates.
Keepers should always be aware of the locations of other staff
when doing this task.

In zoos today, animal keepers manage elephants either
in a free contact situation, where they interact with the el-
ephants directly, or in protected contact, where the keeper
and elephant are separated via some type of barrier. Each of
these forms of elephant management has its pros and cons
(Roocroft and Zoll 1994), but each still brings the keeper in
close association with a large, potentially dangerous animal.
In either case, certain basic safety considerations need imple-
mentation. More than one keeper should always be present,
so that in the event of a problem there is someone available
to seek help. Above all, the zoo should have an emergency
plan developed so that staff understands how to respond to
an attack (Kauffman 1983; AZA Accreditation 2006). Al-
though a keeper’s first impulse might be to attempt rescu-
ing a keeper being attacked, the first response should actu-
ally be to summon help after quickly assessing the situation.
Radios or alarms that can bring help quickly should be eas-
ily accessible.

If the use of pepper spray is legal in your zoo, keepers
should carry it. Pepper spray can be a powerful tool to pro-
tect a keeper threatened by a dangerous animal. Alternatively,
spray cans or fire extinguishers can be placed in strategic loca-
tions, so that in an emergency keepers can easily find some-
thing for their defense.

Millions of people visit zoos each year, and most come to
enjoy themselves and view the animals in a peaceful man-
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ner. Some visitors, however, are mentally ill (Hediger, 1969)
or just reckless, and feel that they can enter an animal exhibit
without harm. Visitors may put their hands through a bar-
rier in the hopes of touching a special animal if they cannot
enter an exhibit. Even careful parents may not pay enough
attention to their small children, who could slip under a fence
(O’Brien 1996) and approach dangerous animals. Zoos have
a legal responsibility to reduce these hazards by providing
effective public barriers. To prevent people from approach-
ing an exhibit too closely, horticultural staft can plant hedges
that are difficult to penetrate or have sharp thorns, but are
attractive to the eye.

With any emergency, good communication, a rapid staff
response, and the use of common sense can avert a disaster.
Using a high-pressure hose to direct water into an exhibit may
separate a dangerous animal from a foolhardy guest and give
staff time to react to the emergency.

Many zoos provide public access to animals via walk-
through exhibits that may house domesticated animals, small
mammals (including primates), or exotic birds. In some ex-
hibits visitors can pet or feed selected animals, while for
others the goal is the experience of viewing animals without
barriers. Zoo personnel need to monitor these exhibits to pre-
vent visitors from feeding unauthorized food items or being
too rough with the animals. Also, if the zoo encourages con-
tact with the animals, then hand-washing stations should be
easy to access as people leave the exhibit (Ryan 1998).

SHIPPING OR RECEIVING ANIMALS

In planning for any animal transfer, the biology of the animal
must be considered (Hediger 1969; see also Christman, chap.
4, this volume). When excited, normally docile animals can
be incredibly powerful and can destroy a poorly constructed
shipping crate. Trying to force an animal into or out of a ship-
ping container presents safety hazards to both the keepers in-
volved in the operation and the animal itself. Many animals
can reach out of crates, if given the opportunity, and grab or
claw a keeper. Larger species can rock or move a crate; thus,
keepers should always be aware of where they are positioned
relative to the animal. For example, standing between a wall
and a crate containing a rhinoceros is potentially dangerous
if the animal’s movement shifts the crate.

Crates or shipping containers approved by the Interna-
tional Air Transport Association should be used for all ship-
ments (www.iata.org). Its Live Animals Regulations are the
basic guidelines for the construction of all types of animal
shipping crates.

When loading or unloading any animal, the following
checklist should be considered:

o the number of keepers, veterinarians, and tradespeople
needed for the operation

o the role of each person on the team

o the individual who will be in charge of the operation

« the equipment, transportation, or tools that will be
needed

o the mechanism of transport of the crate to its final des-
tination

« a backup plan, if there are problems

Usually, one person should direct the crating of the ani-
mal and its transport. You invite problems and potential in-
juries if multiple individuals give orders simultaneously or
disagree with a command. Each individual involved in the
crating or transfer of an animal should know exactly what
his or her role is. Have backup plans, and know what those
plans are before you start.

EMERGENCY PLANNING
ANIMAL ESCAPES

Occasionally, an animal may escape from its exhibit (Hediger
1964; Vansickle 2006; Hindu 2006a, 2006b). Poorly designed
exhibits, keeper error, or natural events (e.g. lightning strik-
ing a tree which destroys part of a fence, thus allowing an es-
cape) are all potential causes of escapes. All zoos should have
an emergency plan to handle escapes where animals are free
either on zoo grounds or inside a building. A yearly survey
of all fencing and animal barriers will help to assess risks and
document and correct any weak areas.

The key is to have in place a written escape plan that deals
with dangerous and nondangerous animals (San Francisco
Zoo 2003; Hanna 2005), and to practice that plan regularly.
A written animal escape protocol may look great, but will
not be effective if the keeper staff has never practiced it.
Zoos should have unannounced escape drills at least 2 to
3 times per year. The main ingredients for any escape plan
are clarity and simplicity. More complicated plans provide
more potential for things to go wrong or for individuals to
forget their roles and responsibilities. All plans must con-
sider the safety of the public, the safety of zoo staff, and the
recapture of the escaped animal (Flanagan and Tsipis 1996;
Poppen 2007).

Communication plays a vital role in any emergency plan.
Emergencies occur not only during the day but at night, when
the majority of the zoo staff is absent; thus, methods to com-
municate with key people quickly are necessary. Emergency
plans need to include all possible scenarios and how to re-
spond to them, e.g. if the zoo is permitting an outside group
to have a black-tie event on the grounds during the evening.
Usually when an animal escapes during the day, a member
of the public will see it before a staft member, and the first
person to hear of it will likely be a volunteer, staff from a zoo
restaurant or shop, or a facilities person. All these people
need to be well acquainted with the overall emergency plan
as well as their role in that plan. If possible, zoos should de-
velop a training film that can easily and regularly be shown
to all staff and especially new staff members.

In case of an animal escape, one of the first lines of defense
is the zoo'’s veterinary team, since it will likely be handling
the tranquilizer equipment. If allowed by law, however, zoos
should consider having all senior staff trained in the use of
tranquilizing drugs and the weapons that deliver them, such
as pistols, blowpipes, and rifles, since a veterinarian may
not always be available. All drugs and equipment should
be in one or two secure locations that all senior staff (or
the appropriate designated individual) can access quickly.
Preparedness to respond instantly to emergencies is vitally
important.



There is always the possibility that an escaped animal will
have to be killed. To that end the zoo should have an emer-
gency weapons team made up of animal keepers and senior
staff (Baker 1999; Beetem 2006), who should be thoroughly
drilled in the use of the zoo’s weapons. This team needs fre-
quent practice sessions during the year and clear require-
ments for continued participation (Good 2003). Again, only
people on the team should have access to guns, which should
be maintained in high-security areas.

Some zoos have security forces or police on their staff;
they will probably be responsible for handling weapons and
responding at any hour to a situation involving a dangerous
animal. As stated earlier, communication is essential so that
these individuals know their role and are aware of who is in
charge of the situation.

The zoo staff also needs to communicate with local law en-
forcement agencies to ensure that in the event of a dangerous
situation, police officers arriving on zoo grounds are clearly
aware of the zoo’s emergency protocols (Menzer 2005), and
zoo staff knows exactly how the police will respond. Police
often respond with deadly weapons to a dangerous animal
escape. Zoos must realize that public safety is their first pri-
ority (Murphy 2005).

How do you get the word out to everyone and in a quick
and efficient manner? Many zoos use the term red before the
name of an animal to alert all staff members, over a loud-
speaker or via radio, of a dangerous-animal emergency.

Some zoos (Lincoln Park Zoo 2003a) place large boxes or
trunks at key locations on the grounds; these contain all the
materials that staff potentially needs in an emergency, e.g.
bullhorns, plastic tape to close off a section to the public, rope,
nets, duct tape, hammer, nails, a sharp knife, and a quick-
release lasso. The boxes can be on wheels so that they can be
moved quickly to any area of the zoo. As with all equipment,
the section supervisor is responsible for checking and main-
taining the equipment monthly.

When an animal is inside a building but out of its exhibit,
the tactics for its recovery are slightly different than if the
animal is outside on the grounds. By containing the animal
within the building, the staff has more time to plan and act,
knowing that the animal cannot go farther. If the animal is
outside, setting up a barrier may contain it. However, once
an animal has left the zoo grounds, local police may auto-
matically take over.

Essentially, an animal escape is broken down into 6 parts:

1. The animal escapes; a visitor or a zoo employee sees it.
2. The escape is reported to a staff person, who relays the
information via radio or phone to a central predesig-

nated location.

3. The alert goes out via radio and the public address
system.

4. Keeper staff and veterinarians, along with special
teams, arrive at the escape area.

5. The zoo grounds are evacuated or the visitors are
closed into buildings.

6. Police and fire services are alerted.

There are, of course, variations on these steps, but in general
an escape plan should cover these vital areas.
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DISASTER PLANS

In case of a natural or man-made disaster, e.g. fire, hurricane,
earthquake, tornado, bomb threat, terrorism, loss of power,
or very severe weather, a disaster plan provides the template
for staff to know what is expected of them (Baker and Hain-
ley 1999). As with animal escapes, making the staff aware of
the plan and putting it into practice are key to a successful
response. Drills are an effective method for staff to under-
stand what could happen and to respond in a real disaster
scenario. Key local agencies such as the fire department and
police should be invited to consult with zoo staft and to be-
come familiar with the zoo’s infrastructure and the location
of the animals in the collection.

The plan must include all the correct phone numbers of
key people and agencies, both inside and outside the zoo, and
should address each possible disaster separately with specific
recommendations for action by specific staff members. Such
a disaster plan, like any emergency plan, will be a fluid docu-
ment, needing an annual update by all staff members who
will be involved in its implementation.

One disaster that is common to all zoos regardless of
their geographic location is fire (Hall 2007). Any plan that
is conceived should emphasize that safety of the public and
staff is a primary concern. Staff members, especially keep-
ers, need to be brought into discussions about what to do
with the collection in the event of fire inside a building.
Staff needs to be told in no uncertain terms that their first
responsibility is to the public and to themselves. Once all
people have vacated the affected building, the collection’s
safety and rescue become the responsibility of the fire de-
partment. Meetings need to be held with the local fire offi-
cials, and they need to have current plans of the buildings
as well as which animals are in the outdoor enclosures. If
the keepers are not clear on this procedure and attempt to
stay in the building to capture or release animals into out-
door enclosures, they run the serious risk of getting trapped
inside. All buildings should have fire detectors to help alert
staff and to summon the local fire authorities automatically
at any time of the day or night. Fire extinguishers should be
placed at key locations in all areas, and annual inspections
to refill or replace units should be regularly scheduled. In
certain situations staff may use carbon dioxide (CO,) fire ex-
tinguishers to aid in animal-related control. The units used
for these events must be separate from the ones earmarked
for fire prevention. Carrying out annual fire drills with staff,
so that all roles and responsibilities are clearly defined, is an
excellent proactive activity.
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Part Three

Nutrition

Introduction
Charlotte Kirk Baer

This new volume presents “a new chapter” in our knowledge of nutrition and goals for feeding wild mammals.
When the first edition of this book was published, zoo animal nutrition was a new and relatively unexplored
field. The goals of captive animal feeding programs were “to provide nutritional support for all stages of life, in-
cluding gestation, lactation, and early postnatal growth.” The focus at that time was to elucidate the value of nu-
tritionally complete diets, to argue the dangers of “traditional zoo diets,” and to dispel the myth of exotic animal
“nutritional wisdom.”

Today, the focus of wild mammal nutrition is centered not only on maintaining animals at various life stages,
but, just as important, on maintaining and enhancing animal well-being, health, and longevity, and sustaining
reproductively active populations that will allow for continuation of species that are, or will be, extinct in the
wild. Mammals in captivity are increasingly fed with consideration of their natural feeding behaviors, digestive
physiology, social needs, growth and reproductive status, and genetic background. In the first chapter in this sec-
tion, Kirk Baer et al. address these important aspects of animal nutrition and provide their reccommendations
on various issues.

In addition to the contemporary goals of wild mammal nutrition, we are now feeding animals in a global regu-
latory environment and a rapidly changing marketplace that presents numerous challenges, as attested by Henry,

A bat roosts at the Smithsonian’s National Zoological Park, Washington, DC. Photography by Jessie Cohen, Smithsonian’s National Zoological Park.
Reprinted by permission.



Maslanka, and Slifka in their chapter. Recent advances in food-safety knowledge and food-handling requirements
necessitate a new way of implementing captive animal feeding programs, as described in this section of the book.
Science-based nutritional management of mammals in captivity has become a multifaceted endeavor.

In an effort to ensure the most meaningful contributions to this volume, the authors of this section chose to
base their discussions and recommendations on sound scientific evidence drawn primarily from peer-reviewed
literature. The availability of, and easy access to, numerous scholarly works representing the latest original re-
search in the field are luxuries that authors of the previous edition did not have.

Nutrition is a key component of animal management; however, the science of animal nutrition is often not
viewed as the priority it should be, especially in the zoological community. We have not only an opportunity but
an obligation to assure that animal diets promote health, well-being, and longevity. When the first edition of this
book was published in 1996, only 6 zoos in North America employed trained nutritionists, and a handful of others
engaged nutritional consultants. Today, with the printing of this new edition, the number of full-time trained
animal nutritionists in North American zoos has more than doubled—yet only approximately 10% of zoos (20
zoos out of more than 200 institutions) employ nutritionists. These statistics point to the fact that roughly 90%
of the organizations responsible for maintaining wild animals in captivity are managing animals without formal
and skilled expertise in animal nutrition.

I challenge every reader of this volume to heed the words of the world-renowned biologist and environmen-
talist Peter Raven, given in his 2002 presidential address to the American Association for the Advancement of
Science: “Many of the world’s life-support systems are deteriorating rapidly and visibly, and it is clear that in the
future our planet will be less diverse, less resilient, and less interesting than it is now; in the face of these trends,
the most important truth is that the actual dimensions of that world will depend on what we do with our many
institutions, and with the spiritual dimensions of our own dedication”” As institutions and as individuals respon-
sible for animals in our care, let’s move forward together to implement basic conditions of change for the good
of the animals in our charge and ultimately for the good of the world. This change must come from each individ-
ual and each institution in the form of responsible decisions and wise allocation of resources that translate into
sometimes small, but significant, steps toward the sustainability of our children’ future.



Contemporary Topics in Wild Mammal Nutrition

Charlotte Kirk Baer, Duane E. Ullrey, Michael L. Schlegel, Govindasamy Agoramoorthy,

and David ]. Baer

INTRODUCTION

Feeding wild mammals successfully in captivity requires
knowledge of basic nutritional concepts, an understanding
of different animal types and digestive physiologies, an ap-
preciation for natural feeding behaviors, a familiarity with
appropriate food sources, and an awareness of potential diet-
related diseases. This chapter presents an overview of major
classes of wild mammals organized by feeding strategy, with
accompanying descriptions of typical dietary components
and feeding considerations as well as diseases that are di-
etary in origin or impacted by nutrition. This chapter is not
intended to be a comprehensive treatise on animal nutrition;
rather it is meant to provide contemporary views on principal
aspects of wild mammal feeding and nutrition.

NATURAL FEEDING BEHAVIOR

Despite the fact that mammals exploit many types of food, a
single species usually consumes a limited selection of foods
that it is structurally, physiologically, and behaviorally com-
petent of utilizing efficiently. Ingesting food involves 2 main
acts: manipulating the food and reducing it to particles small
enough to swallow. The act of biting, tearing, and chewing
the food may vary from one type of mammal to the other de-
pending on their dentition; the swallow reflex is considered
uniform for the order Mammalia (Eisenberg 1981). A foraging
mammal may have a variety of potential foods available in its
natural environment. Some may be easier to find, handle, and
digest, while some may have a higher nutritional value than
others. So the mammal has to decide what to choose from
the available courses of action, and the one whose benefit
outweighs its costs by the greatest margin will be favored by
natural selection. According to the optimal foraging theory,
individuals that forage optimally are likely to be fitter to leave
more offspring than those that do not (MacArthur and Pi-
anka 1966). However, the link between reproductive fitness
and optimal foraging is difficult to verify, because fitness is

measured as a lifetime reproductive success, and foraging
success is usually measured in proximate terms. Nonethe-
less, scientific studies have suggested a correlation between
foraging success and fitness (Sherman 1994).

Although a variety of mammals has been maintained in
captivity for centuries and commercial diets are available in
the market to keep them alive, providing appropriate food is
challenging and crucial to successfully maintain mainly sen-
sitive species in good physical and psychological health.

NATURAL FOOD RESOURCES OF MAMMALS

Plants and insects are the most common food items for
mammals in the terrestrial ecosystem, and the predominant
mammalian orders, namely Rodentia and Chiroptera, de-
pend mainly on these food resources. Members of the orders
such as Pholidota and Tubulidentata are primarily insect eat-
ers, while members of the orders of Marsupialia, Lagomor-
pha, Proboscidea, Hyracoidea, Sirenia, Perissodactyla, and
most Artiodactyls, Primates, and Rodentia are herbivores.
Although many herbivores are selective in their feeding, a
wide range of food items is generally consumed, and sea-
sonal variations in feeding habits are found in temperate-
zone species.

INSECTS

Insects apparently have been a major source of food for
mammals for over 180 million years and have had remarkable
influence on patterns of mammalian evolution. The Early
Tertiary adaptive radiation of the highly successful micro-
chiropteran bats might have been due to the abundance of
nocturnal insects (Fenton 1992). In tropical forests, termites
are of significant importance to mammals even today. At
least some members of 10 out of 19 mammalian orders com-
monly eat termites, and species of anteaters, pangolins, and
aardvark as well as some insectivores are specialized ter-
mite eaters.

85
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PLANTS

Herbivory has been common among mammals, since plants
have been the most abundant source of food in the terrestrial
ecosystem for at least 65 million years. Many plant tissues are
difficult to digest; they often hold low levels of protein. They
are protected by defensive chemicals known as secondary
compounds, which affect the diets and feeding strategies of
mammals. Because defensive chemicals in plants are broad
occurrences, they have forced herbivores to evolve counter-
measures (McArthur, Hagerman, and Robbins 1992). One
such measure is microbial breakdown in the large intestine
or rumen for mammals such as rabbits, rodents, pigs, horses,
and some ruminant artiodactyls; they are known to degrade
oxalates by microbial action (Allison and Cook 1981). A sec-
ond measure is selective foraging, the ability to discriminate
among individual plants and feed only on those with rela-
tively low levels of defensive chemicals. An interesting ex-
ample is the leaf-eating howler monkey, Alouatta palliata,
in Costa Rica—a species forced to be selective by defensive
chemicals in the leaves of trees (Glander 1977). A third way
in which mammals avoid the effects of defensive chemicals
is by having a diverse diet of various plants, to keep the levels
of chemicals ingested low enough to be tolerated.

DIGESTIVE IMPLICATIONS OF FIBER FORMS
AND CARBOHYDRATE FRACTIONS

Carbohydrates are defined based on the analytical procedures
used to quantify them. They are classified by their size (mono-
saccharides, disaccharides, oligosaccharides, and polysaccha-
rides) and availability to animals consuming them, differing
among monogastrics and ruminants. The primary roles of di-
etary carbohydrate are (1) to provide energy and (2) to main-
tain the health of the gastrointestinal tract. Different forages
have different carbohydrate characteristics (fiber and nonfiber
carbohydrate fractions) that can impact health and that can
complement one another when used together in herbivore
diets. Few data are available on the effect of plant carbohydrates
and fiber on food intake, nutrient utilization, and growth
of many captive mammalian herbivores; however, abundant
data exist on carbohydrate nutrition and fiber digestion in do-
mestic species, which can be applied to similar or related wild
species (NRC 1996, 1998, 2001; National Academies 2003).
The ability to utilize dietary fiber differs among captive
wild mammals. Ruminants and some primates with extensive
pregastric fermentation (e.g. Colobinae) are able to utilize,
and in fact require, high concentrations of fiber in the diet.
Several human studies have indicated a generally positive
relationship between a high-fiber diet and good health, al-
though it has been difficult to separate the effects of fiber from
other dietary and lifestyle factors that may play a role. Some
of this information can be useful when considering captive
mammal diets. A high-fiber diet appears to reduce disease
risk by (1) increasing fecal bulk, (2) decreasing the transit time
of food through the gastrointestinal tract, (3) reducing blood
cholesterol levels, and (4) helping control blood sugar levels.
With their distinct physical characteristics, insoluble and sol-
uble fibers work differently to produce these results.
Insoluble fiber (cellulose, hemicellulose, and lignin) in-

creases fecal bulk (Stephen 1985). Cardiovascular disease and
colon cancer risk may be reduced with increased dietary fiber
intake (Hill and Fernandez 1990; Lanza 1990). Soluble fiber
in the diet may help control the rise in blood sugar following
a meal, modulating the postprandial glycemic and insuline-
mic responses (Trowell 1990). In addition, increasing total di-
etary fiber intake decreases digestion and absorption of both
fat and protein, which could be a weight-control benefit in
some species (Baer et al. 1997).

PLANT AND ANIMAL MATTER

Mammals that eat a wide range of plant and animal matters
are found among the orders of Marsupialia, Insectivora, Pri-
mates, Rodentia, Carnivora, and Artiodactyla. These omni-
vores are less specialized in structure than those mammals
adapted to a narrower diet, and among some orders such as
the rodents, their mode of life has been very successful.

HIGHER VERTEBRATES

Several species of mammals also prey on higher vertebrates
including reptiles, birds, and other mammals, and these car-
nivores occur in the orders Marsupialia, Insectivora, Chi-
roptera, Cetacea, and Carnivora. Most carnivores are special-
ized structurally and behaviorally for killing and consuming
their prey, so the learning of proficient hunting methods is
crucial to the survival of carnivores.

SUMMARY

The natural food resources described above correlate with
feeding strategies of groups of mammals, which can be clas-
sified as herbivores, carnivores, and omnivores. Subsequent
discussion of nutritional needs, appropriate foods, and
nutrition-related diseases in this chapter are broken out by
these animal groups.

HERBIVORE NUTRITION

Mammalian herbivores are animals that have evolved to eat
primarily plant matter. Lacking the endogenous enzymes re-
quired for digestion of fibrous plant material, mammalian
herbivores rely on anaerobic fermentation of dietary fiber by
symbiotic microorganisms that live in the gut. Herbivorous
mammals can be classified into 2 subgroups defined by the
location of the major fermentation region in the digestive
tract: pregastric fermenters and postgastric fermenters.

PREGASTRIC FERMENTERS

Ruminants comprise the majority of pregastric fermenters
and include cattle, sheep, deer, antelope, girafte, and du-
iker, among many others. The basic anatomy of the rumi-
nant digestive system is especially designed to digest feeds
high in plant fiber (particularly cellulose and hemicellulose).
The stomach is divided into 4 main parts: reticulum, rumen
(reticulo-rumen), omasum, and abomasum (gastric, acid-
secreting chamber) (Van Soest 1994). It is in the reticulo-
rumen where food is retained for microbial fermentation.
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The increased retention time allows for more extensive di-
gestion of fiber and might be important in detoxification of
secondary plant compounds. Some plant components such
as cellulose are of greater nutritive value to the animal if
they remain in the rumen over an extended period, where
they are degraded to absorbable end products (e.g. vola-
tile fatty acids), or else their fermentation contributes to the
formation of other substances (such as microbial cells) that
are subsequently digested. Otherwise, such components are
destined to provide minimal nutrient yield from colonic/
cecal fermentation or be excreted. A unique feature of the
ruminant is its ability to regurgitate food boluses from the
fermentation vat for further mastication (rumination, or
chewing of the cud). There are 4 steps to the rumination
process: regurgitation, remastication, resalivation, and re-
swallowing.

A distinction of ruminants, as it relates to their ability to
use forage, stems from 3 characteristics unique to this group
of animals. First, a pregastric fermentation chamber allows
ruminants to utilize structural carbohydrates (neutral de-
tergent fiber, or NDF) more effectively than either nonru-
minants or postgastric fermenters of comparable size. Sec-
ond, whereas nonruminants depend largely on preformed
amino acids and vitamins in their diet, ruminants are com-
paratively free of these requirements. Symbiotic microorgan-
isms synthesize B-complex vitamins, and simple forms of di-
etary or endogenous nitrogen can be used by ruminants in
the microbial synthesis of protein, which is subsequently di-
gested. This adaptation is enhanced by the ruminant’s ability
to recycle urea via salivary and ruminal mucosal secretions.
Microbial protein generally fulfills the minimal amino acid
requirements of ruminants. Finally, dietary overlap of sym-
patric animal species can be very high or low depending on
forage diversity and availability, environmental conditions,
and management. The net effect of these physiological and
behavioral characteristics is that ruminants, as a group, are
well adapted to forage-based diets.

Nonruminant pregastric fermenters have a compartmen-
talized stomach where microbial digestion occurs, but they
do not ruminate. Examples of mammals that are primarily
herbivorous nonruminant pregastric fermenters include hip-
popotamuses, kangaroos, and the leaf-eating colobus and
langur primates.

POSTGASTRIC FERMENTERS

Fermentation takes place in the large cecum and colon of
herbivorous postgastric fermenters. Examples of postgastric
fermenting mammals include capybaras, rabbits, rats, horses,
rhinoceroses, elephants, sloths, and apes. Coprophagy, or the
eating of dung or excrement that is normal behavior among
many insects, birds, and mammals, is important for many
hind-gut fermenters. They are able to recycle microbially de-
rived nutrients such as vitamins by practicing coprophagy.

FOODS AND FEEDING CONSIDERATIONS FOR
CAPTIVE MAMMALIAN HERBIVORES

Depending on their digestive physiology, mammalian herbi-
vores obtain specific nutrients from various sources (see table

TABLE 9.1. Nutrient substrates for herbivores and their symbiotic di-
gestive microbes

Herbivore type
Nutrient Nonruminant Ruminant Digestive microbes
Substrate

Energy Sugars, starches, Volatile fatty Complex
volatile fatty acids, glucose, carbohydrates,
acids, organic organic acids sugars, starches
acids amino acids

Protein Amino acids Microbial Ammonia, amino
(microbial protein, acids, peptides
protein) amino acids

Minerals Diet Diet (bacterial Diet

modification)
Vitamins Diet, bacterial Bacterial, diet Diet, synthesized

synthesis

9.1). Because microbial fermentation is an important part of
herbivore digestion, it is important that the microbes—in
addition to their herbivore host—receive adequate and ap-
propriate food substrates from which to derive energy and
nutrient needs.

HAY

Hays—forages that are harvested and dried—are important
sources of nutrients for herbivores and often provide a major
portion of dry-matter intake for captive mammalian herbi-
vores. Hays are especially valuable as a source of fiber in sup-
port of normal microbial fermentation and normal feeding
behavior. In the wild, herbivores may spend many hours each
day acquiring and consuming food. In captivity, animals fed
relatively concentrated diets can consume them in minutes
rather than hours and may develop behavioral vices, such as
chewing on exhibit or stall materials and obsessive licking,
grooming, or other stereotypic behaviors. Because consump-
tion of hay requires prolonged periods of chewing, its use may
help prevent these vices.

Proper drying and curing of freshly cut forage is a critical
step in producing high-quality hay (Church and Pond 1988;
Van Soest 1994). Once cut, hay must be dried before baling.
If hay is too wet when it is baled, bacteria and mold can begin
to grow. These microorganisms can reduce feed intake and
may produce toxins that adversely affect animal health. If hay
is baled when it is too dry, however, leaves may fracture and
fall oft the stems, reducing nutritional value. When overdried
hay is offered to herbivores, feed intake also may be adversely
affected. The time required for drying depends to a large ex-
tent on local weather conditions and the method of drying.
Most commonly, hay is left in the field to be dried by the sun
(sun curing). Minimum dry-matter content of hay should
be 85%. If too dry, >93% dry matter, hay may be subject to
excessive leaf fracture.

Some other nutritional changes occur during the curing
process. Sun-curing hay in the field generally increases its
vitamin D, content. This increase is a result of phytochemi-
cal conversion of vitamin D, precursors to vitamin D, (Mor-
rison 1956). However, there is a concomitant loss in vitamin
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A activity of the hay resulting from oxidative destruction of
carotenes, some of which are precursors of vitamin A. Dur-
ing excessive drying, the losses of carotenes can be substantial
(ibid.). Once cured to the proper dry-matter content, hay that
is stored under dry conditions will remain relatively stable in
its nutritional value (Church 1988).

Hays are commonly made from grasses and/or legumes.
Taxonomically, grass hays include plants in the family Poaceae
(Graminae), whereas legume hays include plants in the family
Fabaceae (Leguminosae). Examples of grass hays include
timothy, Phleum pratense; orchardgrass, Dactylis glomerata
L.; Bermudagrass, Cynodon dactylon; fescue, Festuca spp.;
bluegrass, Poa spp.; reed canarygrass, Phalaris arundinacea
L.; and Sudangrass, Sorghum sudanense Stapf. The most com-
monly used legume is alfalfa, Medicago sativa, called lucerne
in Europe and Australasia. Other legume hays include clo-
vers, Trifolium spp.; lespedeza, Lespedeza spp.; birdsfoot tre-
foil, Lotus corniculatus L.; and vetches, Vicia spp.

Hay producers often grow mixtures of legume and grasses.
Feeding mixed legume-grass hay has benefits and challenges.
Mixed hay generally provides crude protein and calcium con-
centrations appropriate to need. Legume hay alone may have
more protein and calcium than needed by many herbivores,
and grass hay, depending on species and maturity, may be
lower in protein and calcium than required. In addition, pur-

chasing supplies of mixed legume-grass hay with consistent
proportions of legume and grass may be difficult.

The important nutritional similarities and differences
among legume and grass hays are shown in table 9.2. In
general, legume hays are higher in crude protein, calcium,
magnesium, and sulfur than grass hays. Grass hays are gener-
ally higher in manganese and zinc (Church and Pond 1988).
Differences in fiber levels between legumes and grasses are
also important and can influence voluntary feed intake. Le-
gumes are generally higher in lignin and lower in NDF and
hemicellulose than grasses (Van Soest 1994). In ruminants,
voluntary feed intake is negatively correlated with NDF con-
tent (Mertens 1973). Because legumes are frequently lower in
NDF than grasses, voluntary intake of legumes can be higher
than that of grasses (ibid. 1973; Van Soest 1994).

Some of these nutritional differences are dependent on
geological origins of soil, soil pH, amounts and types of fertil-
izer used, climatic region, and local growing conditions. The
mineral and crude protein content of hays can be affected by
soil fertilization and by adjustments of soil pH (Church and
Pond 1988; Van Soest 1994). The more common nutrients
in fertilizers include nitrogen, phosphorus, potassium, cal-
cium, and magnesium. Sulfur fertilization may be used on
some crops. Nitrogen fertilization is especially important for
increasing protein concentration of grass hays. Fertilization

TABLE 9.2. Composition of sun-cured legume and grass hays at various stages of maturity?

Fiber fraction

Hay Crude protein, % Neutral detergent fiber, % Acid detergent fiber, % Lignin, % Ca, % P % Ca:P
Legumes
Alfalfa
Early bloom 19.9 39.3 319 7.86 1.63 0.21 7.8
Midbloom 18.7 47.1 36.7 10.71 1.37 0.22 6.2
Full bloom 17.0 48.8 38.7 11.18 1.19 0.24 5.0
Birdsfoot trefoil 15.9 47.5 36.0 9.10 1.70 0.23 7.4
Red clover 15.0 46.9 36.0 8.38 1.38 0.24 5.8
Grasses
Coastal Bermuda grass
15-28 days’ growth 12.0 73.0 34.0 — 0.40 0.27 15
29-42 days’ growth 12.0 75.0 36.2 — 0.32 0.20 1.6
43-56 days” growth 7.8 76.6 383 — 0.26 0.18 1.4
Orchardgrass —
Early bloom 12.8 59.6 33.8 4.59 0.27 0.34 0.8
Late bloom 8.4 65.0 37.8 7.41 0.26 0.30 0.9
Ryegrass, perennial 8.6 41.0 30.0 2.0 0.65 0.32 2.0
Smooth bromegrass
Midbloom 14.4 57.7 36.8 3.50 0.29 0.28 1.0
Mature 6.0 70.5 44.8 7.95 0.26 0.22 1.2
Sudangrass 9.4 64.8 40.0 6.0 0.54 0.20 2.7
Timothy
Early bloom 10.8 61.4 35.2 4.03 0.51 0.29 1.8
Full bloom 8.1 64.2 375 5.66 0.43 0.20 2.2

Source: Adapted from NRC 1989b (table 6-1), 1996 (tables 11-1 and 1-A), and 2001 (table 15-1).

'Dry-matter basis.
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Fig. 9.1. Effect of plant maturity of forage on proportions of plant
components and nutrient content. Adapted from Blaser et al. (1986).

with nitrogen and phosphorus may also improve hay palat-
ability (Rhykerd and Noller 1973). Soil testing and the advice
of local agricultural extension agents are important compo-
nents of a sound hay-producing program.

Regional variations among hays, especially in minerals,
should be considered when purchasing them for feed (Un-
derwood 1981). The mineral content of hay is often related
to soil mineral levels and availability. Available soil concen-
trations of nutritionally important minerals, such as cobalt,
molybdenum, iodine, iron, and selenium, vary greatly across
geographic regions.

An important factor influencing the nutritional value of
both legumes and grass hays is the stage of maturity at cutting
(Morrison 1956; Van Soest 1994), and this stage is an important
criterion in establishing hay grades. As plants mature, there
is usually a decrease in the relative amount of leaf and an in-
crease in the amount of stem. Also, with the onset of flowering,
nutrients are diverted from the vegetative portion (leaf) to the
reproductive portion (flower buds). These changes may result
in decreased concentrations of crude protein and soluble car-
bohydrates in the vegetative portion and an increase in lignin
content (fig. 9.1). Levels of certain minerals such as calcium,
potassium, and phosphorus may also decline. The net result
is a decrease in hay palatability, digestibility, and nutritional
value as maturity at cutting advances (Van Soest 1994).

In addition to plant species and maturity, harvesting and
storage factors can influence hay quality. The ideal weather
for hay making is low humidity and no rain. If hay is rained
on before baling, soluble proteins and carbohydrates may
be leached out, decreasing hay quality (Kellems and Church
1998). After the hay is cut, plant enzymes remain active (and
may lower available nutrient levels) until moisture levels de-
crease to 40%. Table 9.3 demonstrates that when hay is rained
on, nutrient losses of 9.6 to 54.5% can occur. If hay is baled
wet at moisture levels above 25%, it spontaneously heats and
becomes moldy, and protein may complex with carbohy-
drates, reducing its availability (ibid. 1998).

Hay is sometimes treated with ammonia, which might
improve hay quality for several reasons. First, ammoniation
breaks cell wall linkages and increases digestibility. Second,
ammoniation requires that hay be covered, indirectly provid-

TABLE 9.3. Effect of rain on leaf loss, leaching and enzyme metabo-
lism in alfalfa hay harvested at the bud stage of maturity

Amount of rain, centimeters

Loss 0 2.5 4.2 6.35

Leaf loss 7.6% 13.6% 16.6% 17.5%

Leaching and 2.0% 6.6% 30.1% 36.9%
enzyme metabolism

Total 9.6% 20.2% 46.6% 54.5%

Source: Adapted from Kellems and Church 1998.

ing a good storage environment. Third, ammoniation may
reduce danger from toxins (see section on tall fescue toxi-
cosis below). Ammonia can reduce the undesirable effects
of endophyte toxins, and in grain crops it has a comparable
impact on aflatoxins.

Each shipment of hay should be examined prior to ac-
ceptance. Hay quality can be evaluated initially by sight and
smell upon arrival (Morrison 1956). The hay should contain
minimal weed contamination and should not appear exces-
sively bleached; bleaching may indicate improper field drying.
Hays, especially alfalfa hay, should appear leafy, and the leaves
should not readily fall off the stems when a bale is opened.
The amount of leaf may indicate the stage of growth at the
time of cutting, but excessive leaf fall may also indicate that
the hay is too dry. A number of flowers on legume hay and
well-developed heads on grass hay may indicate late cutting
(Rohweder 1987). Stems should feel pliable; stems that feel
brittle or snap when they are bent may indicate that the hay
is too dry or that the hay was too mature at the time of cut-
ting. Excessive dustiness, a musty smell, or a choking sensa-
tion when smelled closely suggest that mold growth may be
a problem.

Even if hay is harvested and baled properly, improper stor-
age can have a significant impact on nutritional value. If hay
is exposed to moisture during storage, sufficient to cause de-
terioration, 30%-35% of the dry matter could be lost (Kel-
lems and Church 1998). If possible, hay should be stored in
a building. General recommendations include ensuring that
hay storage areas have adequate drainage, natural or fan ven-
tilation, protection from precipitation and soil moisture, and
protection from contamination by wild animals (birds, ro-
dents, and deer). If hay is stored outdoors, it should be kept
off the ground by placing it on pallets or other similar devices
to stop movement of soil moisture into the stored bales. The
hay should be covered with a tarp or plastic that is weighted
to prevent the cover blowing off.

Hay can be purchased in multiple bale shapes and sizes.
Small rectangular bales are easily stored and transported
around most zoos. Large square bales and compressed pel-
letized bales also are available. Additionally, large round bales
can be purchased and are an efficient way to feed large groups
of herbivores, but storage and handling may require special
equipment.

If the zoo has land available, it may be advantageous for
it to produce its own hay. Before proceeding, the local agri-
cultural cooperative extension agent should be contacted to
assist with selecting appropriate plant species, fertilization
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and pest management strategies, and proper harvesting tech-
niques, and estimating costs of production.

BROWSE

Browse is used as a foraging food in many institutions. It is
defined as small bushes, twigs, sprouts, herbaceous plants,
small trees, and other vegetation—including buds, twigs,
leaves, fruit, and flowers of woody plants—fed on by wild-
life. Browse used at zoos varies in type, quality, and nutrient
composition. Because some browse species contain toxins or
have characteristics that may lead to formation of indigest-
ible phytobezoars in the consumer, they must be selected and
used with care (Ensley et al. 1982; Fowler 1986; Knapka et al.
1995). Examples of the nutrient composition of some browse
species commonly used to feed captive wild mammals are
provided in table 9.4.

Providing adequate browse from late fall to early spring
can be difficult in areas where temperatures fall below freez-
ing. Drying, freezing, or ensiling can be used to provide
browse during months of low availability.

MANUFACTURED DIETS

A wide range of manufactured diets is available for feeding
captive wild herbivores. The most common form of commer-
cial herbivore diet is a pellet.

Pelleted diets. Pelleted diets are manufactured from ground
ingredients that are compressed into cylinder-shaped parti-
cles. These diets differ from extruded products in the follow-
ing ways: they may be composed of recognizable ingredient
particles, they are more dense, they are not cooked as much,
they tend to have slightly more moisture (mold inhibitors are
frequently used), their starch tends to be less digestible, and
they can be less palatable than extruded particles for carni-
vores and omnivores.

CONTEMPORARY TOPICS IN WILD MAMMAL NUTRITION

MANAGING HERBIVORES IN LARGE ENCLOSURES

Managing captive wild herbivores in large enclosures pre-
sents several important feeding husbandry challenges. Some
are highlighted below.

Pasture species selection and management. Pastures in zoo
exhibits are used as an enclosure substrate, for aesthetics pur-
poses, and as potential food. As a substrate, choice of plant
species will depend on whether the pastures can be rotated or
will be continually grazed. If the pastures will be continually
grazed, plant species such as Kentucky bluegrass, Poa praten-
sis L., or Bermuda grass are more appropriate choices, because
they will withstand the grazing pressure. Plant species such as
orchardgrass, smooth bromegrass, Bromerus inermis, and red
clover, Trifolium pretense L., cannot tolerate continual grazing
pressure. In addition, certain plant species are more tolerant of
cold or hot temperatures and humid or arid conditions.

In most cases, animals maintained on pasture will graze
in preference to consuming hay. Depending on animal spe-
cies and exhibit size, pasture plants may contribute a signifi-
cant proportion of dry-matter, energy, and nutrient intake,
even though pasture may not have been intended as all or
part of the diet.

Water sources. Adequate water sources in large exhibits are
essential. Water troughs, natural streams, or ponds may be
utilized as sources of water, although the latter should be
fenced off to prevent erosion and contamination with fecal
material. Some animal species can meet water needs from
consumption of fresh vegetation and will not consume lig-
uid water. Care must be taken during periods of drought or
limited irrigation to ensure that all animals are properly hy-
drated.

Feeding locations and access to feed. Feed troughs and hay
and browse feeders should be placed throughout exhibits in

TABLE 9.4. Nutrient composition of some browse used to feed mammals in captivity (dry-matter basis)

Dry matter ~ Crude protein ~ Crude fat Neutral detergent ~ Acid detergent  Acid lignin
(as fed) (%) (%) (%) Ash (%)  fiber (%) fiber (%) (%)
Acacia leaves (Acacia longifolia) 57.9 11.3 4.6 8.1 39.8 33.6 32.6
Alder leaves, sun cured (Alnus spp.) 85 22 6.0 5.9 — 21.0 —
Bamboo, arrow leaves (Psuedosasa japonica)  24.1 12.7 2.7 9.1 76.8 48.9 8.4
Beech (Fagus spp.) 86 12.2 25 4.8 64.7 47.6 16.8
Broad-leaf ficus leaves
(Ficus microcarpa var. “nitida”) 333 12.9 4.1 14.9 66.0 26.8 10.0
Broad-leaf ficus leaves
(Ficus microcarpa var. “nitida”) 37.8 8.8 38 16.3 30.3 26.2 8.8
Cape plumbago leaves
(Plumbago auriculata) 24.2 22.2 2.3 8.4 16.5 8.6 4.0
Curly leaf ficus leaves (Ficus benjamina) 35.9 9.7 4.1 15.3 56.7 3l.4 12.1
Mulberry, fresh (Morus spp.) 40 18.1 5.7 15.0 — — —
Waxy bush leaves (Xylosma congestum) 33.0 8.0 3.6 11.7 34.0 25.0 10.1
Willow, fresh (Salix spp.) 41 9.8 4.9 7.4 — — —

Source: Adapted from National Academies 2003 and Baer and Associates, LLC (unpublished data).
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a manner that accommodates the feeding behavior of species
herds and individuals within those herds. Mixed-species ex-
hibits may require a minimal distance between feeding sta-
tions for individual herds. While some species readily mix
during feeding, others may segregate. In addition, feeder
space should allow individuals within a herd to feed without
excessive competition.

Feeding animals with different nutrient requirements in a
single enclosure may require control of animal access to feed-
ers. When feeding specific diets or medicated feeds to single
animals or groups of animals within a large mixed-species en-
closure, elevated feeders, exclusion feeders, and creep feeders
can be used. Training groups of animals to enter a separate
feeding area is also possible.

Key concerns. Adequate nutrient intake is the primary feed-
ing husbandry concern with herbivores in large enclosures.
In most cases, pasture alone will be inadequate to meet nu-
trient requirements of every life stage. Nutrient inadequacies
can be compounded by local soil containing overly high or
low mineral concentrations. Ideally, a supplemental nutri-
ent source, such as a pelleted feed, should be formulated to
complement the pasture.

Some species preferentially graze pasture and consume
very little, if any, pelleted feed. If local soil conditions pro-
vide appropriate mineral nutrition, then the pasture may be
nutritionally adequate, but in many instances this will not be
true. These situations pose a considerable challenge. For ex-
ample, blesbok are notorious for not consuming pellets when
pasture is available. At 2 institutions, blesbok housed in large,
multispecies enclosures exhibited signs of copper deficiency,
which was attributed to a combination of low pellet consump-
tion, low copper concentration in the pasture, and excessive
molybdenum, iron, or sulfur content in the pasture and/or
water. Correcting this deficiency may require a multifacto-
rial approach and can involve changing pasture plant species,
identifying a more palatable pellet or mineral supplement,
dosing each individual with a copper bolus, or removing the
species from the multispecies enclosure.

Where adequate mineral intake is a concern, mineral
blocks formulated to provide essential salt and a balanced
supplement of trace minerals can be used. Blocks and bricks
can be obtained that are weather resistant for free-choice
feeding. Caution is urged when using mineral blocks in
mixed-species exhibits, because mineral requirements vary
with species and some animals are more susceptible to cer-
tain mineral toxicities than others (e.g. copper toxicity in
sheep).

NUTRITION-RELATED DISEASES

Bloat. Bloat is a digestive disorder characterized by an accu-
mulation of gas in the first 2 compartments of a ruminant’s
stomach (reticulo-rumen). Production of gas (primarily car-
bon dioxide and methane) is a normal result of fermentation
processes. The gas is usually discharged by belching (eruc-
tation), but if the animal is unable to remove the excess gas,
pressure builds up in the reticulo-rumen, exerting pressure
on the diaphragm and restricting breathing. The most com-
mon type of bloat is frothy bloat, where gas builds up in a

foam or froth above the rumen contents, and normal belch-
ing is inhibited.

Animals can bloat due to a variety of factors. However,
a common cause is production of gas by microorganisms
in the digestive tract. Normally, cattle are able to belch to
release the gas that is produced. Bloat is caused not by in-
creased gas production but rather the inability to release gas
via the belching process. Finely ground feeds promote foam-
ing or frothiness in the rumen, increasing the incidence of
bloat because the gases are trapped in the foam and belch-
ing is prevented. High-grain diets encourage the growth of
certain rumen bacteria that create an environment that traps
gasses. Acidic conditions in the rumen tend to stabilize the
foam. Saliva contains antifoaming agents, but saliva produc-
tion is greatly reduced on high-grain diets. All these factors
contribute to the occurrence of bloat.

Bloat also can occur on forages that are low in fiber and
high in protein but is most common on immature legume
pastures, which may contain foam-stabilizing saponins. Bloat
has been observed on alfalfa, white-clover, and red-clover
pastures. It seldom occurs on grasses (or pastures with at least
50% grass), coarser pastures, or hay. Bloat usually follows a
heavy feeding or grazing period. Animals that are hungry or
greedy feeders are most susceptible. Frost, dew, or rain on
the pasture may increase the likelihood of bloat. Bloat inci-
dence is likely to be increased during periods of rapid plant
growth, especially in the spring. When bloat is observed, ani-
mals should be offered dry hay. Walking bloated animals is
also helpful. Bloat can cause death in as little as one hour and
is believed to be caused by asphyxiation; the rumen becomes
so distended that the animal can no longer breathe.

Rumenitis. Rumenitis is an inflammation resulting from ir-
ritation of the rumen wall. It is typically a consequence of
rapid ruminal fermentation of dietary carbohydrate with
subsequent production of lactic acid and increased acidity
of the ruminal fluid, along with lack of physical stimulation
or abrasion of the rumen tissue. Diets with high levels of
carbohydrate can be a primary cause, but the texture of the
feed and method of feeding can be contributing factors. In-
creasing the amount of fiber in the diet, or feeding roughage,
provides what some term a “scratch factor,” to keep the tissue
healthy. Like acidosis, a low level of rumenitis is typical when
concentrate diets are fed. When rumenitis becomes severe,
the tissue lining the rumen wall becomes ulcerated and is
no longer effective in absorbing nutrients. When ulcers de-
velop in the rumen wall, ruminal bacteria pass through to the
blood, travel to the liver, and form abscesses. Rumenitis has
been observed with increased frequency in a herd of white-
tailed deer, Odocoileus virginianus, maintained on a high-
carbohydrate supplemental ration (Woolf and Kradel 1977).
It has been suggested that rumenitis (and acidosis) may be
associated with heat stress (Wren 2003). Clinical signs of heat
stress include salivation with open-mouth breathing. During
heat stress, ruminants continue to salivate but they do not
swallow, because they would have to close their mouth and
stop breathing; heat exchange occurs through respiration.

Magnesium deficiency (hypomagnesemia). Magnesium (Mg)
is a major intracellular cation and serves as a cofactor in over
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300 metabolic reactions (Shils 1999). It is involved in the reg-
ulation of muscle and nerve function and influences the me-
tabolism of carbohydrate, protein, fat, and nucleic acids. The
combination of Mg adenosine triphosphate (ATP) and adeny-
late cyclase forms cyclic adenosine monophosphate (cAMP),
which influences the secretion of parathormone and may
explain why magnesium deficiency sometimes results in hy-
pocalcemia as well as hypomagnesemia.

Magnesium deficiency occurs more often in ruminants
than nonruminants, particularly when grazing. Lush grow-
ing pastures tend to be low in magnesium and relatively high
in protein, potassium, and organic acids, all of which serve as
antagonists that interfere with magnesium transport across
the rumen wall, the major site of magnesium absorption
(Martens and Schweigel 2000). Nonruminants absorb most
of their magnesium from the small intestine. Although adult
ruminants also absorb magnesium from the small intestine,
magnesium absorption in this area is generally exceeded by
magnesium secretion (Greene, Webb, and Fontenot 1983).

Signs of magnesium deficiency include hyperexcitability,
muscle fasciculations, convulsions, respiratory distress, col-
lapse, and death. Plasma magnesium concentrations in defi-
cient animals are often <1.5 mg/dL (<0.65 mmol/L). Miller
et al. (2003) observed some of these signs in captive kudu,
Tragelaphus strepsiceros, eland, Taurotragus oryx, and nyala,
Tragelaphus angasii, and speculated that, in these cases, inap-
propriate concentrate feeding may have induced rumen aci-
dosis/chronic rumenitis and affected calcium-to-phosphorus
ratios and magnesium absorption.

Vitamin E deficiency. Vitamin E is a collective term used
for 8 compounds synthesized by plants and found princi-
pally as free alcohols in lipid-containing fractions of green
leaves and seeds (Sokol 1996; Chow 2000). Four are desig-
nated a-, B-, y-, and §-tocopherols (or tocols), and 4 are des-
ignated a-, B-, y-, and §-tocotrienols. Of the various isomers,
RRR-a-tocopherol (formerly D-a-tocopherol) has the highest
biological activity in preventing fetal resorption in rats. The
biological ranking of the tocopherols and tocotrienols as anti-
oxidants is based on their ability to scavenge peroxyl radicals.
Selenium (Se) also fulfills an antioxidant role, particularly as
a component of glutathione peroxidases (GSHPx). Selenium
and vitamin E each have unique metabolic roles, and the fac-
tors that alter the oxidative state of an animal may differen-
tially affect their dietary needs.

Grains are generally low in RRR-a-tocopherol, and when
stored for extensive periods much is lost, particularly from
high-moisture or acid-treated grains (Mahan 2000). Although
some seed oils have a relatively high tocopherol concentra-
tion, much of that in corn and soybean oils is y-tocopherol.
Young growing forages have relatively high a-tocopherol con-
centrations, but this declines with maturity, cutting and cur-
ing for hay, and during storage.

A deficiency of vitamin E may result in necrotizing myo-
pathy of skeletal and cardiac muscle, placental blood vessel
pathology with fetal death and resorption, degeneration of
testicular epithelium, gastric ulceration, cataracts, retinal de-
generation, encephalomalacia, erythrocyte hemolysis, and
impaired immune function. Captive white-tailed deer, Odo-
coileus virginianus, were protected against white muscle dis-

ease, and mortality of fawns was reduced when diets con-
taining about 5 mg a-tocopherol/kg were supplemented with
45 mg all-rac-a-tocopheryl acetate/kg (Brady et al. 1978).
Muscular dystrophy in wild Hunter’s hartebeest, Beatragus
hunteri, following capture was indistinguishable from white
muscle disease in vitamin E-deficient cattle (Jarrett et al.
1964), and so-called capture myopathy has been observed in
gemsbok, Oryx gazella (see Ebedes 1969), hartebeest, Alcela-
phus buselaphus (see Young 1966), and other African animals
(Basson et al. 1971). Reproducing cattle exhibit an increased
incidence of retained placentas and mastitis, and reproduc-
ing swine frequently exhibit mastitis, metritis, and agalactia
(Mahan 2000; NRC 2001). Because a-tocopherol does not
effectively cross the maternal-fetal barrier, the neonate has
low tissue tocopherol levels; therefore, consumption of rela-
tively tocopherol-rich colostrum is important for postnatal
welfare (Mahan 2000).

Certain toxins, high dietary levels of polyunsaturated fatty
acids, large excesses of dietary iron, extremes in environ-
mental temperature, intense physical activity, and infectious
diseases tend to increase oxidant stress. Collectively or indi-
vidually, these factors influence the accumulation of reactive
oxygen species and increase the dietary requirement for vi-
tamin E (Surai 2002).

Sources of vitamin E. The principal commercial dietary
vitamin E sources are the acetate or hydrogen succinate es-
ters of all-rac-a-tocopherol (formerly D, L-a-tocopherol) or
of RRR-a-tocopherol. These compounds are more stable in
mixed feeds than free tocopherol (Mahan 2000).

RRR-a-tocopheryl polyethylene glycol 1000 succinate
(TPGS) is a waxy solid that is water miscible. Because it has
both hydrophilic and lipophilic characteristics, its absorp-
tion from the gut does not require bile salts. Thus, it has been
proposed that humans with cholestasis, and perhaps some
animal species, may be better able to derive their vitamin E
needs from this source than from fat-soluble tocopherols or
tocopheryl esters. Papas et al. (1990) reported major differ-
ences between species in serum or plasma concentrations
of a-tocopherol following equimolar oral administration of
various vitamin E forms, with TPGS producing the greatest
short-term responses in Asian and African elephants and
black rhinoceroses. TPGS produced no greater long-term
plasma a-tocopherol concentration in horses than did RRR-
a-tocopheryl acetate. Howard et al. (1990) made the same ob-
servation in horses, and found oral TPGS resulted in much
lower plasma a-tocopherol concentrations than did RRR-a-
tocopheryl acetate in white-tailed deer.

Tall fescue toxicosis. Fescue is a pasture forage that is some-
times used to feed captive wild herbivores. It is insect and
nematode resistant, is soil and weather tolerant, and has a
long growing season. Despite its advantages, some tall fescue
cultivars can be infected with a fungal endophyte, Neotypho-
dium coenophialum (formerly called Acremonium coenophi-
alum), that is toxic to animals. Toxins that are produced by
the endophyte create a number of problems for herbivores.
Animals do not gain and can lose body weight despite con-
stant grazing. They also experience reproductive problems
such as low conception rates and poor offspring survival. In
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addition, cattle grazing infected tall fescue have elevated body
temperatures and declines in blood flow to the extremities,
causing “fescue foot” and other signs. Potential problems also
have been reported in exotic ruminants such as Thomson’s
gazelles and impala grazing on fescue (Ballance et al. 2005).

Presently there is no cure for tall fescue toxicosis. Al-
though endophyte-free tall fescue cultivars are available, it
might not be feasible or cost effective to use them. There
are several other management options aimed at limiting the
amount of toxin ingested by animals to reduce potential for
toxicosis. Rotation of grazing animals to other pastures will
reduce exposure. Other options involve management of toxic
tall fescue pastures by interseeding other forages that can di-
lute the toxins, such as red clover, lespedeza, or alfalfa. Sup-
plementing animal diets with alternative sources of fiber or
carbohydrate at rates that do not impact fiber digestion can
reduce toxic effects of endophyte on ruminants. Finally, am-
moniation of hay can reduce effects of endophyte toxins. Am-
moniation of toxic fescue has been reported to increase daily
gains and prolactin levels in cattle by at least 50%.

Enterolithiasis. Enteroliths are stones, concretions, or cal-
culi that are formed in the intestine and result in a condi-
tion called enterolithiasis (Hassel, Schiffman, and Snyder
2001). Concerns arise when enteroliths cause a blockage, re-
sulting in colic and potentially death. Enteroliths are com-
mon in domestic horses (Hassel, Schiffman, and Snyder
2001), and have been observed in Przewalski’s horses (Gaff-
ney, Bray, and Edwards 1999), zebras (McDuffee et al. 1994),
eastern kiangs (Gaffney, Bray, and Edwards 1999), Somali
wild asses, and tapirs (Murphy et al. 1997). Among domestic
horses, Arabian and Arabian-cross horses and quarter horses
appear to be the breeds most commonly affected (Hassel
et al. 1999).

Factors that result in a large-intestine environment with
increased mineral content, alkaline pH (>7), and exposure
to a nidus (foreign material) contribute to enterolith forma-
tion (Hassel et al. 1999). Although struvite crystals (mag-
nesium ammonium phosphate [Mg(NH,)(PO,)-6H,0]) are
the most commonly found enteroliths in equids, vivianite
(Fe,[PO,],-8H,0) and newberyite (MgH[PO,]-3H,) contain-
ing enteroliths were found in tapirs (Murphy et al. 1997).

Dietary factors that contribute to struvite enterolith for-
mation include an excessive amount of free ammonia as a
result of digestion of high-protein feeds and high dietary con-
centrations of magnesium and phosphorus (Hassel, Schift-
man, and Snyder 2001). Alfalfa hay is a dietary concern, be-
cause 99% of horses with enteroliths were offered diets of at
least 50% alfalfa hay (on a dry-matter basis) in a retrospec-
tive study of cases in California (Hassel et al. 1999). In the
southwestern United States and other areas of North America,
alfalfa hay is a source of high protein and high magnesium
due to high soil magnesium concentrations (ibid.). The ex-
cess free ammonia combines with phosphorus and magne-
sium and binds to a nidus (foreign material), which initiates
enterolith formation (Hassel, Schiffman, and Snyder 2001).
Feeding wheat bran has also been implicated in promotion
of enterolith formation in domestic equids due to its high
magnesium and phosphorus content (Hassel et al. 1999). Al-
though phosphorus is a component of struvite enteroliths, ex-

cess dietary phosphorus does not appear to be a contributing
factor (Lloyd et al. 1987). Water mineral content and pH also
may play a role in enterolith formation (Hassel et al. 1999).
Gaffney, Bray, and Edwards (1999) found an increased inci-
dence of enteroliths in exotic equids maintained in exhibits
that had alkaline water (pH > 7.5).

Some preventive measures to reduce the potential for en-
terolith formation include reducing dietary protein and mag-
nesium concentrations and ensuring that sources of water
are not high in pH or magnesium. In addition, some evi-
dence suggests that the addition of apple cider vinegar to
the diet might decrease the pH of the large intestine, mak-
ing the environment unfavorable for enterolith formation
(Hintz et al. 1989).

Urolithiasis. Urolithiasis is a general term for the presence
of aggregates of mineral crystals that have precipitated from
urine and formed macroscopically visible uroliths (calculi
or stones) within the urinary tract. They generally have an
organic matrix, constituting less than 10% of total dry mass,
with the remainder composed of mineral matter. The urolith
minerals identified in various animal species include struvite
(magnesium ammonium phosphate hexahydrate), whewellite
(calcium oxalate monohydrate), weddellite (calcium oxalate
dihydrate), hydroxyl apatite, urate, ammonium urate, sodium
urate, cystine, silica, and xanthine. More than one crystal type
can be found in some uroliths, with the core corresponding to
the urinary conditions prevailing when the urolith was first
formed, and the outer layers corresponding to more recent
conditions favoring further growth. Solute concentrations,
urine pH, urinary tract infections, urine volume, frequency
of urination, genetics, and other factors may influence urolith
development. Clinical signs are seldom seen until the crystal-
line aggregates are large enough to interfere with urine flow
or irritate the urinary tract mucosa. Subsequently, dysuria,
hematuria, flank or renal pain, and other signs may be seen,
depending on species and the location and degree of obstruc-
tion (Kahn and Line 2005).

Urolithiasis in domestic ruminants is considered pri-
marily a nutritional disease, seen most often in young ani-
mals castrated at an early age and fed high-grain diets that
either have an approximate 1:1 calcium-to-phosphorus ratio
or are high in magnesium. Those fed high-grain diets with
low calcium-to-phosphorus ratios are most likely to develop
struvite uroliths, whereas those grazing silica-rich forages
are predisposed to silica uroliths. Ruminants grazing plants
high in calcium relative to phosphorus may develop calcium
carbonate uroliths, whereas oxalate-rich forages may lead
to calcium oxalate uroliths. Calcium carbonate and calcium
oxalate uroliths have been reported in cervids (Reynolds
1982). Calcium oxalate uroliths also have been reported in
4 species of macropods (Macropus rufus, Macropus fulgino-
sus, Macropus rufogriseus banksianus, and Macropus gigan-
teus giganteus) (Bryant and Rose 2003). Uroliths in a young
llama, Lama glama, were found to be 90% hydroxyl apatite
and 10% struvite (Kock and Fowler 1982). Limited water sup-
plies are predisposing.

Uroliths in equids are not common but are seen most often
in adults and in males rather than females. Calcium carbon-
ate uroliths are most frequent; struvite uroliths are seen oc-
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casionally. Equine urine tends to be alkaline and has high
mineral and mucoprotein concentrations, favoring urolith
formation. Rabbit urine is similar, and calcium carbonate
and triple-phosphate crystals may precipitate and obstruct
the urinary tract when high-calcium diets are fed and water
intake is limited.

Obstructive urolithiasis has been reported in a 12-year-
old male reticulated giraffe, Giraffa camelopardalis reticu-
lata, by Wolfe, Sladky, and Loomis (2000). The urolith was
determined to have a core of magnesium calcium phosphate
with a shell of struvite. The reported diet included a com-
mercial pelleted diet (marketed for browsers), free-choice
alfalfa hay, and a mineral block of uncharacterized compo-
sition. The “concentrate” (presumably the pellet) was said to
contain 1.07% calcium and 0.74% phosphorus. A further re-
port by Wolfe (2003) stated that uroliths found in other cap-
tive giraftes appeared to be composed primarily of calcium
phosphate and struvite. Although an attempt was made to
identify dietary features that might lead to this problem, the
conclusions were largely speculative.

CARNIVORE NUTRITION

Carnivores are defined by the fact that they eat other ani-
mals or animal products. They represent a relatively small
portion of the animal kingdom and are animals with body
sizes spanning 3 orders of magnitude. Carnivores have spe-
cialized features (dentition and claws) to secure and eat prey.
They also have digestive enzymes that break down protein
into amino acids, which can then be absorbed through the
intestinal wall. Unlike herbivores, carnivores have no need
for special gut development that allows for fermentation. It is
important to note that many animals considered carnivores
are not truly carnivorous. Examples are the maned wolf and
many bear species, which consume a diet more distinctive
of omnivores.

The majority of terrestrial carnivores feed on invertebrates
and small vertebrates or on large vertebrates (Carbone et al.
1999). Small carnivores feed predominantly on invertebrates,
and intake rates of invertebrate feeders are low (about one-
tenth of those of vertebrate feeders). Small carnivores can
subsist on this diet because of low absolute energy require-
ments; however, invertebrate feeding appears to be inade-
quate for larger carnivores.

Many carnivores are obligate carnivores, which means
they obtain nutrients from animal matter because they can-
not obtain the nutrients that they need from plants and bac-
teria. Obligate carnivores such as cats lack the enzyme needed
to metabolize carotene, obtained from plants, into vitamin
A. These animals obtain their vitamin A from the liver of
their prey. Obligate carnivores are also unable to synthesize
some fatty acids.

Strict carnivores like cats cannot handle a varied diet like
omnivores and herbivores. For example, the inability to syn-
thesize sufficient vitamin A from carotene, ornithine from
glutamic acid, arachidonate from linoleate, and taurine from
cysteine is a result of complete deletion or severe limitation
of the enzyme or pathway that makes each nutrient (Mac-
Donald, Rogers, and Morris 1984). The cat’s requirement for
niacin and its relatively high dietary protein requirement ap-

pear to result from its high enzymatic activity and because
it cannot change the quantities or activities of enzymes in-
volved in the metabolic pathways. This evolutionary develop-
ment has resulted in more-stringent nutrient requirements
for cats than for omnivores. This pattern may also be com-
mon among other strict carnivores (ibid.).

FOODS AND FEEDING CONSIDERATIONS FOR
CAPTIVE MAMMALIAN CARNIVORES

The form of diet is an important consideration for carnivores,
because it can affect acceptability. Various forms of carnivore
diets are available commercially. Each has its advantages and
disadvantages.

Meat-based diets. Meat-based diets are commonly fed to cap-
tive mammalian carnivores. A primary ingredient in this type
of diet is muscle. In and of itself, muscle is not properly bal-
anced to meet the nutrient requirements of carnivores, and
there have been many reports of diseases (e.g. rickets) associ-
ated with the use of muscle as the sole dietary component. In
general, muscle is deficient in calcium and not appropriately
balanced in several other essential nutrients.

In order to correct the inherent nutrient deficiencies of
muscle when used as a food for mammalian carnivores, it
is possible to supplement muscle with appropriate vitamins
and minerals to achieve a nutritionally complete diet. This
approach has been used successfully for many years. In some
cases, it may not be practical to provide a nutritionally com-
plete diet. In these cases, muscle meat supplemented with a
multivitamin and mineral product is sufficient.

It is common practice to skip a day of feeding for large cats.
This historical practice is presumably based on the observa-
tion that these large carnivores are sporadic eaters in their
wild habitat. There are no reported data on the nutritional
consequences of this practice in captivity.

Issues relating to safety and handling of meat-based diets
are discussed later in the text (see Hancocks, chap. 11, this
volume).

Manufactured meat-based diets. Manufactured meat-based
diets comprise a variety of raw animal components (usually
muscle, organs, and fat) supplemented with various other
ingredients, such as vitamins and minerals (Lintzenich et al.
2006). Raw meat-based diets are highly perishable, which is
why most of these diets are frozen. Proper handling—at the
time of manufacture, during storage and thawing, and before
feeding the thawed product—is critical to minimize the de-
gree of microbial contamination.

It is not uncommon to find inconsistencies in the nutri-
ent composition of manufactured meat-based diets. Varia-
tions in the amounts of muscle and organ tissue used in the
mixes and their inherent variability in composition can lead
to significant differences in nutrient profile. Diets that con-
tain appreciable quantities of organ tissue tend to have greater
nutrient variability than diets that contain large quantities
of muscle.

While manufactured (e.g. extruded) diets are readily avail-
able for dogs and cats, these products have been used for
larger carnivores (e.g. bears, large cats) with limited success.
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While these diets may be palatable for smaller animals, ac-
ceptability by large cats generally has been poor.

Nutritionally complete, meat-based diets have been re-
ported to exacerbate oral health problems of large carnivores.
These products tend to be soft and sticky, adhere to the teeth,
and promote accumulation of plaque and calculus. Multi-
plication of pathogenic oral bacteria in this medium favors
development of gum disease (gingivitis). Offering knuckle-
bones at least twice weekly is efficacious in reducing plaque
and calculus buildup. It is important that the bones contain
enough attached meat to stimulate their use.

Gel diets. Gel diets are high-moisture products formed with
either a protein or a carbohydrate gel matrix containing a
fixed set of nutrients. These diets have the advantages of nu-
tritional flexibility and palatability. Gels have the same dis-
advantages as do other wet diets; they are highly perishable.
Gel diets have been used for bears and may be particularly
useful as treats or to provide medication.

Whole prey. Whole-prey animals that are properly managed
before being fed can be acceptable and complete sources of
nutrients for carnivores that eat prey as part or all of their diet.
Rodents, lagomorphs, poultry, and fish are the most common
whole vertebrate prey, although lizards, snakes, and inverte-
brates also are fed. Unlike invertebrates, vertebrate prey com-
position is similar across species and more commonly reflects
the nutrient needs of the consumer. Nevertheless, both ver-
tebrates and invertebrates must be appropriately handled to
maintain their nutritional integrity.

Mice and rats of various ages are suitable food for many
mammalian carnivores. When properly handled, these prey
items can meet the nutrient needs of the predator. In general,
body composition changes over time, with younger animals
(pinkies and pups) having a greater proportion of water and
protein than older animals (table 9.5). As animals age, there
is a reduction in the lean body mass and a concomitant in-
crease in body fat.

Fish. As with other vertebrate prey items, fish can be a
nutritionally complete source of food for many piscivorous
captive mammals. Animals fed diets that are solely or pri-
marily fish are typically provided dead fish that have been
frozen. Providing fish can lead to logistical and nutritional
challenges. Generally, diets that consist of a single species
of fish are unlikely to provide appropriate composition and
levels of all nutrients. Similarly, a single diet will not serve all
piscivorous mammals’ needs. Proper storage and handling of
fish are particularly important in maintaining quality. Storage
and thawing of frozen fish should be monitored carefully to
reduce deterioration of their nutritional value through oxida-
tion of amino acids and unsaturated lipids. A detailed discus-

TABLE 9.5. Average nutrient composition of pinkie mice (dry-matter
basis)

Nutrient Pinkie mouse
Dry matter (%) 24.2
Crude protein (%) 60.8
Crude fat (%) 22.4
Total carbohydrate (%) 6.7
Ash (%) 10.0
Calcium (%) 2.98
Phosphorus (%) 1.68
Sodium (%) 0.48
Magnesium (%) 0.10
Potassium (%) 1.01
Iron (ppm) 387
Copper (ppm) 24.0
Zinc (ppm) 85

Source: Baer and Associates, LLC (unpublished data).

sion of quality standards is provided in a subsequent chapter
(see Henry, Maslanka, and Slifka, chap. 10, this volume).

Insects. Feeding invertebrates to mammals in captivity
creates a common and interesting nutritional problem, which
can be easy to correct. The exoskeleton of invertebrates that
are generally fed to captive mammals is much different from
the endoskeleton of mammals. A major mineral constituent
of the mammalian endoskeleton is calcium. Dietary calcium
is essential for proper bone formation in mammals as well
as for many other physiological functions. The exoskeleton
of insects contains a very low concentration of calcium, as
does the whole insect body (table 9.6). Thus, when insects
are fed to mammals, the amount of calcium (and other nu-
trients) is too low to meet nutritional requirements. Bone
abnormalities (e.g. osteomalacia and rickets) are a common
consequence of feeding insects to mammals. Dusting insects
with calcium salts (e.g. calcium carbonate) has been one ap-
proach used to increase their calcium content. However, this
approach is not the most efficacious. Gut-loading calcium is
more consistently effective. Gut-loading is accomplished by
adding a relatively high concentration of calcium (and other
nutrients) to the diet of the insect. After 2 to 3 days of feeding
this diet to the insects, the nutrients in their gastrointestinal
tract are of a sufficient concentration to correct the inherent
deficiency of the insect body. Thus, a nutritionally complete
and appropriately balanced nutrient “package” is available
for consumption.

One notable exception among commonly used inverte-
brates is the earthworm. In circumstances where earthworms
are consuming calcium-rich soils, the calcium content of the

TABLE 9.6. Nutrient composition of crickets and crickets fed a complete insect diet (dry-matter) basis

Dry matter (%)  Crude protein (%) Crude fat (%) Total carbohydrate (%) Ash (%) Calcium (%) Phosphorus (%)
Crickets 31.0 64.9 13.8 15.6 5.7 0.14 0.99
Crickets, complete diet ~ 30.3 65.2 12.6 124 9.8 0.90 0.92

Source: Baer and Associates, LLC (unpublished data).
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whole earthworm may be sufficient to meet the calcium re-
quirement of mammalian species.

Another notable variation in insect composition is that
of fat. The fat content of several commonly used inverte-
brates differs widely. Waxworms tend to contain the great-
est amount of fat, whereas crickets tend to contain the least
amount. If managing the body weight or condition of a mam-
malian species is a goal, then altering the type of inverte-
brate used for feeding may be helpful in achieving a desir-
able body weight.

NUTRITION-RELATED DISEASES

Urolithiasis. Urolithiasis is described earlier in this chapter
(see under the “Nutrition-Related Diseases” heading of the
Herbivore Nutrition section). The most common uroliths
in domestic canids are struvite, calcium oxalate, and urate;
cystine, silica, calcium phosphate, and xanthine are less com-
mon. Prevention of struvite uroliths requires control of uri-
nary infections, and reduction of urinary magnesium, phos-
phate, and pH (struvite is more soluble at < pH 6.5) with
diet. Several breeds of dogs show a genetic predisposition to
calcium oxalate stones, and diets that are lower than average
in oxalate, protein, and sodium and that maintain urine pH
at 6.5-7.5 appear to be helpful. The incidence of ammonium
urate stones in dogs with this predisposition is reduced by
feeding lower-protein, lower-purine diets, thus decreasing
urinary ammonium and urate output to levels unlikely to
induce flocculation. Cystine uroliths form in dogs that have
a defect in renal tubular reabsorption of cystine and certain
other basic amino acids. The poor solubility of cystine in
acidic urine leads to cystine crystalluria and urolithiasis. This
appears to be an inherited problem in some breeds of dogs,
with clinical signs primarily in males. Prevention involves di-
etary protein reductions and urinary alkalinization. (See also
the discussion of cystinuria in maned wolves below, under the
Cystinuria heading of the Omnivore Nutrition section.) Silica
stones are occasionally seen in older dogs of many breeds,
although the role of diet is unclear. Since plants often con-
tain abundant concentrations of silica, prevention involves
reduction of plant protein sources, induction of diuresis, and
treatment of urinary tract infections, if present.

The most common uroliths in domestic felids are calcium
oxalate and struvite. Magnesium may inhibit calcium ox-
alate formation; thus, the reduction of magnesium in urine-
acidifying diets used to prevent struvite urolithiasis may
result in some increase in calcium oxalate uroliths. Struvite
uroliths tend to be one of 3 types: amorphous uroliths with
unusually large amounts of organic matrix, sterile uroliths
associated with dietary ingredients that tend to be urine al-
kalizing, and uroliths associated with urinary tract infections
by urease-producing bacteria.

Urolithiasis has been reported in several species of mus-
telids (Petrini et al. 1996). Struvite is the most common type
in mink and ferrets, and a narrow or slightly inverse dietary-
calcium-to-phosphorus ratio may be helpful in prevention
(Edfors, Ullrey, and Aulerich 1989). Uroliths reported in
Asian small-clawed otters, Aonyx cinerea, are primarily cal-
cium oxalate or urates (Calle 1987; Petrini et al. 1996). Bi-
lateral uric acid nephrolithiasis has been reported in a free-

ranging river otter, Lontra canadensis, from the Skagit River
of western Washington (Grove et al. 2003).

Taurine deficiency. Taurine is involved in fetal development,
growth, reproduction, neuromodulation, sight, hearing, car-
diac function, osmoregulation, disease resistance, and excre-
tion of bile acids (Huxtable 1992). This amino acid is found in
liberal quantities in the tissues of fish, birds, and small rodents
but is rare in plants. The domestic cat has been shown to re-
quire taurine in its diet (Hayes, Carey, and Schmidt 1975), as
has the fox (Moise et al. 1991). Deficiency signs appear when
taurine is not supplied in adequate amounts. Most domes-
tic dogs appear to be able to synthesize taurine from sulfur
amino acids, assuming dietary concentrations are sufficient
and bioavailable (Backus et al. 2003). There are breed differ-
ences in this regard, and some breeds of dogs have exhibited
clinical signs of taurine deficiency, including dilated cardio-
myopathy, bilaterally symmetrical hyperreflective retinal le-
sions (similar to feline central retinal degeneration), and poor
reproduction (NRC 2006).

Dilated cardiomyopathy with clinical signs of progres-
sive exercise intolerance and dyspnea, apparently associated
with taurine deficiency, also has been reported in giant ant-
eaters, Myrmecophaga tridactyla, fed a commercial dog diet
(Wilson et al. 2003). Maned wolves, Chrysocyon brachyurus,
fed diets limited in protein and sulfur-amino acids exhibited
plasma taurine levels more than 20 times less than the normal
canine reference range (60-120 nmol/ml) (Childs-Sanford
and Angel 2004). Taurine deficiency has not been confirmed
in bears, but necropsy reports on captive animals include
some signs generally consistent with such a deficiency (Griner
1983).

Because dog diets are commonly fed to omnivorous bears,
inadequate concentrations of taurine and/or biologically
available sulfur amino acids may limit reproductive success,
lessen disease resistance, impair visual and auditory acuity,
and damage the heart. If individuals within the single dog
species differ in their ability to synthesize taurine, it is pos-
sible that such differences might exist among species of bears.
The hepatic enzymes required to metabolically convert sulfur
amino acids to taurine are cysteine dioxygenase and cysteine
sulfinic acid decarboxylase. It is presumed that this metabolic
ability is unnecessary or largely has been lost in the cat and
polar bear because dietary supplies of preformed taurine in
wild prey are adequate. The more omnivorous diet of the dog
and diets of omnivorous and herbivorous bears are likely to
be limiting in taurine; thus, the ability to synthesize this com-
pound from an adequate supply of dietary precursors may
be critical, or alternatively, taurine may be required in the
diet.

Thiamin deficiency. Lions, Panthera leo, fed diets of beef
muscle supplemented only with calcium may exhibit signs
of thiamin deficiency (Tanwar and Mittal 1984; DiGesualdo,
Hoover, and Lorenz 2005). These include anorexia, along with
episodic ataxia, weakness, recumbency, tonic-clonic move-
ments of the front limbs, and convulsions. A lion exhibiting
these signs had a measured whole blood thiamin concentra-
tion of 11 nmol/L, compared with a reference range of 59-226
nmol/L for domestic cats and a mean + standard deviation
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of 249 + 43.5 (range 160-350) nmol/L for 22 adult African
lions fed presumably adequate diets in 10 North American
zoos (Hoover and DiGesualdo 2005). The clinical signs re-
solved completely after 9 days on a nutritionally complete
diet and administration of an oral thiamin supplement (3
mg/kg body weight/day).

Vitamin D and metabolic bone diseases. Solar irradiation
may be responsible for the presence of vitamin D in forms
of life from phytoplankton to humans (Holick 1989). Provi-
tamin D,, ergosterol, in molds, yeasts, senescent lower leaves
of growing plants, and sun-dried cut forage is converted to
vitamin D, by UVB irradiation. Provitamin D,, 7-dehydro-
cholesterol, in the malpighian layer of the epidermis of human
skin is converted to previtamin D, by UV irradiation in the
range of 290-315 nm, with maximum conversion at 297 + 3
nm (Holick et al. 1982).

Vitamin D,, formed in the skin, is bound to D-binding
protein (DBP), enters the circulation, and is transported to
the liver, where it is converted to 25-hydroxycholecalciferol
(25[OH]D; calcidiol). From there, 25[OH]D, is transported to
the kidney, where it is converted to the principal active form,
1a,25-dihydroxycholecalciferol (1,25[OH],D,; calcitriol), or to
24,25-dihydroxycholecalciferol (24,25[OH],D,). If vitamin
D, or vitamin D, are present in the diet, absorption has been
shown to occur in the small intestine of rats, chicks, and cer-
tain primates, and is stimulated by bile acids and fat. Most
of the absorbed vitamin D is associated with chylomicrons
in the lymph, is transferred to DBP in the blood, and enters
the metabolic pathways described above. Absorbed vitamin
D, is ultimately converted to 1,25[OH],D,, whereas absorbed
vitamin D, is converted to la,25-dihydroxyergocalciferol
(1,25[OH],D,; ercalcitriol) or to 24,25-dihydroxyergocalcif-
erol (24,25[OH],D,). However, there are species differences
in the absorption and metabolism of vitamins D,and D,, and
some species may not easily absorb orally presented vitamin
D in either form.

Nutritional and metabolic bone diseases are common
problems in many zoo animals, but identification of their
cause may be quite difficult. When carnivores are fed muscle
meat without bone, calcium intakes will be deficient, calcium-
to-phosphorus ratios will be markedly inverse (approximately
1:20), and nutritional secondary hyperparathyroidism may
result. Excessive vitamin A intakes from the consumption
of liver may interfere with vitamin D metabolism, exagger-
ate bone remodeling, and increase the severity of skeletal
changes.

There is developing evidence that some carnivores may
have limited ability to use UVB light for cutaneous biogen-
esis of vitamin D. Skin from domestic dogs and cats had low
concentrations of 7-dehydrocholesterol (10% that of rat skin),
and UVB irradiation produced no cutaneous increases in vi-
tamin D, concentration, compared with a 40-fold increase in
rat skin (How, Hazewinkel, and Mol 1994). This and previous
studies with intact dogs indicate that, unlike herbivores and
omnivores, dogs and cats are unable to synthesize sufficient
vitamin D in the skin and are dependent on a dietary source.
Thus, for these species and perhaps some of their relatives,
vitamin D fulfills the traditional definition of an essential nu-
trient rather than that of a hormone.

Oral disease. Large felines use their oral structures (mouth,
teeth, tongue) to obtain and consume food in the wild much
differently from the way they use them as they are fed and
consume food in captivity. Although zoos cannot re-create
a completely natural existence, there are points at which na-
ture’s ways can guide management in improving the qual-
ity of life for zoo animals (Lindburg 1988). Providing an ad-
equate diet with appropriate nutrients can sometimes lead
to a diet that ignores nonnutritive requirements to maintain
oral health. Substitute activities, oral health in relation to food
texture, and the psychological aspects of feeding have been
reviewed (ibid.).

OMNIVORE NUTRITION

Omnivores are species whose teeth and digestive system are
designed to eat a relatively concentrated diet of plant and ani-
mal matter, since unlike herbivores, they have no large sac or
chamber for the fermentation of fibrous material. They are
able to chew and digest meat; however, they do not have an
absolute requirement for it unless there is no other practi-
cal source of vitamin B, (cobalamin). Examples of omnivo-
rous mammals include swine, skunks, coatimundis, raccoons,
hedgehogs, many primates, and many bears. The lifestyle of
many of these animals in their natural habitat necessitates a
diet that is seasonally dependent. For example, animal dietary
components are consumed certain times of the year, while
plant components are consumed during other parts of the
year, depending on when the food is plentiful.

FOODS AND FEEDING CONSIDERATIONS FOR
CAPTIVE MAMMALIAN OMNIVORES

Manufactured diets. As with carnivore diets, there is a wide
variety of diets manufactured for omnivores. Most of the com-
mercially manufactured diets are delivered in an extruded
form. In addition to commercial diets, domestic produce and
browse are often used to augment captive omnivore diets.

Extruded diets. Extruded diets are manufactured using a
technology that employs steam, compression, and friction to
quickly pressure-cook the food. Most commercial pet foods
are extruded products. Extruded diets are available in vari-
ous sizes and shapes. They are typically less than 11% mois-
ture, which allows for an extended shelf life.

Produce. Some of the highest food expenditures for insti-
tutions that maintain wild mammals are for produce (fruit
and vegetables). These expenditures reflect the fact that fruit
and vegetables have evolved to be a major dietary ingredient
for many small mammal and primate diets.

The most commonly fed domestic produce items in zoos
throughout the world are fruit, including apples and bananas,
and vegetables, including potatoes, carrots, and leafy greens.
Annual apple use alone can be greater than 9900 kg per year
in a single institution. In 2002, the annual budget for apples
in USS. institutions holding captive wild animals reportedly
ranged from $4000 to $11,000 (Crissey 2002).

An important point to consider when feeding produce is
that the domestic varieties fed in zoos and other institutions
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TABLE 9.7. Fiber composition of wild and domestic fruit consumed
by mammals in their natural habitat and in captivity

Fiber (NDF) Domestic
content of wild  fruit typically ~ Fiber (NDF)
fruit consumed  fed inU.S. content of fruit
Species (% dry matter)  facilities (% of dry matter)
Alouatta palliata ~ 50.8 Banana 5.4
Alouatta seniculus ~ 53.8 Orange 18.1
Macaca fuscata 41.8 Apple 12.6
Papio anubis 37.2 Grape 8.5
Procolobus badius ~ 62.2 Strawberry 225
Gorilla gorilla 33.7-64.6 — —
Average 49.2 — 13.4

Source: USDA National Nutrient Database for Standard Reference, Release 22; and
Baer and Associates, LLC (unpublished data).
Note: NDF denotes neutral detergent fiber.

are very different in nutrient composition from the fruit and
vegetables eaten in the wild (table 9.7). Although the intent is
to mimic wild diets and feeding behavior, feeding cultivated
fruit to captive mammals bears little similarity to the natural
diet and in many instances, if not used appropriately, can in-
troduce nutrient imbalances. Comprehensive analytical data
on nutrient composition of cultivated fruit are maintained
by the U.S. Department of Agriculture and can be accessed
through the Agricultural Research Service’s USDA National
Nutrient Database for Standard Reference, Release 22, Nu-
trient Data Laboratory Home Page, www.ars.usda.gov/ba/
bhnre/ndl.

Browse. Food and foraging for food are important for the
psychological well-being of captive wild mammals. Food and
nonfood items can be used in ways that stimulate natural
feeding behaviors, extend feeding activity, and inhibit ste-
reotypy (Knapka et al. 1995). Foraging enrichment can be
used to disperse animals, occupy their time, and reduce ten-
sion and aggressive interactions (Boccia 1989) (see the de-
tailed discussion of browse in the Herbivore Nutrition section
above).

NUTRITION-RELATED DISEASES

Cardiovascular disease. Cardiovascular disease has been re-
ported extensively in captive mammalian omnivores, is a
general concern in captive primates, and has been identi-
fied as a significant cause of death in captive gorillas spe-
cifically (Allchurch 1993; Schulman et al. 1995; Miller et al.
1999). Hypertension, which can be related to diet, has been
suspected in many deaths related to cardiovascular disease.
While many dietary, behavioral, and genetic factors may ini-
tiate or influence the progression of cardiovascular disease,
hypercholesterolemia is a major factor, as is the amount and/
or character of fat in the diet. Primates on long-term hyper-
cholesterolemic diets will develop coronary artery athero-
sclerosis. Many species of nonhuman primates have a diet-
related susceptibility to atherosclerosis (National Acade-
mies 2003).

As with humans, the central obesity that occurs spon-

taneously in rhesus monkeys appears to confer increased
cardiovascular-disease risk. Plasma cholesterol, triglycer-
ides, and lipoproteins also play a role in cardiovascular dis-
ease. In obese insulin-resistant rhesus monkeys, an increase
in plasma concentration of very-low-density lipoprotein cho-
lesterol and triglycerides and a decrease in high-density lipo-
protein cholesterol increase the risk of coronary heart disease
(Hannah et al. 1991).

Converse to the contributions that obesity makes to car-
diovascular disease, dietary restriction (undernutrition with-
out malnutrition) appears to decrease risk of heart disease.
In addition, dietary restriction has been shown to increase
longevity (Lane et al. 1995a, 1995b).

Diabetes. Captive omnivores, specifically apes, can develop
diabetes. Many primates (e.g. orangutans, and rhesus and
Diana monkeys) have a propensity to become obese and to
develop diabetes (Gresl, Baum, and Kemnitz 2000). In some
instances, dietary intervention can be a useful means to con-
trol blood sugar, especially for type 2 diabetes (previously
referred to as non-insulin-dependent diabetes mellitus or
adult-onset diabetes). In type 2 diabetes, the body produces
insulin (and sometimes in very high concentrations), but the
cells are resistant to the insulin’s intended action (to move
sugar from the blood into the cells); consequently, the sugar
concentrates in the blood. Sugar is lost through the urine,
which is the clinical basis for the diagnosis of diabetes, when
blood sugar becomes sufficiently high. In addition, the high
blood-sugar concentration can have serious effects on many
physiological functions and systems, particularly those re-
lated to the cardiovascular system, renal system, and eyes.

Historically, avoidance of sugar and foods high in sugar
(including fruit) was the recommended approach to control
diabetics. More recently, a goal to control diabetes has shifted
away from avoiding sugar to eating foods that minimize the
insulin response, known as the glycemic index. A method re-
lated to glycemic index for evaluating foods is the glycemic
load. Some foods, including fruit, have relatively low glycemic
indexes (or loads). For example, apples, oranges, and pears
have glycemic indexes of about 30. Bananas have a glycemic
index of about 46. Potatoes (including sweet potatoes) have a
glycemic index ranging from the mid-40s to 100. Dried fruit
such as raisins and dates have high glycemic indices. Thus,
some fruit, such as apples and oranges, may have less of an
impact on blood-sugar concentration than potatoes.

Another dietary component that can improve blood-sugar
control is soluble fiber. Soluble fibers are also termed beta-
glucans, and can be found in certain whole grains such a bar-
ley and oats. Other sources of soluble fiber include commer-
cially available products, which are odorless, tasteless, and
highly soluble in aqueous solutions.

Immunodeficiencies. Nutrition has a major influence on im-
munological function (Klasing 2005). Several key nutrients
affect cell-mediated (humoral) and T-cell-mediated (cellular)
immune functions. Even the interaction of the immune sys-
tems can be influenced by deficiencies or excesses of dietary
constituents. In experimental systems where it is possible
to control precisely the influence of specific nutriments, de-
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velopment and expression of autoimmune diseases and the
associated immunodeficiencies of aging can be delayed by
restrictions of dietary protein, protein and calories, fat, zinc,
or even essential fatty acids (Hansen 1982). Tumor immuni-
ties also can be affected by restriction of protein, calories, or
protein and calories, an influence associated with delays in
development of experimental cancers. T-cell-mediated im-
munodeficiencies associated with protein or protein-calorie
malnutrition are often attributable not to a protein or energy
deficiency, but rather to the accompanying zinc deficiency,
which reflects the vital role of zinc in many immunological
functions. Dietary zinc deficiency appears to be responsible,
atleast in part, for a whole host of immunodeficiencies. Many
other nutrients are important in maintaining proper immune
system function; selenium, vitamin D, vitamin E, and the B
vitamins all play roles in preventing immunodeficiencies.

Iron-storage disease (hepatic iron overload). Although iron
is an essential nutrient and a requirement for normal cellular
physiology, excessive intestinal absorption of iron—as seen
in hemochromatosis—leads to its deposition in parenchymal
cells of various organs such as the liver, heart, and pancreas,
resulting in cellular toxicity, tissue injury, and organ fibrosis.
Cellular injury is induced by iron-generated oxyradicals and
peroxidation of lipid membranes. In the liver, lipid peroxida-
tion results in damage to hepatocellular organelles, such as
mitochondria and lysosomes, which is thought to contribute
to hepatocyte necrosis and apoptosis, and ultimately lead to
the development of hepatic fibrogenesis (Brunt 2005). He-
patic stellate cells are central to the development of hepatic
fibrosis, as they can be transformed into collagen-producing
myofibroblasts. Numerous potential stimuli associated with
hepatic iron overload and iron-induced hepatocellular injury
have been assessed in an attempt to explain stellate cell trans-
formation in hemochromatosis. Stellate cell activation and
fibrosis appear to be regulated by a series of events involving
cellular interactions between resident and nonresident cells
of the liver, the sequestration of free iron versus the transport
and storage of mobilizable iron, and extracellular matrix re-
modeling, as well as intracellular signaling events associated
with inflammatory and fibrogenic cytokines.

Iron storage disease in lemurs was reported as early as
the 1960s, and in the 1980s was demonstrated to be a con-
sistent finding in postmortem exams of captive lemurs. Fol-
lowing preclinical screening, the preventive effects of dietary
intervention on iron absorption were quantified in 23 indi-
vidual lemurs of 4 species, using the transferrin saturation
test (%TS). Dietary iron and vitamin C levels were reduced,
and dietary levels of iron-chelating tannins and/or phytates
were increased. After retesting, a matched-pair comparison
of %TS values before and after the diet change revealed sig-
nificantly (P = 0.038, n = 7) lower %TS values afterward. All
species averages were in the human hyperabsorption range
on conventional zoo diets (n = 21). No species averages were
in that range after the dietary change (n = 18).

The role of liver biopsy in all chronic liver diseases contin-
ues to evolve with the emergence of new laboratory and im-
aging tests. However, the value of histologic examination for
fibrosis, parenchymal architectural remodeling, and possible

concurrent disease remains relatively unchallenged, including
in human patients with suspected iron overload. In addition,
only histologic evaluation allows detailed analysis of cellular
and acinar localization of iron. Routine use of an iron stain
for all liver biopsy analyses enables detection of iron when not
otherwise suspected. The broad classifications of iron over-
load include parenchymal (“primary”) or reticuloendothe-
lial (“secondary”), and mixed. These classifications, however,
serve only as guidelines to differential diagnoses.

Vitamin D deficiency and metabolic bone disease. A general
overview of vitamin D is provided in the Nutrition-Related
Disease heading under the Carnivore Nutrition section
above. With regard to omnivores, some research on vitamin
D deficiency and numerous practical observations of meta-
bolic bone disease have been documented in primates. Pri-
mates in captivity have exhibited rickets or osteomalacia on
numerous occasions (Vickers 1968; Miller 1971; Ullrey 1986;
Allen, Oftedal, and Horst 1995; Morrisey et al. 1995). Terms
used for the syndrome include “simian bone disease;” “woolly
monkey disease,” and “cage paralysis.” It has been reported
more often in young primates than in mature animals, and
in platyrrhines (New World primates) more often than in
catarrhines (Old World primates). Some have proposed that
this difference is a consequence of a higher vitamin D re-
quirement in New World primates or of a limited ability to
use vitamin D, (Hunt, Garcia, and Hegsted 1966); however,
the suggestion that it is a failure of conversion of vitamin
D, to vitamin D, is not consistent with known metabolic
pathways.

Relatively few of the extant New World and Old World
primate species have been studied; however, evidence that
vitamin D, is less active than vitamin D, for the studied New
World primates is convincing. For example, Lehner et al.
(1967) found that growing squirrel monkeys, Saimiri sciureus,
fed no vitamin D or vitamin D, at 1250, 2500, 5000, or 10,000
IU/kg diet grew poorly and showed evidence of rickets. In
contrast, squirrel monkeys fed vitamin D, at 1250, 2500, 5000,
or 10,000 IU/kg diet grew equally well and did not show evi-
dence of rickets. Suggestions that New World primates, as a
group, have unusually high dietary vitamin D, requirements
are not supported by published research. Until controlled
studies demonstrate elevated requirements in individual pri-
mate species or groups of species, the narrow margin of safety
of vitamin D in diets for humans (NRC 1989a) and many
other species (NRC 1987) argues against excessive use.

An attempt has been made to establish serum norms for
25[OH]D in cotton-top tamarins so that incipient vitamin D
deficiency might be detected before the appearance of clini-
cal pathology (Power et al. 1997). Blood was collected from
18 wild cotton-top tamarins in Colombia, South America,
and the mean serum concentration of 25[{OH]D was 76 ng/
ml with a range of 25-120 ng/ml. Power et al. (1997) suggested
that their data and those of Shinki et al. (1983) and Yamagu-
chi et al. (1986) infer a high probability of acute bone prob-
lems in captive common marmosets when serum 25[OH]D
concentrations are below 20 ng/ml.

The range of serum 25[OH]D values reported by others
in captive callitrichids is very wide, with a concentration as
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high as 600 ng/ml in a common marmoset (Yamaguchi et al.
1986). Fivefold higher plasma 1,25[OH],D, concentrations
have been reported in a New World species than in an Old
World species, and an end-organ resistance to this hormone
has been inferred (Adams et al. 1985; Shinki et al. 1983).

It is common for captive New World primates to be fed
much higher dietary vitamin D, levels than are Old World
primates. Marmosets and tamarins are often fed commercial
diets containing 7000-22000 IU vitamin D,/kg dry matter.
Whether such high values are necessary needs to be estab-
lished. High vitamin D levels may produce signs of hypervi-
taminosis D in Old World primates (Knapka et al. 1995) and
frank toxicity in pacas, Cuniculus paca, and agoutis, Dasy-
procta leporina, that consume primate diets dropped on the
floor of multispecies exhibits containing New World primates
(Kenny et al. 1993).

Cystinuria. Cystinuria is a disorder caused by a defect in the
transport of the amino acid cystine in the kidney tubules.
Normally, cystine that is filtered in the kidney is reabsorbed
within the tubules, resulting in only a small amount of cys-
tine in the urine. Animals with cystinuria do not properly
reabsorb cystine (and a few other amino acids) in the kidney
tubules, causing the urine to contain abnormally high levels
of cystine. Because cystine is insoluble in acidic urine, excess
urinary cystine results in formation of cystine crystals, which
in turn can lead to formation of cystine calculi (stones) in the
kidney and/or bladder.

Cystinuria appears to be an inherited defect in several
breeds of domestic dogs (e.g. Newfoundlands, Labrador re-
trievers, Australian cattle dogs, English bulldogs, Scottish deer-
hounds, dachshunds, Tibetan spaniels, and basset hounds)
(Case etal. 1992). Normal dogs reabsorb about 97% of filtered
cystine, but affected dogs reabsorb much less and may even
exhibit net cystine excretion. A urine cystine concentration
of .75 mg/g creatinine is likely to lead to cystine urolithiasis.
Cystine solubility increases with increasing urine pH; dogs
fed meat-based diets tend to excrete acidic urine, leading to
urine cystine supersaturation (Kahn and Line 2005).

Cystinuria has been reported in the maned wolf, Chryso-
cyon brachyurus (Bovee et al. 1981). In the wild, the diets
of maned wolves vary appreciably in proportions of vege-
table and animal matter, depending on location, but include
small rodents, birds, armadillos, invertebrates, fruit (particu-
larly Solanum lycocarpum), herbs, and grass (Nowak 1999).
The proportions of vegetable matter tend to be considerably
greater than in the diets of true wolves, such as Canis lupus.

In U.S. zoos, maned wolves have been historically fed diets
consisting of red meat. European and Australian zoos exhib-
iting maned wolves have usually fed a diet more suitable for
omnivorous canids. These zoos do not report morbidity from
urinary tract obstruction as do U.S. zoos. Muscle meat has
high concentrations of sulfur-containing amino acids that
tend to result in low urinary pH concentrations (Kahn and
Line 2005) which inhibit cystine solubilization.

Because of concern for cystinuria and cystine urolith for-
mation, attempts have been made to limit cystine excretion
by controlling sulfur amino acid intakes, using less animal
protein, or restricting dietary protein concentration. How-
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ever, when cystinuric dogs were fed diets that were protein
restricted but containing sulfur amino acid concentrations
recommended by American Association of Feed Control Offi-
cials (but no added taurine), taurine deficiency was observed
(Sanderson et al. 2001). In addition, modifications of maned
wolf diets to incorporate more plant protein sources have
been associated with poor stool consistency. Loose, watery
stools may predispose to soiling in the perineal area, dehy-
dration, and poor nutrient absorption.

To limit the opportunity for cystine urolith formation,
maintain normal taurine and iron status, and improve fecal
consistency and palatability of diets fed to maned wolves, a
revised dietary formulation has been tested with young adult
beagles (Allen et al. 2004). This diet had good palatability,
maintained body weight, produced normal stools, and sup-
ported normal metabolism in dogs while resulting in urine
with a pH (6.98-7.37) favorable to the solubility of cystine.

Cystinuria is not a disease limited to canids. Cystinuria
and cystine uroliths also have been reported in felids, includ-
ing the caracal lynx, Caracal caracal (see Jackson and Jones
1979), and serval, Leptailurus serval (see Moresco, Van Hoe-
ven, and Giger 2004).

CONCLUSIONS

Diets fed to wild animals in captivity should meet the nutri-
ent needs of the animals and should take into account vari-
ability in digestive physiology and natural feeding behavior.
That animals may select items from a broad array of foods
in the wild should not be taken to mean that they must be
offered a similar array of foods in captivity.

Given the differences in nutrient composition between
domestic produce and plants eaten in the wild and those
between farm-raised and wild prey items, together with our
limited understanding of the factors affecting food choice in
the wild, it is difficult if not impossible to replicate the natural
diet. A more practical approach is to provide a diet that will
meet estimated nutrient requirements.

Providing appropriate quantities and quality of required
nutrients is critical to avoid nutrition-related diseases. Many
diseases observed in captive wildlife are the result of dietary
nutrient deficiencies; the animal’s inability to synthesize,
transport, or metabolize specific nutrients; and excessive di-
etary intake or absorption of nutrients. With careful consid-
eration of nutrient needs and potential impacts of dietary
nutrients and their interactions, appropriate diets and feed-
ing regimes can be used successfully to maintain wild ani-
mals in captivity.
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Quality Control Aspects of Feeding Wild Mammals in Captivity
Barbara Henry, Michael Maslanka, and Kerri A. Slifka

INTRODUCTION

All facilities involved in the feeding of wild mammals in cap-
tivity should strive to ensure that the food fed to their ani-
mals is safe and of the highest quality possible. This chapter
deals with those elements that are essential to providing high-
quality, safe food. Addressing food safety through a Hazard
Analysis Critical Control Point (HACCP) program is an ef-
fective method, which we outline here. We address physical,
chemical, and biological food-related hazards and offer as
guidance quality-control standards for meat, fish, whole prey,
hay, pelleted and extruded feeds, produce, and canned foods.
This chapter also covers proper food- and feed-handling prac-
tices from the producer to the consumer. Finally, we provide
suggestions for appropriate product specifications, analysis,
evaluation, and follow-up that provide checks and balances
for a successful and safe food system.

FOOD SAFETY

Food safety involves controlling all aspects of physical, chem-
ical, and biological hazards. The HACCP system is a pre-
ventive measure that assists in identifying food-safety haz-
ards and establishes monitoring procedures. The principles
of HACCP apply to all aspects of food production and pre-
sentation. An HACCP program provides the outline and ap-
proaches to follow for proper handling of all foods.

GENERAL HANDLING PRACTICES

The following guidelines, among others, are tools in the
proper handling of foods used in captive animal facilities:
Handling Fish Fed to Fish-Eating Animals: A Manual of Stan-
dard Operating Procedures (Crissey 1998), Handling Frozen/
Thawed Meat and Prey Items Fed to Captive Exotic Animals
(Crissey, Shumway, and Spencer 2001), Considerations for
Meat Diets Fed to Zoo Animals (Lintzenich, Slifka, and Ward
2004), Microbiological and Temperature Evaluation as Part
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of a Comprehensive Raw Meat Quality Control Program
(Maslanka and Ward 2005), Guidelines for Creating Food
Safety HACCP Programs in Zoos and Aquaria (Schmidt, Tra-
vis, and Williams 2006).

HAZARD ANALYSIS AND CRITICAL CONTROL POINT
SYSTEMS AS A GUIDE FOR FOOD QUALITY CONTROL

HACCP programs help ensure that food items are handled
appropriately, from the point of harvest or collection through
consumption. HACCP requires that producers, manufac-
turers, and handlers identify and control for hazards within
their food-handling process. HACCP programs monitor the
entire process in a stepwise fashion in order to (1) detect po-
tential hazards or risks within the system (what are the haz-
ards?), (2) identify critical control points (CCPs) in the pro-
cess (where are the hazards?), (3) establish critical limits (at
what point do the hazards become health risks?), (4) estab-
lish CCP monitoring procedures and protocols, (5) estab-
lish methods of record keeping, and (6) find ways to verify
the methods of monitoring. The HACCP program is used to
maintain adequate food service sanitation in human food
preparation operations, and is readily adaptable to any and
all food-handling operations. An example of the logical flow
of key CCPs within a system is shown in figure 10.1.

Facilities feeding captive wild animals should establish
and maintain their own HACCP programs as well as ask their
vendors/suppliers to share the HACCP programs they have
in place for the food items they distribute to captive animal
facilities (Maslanka et al. 2003). HACCP programs that are in
place from the initial step in handling the food item through
the time the item is offered to the animal help ensure the
maintenance of the best-quality ingredients throughout the
entire process, thus yielding the best-quality diets. Table 10.1
provides some of the questions to be considered in develop-
ing a HACCP system. Additional considerations, specific to
food types included in captive mammal diets, will be included
in the following sections.
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Fig. 10.1. Critical control points flow chart.

NUTRIENT ANALYSES, EVALUATION, AND FEEDBACK

Nutrient analyses are an integral part of a quality control pro-
gram designed to ensure the nutritional value and monitor
the nutrient composition of food items offered to all animals
in captivity (Bernard and Dempsey 1999). A critical part of
the quality control program should be to establish which food
items should be analyzed, thorough evaluation of the analysis,
and feedback on the product. Bernard and Dempsey (ibid.)
outlined general guidelines for quality control of feedstuffs
used in zoos, which can be applied to other types of animal
holding facilities. The authors discuss identifying feeds for
analysis, choosing analyses to be performed, selecting a rep-
resentative sample, protocols for the sampling of different
food items, and choosing a laboratory.

FOOD-RELATED HAZARDS

Food-related hazards can be physical, biological, or chemical.
Each type of hazard represents unique challenges.

PHYSICAL HAZARDS

Physical hazards are foreign bodies in the food. They can be
introduced into the feed at manufacture or harvest (e.g. ob-
jects in hay, manufacturing parts in a bagged feed, plastic),
or they can be introduced at the preparation or feeding point
(e.g. glass from a broken lightbulb, peeling paint, plastic bag).
These items can injure the mouth or gastrointestinal tract or
cause a blockage. Food should always be examined for foreign
bodies during preparation and before feeding.
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BIOLOGICAL HAZARDS

Biological hazards include any of the microorganisms that
commonly cause foodborne illness, which captive animals may
be exposed to through contaminated food or water (Fowler
1986). Foodborne illnesses are most commonly recognized
as diseases that are caused by bacterial infections such as E.
coli, Salmonella, Streptococcus, Listeria, and Campylobacter, or
by a group of viruses called calicivirus (e.g. Norwalk virus).
Diarrhea and vomiting are common results, which may or
may not be identified as a foodborne illness. Most can be
avoided with proper food-handling practices. Most E. coli
infections result in vomiting and diarrhea (possibly bloody).
Salmonella, commonly found in raw poultry products, can
result in gastroenteritis, septicemia, and death (Quinn et al.
1994). Lewis, Bemis, and Ramsay (2002) showed a reduction
in Salmonella shed in the feces of captive felids when fed a diet
that contained minimal salmonella contamination. Neonatal
mortality was reduced dramatically when improved slaughter,
transport, and handling measures were instituted in a cap-
tive population of South African cheetah, Acinonyx jubatus
(Venter et al. 2003). Streptococcus zooepidemicus is found in
the mucous membranes of most animals and in high num-
bers on skin, and in the oral cavity and respiratory tract of
equids. Streptococcus can cause disease ranging from local-
ized to general infection and death and is frequently reported
in animals which are fed uncooked horsemeat, but are not
members of the order Carnivora. Listeria, in its most seri-
ous form, can cause meningitis and septicemia, and in preg-
nant women can lead to abortion, stillbirth, or delivery of an
acutely ill infant. Campylobacter can cause severe diarrhea as
well as central nervous system infections.

Some common diseases are occasionally foodborne, even
though they are usually transmitted by other routes. These
include infections caused by Shigella, hepatitis A, and the
parasites Giardia lamblia and Cryptosporidia.

Some foodborne diseases are caused by the presence of a
toxin that is produced by a microbe in the food. For example,
the bacterium Staphylococcus aureus can produce a toxin that
causes intense vomiting. Botulism occurs when the bacterium
Clostridium botulinum produces a powerful paralytic toxin in
foods. These toxins can produce illness even if the microbes
that produced them are no longer present in the food. Proper
manufacturing, thawing, and handling will reduce the poten-
tial for foodborne disease.

THE CHANGING NATURE OF FOODBORNE ILLNESS

The spectrum of foodborne diseases has changed over the
years. It continues to change as a result of our food produc-
tion and handling practices, transport and importation of a
wider variety of foods, and the range of potentially disease-
susceptible mammals that we maintain in captivity. Once
common foodborne illnesses, tuberculosis and cholera, have
almost been eliminated through improvements in food safety,
such as pasteurization of milk, canning, and disinfection of
water supplies. Today other foodborne infections have taken
their place, including some that have only recently been rec-
ognized as serious threats, such as bovine spongiform en-
cephalopathy (BSE).
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TABLE 10.1. Examples of questions to be considered when conducting a hazard analysis

Developing a hazard analysis system requires asking a series of questions that are appropriate to the process under consideration. The purpose of the
questions is to assist in identifying potential hazards.

A. Ingredients

1. Does the food contain any sensitive ingredients that may present microbiological hazards (e.g. Salmonella, Staphylococcus aureus); chemical
hazards (e.g. aflatoxin, antibiotic, or pesticide residues); or physical hazards (e.g. stones, glass, metal)?

2. Are potable water, ice, and steam used in formulating or in handling the food?
3. What are the sources (e.g. geographic region, specific supplier)?

B. Intrinsic factors: Physical characteristics and composition (e.g. pH, fermentable carbohydrate, water activity, preservatives) of the food during and
after processing

1. What hazards may result if the food composition is not controlled?

2. Does the type of food allow for survival or multiplication of pathogens and/or toxin formation in the food during processing?
3. Will the food permit survival or multiplication of pathogens and/or toxin formation during subsequent steps in the food chain?
4

. Are there other similar products in the marketplace? What has been the safety record for these products? What hazards have been associated with
the products?

C. Procedures used for processing
1. Does the process include a controllable step that destroys pathogens? If so, which pathogens?

2. If the product is subject to recontamination between processing (e.g. cooking, pasteurizing) and packaging, which biological, chemical, or physical
hazards are likely to occur?

D. Microbial content of the food
1. What is the normal microbial content of the food?
2. Does the microbial population change during the normal time the food is stored before consumption?
3. Does the subsequent change in microbial population alter the safety of the food?
4. Do the answers to the above questions indicate a high likelihood of certain biological hazards?
E. Facility design
1. Does the layout of the facility provide an adequate separation of raw materials from ready-to-eat foods like fruits and vegetables?
2. Is the traffic pattern for people and moving equipment a significant source of contamination?
E Equipment design and use
1. Will the equipment provide the time-temperature control that is necessary for safe food?
. Is the equipment properly sized for the volume of food that will be processed or stored?
. Can the equipment be sufficiently controlled so that the variation in performance will be within the tolerances required to produce a safe food?
. Is the equipment reliable or is it prone to frequent breakdowns?
. Is the equipment designed so that it can be easily cleaned and sanitized?

. Is there a chance for product contamination with hazardous substances; (e.g. glass, chemicals)?

NN U s W

. Are any product safety devices used to enhance consumer safety?
« metal detectors
¢ magnets
o sifters
« filters
o screens
« thermometers
« bone removal devices
8. To what degree will normal equipment wear affect the likely occurrence of a physical hazard (e.g. metal) in the product?
9. Are allergen protocols needed in using equipment for different products?
G. Packaging
1. Does the method of packaging affect the multiplication of microbial pathogens and/or the formation of toxins?
. Is the package clearly labeled Keep Refrigerated or Keep Frozen if this is required for safety?
. Does the package include instructions for the safe handling and preparation of the food by the end user?
. Is the packaging material resistant to damage, thereby preventing the entrance of microbial contamination?
. Are tamper-evident packaging features used?
. Is each package and case legibly and accurately coded with date of manufacture?

. Does each package contain the proper label?

0 NN N U AR W

. Are potential allergens in the ingredients included in the list of ingredients on the label?
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TABLE 10.1. continued
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H. Sanitation

1. Can sanitation have an impact on the safety of the food that is being processed?

2. Can the facility and equipment be easily cleaned and sanitized to permit the safe handling of food?

3. Isit possible to provide sanitary conditions consistently and adequately to assure safe foods?

I. Employee health, hygiene, and education

1. Can employee health or personal hygiene practices have an impact on the safety of the food being processed?

2. Do the employees understand the process and the factors they must control to assure the preparation of safe foods?

3. Will the employees inform management of a problem that could have an impact on the safety of food?

J. Conditions of storage between packaging and the end user

1. What is the likelihood that the food will be stored at the wrong temperature?

2. Would improper storage lead to a microbiologically unsafe food?
K. Intended use

1. Will the food be manipulated, washed, or further processed by the keeper staft? By the animal?

2. Are the amounts offered adequate? Will there likely be waste?
L. Intended consumer

1. Is the food intended for mixed-species exhibits?

2. Is the food intended for consumption by a population with increased susceptibility to illness (e.g. the young, the aged, and the infirm,

immunocompromised individuals)?

3. Is the food to be used for feeding off or on exhibit where exposure to environmental elements might be a factor?

Source: Adapted from U.S. Department of Health and Human Services Food and Drug Administration and U.S. Department of Agriculture. 1997. Hazard Analysis and Critical
Control Point Principles and Application Guidelines Adopted August 14, 1997. National Advisory Committee on Microbiological Criteria for Foods.

Irradiation, while not a replacement for appropriate
handling practices, has been utilized in both the human and
pet food industries for the reduction of E. coli, Salmonella,
and other foodborne pathogens. Pork, spices, fruit, and vege-
tables were approved by the U.S. Food and Drug Adminis-
tration (FDA) for irradiation in 1986, followed by poultry
in 1992, and most recently animal feed and feed ingredients
(FDA 2001). Crissey et al. (2001) found that irradiation doses
of 0.5-3.9 kilograys reduced most microbial populations in
raw-horsemeat-based diets without affecting feed consump-
tion or fecal consistency of captive exotic felids. While not
commonly used in the zoo industry, irradiation provides an-
other potential method for manufacturers to reduce micro-
bial contamination in the food supply as well as extend shelf
life.

CHEMICAL HAZARDS

Chemical hazards can result from residues due to improper
or insufficient rinsing of sanitizers, cleaners used on surfaces
that touch food, or chemicals stored above food preparation
or storage areas (USDA 1999a). Improper labeling of contain-
ers, especially vitamins or minerals, can result in a chemical
hazard because of toxicity from improper dosage or use of the
wrong product. All items should remain in their original la-
beled container; however, if this is not possible, the container
should be labeled with the full name of the product, includ-
ing supplier/manufacturer, dosage/strength of the item, and
expiration date. Pesticides and pesticide residues as well as
environmental contaminants such as heavy metals may con-
taminate raw foods (e.g. produce, fish) or materials utilized
in feed manufacture (e.g. grains). Regular testing is helpful
in detecting these chemical hazards.

CONTAMINANTS, TOXIC AGENTS,
AND ANTIBIOTIC RESIDUES

A variety of nonfood agents can affect the safety of the food
supply. These include environmental contaminants, naturally
occurring and synthetic toxic agents, and antibiotic residues.
These 3 categories pose food safety risks.

Environmental contaminants. A variety of compounds, both
organic and inorganic, can be found in feedstuffs, including
industrial pollutants, pesticides, heavy metals, and radionu-
clides (van Barneveld 1999). Dioxins and polychlorinated bi-
phenyls (PCBs) are examples of industrial contaminants. In
the Netherlands in 2004, clay used in the potato-sorting pro-
cess was the source of dioxin contamination in animal feed
made with potato by-products, which affected 200 livestock
farms in the Netherlands, Belgium, France, Spain, and Ger-
many (Elliot 2004). Similar incidences occurred in Belgium
in 1999 which affected poultry and eggs, and in the southern
United States in 1997 which affected chicken, eggs, and cat-
fish. Pesticide residues known to contaminate feeds include
organochlorines, organophosphates, and pyrethroid com-
pounds (van Barneveld 1999). Heavy metal (e.g. mercury,
cadmium, lead) contamination can arise from the use of fish-
meal in feeds, fertilizer application, or industrial pollution.
The Chernobyl incident in 1986, an example of radionuclide
pollution, caused the release of caesium-134 and caesium-137.
Pastures and forages were contaminated, resulting in restric-
tion on milk and sheep products (MAFF 1994). Environmen-
tal contaminants have an impact on both human and animal
health by contaminating feed ingredients, which are then
either consumed by the end user or consumed by livestock,
where they enter the food chain.
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Mycotoxins. Mycotoxins are secondary metabolites of fungi
that can have a negative impact on animal health and pro-
ductivity (D’Mello and Macdonald 1998). Contamination can
occur in the field, during processing, and/or storage if condi-
tions are right for spoilage. Fusarium mycotoxins can cause
diseases of cereal crops (e.g. wheat, barley, corn) in the field,
thus contaminating the feed produced with these grains. Afla-
toxins are mycotoxins that can result from high moisture
and temperature conditions during storage. Common feed
ingredients affected include corn and corn products, pea-
nuts, peanut products, tree nuts, and cottonseed products. In
2005, pet food manufactured in the eastern United States was
contaminated with aflatoxins, prompting recalls in 23 states
(www.diamondpetrecall.net). In most cases, regular testing
of feed ingredients by manufacturers minimizes contamina-
tion from mycotoxins.

Plant toxins. Many plants contain compounds in their seeds
or foliage that can have adverse effects on animals. Lectins,
proteinase inhibitors, and cyanogens are sensitive to heat pro-
cessing, while tannins, alkaloids, antigenic proteins, gossy-
pol, saponins, and phytoestrogens are not. Their impact on
animal health and productivity can range from reduced nu-
trient absorption and immune function to dysfunction of a
variety of organ systems.

Antibiotic residues. Antimicrobials have been used at sub-
therapeutic doses by the meat industry as growth promoters
and to enhance feed efficiency. In July 1998, the U.S. National
Academy of Sciences, in a report prepared at the request of
the U.S. Department of Agriculture (USDA) and the FDA,
concluded that there is a link between the use of antibiot-
ics in food animals, the development of bacterial resistance
to these drugs, and human disease (NRC 1998). Resistant
bacteria have been cultured from a variety of meats, includ-
ing poultry, beef, and pork (White et al. 2001; Hayes et al.
2005), as well as from captive wild animals (Marrow et al.
2005). The American Medical Association adopted a resolu-
tion opposing nontherapeutic use of antimicrobials in ani-
mal agriculture (AMA 2001). In 2003, the FDA released a
new guidance document (Guidance for Industry [GFI] #152,
“Evaluating the Safety of Antimicrobial New Animal Drugs
with Regard to Their Microbiological Effects on Bacteria of
Human Health Concern”) that outlines a comprehensive,
evidence-based approach to preventing antimicrobial resis-
tance which may result from the use of antimicrobial drugs
in animals. Microbial resistance through food sources has
the potential to have a serious impact on the health of cap-
tive wild animals.

Allergens. Reactions to ingested food can affect the body in
many ways, including clinical signs of the skin, digestive sys-
tem, respiratory system, and central nervous system (Wills
1992). True food allergies elicit an immunological response,
while food intolerances are generally nonimmunological.
Food intolerance is rare in domestic cats, but is the second
most important cause of allergic dermatitis (ibid.; Guaguere
1996). More than 50% of the cases are caused by reactions
to the proteins in beef, cow’s milk, and fish; however, reac-
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tions to commercially prepared foods are regularly reported
as well (Guaguere 1996). Fungal contaminants and chemi-
cals in water have been cited as causes of food intolerances
in dogs (Wills 1992).

Manufactured diets that contain cereal grains are stan-
dard diet ingredients for many captive mammals. Some ani-
mals may develop gluten-sensitive enteropathy (GSE) in re-
sponse to proteins in cereals. Gliadin is the potentially toxic
agent in gluten. Irish setter dogs exposed to cereal before one
year of age were susceptible to damaging effects of gluten,
while those maintained on cereal-free diets from weaning
to adulthood did not develop GSE from later gluten expo-
sure (Hall and Batt 1991). Medically significant levels of IgA-
gliadin antibodies can be found in marmosets and tamarins
whose diet contained cereal grain proteins (Schroeder et al.
1999; Gore et al. 2001). Effective January 1, 2006, the FDA
required human food labels to state clearly if food products
contain any ingredients with protein derived from the eight
major allergenic foods. As a result of the U.S. Food Aller-
gen Labeling and Consumer Protection Act of 2004, manu-
facturers must identify in plain English the presence of in-
gredients that contain protein derived from milk, eggs, fish,
crustacean shellfish, tree nuts, peanuts, wheat, or soybeans
in the list of ingredients or say “contains” followed by name
of the source of the food allergen after or adjacent to the list
of ingredients (www.fda.gov). There have been few studies of
allergens conducted with captive wild mammals.

REGULATORY AUTHORITY

Recent developments in biosecurity in food and agricul-
ture worldwide require integration and cooperation across
different areas, including the government and private sec-
tors. The U.S. government, for example, has implemented
rigorous federal agency standards and voluntary industry
guidelines that have improved food safety measures over
the past 2 decades. The 3 branches of U.S. government—
legislative, executive, and judicial —all have roles to ensure
food and feed safety in the nation. Congress enacts statutes
designed to ensure the safety of the food supply and that es-
tablish the nation’s level of protection. The executive branch
departments and agencies are responsible for implementa-
tion, and may do so by promulgating regulations. The judi-
cial branch is responsible for enforcement of the standards.
Additional details about U.S. regulations are included in ap-
pendix 10.1.

The European Parliament established the European Food
Safety Authority in 2002 in order to increase consumer con-
fidence in the food supply after a series of food scares in
the 1990s (BSE, dioxins, etc). The European Union works
with a number of organizations to ensure the overall safety
of the food supply: World Trade Organization/Agreement
on Sanitary and Phytosanitary Measures, Codex Alimen-
tarius Commission, and the Convention on Biological Di-
versity and its Cartagena Protocol on Biosafety (FAO 2002).
Within the EU, the Food and Veterinary Office is responsible
for ensuring that legislation on food safety, animal health,
plant health, and animal welfare is properly implemented
and enforced.
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PRIMARY CONCERNS ABOUT FOODS COMMONLY
USED IN ZOOS AND AQUARIUMS

Food-handling practices. Proper food-handling practices are
a complex interaction among people, places, and things. Some
important aspects of acceptable food-handling practices in-
clude product tracking, food inspection, proper storage and
preparation, and cross-contamination avoidance. Attention
to the details involved in each of these aspects will ensure the
best-quality products, from receipt through consumption
by the target animal. Many of these practices are common
among food groups, whereas others are food type specific.

Tracking products. Purchased products need to be tracked
from the point of origin, whether from the grower (for pro-
duce) or from the raw ingredients (for a bagged food item; fig.
10.1). An outline for all the steps through receipt of the prod-
uct could be (1) producer, grower, manufacturer, (2) ship-
per, hauler, transporter, (3) receiving and handling, (4) stor-
age, (5) actual processing and preparation at the institution,
(6) storage after processing and preparation at the institution,
and (7) delivery and storage before feeding to animal. When
dealing with any product, consistency in proper handling
methods at each step is imperative. Outlining expectations
and protocols, and sharing those with vendors, are good prac-
tices to ensure procurement of the best-quality product. We
recommend a visit to the manufacturer to observe actual
product, if feasible. At the very least, the manufacturer, ven-
dor, or producer should be asked to delineate each step of
the handling process.

Delivery and inspection. Delivery of a product should always
be during business hours. Once the product arrives at the
facility, the delivery vehicle should be examined for over-
all condition, cleanliness, and smell. Temperature records,
if applicable (in the case of frozen foods), should be exam-
ined. Handling protocols and product specifications should
be shared with the transport company so it can take an ac-
tive role in maintaining product quality. Truck inspection
guidelines should be established and a check sheet followed
for each inspection. If the product is unacceptable, reject it.
Once the product has been accepted, store it appropriately.
The product should be stored to maintain a “first in, first out”
rotation system. Labeling the products with the date received
is the best practice to ensure adequate rotation.

Critical temperatures for storage. Standards for optimal
storage temperatures are designed to help minimize nutrient
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loss and quality degradation of products during storage and
processing (table 10.2). In the case of frozen storage, recom-
mended temperatures of —30 to —18°C (Geraci 1978; Stoskopf
1986; Crissey, Allen, and Baer 1987; Shinaburger 1992; IDPH
1993; USDA 1999b 9 CFR 3.105) help to minimize oxidation
and thiaminase activity. Derosier (1978) indicated that in the
United States the commercial frozen storage temperature is
—18°C, but lower temperatures may be better for prolonged
storage. Refrigeration should be used for thawing or storing
already thawed items for short periods only (USDA 1999b 9
CFR 3.105). Proper thawing technique includes maintaining
the item(s) in a closed and sealed container at refrigeration
temperatures. Refrigeration should be the only method used
for thawing, as incorrect thawing may result in nutritive losses,
lipid peroxidation (rancidity), microbial buildup, and loss of
palatability. If more rapid thawing is needed, running cold
water over an item in a closed and sealed container is accept-
able. Food items should never be thawed at room tempera-
tures. It is important to remember the temperature danger
zone of 5-60°C (National Restaurant Association Education
Foundation 1985), where bacterial growth rate is greatest, and
strive to avoid this range of temperatures when handling diet
items. According to the USDA, animal food and human food
should be stored in separate refrigerators and freezers to avoid
cross-contamination. Maintaining daily logs of both refrigera-
tor and freezer temperatures is a good practice.

Food preparation. In general, safe food-handling practices in-
clude (1) washing hands before handling food, (2) using gloves
when handling food, (3) washing gloves/hands between meat/
fish and other food items, and (4) using clean and sanitized
utensils. Cleaning and sanitizing are sequential steps, and
cannot be achieved in a single step or in reverse order. Clean-
ing is defined as removal of gross visible filth from the sur-
face of an item. Sanitizing is defined as the application of a
chemical or manual agent designed to reduce or minimize
surface bacteria to an acceptable level. A handling proce-
dure outline should be established for diet items before, dur-
ing, and after processing/preparation through to offering to
and consumption by the animal. Equipment, including all
utensils, cutting boards, food containers, and work surfaces,
can harbor pathogens and should be cleaned and sanitized
after use (Stoskopf 1986). The USDA states specifically for
marine mammals that containers and utensils used for hold-
ing, thawing, or preparing food must be cleaned and sani-
tized after each feeding or at least once daily (USDA 1999b
9 CFR 3.105). It further states that all kitchens or other food-
handling areas must be cleaned at least once daily and sani-

TABLE 10.2. Temperature guidelines for storage and processing of food items used in captive mammal diets

Product Area Temperature Humidity
Meat/fish/prey Freezer —30to —18°C —
Produce Refrigerator 7.2°C —
Pelleted feeds Dry storage 10°C 50%-60%
Canned foods Dry storage 10 to 21°C 50%-60%

Note: Prolonged storage temperature guideline is —23°C. Optimal recommended refrigeration temperature range is 4 to 6°C.

— No guideline.
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tized at least once weekly, a practice that should be followed
in all food-handling areas. In addition, a safe practice is to
treat any vehicles, carts, or transport containers in a similar
fashion to food surfaces.

Cross-contamination. Cross-contamination is the transfer of
harmful microorganisms from one food to another by means
of a nonfood surface. Some examples of cross-contamination
are (1) meat to cutting board to other food, (2) fish to hands
to other food, and (3) meat to knife to other food. Cross-
contamination may cause significant microorganisms to build
up on unlikely surfaces before it becomes apparent. The best
sanitizing step is use of a high-heat dishwasher (tempera-
ture above 71.2°C). However, there are guidelines for manual
sanitation using chemicals. As outlined in the National Res-
taurant Association Education Foundation (1985), a sanitiz-
ing step may include one of the following: (1) 100 ppm (parts
per million) chlorine solution for 20 seconds or 50 ppm for
one minute, (2) an iodine solution 25 ppm for one minute,
(3) 200 ppm quaternary ammonia for one minute, or (4) a
detergent solution followed by disinfectant, following the cor-
rect contact time. After any sanitizing step, dishes should be
either rinsed or allowed to air dry according to the specific
application (heat or chemical). Dishes and utensils should
not be towel dried.

Meat and whole prey: Purchasing, handling, and storage for
quality. Dogs fed commercially available raw meat diets and
the humans who prepare the diets are at a greater risk of food-
borne illness (Strohmeyer et al. 2006). Generally, it is recog-
nized that raw meat may be contaminated with microbes.
Contamination is typically associated with handling and pro-
cessing. Regulations are established for products manufac-
tured for human consumption but not for pets or zoo animals;
however, guidelines for products manufactured as raw meat
foods for companion and captive noncompanion carnivores
and omnivores are available from the FDA. This is only guid-
ance; in the United States, no regulatory authority oversees
bacterial contamination in such products.

The freshness and wholesomeness of the meat, the source
of the prey item, and the history of processing should be de-
termined when purchasing meat and prey to feed zoo animals.
Any supplier used for meat products should have an effec-
tive quality assurance program, including. agreed-on speci-
fications, auditing of suppliers, and Certificate of Analysis.
Additionally, raw material or finished product specifications
should include details of the identity of the manufacturer, a
description of the raw materials, ingredients breakdown, ab-
sence of hazardous organisms, analytical/microbial sampling
plan, labeling, storage/distribution conditions, safe handling/
use instructions, and description of package type/size/quan-
tity. Ideally, an inspection-site visit to the manufacturer to
see handling and processing methods would ensure the best
possible product. Since a visit to the manufacturer is not
always possible, products should be inspected upon arrival
to the institutions. The products should be delivered during
business hours, inspected quickly, and stored immediately
in the freezer. At minimum, open and examine at least 10%
or a minimum of 3 packages in the front, middle, and end of
the load. Look for evidence that the product may have been
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frozen, thawed, and refrozen. Evidence could include water
or ice buildup on the boxes or floor and/or wrappings that
are moist, slimy, or discolored. Inspection upon arrival also
should include the truck in which the product is delivered.
The truck should not include nonfood items, and the tem-
perature in the truck should indicate frozen conditions.

Some institutions use meat that has not been frozen. These
products should be handled similarly to thawed products.
Thawed products should be kept iced or refrigerated until
the time of feeding. A quality inspection should occur while
handling thawed product before feeding, as quickly as pos-
sible to minimize contamination and microbial buildup.
Utensils and surfaces used while preparing the product
should be cleaned and sanitized following established and
approved protocols.

Processes and procedures used with meat products should
be validated and reviewed periodically. Sampling of the meat
products should be done once a year at the minimum for nu-
tritional analysis and microbial loads, although it would be
ideal to have every shipment tested. A wide variety of lab fa-
cilities perform nutritional and microbiological analyses. It
is critical to select a reputable lab facility to analyze samples
(Bernard and Dempsey 1999).

Fish: Purchasing, handling, and storage for quality. Since
daily food availability is crucial to any captive zoo program,
most fish purchases are made in bulk, which requires the
items to be frozen and stored until use. Given the perishable
nature of fish, appropriate food-handling procedures are cru-
cial to the nutritive quality of the food and consequently to
the successful management and welfare of the animals (see
also Joseph and Antrim, chap. 16, this volume).

The term fish is used throughout this chapter to mean all
fish, including freshwater and saltwater fish, and other sea-
food items that may be fed to fish-eating animals. Types of
fish selected for use by an institution are chosen for specific
nutrient content, quality, availability, price, and animal pref-
erence. The nutrient value of fish varies considerably due to
several factors: species differences, and individual differences
due to season of capture, age, and sex (Stoskopf 1986).

Nutritional requirements of the animal and the quality of
the fish must be considered major factors in fish selection.
Food for captive marine animals must be of the highest qual-
ity. USDA regulations state that “food for marine mammals
shall be wholesome, palatable, and free from contamination,
and shall be of sufficient quality and nutritive value to main-
tain all of the marine mammals in a state of good health”
(USDA 1999b 9 CFR 3.105).

Geraci (1978) emphasizes the need to feed more than one
food type, including high- and low-fat fish, in order to help
ensure a balanced diet. Uncertainties in the future availability
of fish stocks, reliance on farmed fish, and the development
of technologies such as a fish substitute for marine mammal
diets make selection of appropriate fish and their handling
of utmost importance. Such uncertainties and possibilities
require an awareness and evaluation of the diets’ nutritional
content and quality.

To determine the freshness and wholesomeness of fish,
the history of the catch should be ascertained and should
include knowledge of precapture conditions. Epidemiologi-



BARBARA HENRY, MICHAEL MASLANKA, AND KERRI A. SLIFKA

cal data such as local and periodic occurrences of pesticide
and heavy metal pollution also are useful (Stoskopf 1986).
The broker or fishery can be contacted for this information.
Also, for information about current fish supplies, status, or
contamination problems, newspapers and fisheries reports
may be helpful. Additionally, request that a catch date be
recorded on the boxes received to provide an indication of
freshness of fish. The date can provide a link between the
catch and environmental events that may have affected it. As
conservation-minded institutions, zoos and related facilities
should, to the best of their ability, base the selection of fish
species used in animal diets on the status and sustainability
of the species” wild populations.

In order to provide the best quality of food possible, all
fish should be of the same quality as that intended for human
use (USDA 1999b 9 CFR 3.105). Therefore, fish fed to animals
should be supplied from fisheries that have caught, processed,
and stored the fish as if they were intended for humans. The
primary difference between fish for human use and those for
captive fish-eating animals is that whole fish are usually fed
to animals. Therefore, the product need not be deboned and
cleaned of internal organs. The packaging of fish by a pro-
cessor can play a significant role in fish quality. Fish must be
packaged in plastic-lined boxes or plastic-impregnated boxes,
with date of catch printed on the box. Fish may be block fro-
zen, individually quick frozen (IQF), or in a shatter pack. The
optimal size for packages should be 10 kg-20 kg, to allow
for proper thawing. Stoskopf (1986) suggests that package
size provide one day’s supply without leftovers. The type and
usage of fish also determines package size. Those fish used in
smaller quantities should be purchased in smaller packages
or should be prepared in a manner that allows for easy access
to smaller quantities (by using IQF or shatter pack). Ideally,
to ensure that fresh fish are handled appropriately through-
out processing by the fisheries, the fisheries should be visited
during processing and the fish inspected at that time. Since
this may be impractical for most institutions, they should
concentrate on a thorough inspection when the product ar-
rives at the storage facility.

Inspection should occur at the place of receipt (storage
site) before or possibly during unloading of the shipment,
and a representative number of boxes examined. Inspectors
should be one of the institution’s employees familiar with
proper inspection techniques and fish quality. A thorough in-
spection should include looking for signs of pests around and
inside containers, maintenance of proper temperatures dur-
ing shipment, and signs of thawing and refreezing (Crissey,
Allen, and Baer 1987). Every lot or shipment of fish must be
inspected before paperwork is signed to receive the shipment
officially from the supplier.

When thawed, fresh fish have bright-red gills, promi-
nent clear eyes, and firm and elastic flesh. Old or thawed
and refrozen fish are dull in appearance, have cloudy and
red-bordered eyes and soft flesh, and finger impressions are
made easily and remain (U.S. Navy 1965). If the quality is
questionable, it is wise to thaw a few fish from several pack-
ages to determine better their state. Again, try to do this be-
fore officially accepting the shipment. If the order is accept-
able, a sample of fish should be taken for nutrient analyses
at this time. If the fish have been found to be unsatisfactory
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for any reason, refuse to take receipt, even if that means re-
loading the vehicle. The shipper should take the load back.
If there is any disagreement as to the quality of the product
or what the shipper is to do with it, contact the supplier. Bad
fish are unusable, unpalatable, and a health hazard, and may
cause a significant economic loss due to illness or death of
the animals that consume it.

Once a fish shipment is accepted, it should be placed im-
mediately in the institution’s storage facility. This facility
should adequately protect supplies from deterioration or con-
tamination. It is crucial that the length (not more than one
year) and conditions of storage minimize contamination and
ensure that the product retains its nutritive value and whole-
some quality. Before storing a new shipment, inspect the stor-
age freezer to ensure that it is in good working order. There
should be no potential for contamination by chemicals or
other items that may also be stored in the freezer. Any older
stock remaining in the freezer should be placed so that it will
be used before the new stocks, on a “first in, first out” basis.

When transporting fish from bulk freezer storage to a lo-
cation used for storing smaller quantities and subsequent
thawing and processing (kitchen preparation area), it is im-
portant that the fish are kept solidly frozen in a cooled or in-
sulated vehicle. If this is not possible, the load can be covered
or insulated while in transit, depending on outside environ-
mental conditions. The length of transportation time nec-
essary to move stock from storage to the appropriate short-
term storage or preparation area should be minimized. The
temperature of fish in transit can be monitored by placing a
maximum/minimum thermometer or another temperature-
sensing or recording device in one or more of the boxes dur-
ing transport. Temperatures that are monitored should be
documented. Any boxes thawed or partially thawed during
transport should be used immediately and not refrozen.

Fish should be handled similarly to other thawed prod-
ucts. Thawed products should be kept iced or refrigerated
until the time of feeding. Inspect thawed product quickly (to
minimize contamination and microbial buildup) for quality
while handling it before feeding.

Processes and procedures used with fish should be vali-
dated and reviewed periodically. Sampling of the fish should
be done once a year at the minimum for nutrient analysis
and microbial loads. Ideally, each delivery of fish of different
catch date should be sampled.

PRODUCE

Beuchat and Ryu (1997) state that treatment of produce with
chlorinated water reduces populations of pathogenic and
other microorganisms on fresh produce, but cannot elimi-
nate them. They state that reduction of risk for human illness
associated with raw produce can be better achieved through
controlling points of potential contamination in the field,
during harvest, during transit, and during processing rather
than dipping.

Quality produce results from careful attention paid at each
CCP, from field to consumption. Zoos can provide a pro-
tocol outlining its expectations to the produce vendor. In
the fall of 1998, the U.S. FDA issued a new, wide-ranging
guide (not regulation) to minimize microbial food safety haz-
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ards for fresh fruit and vegetables (FDA/CFSAN 1998). The
guide addresses food safety hazards due to microbial con-
tamination, and good agricultural and management prac-
tices common to the growing, harvesting, washing, sorting,
packing, and transporting of most fruit and vegetables sold
to consumers in an unprocessed or minimally raw form. The
document outlines the basic principles and practices asso-
ciated with minimizing microbial food safety hazards, from
the field to the distribution of fresh fruits and vegetables.
It then outlines the different aspects of the guide, with sec-
tions on water, manure/municipal biosolids, worker health/
hygiene, sanitary facilities, field sanitation, packing facility
sanitation, transportation of product, and tracing of prod-
uct. In October of 2004, the FDA outlined a plan (Produce
safety from production to consumption: 2004 plan) to min-
imize foodborne illness associated with fresh produce con-
sumption (FDA 2004). This plan has 4 objectives: (1) prevent
contamination, (2) minimize impact when contamination
occurs, (3) improve communication for producers, prepar-
ers, and consumers, and (4) facilitate and support research
relevant to fresh produce. In March 2006, the FDA issued
draft guidance for the safe production of fresh-cut fruit and
vegetables (FDA/CFSAN 2006) in order to minimize micro-
bial food-safety hazards common to the processing of most
fresh-cut fruit and vegetables sold in a ready-to-eat form.
The guidance discusses the production and harvest of fresh
produce and provides recommendations for processing in
terms of personal health/hygiene, training, building/equip-
ment, sanitation operations, and fresh-cut production/pro-
cessing controls, from product specification to packaging,
storage, and transport. The plan encourages the adoption of
safe practices for all parts of the supply chain.

There are potential hazards with all steps before and after
the produce is received at the institution. If possible, obtain
a copy of the HACCP plan from the grower and distributor
of the produce to make sure they are following procedures
you would have outlined. Discussion points for the grower
could include the fertilization regime, pesticide application,
including the preharvest interval and application rate, pres-
ence of vertebrate and/or invertebrate pests, and irrigation.
How the produce is handled can be just as important as the
selection of the product. Physiology of fruit maturation may
be an important consideration. If a produce item needs to
be placed under certain conditions after harvest for ripen-
ing, it is important to monitor those steps and the condition
of that location. Ask the produce distributor for a site visit or
records of temperature logs. During all steps in the handling
of the produce before it is received, consider places for pos-
sible bacterial contamination. Upon delivery of the produce,
monitor the truck for other items besides produce. During
the check-in process, look for signs of spoilage, pests (ver-
tebrate and invertebrate), and any environmental damage to
the produce. It is good to have more than one person con-
duct inspections. If there are signs of unsatisfactory produce,
it should be rejected. Developing standards for each type of
produce purchased will help all employees and vendors un-
derstand the outlined criteria. After produce is accepted and
before it is stored in the cooler, it should be labeled with date
of receipt. Storage in the cooler should follow the same guide-
lines that it was under during transit. The cooler should be
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pest free, and all items should be stored off the ground on
shelves or pallets.

PELLETED AND EXTRUDED DRY FEED

Investigation of the pelleted and extruded dry-feed products
should begin with the raw materials gathered to make the
product and end with consumption by the animal. Since pel-
leted and extruded dry-feed products are made from many
different sources, ask the manufacturer for a HACCP plan
for the raw ingredients, processing, and plant. This will help
monitor products before they arrive from the distributor.
Things to consider for inspection of raw materials would be
positive identification of the ingredients, source of the ingre-
dients, geographic location of the materials purchased, and
presence of vertebrates or invertebrates. After the product is
manufactured, make sure there is enough time to cool the
product so it will not mold from the heat of pelleting/extrud-
ing. The plant should be free of pests. Upon arrival at the in-
stitution, check bags for pests, tears/slashes, date code, and
lot number. When receiving the product, compare the pack-
ing slip of the received order with that of the original order.
It is a good practice to date the bags upon arrival. Store in a
dry, well-ventilated area. The storage area needs to have an
outlined pest control program, regardless of whether pests
are routinely observed. Upon opening the bags, check for
pests, foreign materials, mold, dust, color, and smell. Addi-
tionally, when transferring the product to a container, label
and date the new container. Once the product is offered to
the animals, monitor for palatability and consumption. Qual-
ity control nutrient analyses should be performed shortly
after product arrival to assure quality and nutrient compo-
sition as per specifications. Three black rhinoceros (Diceros
bicornis) died of suspected vitamin D toxicosis after con-
suming a pelleted grain product (Fleming and Citino 2003).
Subsequent testing of the product showed high levels of vi-
tamin D in the feed.

HAY AND OTHER FORAGES

Forage (hay) quality depends on numerous factors through-
out the entire handling process, from the management of the
standing crop all the way through to the methods of stor-
age and delivery. The grower and/or handler, not the cus-
tomer, controls most of the steps in the process. Standing
crop quality depends on the species of grasses or legumes
planted, weed species management, fertilization, irrigation,
soil type, growing season, and prevailing climate patterns
during growth. During harvest, quality is influenced by ma-
turity at harvest, prevailing climate conditions at that time,
and equipment used to harvest the hay. For example, the
physical nature of alfalfa hay changes considerably whether it
is cut at the late bud/early bloom stage or at full bloom stage
(Holland and Kezar 1990). Rain or high humidity at the time
of cutting can lengthen drying time, which can increase the
chances of molding and nutrient loss (Rayburn 2002). Dry-
ing time is influenced by whether the alfalfa is crimped at
the time of mowing (crimping opens more air to the stem);
in uncrimped hay, prolonged drying time to reach a desired
overall moisture content can lead to poor leaf retention and
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loss of nutrients during baling (Collins 1999). Conversely,
crimping alfalfa from a field that is infested with blister bee-
tles ensures that the blister beetles will remain in the cut
crop and be included in the bale (rather than escape once the
hay is cut without crimping), which may lead to cantharidin
poisoning (Ward 2001). Baling hay that is too wet or too dry
can cause molding issues or loss of nutrients via leaf shatter,
respectively; thus, attention to moisture content of the cut
crop is imperative before baling. Weeds, rocks, and soil from
the field, and other foreign objects can get into the hay dur-
ing baling, and are sometimes undetectable when the hay is
first examined. Once baled, hay should be stored in a covered
facility, out of the sun and moisture (dew or rain), but with
adequate ventilation. Mild bleaching by the sun can yellow
the outside of the bales while doing minimal damage to the
inside of the bale or the nutrient content. Prolonged sun ex-
posure or exposure to rain or dew can cause nutrient loss or
improper moisture (too much or too little) to maintain the
stability of the hay. Excessive heat during storage can cause
nutrient losses (see Ullrey 1997 for details of hay evaluation).
Zoos can avoid problems by having a positive working re-
lationship with the hay supplier and visiting as much of the
operation as possible to see how the hay is handled until its
receipt. In this way, the CCPs can be identified, discussed,
and managed through the entire process to ensure best qual-
ity of the final product.

CANNED GOODS

In the early 1970s, several botulism outbreaks occurred in the
United States as a result of inadequate thermal processing of
commercially prepared, low-acid foods packaged in hermeti-
cally sealed containers, and improper acidification of com-
mercially prepared acidified foods. Therefore, special regula-
tions were established for the manufacture of heat-processed,
low-acid canned foods and acidified foods (USDA 21 CFR
108, 113, and 114). These guidelines were first adopted in the
United States in 1973, with a revision in 1979 (ibid.). The pur-
pose of the regulations is to ensure safety from harmful bacte-
ria and their toxins, especially Clostridium botulinum. These
guidelines outline proper methods for processing controls
and appropriate processing methods, including proper tem-
peratures and sufficient time for cooking, adequately acidify-
ing the food, and controlling the water activity. Additionally,
all foods canned and/or sold in the United States must have
labeling that complies with regulations (USDA 21 CFR 101
1998). In most cases we do not know the ingredients and how
the product was processed; however, protocols and questions
can be discussed with vendors. Ask the manufacturer to share
its HACCP plan and describe its ingredient tracing and recall
plan. When the product arrives, examine it for dents, swelling,
leakage, and rust. Note the date code and lot number of the
product. Some manufacturers have special codes outlining
the manufacturing information. If the code is not obvious,
instructions to understand the code should be obtained and
kept on file. Once the product is opened, it should be placed
in refrigeration and used within 3 days. Additionally when the
product is opened, examine for foreign bodies, odor, color,
and texture. Finally, with so many items offered to animals,
it is important to track palatability and consumption.
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NUTRIENT SPECIFICATIONS, NUTRITIONAL
ANALYSIS, AND ASSESSMENT OF FEEDS

ESTABLISHING SPECIFICATIONS FOR FEEDS

It is critical to establish specifications for all the food items
used to feed captive wildlife. This better allows assessment
of quality control measures, budget planning, and consistent
nutrient content of formulated diets. Specifications should be
clearly written for the product(s) in question, discussed with
the vendor or supplier, and agreed on ahead of time. If the
specifications as written and discussed are too stringent for the
vendor, they should be evaluated as potentially too rigorous
overall, or as a method to eliminate certain suppliers who can-
not meet the standards of the institution. Criteria should be
met consistently, and if they are not, the vendor/supplier must
be held accountable. Specifications for food items may include
the period that the specifications are valid, purchase amounts,
purchase price, ordering and delivery details, payment details,
sampling schedule for quality control and nutrient content (fi-
nancial responsibility, laboratory details), labeling and/or de-
scriptive details on product, size, specific ingredients (pelleted
feeds, meat mixes), sources of minerals and vitamins (che-
lated versus nonchelated forms of minerals), and minimum
and maximum nutrient concentrations (meat example, Allen,
Ullrey, and Edwards 1999; hay example, table 10.3).

Pelleted or extruded dry diets. Specifications for pelleted
or extruded dry diets not only revolve around the nutrient
content of those items, but can be as detailed as indicating
the specific ingredients used in the formulations, and even
the forms of minerals and vitamins chosen. Specifications
should include the product’s packaging (weight, size, shape,
lined or unlined bags, weight, and square footage of pallets)
and mode of transport for delivery. In addition, a plan for
product recovery, if product is deemed unacceptable at the
site of receipt, also should be incorporated.

Meat. Several publications provide detailed descriptions of
meat specifications (Allen, Ullrey, and Edwards 1999; Crissey,
Shumway, and Spencer 2001), including the types of ingre-
dients used in the product (what can and cannot be used),
microorganism thresholds, and nutrient concentrations. In
addition, specifications are important for how the product
is handled, from initial processing through freezing and de-
livery to the animal facility (maintained at temperatures that
minimize bacterial growth, solidly frozen in a short amount
of time, and delivered to the site frozen solid on a freezer
truck).

Fish. Several publications address the evaluation and handling
of frozen fish (Crissey 1998; Crissey, Allen, and Baer 1987; Of-
tedal and Boness 1983). Specifications should include how the
fish is packed, dates and lot numbers on boxes, size of boxes
(for adequate thaw), handling guidelines (i.e. to remain fro-
zen, stacked squarely), male versus female, nutrient content,
specified product recovery plan, history of the catch (fisheries
reports, epidemiological data), and freezing method.

Hay. Specifications for hay can be established across all species
(i.e. lacking weather damage, stored appropriately, containing



114

TABLE 10.3. Example alfalfa specifications in terms of agreement

1. The supplier will hold X tons of satisfactory alfalfa (Medicago spp.) hay
(see condition 3 for definition of satisfactory hay) cut in 2006 for the
institution. The price quote should include delivery, unloading, and
stacking per ton of hay.

2. The hay must be free from pests (blister beetle or other harmful insects)
and harvested from documented pest-free areas. This information is
provided via state and local Cooperative Extension Services.

3. The hay will be stored by the supplier and delivered to the institution
upon request of the institution. Deliveries must arrive between 8 and 10
AM, and trucks will be occupied in the park for approximately 3 hours.
Suppliers should be able to provide hay with at least one week’s notice
from the zoo.

4. The alfalfa hay to be purchased by the institution must meet the
following specifications in order to be deemed satisfactory:

a. Minimum of 18% crude protein (dry-matter basis)
b. Maximum of 35% acid detergent fiber (dry-matter basis)

c. Grade 1, 2, or 3 alfalfa hay based on market hay grades established by
the Hay Market Task Force

d. At least 85% alfalfa (Medicago spp)
e. Free of mold, musty odor, and dust
f. Free of toxic or noxious weeds and hardware

g. Must not be stained, badly weathered, heat damaged, smoke
damaged, or wet

h. Maximum of 18% moisture

i. Bales must be rectangular, held together by nylon and/or wire
binding, and maintain their integrity during handling and stacking

j. Bale weights must not exceed 45 kg (please specify average bale
weights).
Crude protein, acid detergent fiber, and moisture analyses will be
performed on core samples taken by the institution. The supplier
should know the nutrient content of the hay it provides to the
institution.

5. The zoo must be compensated for hay that molds in storage at
institution due to excessive moisture and improper curing. Compensation
must be in the form of a cash reimbursement at the original purchase
price for moldy hay, or replacement of the moldy hay with an equal
amount of satisfactory hay at no additional cost to the institution.

6. The institution will reserve the right to reject hay that it considers
unsatisfactory. The institution will not pay freight charges on rejected hay.

minimal percentage of weeds or foreign species, having ap-
propriate bale size and shape) or for individual species (baled
at appropriate moisture, having adequate leaf retention, color,
nutrient content). In addition, specifications can be made for
whether the product is picked up from the farm/distributor,
delivered to the facility, or delivered and unloaded. Hay qual-
ity standards have been developed by the Hay Market Task-
force of the American Forage and Grassland Council, and ad-
ditional details can be found in Ullrey (1997). An example of
comprehensive alfalfa specifications is provided (table 10.3).
Note that the specifications include not only nutrient content
guidelines, but also guides for exactly what type of binding
materials are used and the weight of the bales.

Produce. Specifications for produce can incorporate case sizes
and weights (certain counts and item sizes), packing needs
(wrapped in plastic, packed in waxed boxes, inserted dividers
to protect from bruising, etc.), and vendor handling (how de-
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livered). Produce vendors should understand the evaluation
process and criteria used for checking in their products.

Prices can change significantly throughout the year for nu-
merous items used in captive wildlife diets, based on overall
availability (issues caused by drought, fuel costs). For this rea-
son, it may be fiscally responsible to contract prices for spe-
cific items. When contracting for prices, terms rarely exceed
one year, and often incorporate the volatility of the market
and projections of future supplies. For this reason, contract
prices may be higher than what normally would be daily or
weekly costs for items. On the other hand, contracts will en-
sure a consistent supply of product, and recourse if specifi-
cations or supplies are not provided as detailed. Any prod-
uct that does not meet specifications should be consistently
rejected.

SAMPLING

Products included in feeding programs need to be sampled
on a specified and regular basis. We strongly recommend that
feeds for analysis, number of samples (based on a set sched-
ule), and types of analysis be considered a routine part of the
annual budgeting process. Samples can be collected for overall
assessment of product quality, nutrient content, and/or mi-
crobiological/toxin analysis. Samples can always be banked
for troubleshooting or retrospective examinations, especially
if funds and time are not available as the sample is collected.
The goal when sampling any product is to ensure that a ho-
mogeneous specimen is obtained that is identical to the bulk
of the lot from which it was taken. The frequency of sam-
pling is based on the variation in the parameter in the feed in
question—the more variable (or the greater likelihood of an
issue), the more frequent the sampling. Sampling protocols
and guidelines, schedules, and laboratory selection/evaluation
are described in detail in Bernard and Dempsey (1999).

ENSURING COMPLIANCE

Regularly sampling food items allows managers to incorpo-
rate the best information available into their diets. It also al-
lows for vendors/suppliers/producers to be held accountable
for the quality of their products. Designing specifications
and contracting for specified food items helps ensure qual-
ity, quantity, and price consistency in the products used in
captive animal diets. It is important to ensure that the sup-
pliers of the food items comply with the specified parame-
ters for each feed.

Clear indication of nutrient content, physical form, pack-
ing, and other requirements will help ensure compliance.
In addition, clearly communicating what is not accept-
able (physical, chemical, microbiological hazards) will help
maintain standards. As food items are sampled and results
obtained, zoo staff should share not only situations where
products fail to comply with the specifications (and receive
adequate resolution to these issues), but also results that meet
specifications as they are obtained. Open and clear commu-
nication with suppliers helps maintain good working rela-
tionships, which benefit collection management efforts in
the long term.
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CONCLUSIONS

Using the various recommendations outlined in this chapter
will facilitate efforts to feed the highest-quality food to captive
mammals. Development of a HACCP program will address
food safety issues. Surveillance and detection of food-related
hazards, including physical, chemical, and biological contam-
inants, will prevent potential illnesses and death. Based on
location, international, federal, state, and local agencies have
authority over facilities that maintain captive mammals, and
thus it is prudent to be aware of the policies, responsibilities,
and guidance of each. Whereas many captive-animal care
facilities are held to specific standards, the suppliers of the
food items included in their animal diets are, in many cases,
not bound by such regulations. Quality control standards and
proper handling practices for meat, fish, whole prey, hay, pel-
leted and extruded dry feeds, produce, and canned foods are
essential elements of a diet management system. Establish-
ing appropriate product specifications, conducting routine
analysis and evaluation of raw and commercial products, and
following up on identified issues will help ensure quality in
nutrition and feeding programs.

APPENDIX 10.1
Government Oversight of Animal Food Processing and
Handling in the United States

A number of U.S. government agencies regulate food safety. Prin-
cipal federal executive-level organizations are the Department of
Health and Human Services’ (DHHS) Food and Drug Adminis-
tration (FDA), the U.S. Department of Agriculture’s (USDA) Food
Safety and Inspection Service (FSIS) and Animal and Plant Health
Inspection Service (APHIS), and the Environmental Protection
Agency (EPA).

U.S. Department of Health and Human Services

The Food and Drug Administration (FDA) of the Department of
Health and Human Services (DHHS) oversees food safety in all do-
mestic and imported food sold in interstate commerce, including
shell eggs, but not meat and poultry, bottled water, and wine bever-
ages with less than 7% alcohol. It enforces food safety laws governing
domestic and imported food, except meat and poultry, by

« inspecting food production establishments and food ware-
houses, and collecting and analyzing samples for physical,
chemical, and microbial contamination

« reviewing safety of food and color additives before marketing

« reviewing animal drugs for safety to animals that receive
them and humans who eat food produced from the animals

« monitoring safety of animal feeds

« developing model codes and ordinances, guidelines, and in-
terpretations, and working with states to implement them in
regulating milk and shellfish as well as retail food establish-
ments, such as restaurants and grocery stores.

« establishing good food-manufacturing practices and other
production standards, such as plant sanitation, packaging re-
quirements, and HACCP programs

« working with foreign governments to ensure safety of certain
imported food products

« requesting manufacturers to recall unsafe food products and
monitoring those recalls

« taking appropriate enforcement actions
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The 2 centers within the FDA that specifically contribute to animal
food safety or have authority to regulate animal feed are the Center
for Veterinary Medicine (CVM) and the Center for Food Safety
and Nutrition (CFSAN). The CVM regulates the manufacture and
distribution of food additives and drugs that will be given to ani-
mals. CFSAN has responsibility for inspection and enforcement of
game meats and for in-plant inspection of all domestic and imported
foods (except meat and poultry products) for sale or distribution
in interstate commerce.

U.S. Department of Agriculture

The U.S. Department of Agriculture’s (USDA) Food Safety and In-
spection Service (FSIS) oversees domestic and imported meat and
poultry and related products, and processed egg products (generally
liquid, frozen, or dried pasteurized egg products). It is a regulatory
agency that enforces food safety laws governing domestic and im-
ported meat and poultry products by

« inspecting food animals for diseases before and after
slaughter

« inspecting meat and poultry slaughter and processing plants

« with USDA’s Agricultural Marketing Service, monitoring and
inspecting processed egg products

o collecting and analyzing samples of food products for mi-
crobial and chemical contaminants and infectious and toxic
agents

« establishing production standards for use of food additives
and other ingredients in preparing and packaging meat and
poultry products, thermal processing and other processes,
and overall plant sanitation

« making sure all foreign meat and poultry processing plants
exporting to the United States meet U.S. standards

« seeking voluntary recalls by meat and poultry processors of
unsafe products

The USDAs Animal and Plant Health Inspection Service (APHIS)
carries out U.S. border quarantine activities to detect and eliminate
animal health problems and exotic organisms, many of which pose
potential food safety threats. It also enforces the Animal Welfare
Act, including inspections of animal facilities. Under its regulatory
discretion, APHIS inspections include aspects of food handling,
storage, and feeding.

U.S. Department of Commerce

The National Marine Fisheries Service (NMFS) of the Department
of Commerce’s National Oceanic and Atmospheric Administration
oversees fish and seafood products. Through its fee-for-service Sea-
food Inspection Program, it inspects and certifies fishing vessels,
seafood processing plants, and retail facilities for federal sanita-
tion standards.

U.S. Environmental Protection Agency

The U.S. Environmental Protection Agency (EPA) establishes safe
drinking water standards, regulates toxic substances and wastes to
prevent their entry into the environment and food chain, assists
states in monitoring quality of drinking water, determines safety of
new pesticides, sets tolerance levels for pesticide residues in foods,
publishes directions on safe use of pesticides, regulates sanitizers
on eggs and in meat and poultry facilities, and regulates labeling of
detergents, antimicrobials, and cleaning agents.

Other U.S. Agencies
Many other federal agencies and offices have food safety missions
within their research, education, prevention, surveillance, standard-
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setting, and/or outbreak response activities, including Department
of Health and Human Services’ Centers for Disease Control and
Prevention (CDC) and National Institutes of Health (NIH); USDA’s
Agricultural Research Service (ARS); Cooperative State Research,
Education, and Extension Service (CSREES); Agricultural Market-
ing Service (AMS); Economic Research Service (ERS); Grain In-
spection, Packers and Stockyard Administration (GIPSA); and the
U.S. Codex office.

State and Local Governments

State and local governments oversee all foods within their juris-
dictions. They work with the FDA and other federal agencies to
implement food safety standards for fish, seafood, milk, and other
foods produced within state borders. They inspect restaurants, gro-
cery stores, and other retail food establishments, as well as dairy
farms and milk processing plants, grain mills, and food manufac-
turing plants within local jurisdictions. State and local authorities
can embargo unsafe food products made or distributed within state
borders.

Associations

The Association of American Feed Control Officials (AAFCO) is
a private nongovernmental association; its membership is drawn
from government, academe, and industry. It provides a forum to
discuss issues related to development and enforcement of standards
and laws as well as definition of feed ingredients. The association
offers guidance and advice to federal and state regulatory bodies.
In addition, it produces a publication that contains proceedings
from AAFCO meetings, listings of the association’s committees,
feed terms and ingredients definitions, laboratory contacts, sample
forms, and model bills (e.g. AAFCO has created a model feed bill
that states can adopt in their own laws). The AAFCO publication is
updated annually and is available in English and Spanish (Associa-
tion of American Feed Control Officials, Incorporated. 2006. Offi-
cial Publication. ISBN 1-878341-17-0).
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Part Four

Exhibitry

Introduction

Devra G. Kleiman

Zoo exhibitry has transcended the “stamp collection” menageries of the past. Through creative exhibit design, zoos
now strive to educate visitors about biology, ecology, and the grave threats to our planet’s biodiversity. We know
that zoo visitors, whether actively or passively, come away with distinct feelings, beliefs, and views after visiting
our zoos, and it is our responsibility to try to change not only attitudes, but also behavior. This part summarizes
modern approaches to exhibit design, both philosophical and practical, and provides a glimpse of the future of
zoo exhibitry. It also emphasizes the essential role that zoo education programs now have in the development
of new exhibits. Many of the chapters integrate highly practical advice on the technical aspects of exhibit design
with philosophical and value considerations.

Hancocks begins by providing a history of zoo exhibitry, and emphasizes the importance of the recent develop-
ment of the landscape immersion concept and its objective of replicating the essence of the wild and convey-
ing to the visitor the experience of discovering an animal in a wild place. By exhibiting animals in their natural
contexts, zoos can reinforce the message of the interdependency of animals and their ecosystems. Both he and
other authors in this section focus on the need for zoos to be sustainable environmentally and for visitors to be
exposed to the programs, operations, and exhibits as one intertwined whole so that shops, education programs,
exhibits, and restaurants all have a single unifying message. Hancocks ends his chapter with “Rules for Exhibit-
ing Mammals in Zoos” and “Zoo Exhibit Design Principles”

A giant panda pair interacts at the Smithsonian’s National Zoological Park, Washington, DC. Photography by Jessie Cohen, Smithsonian’s National
Zoological Park. Reprinted by permission.



Routman, Ogden, and Winsten present the recent evolution of zoo visitor education programs, which derives
from the understanding that zoos and aquariums have the opportunity and responsibility to shape public values
and behavior. Education is now an essential element of the zoo conservation strategy, and for the first time is being
tested and explored explicitly by multi-institutional research programs that study how to achieve attitudinal and
behavioral changes in adults and children. The goal is to make visitors better stewards of their environment.

Veasey and Hammer summarize the costs and benefits of mixed-species exhibits. Benefits include enrich-
ment, a more effective use of resources, and a benefit to the visitor, since animals in mixed-species exhibits are
often more active. However, there are potential risks in that individual animals may exhibit undesirable behavior
(e.g. aggression), some animals may be overly stressed under such conditions, and management of species with
different dietary requirements might be more difficult than with a single-species exhibit. Veasey and Hammer
provide guidance in establishing mixed-species exhibits, and review the impact of taxonomy, sex, reproductive
status, age, and body size on the success of such exhibits.

Rosenthal and Xanten review the basic structural issues to be considered when designing new exhibits, including
among other topics the utilities, floors, fencing, walls, doors, and ceilings. They emphasize the need for sufficient
off-exhibit space and flexibility to isolate individuals or transfer animals between enclosures. Additionally, they
highlight the importance of the proper location and size of the keeper service areas for safety and functionality.

Cipreste, Schetini de Azevedo, and Young provide guidelines for establishing an enrichment program in a zoo,
including establishing the team, setting priorities (how many species; how many animals), developing a budget,
and ensuring that enrichment efforts are evaluated to determine their efficacy. They focus on the need to make
enrichment an integral part of the zoo’s programs and to ensure that all new and renovated exhibits incorporate
enrichment.

Joseph and Antrim concentrate on the special issues that need consideration when designing exhibits for
marine mammals. Most important for managing marine mammals in zoo exhibits are the maintenance of natural
behaviors, proper nutrition, and medical management. Marine mammals can pollute their environment to an
amazing degree; thus, maintaining water quality is a major issue. Joseph and Antrim provide a summary of the
types of water handling and treatment systems and the importance of testing water for pH, salinity, coliforms,
and so on. The design and construction of appropriate marine mammal habitats need to focus on the natural
history and behavior of the species to be maintained so that individuals can perform most, if not all, of their
natural behaviors.

Although the use of plants in and around zoo exhibits has greatly increased in recent years, the result, all too
often, has been a haphazard mixture of plant and animal life that lacks a coherent ecological message. Moore and
Peterkin argue for the importance of the zoo horticulturalist in participating in the development of new exhib-
its, especially those that intend to present natural habitats. They provide nuts-and-bolts advice for dealing with
contractors, choosing species, and protecting existing vegetation during construction. They argue that plant se-
lection is as important as choosing animal species and that the actual acquisition may be as complex as animal
transport. Moore and Peterkin point out that zoo horticulturalists can play a leadership role in zoo education
programs and especially in demonstrating the organization’s commitment to a sustainable world (e.g. through
the efficient use of water and composting).

In the last chapter of this section, Coe and Dykstra summarize and integrate much of the preceding chapters,
but also present what they believe is the future trajectory for zoos and zoo exhibits. The chapter is organized
to review issues of husbandry, animal well-being, education, and entertainment. Among the new trends in ex-
hibitry are immersion exhibits that include cultural considerations; exhibits that provide mammals with more
enrichment and choice; rotation exhibits; the use of minitheaters or story-based displays to present information;
behind-the-scenes tours; and night safaris. Finally, they discuss the new trend to develop “green” exhibits that
are environmentally sustainable.
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The History and Principles of Zoo Exhibition

David Hancocks

INTRODUCTION

The idea of taking wild animals and putting them on public
display in zoological parks in small enclosures might be seen
as truly audacious if it wasn't so commonplace throughout
human history, and now enshrined as one of the hallmarks of
amodern city. A universal and unthinking acceptance of what
could be regarded as a quirky human trait prevents critical
analysis of the extent of its success. There are 2 decisive mea-
sures for zoo exhibits: the degree to which they meet the an-
imal’s biological requirements—their psychological, physi-
ological, behavioral, social, and emotional needs and wants;
and the degree to which they inspire and enthuse human
visitors to develop a more caring and compassionate view
of wild animals. These goals are rarely examined objectively.
Yet, despite the spin of modern zoo marketing, zoo exhibits
often fail on most if not all accounts. The polar bear exhibit
at Taman Safari Zoo, Indonesia (fig. 11.1), is one typical ex-
ample. It stands in stark contrast with the wonder of seeing
the power and dignity of a polar bear in its natural habitat
(fig. 11.2).

The origins of this peculiar custom have deep roots. Al-
most since the first settled human communities, ownership
of wild animals (especially big or rare ones) has been an im-
portant emblem of prestige: a mark of social distinction, and
an illustration of the apparently inherent fascination that hu-
mans have for other animals. The first zoo appeared 4300
years ago in the city of Ur, in southern Iraq, only about 1000
years after the world’s first farming villages, in southern Mes-
opotamia. Since then, zoos have evolved in all developed so-
cieties, and their growth or decline has tracked the swelling
and collapsing of civilizations across the centuries.

The stupendously wealthy Egyptian pharaohs maintained
collections of wild animal species that grew to thousands of
animals, as symbols of kingly status and national pride. At the
beginning of China’s classical age over 3000 years ago, Wen-
Wang, founder of the Zhou dynasty, assembled a zoological
collection as part of a vast “Park of Knowledge” in Henan

Province. As other kingdoms spread across Asia, court pal-
aces often served as repositories of experience of the known
world, typically including such features as libraries, muse-
ums, botanical gardens, and zoos. The ancient Greeks, too,
formed collections of animals and plants, for curiosity and
for show. Twenty-four centuries ago, most Greek city-states
maintained zoos, and visits were part of the education for
young scholars (Fisher 1966; Kisling 2001).

In ancient Rome, the wealthy elite built the world’s first
private zoos; but as the Roman Empire fell apart such institu-
tions as private libraries, lavish gardens, and zoos eroded and
then all but disappeared for the next thousand years of Eu-
rope’s history. With the exception of the extraordinary Char-
lemagne, who maintained 3 royal zoos in the eighth century,
no European court or government had sufficient wealth or ur-
banized population to support such complex developments. It
is worth noting that most of Charlemagne’s animals were gifts
from the Caliph of Baghdad and the Emir of Cairo. During
the approximately 1000 years of Europe’s Dark Ages, a time
when scholarly and artistic pursuits there were constrained by
the punitive strictures of Christianity, much of what was being
lost or suppressed was held safe in Islamic cultures. Arabic
scholars expanded on the works of the ancient Greeks and,
like them, studied the wonders of nature in zoological and
botanical enclaves that flourished under princely patronage,
until their work in turn was subdued by the narrow confines
of religious orthodoxy.

It was not until the late or High Middle Ages, with in-
creased stability, gradual reurbanization, and the growth of
literacy and learning, that zoos began to emerge once again
in Europe as symbols of regal power. The thirteenth-century
Holy Roman Emperor Frederick I, founder of the University
of Naples, was the first in several hundred years to assemble a
major zoological collection in Europe, at his court in Palermo
(Fisher 1966). There were, however, major zoos of consider-
able size in other regions of the world. Marco Polo recorded
vast numbers of wild animals on display at the thirteenth-
century court of Kublai Khan, in Cambaluc (now Beijing);

121



122

THE HISTORY AND PRINCIPLES OF ZOO EXHIBITION

Fig. 11.1. Taman Safari Zoo, Indonesia, promotes itself as a “real window to nature.” The environment this zoo provides for polar bears echoes most
zoo bear exhibits worldwide. (Photography by Rob Laidlaw. Reprinted by permission.)

and the Chinese mariner Zheng He shipped girafte and zebra
from Africa to the Ming imperial zoo in the early fifteenth
century. In Tenochtitldn (now Mexico City), Hernando Cor-
tés in 1519 discovered the staggeringly immense animal col-
lections of Montezuma II. Before Cortés destroyed it by fire,
this zoo had a staff of 600 keepers and a team of nursing staff
for sick animals: an extraordinary level of care in a society
that was based on ritual murder and steeped in gore (Loisel
1912; Schjeldahl 2004). Four hundred years ago, Jelal-ed-din-
Mohammed, the Mogul emperor of India known as Akbar the
Great, established several zoos in various Indian cities. His
progressive court was a center for arts, letters, and learning,
and his zoos reflected his tolerance and compassion. They
were open to the public, and at the entrance to each he posted
a message: “Meet your brothers. Take them to your hearts,
and respect them? It was a long time before such sentiments
gained support elsewhere.

The Renaissance in Europe rode a wave of commercial ex-
pansion and colonization. It brought new ways of thinking
and seeing, and a renewed interest in the arts and science.
One reflection of these changes was that private zoos and
gardens came into vogue. By the late sixteenth century, many
wealthy princes and merchants owned aviaries or menageries
and competed enthusiastically for animal collections. Until
this time, zoo exhibits had been designed principally as con-
tainment devices, with greatest emphasis on effective enclo-

sure. But now attention was also being given to elegance of
design, and the French pattern of formal symmetry became
the dominant fashion for zoo planning. The most stylish me-
nagerie of the era, created by Louis XIV at Versailles in the
late 1600s, was a perfect example of the French academic ap-
proach. Its radial symmetry and mathematically precise or-
namentation was a conscious rejection of the disorder and
chaos of nature; it made manifest the superiority of human
and especially aristocratic control (Hancocks 1971; Robbins
2002). The zoo at Schonbrunn, in Vienna’s suburbs, is the
best-known remaining example of this style. Designed for
Empress Maria Theresa in 1752, one of its main purposes,
as at Versailles, was to exaggerate the elegant refinement of
the court in contrast with the comic or brute appeal of wild
nature.

Zoos throughout history had traditionally been created
for the benefit of the social elite. However, humans from
all walks of life are fascinated with wild animals, and in the
eighteenth century traveling menageries began appearing
across western Europe as showmen started to take advan-
tage of the increasingly rapid influx of exotic creatures from
distant lands. Many an impresario made a living from dis-
playing strange wild creatures to the curious gaze of country
folk. Gilbert Pidcock seems to have been the first to assemble
a collection of any significant size and take it on the road, in
England in 1708. By the close of the century a Mr. Pidcock
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Fig. 11.2. A polar bear in the wild, as a comparison. (Photography by Lynn Rogers. Reprinted by permission.)

(presumably a descendant of Gilbert’s) was at first wintering
and eventually permanently displaying a menagerie of wild
animals in London at, curiously, a commercial building for
milliners and drapers, named the Exeter 'Change (Hancocks
1971). A lion, a tiger, various primates, even an elephant were
on show in cages so small the occupants could barely turn
around in them. The conditions would appall most modern
visitors, but in those days the displays were regarded as ed-
ucational. The poets Wordsworth and Byron and the sculp-
tor Sir Edwin Landseer visited the ’Change and found it a
source of inspiration. It suited the needs of the time: people
were curious only to know what exotic animals looked like.
Operated over time by various showmen, the Exeter ‘Change
was demolished in 1829, and what had become known as the
Royal Menagerie was closed (Weinreb and Hibbert 1993).
Just one year before this, however, the Zoological Society of
London had opened its Zoological Gardens in Regent’s Park.
This was to prove, perhaps, the most consequential moment
in modern zoo history.

A comprehensive mix of social, intellectual, and economic
shifts in England over almost 2 centuries led to the emergence
of the modern zoo concept. There was a new and increas-
ingly affluent middle class with an intense interest in natural
history; a keen recognition of the value of scientific studies;
an expanding concern for animal care; a passion for wild
and distant places, and a strong interest in adventure stories
about the expanding British Empire; a desire for wholesome,
outdoor family entertainment; and a devout belief in edu-
cation and enlightenment as the mark of a progressive and
civilized society (Hancocks 2001). Set in a newly fashionable
part of the world’s premier metropolis, in spacious and at-
tractive gardens, with the layout of its collection planned on

the newly developed principles of taxonomy, London Zoo
quickly established itself as a progressive, stylish, and highly
approved place to be seen. With admission restricted to fee-
paying members, visitors delighted in dressing in their finery
to parade among their peers and other quaint creatures. The
first zoo to be based on scientific principles, its taxonomic
approach inevitably led it to introduce the first reptile house,
in 1849; the first public aquarium, in 1853; and the first insect
house, in 1881 (Guillery 1993). The first to be called by the
name zoo, it has had greater impact on zoos worldwide than
any other—which made its unremitting decline in exhibition
standards during the latter part of the twentieth century es-
pecially frustrating.

The enormous and early success of London Zoo encour-
aged other facilities. Many new zoos were soon being built,
with great enthusiasm and often with massive financial in-
vestments, first from the 1830s to the 1850s in British pro-
vincial cities and in the port cities of the colonial nations in
western Europe. A wave of zoo building then spread across
the rest of Europe during the latter half of the nineteenth
century, with considerable activity and fervent rivalry in the
German-speaking world, where 17 major zoos were devel-
oped in a period of 55 years. It became almost essential for
any self-respecting world city to have a zoological park, start-
ing in Melbourne, Australia, in 1872, then to Philadelphia and
other U.S. cities westward, and to Calcutta, Tokyo, Cairo, and
Pretoria. The great swell of nineteenth-century zoo building
climaxed with the opening of the Bronx Zoo in New York
City, in November 1899.

Despite the nineteenth century’s prolonged surge of zoo
development, there was very little gain in information about
the wild animals or their habits. Hence the main stimuli for
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zoo exhibit designs were architectural copybooks and frag-
ments of exotic mythologies. Reproductions of religious
buildings were commonplace. Cologne Zoo’s ostrich house
resembled a Hindu place of prayer. Buildings styled as Egyp-
tian and Greek temples were highly approved additions to
the new zoos. Moorish birdhouses, an antelope house with
minarets, an Eastern Palace for monkeys, and a sumptuous
elephant house in the style of a Burmese temple decorated the
grounds of Berlin Zoo, where the architects Ende and Béck-
mann, in particular, produced exhibition buildings of extra-
ordinary grandeur that bespoke power and respectability with
great authority and immense confidence. Designers also em-
ployed their imagination in fanciful romanticism, with zoo
buildings that replicated fantastical castles, rustic cottages, al-
pine chalets, Renaissance pavilions, and whimsical ruins and
other follies (Hancocks 1971, 1996). Briefed only to hold the
animals on public display, the designers produced hundreds
of new exhibition spaces, none of them much improved from
those in the old menageries in terms of animal welfare. This
problem persists even today in far too many modern zoologi-
cal parks (see Kagan and Veasey, chap. 2, this volume).

After so much fanciful and ornate exhibit building through-
out the nineteenth century, a few zoos, mainly in Europe, ex-
perimented with the bold and simple styles of modernism.
Copenhagen Zoo’s ape house, designed by Fritz Schlegels
and opened in 1928, is maybe the earliest example. G. E van
Laarhoven designed a modernistic abstract monkey island for
Amsterdam’s Artis Zoo in the 1960s, replacing a more func-
tional naturalistic design of greater character. Sir Hugh Cas-
son’s marvelously expressionistic elephant house for London
Zo0 in 1965 had much influence on the design world, but was
never suitable for the housing of living elephants. Zoo exhib-
its are unusual fare for architects, and they tend to approach
the problem like an Expo pavilion, with buildings of self-
consciously unique and memorable form. Sir Norman Fos-
ter’s 2003 design for an elephant exhibit at Copenhagen Zoo
is a notable and prominent example, aiming to satisfy visiting
architectural critics more than the resident elephants.

The most numerous as well as the most eminent examples
of zoo modernism are the works of Berthold Lubetkin, princi-
pal with the design firm Tecton, who designed many projects
for English zoos in Dudley, London, and Whipsnade in the
1930s (Hancocks 1971; Allan 2002). Tecton’s work was simple
and elegant in form, with swirling concrete planes in clever
articulations. They were precocious examples of international
modernism in Britain, radical in form and structure, but not
progressive in regard to animal needs. Lubetkin’s daughter,
Louise Kehoe, likens the controlling world of London Zoo’s
Penguin Pool to the way its designer saw nature: “He liked
the contrast between the perfect man-made symmetry ...
and the wobbling idiocy of the animals. The penguins are just
instruments to display man’s ability to control nature” (Wal-
ter 1996, 9). Kehoe’s analysis throws light on an aspect of zoo
exhibit design that has unfortunately been commonplace in
zoo exhibit design history. Heritage architects adore Lubet-
kin’s works and plead for their renovation, but one must hope
that wild animals never again have to endure any of them.
The sterile plainness of the buildings so loved by architects
who paid only lip service to the notion that “Form follows
Function” was never suitable for living creatures.
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Most zoos, however, have usually stayed well away from
anything radical or intellectual. For most of their history they
have mainly preferred to expend their energy by competing
against one another with large collections of rare specimens
or consciously grand buildings. But 2 valuable new direc-
tions in zoo design did occur in the twentieth century: one
in Hamburg, Germany, in its opening decade; the other in
Seattle, Washington, in the 1970s, the decade increasingly
recognized as the century’s premature close (Wheen 2004).
Both of them, interestingly, pivot on naturalism, and on the
design treatment of barriers.

The zoological park that Carl Hagenbeck opened in 1907
in Hamburg was the first to combine naturalistic exhibition
landscapes, barless enclosures, and regional groups of mixed
species (Reichenbach 1996). Comprising African and Arctic
panoramas, the exhibits were of a scale and naturalistic gran-
deur never before attempted. Key to Hagenbeck’s grand pano-
ramas, other than their impressively bold size, was his suc-
cessful adaptation and expansion of the ha-ha—a device from
eighteenth-century English landscape gardening whereby a
ditch kept animals out of cultivated garden areas but allowed
uninterrupted views to the open countryside. He was keen
to “give the animals the maximum ofliberty . . . with no bars
to obstruct the view and serve as a reminder of captivity”
(Hagenbeck 1910, 113). Dry-moat barriers or ha-has separated
people and animals, but more cleverly, and most significant
in the history of zoo exhibit design, also kept animal species,
notably predators and their prey, separated. Enclosures could
thus be treated like theater stages, each one at the back of
and slightly higher than the other, creating a totality of sce-
nic landscape. These gigantic and dramatic exhibits, with a
diversity of animals from one type of habitat all apparently
living together, and with surprisingly realistic rock formations
designed and built by the Swiss sculptor Urs Eggenschwyler,
were immediately and hugely popular.

Before Hagenbeck, zoo designers had never looked to na-
ture as a source of inspiration. Zoo architects would have
considered it unsavory if not ridiculous to examine the wild
homes or to consider the wild habits of the animals. They pre-
ferred to construct ornate and exotically flavored buildings,
which guaranteed praise from the socially elite and awards
from their peers. The sheer scale of what Hagenbeck had
achieved, however, could not be ignored, and it was clearly
appreciated by the public. But it did not receive approval from
conservative zoo professionals. Ludwig Heck, director of Ber-
lin Zoo, irately claimed that HagenbecK’s style of presenta-
tion threatened the scientific taxonomic approach (Baetens
1995). The Bronx Zoo’s William Hornaday scorned it as “a
fad,” grumbling that people were too distant from the ani-
mals and that the approach was not only inadequate but also
too costly (Bridges 1974).

America’s early zoos modeled themselves on Europe’s
traditional designs. Philadelphia Zoo was based firmly on
the style of London Zoo. Cincinnati in the mid-1800s had
planned a zoo on mainly German styles. When William
Hornaday was hired as the first director of the Bronx Zoo,
he sailed straightway to Europe and examined 15 of its zoos
(Bridges 1974). Thus, the Bronx Zoo’s lion and reptile houses
were modeled on Londonss, the elephant house on Antwerpss,
and the antelope house on Frankfurt’s. The National Zoo in



Washington, DC, initially built romanticized versions of log-
and-stone buildings of the American West for its essentially
American collection, but soon moved toward a traditional
z00 collection: when Albert Harris was contracted to develop
its new exhibition houses, he made a study tour of European
zoos and drew up his plans on the ship home (Ewing 1993;
Horowitz 1996).

Despite Hornaday’s and HecK’s criticisms of Hagenbeck’s
work, some zoos sought to copy his style. But they rarely un-
derstood his logic, and failed to adopt the same sense of assur-
ance or of scale. The 1914 Mappin Terraces exhibit at London
Zoo was an early example that failed to capture the convic-
tion of Hamburg’s grand panoramas. HagenbecK’s creation
of high visual drama as well as Eggenschwyler’s attention to
realism was perpetually reduced as zoos merely parroted each
other’s design mannerisms. Soon, many zoos were produc-
ing grottoes and cliffs and islands of fake rock formations de-
void of any geological awareness. Today, artificial rockwork
is omnipresent in every type of exhibit, regardless of habitat
type, and oftentimes in degraded caricature that mocks the
beauty and fascination of natural formations. If one zoo de-
signer had patented the notion of a smooth vertical wall with
an overhanging lip, he or she would now be able to own a
professional basketball team.

Convincingly realistic rockwork is highly unusual: ex-
amples such as those created for Tucson’s Arizona-Sonora
Desert Museum exhibits, first under Merv Larson in the 1960s
and more recently and with even greater geological realism
under the guidance of the landscape architect Ken Stock-
ton; or for the Bronx Zoo under the direction of landscape
architect John Gwynne, are rare exceptions. Yet at one time
American zoos, especially, did know how to build artificial
rock formations of compelling veracity and strong aesthetic
appeal. Denver Zoo’s mountain habitat, built in 1918, sur-
passed even Eggenschwyler’s level of geological accuracy, tak-
ing plaster molds from local mountain ranges. Saint Louis
Z00's 1921 bear exhibits were inspired by careful attention to
the stratification and form of natural limestone bluffs. San
Antonio Zoo also produced bear and monkey exhibits in
the 1920s with high levels of authenticity in their rockwork
(Hancocks 2001).

Artificial rockwork is now the preferred solution of choice
for many zoo designers to almost every zoo design problem.
It dominates much exhibit design, but is usually a mere pas-
tiche of the real thing, typically looks insubstantial —resem-
bling crumpled cardboard or poured mounds of concrete—
and indiscriminately pops out of the ground like mushrooms.
In Europe, instead of making artificial rockwork, many zoos
tend to pile individual rocks on top of each other, and then
praise themselves for using real rock, as if it guaranteed natu-
ralness. Real rocks, however, especially those of good size, do
provide some benefits for the animals. They retain heat lon-
ger and are slower to lose it than thin-walled artificial rocks
that are devoid of any insulation value, and thus can provide
some comfort on cool or hot days.

In the mid-twentieth century, some very important pub-
lications were produced that should have led to far-reaching
changes in zoo exhibit design. The Bronx Zoo director Wil-
liam Conway published a paper in the journal Curator, “How
to Exhibit a Bullfrog” (Conway 1968), that argued in lively
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prose why exhibits should focus on habitats and not just on
animal forms or individual species. It was many years be-
fore the challenges in that paper were met, most effectively
by Conway himself, in the Bronx Zoo’s Congo exhibit. Be-
fore that paper, however, Heini Hediger, director of first the
Basel and then the Ziirich Zoo, published 2 books (Hediger
1950, 1955) in which he argued for a biological approach to
zoo exhibit design. Hediger explained the concepts of terri-
tory, the phenomenon of flight distance, the importance of
play for animals, and the need for animals to interact with
natural elements of the environment. He made it clear that
designers should concentrate on the contents and the quality
of the space. But his ideas fell largely on barren ground. Zoo
managers and zoo designers continued to develop exhibits
insufficient for living creatures. Arboreal animals survived
in empty cages. Burrowing animals lived on concrete floors.
Social animals endured solitary confinement. Predators were
denied distant views. Animals were fed monotonous diets at
regulated feeding times, devoid of contact with natural veg-
etation or, often, of natural weather. Zoo exhibits through al-
most the entire twentieth century were typically sterile spaces,
designed more for convenient scrubbing and sluicing rather
than for the comfort or well-being of wild animals.

Partly, this was because zoo directors and curators either
demonstrated their own lack of design ability by planning
exhibits themselves, or depended on the services of an archi-
tect. Most architects are in their profession because they like
making buildings, and many of them tend to focus on what
the buildings look like above all else. They rarely see beyond
the structure to notice what effect it has on the inhabitants,
and generally dislike living beings spoiling the purity of their
designed environments. Zoo directors spent many decades
repeating the old joke about an architect being the most dan-
gerous animal in the zoo—yet persisted in employing them.
Architects, trained to produce architectonic solutions, pay
close attention to hard materials and the aesthetics of built
forms. They are usually not the best people to design spaces
for wild animals or to employ the vocabulary of a design pal-
ette that embraces living plants, soils, natural drainages, and
landforms, which are of course the design elements of land-
scape architects, who have quite different training and aims.

The works and the roles of landscape architects have hardly
been a secret. English landscape gardeners such as William
Kent, Lancelot “Capability” Brown, and Humphrey Rep-
ton had in the seventeenth and eighteenth centuries created
graceful landscapes with strongly romantic allusions to na-
ture (Hoskins 1970). Frederick Law Olmsted’s 1858 design for
Manhattans Central Park, as well as the many other parks,
parkways, and neighborhoods that he created across the
United States, had spoken eloquently of the benefits to be
gained from intelligent application of landscape design in
urban life (Olmsted 1971, Ewing 1996), and he was initially
employed for the first—but aborted— concept plans for the
National Zoo in Washington. Yet landscape architects were
not actively engaged in zoo design until the mid-1970s, when
the new firm of Jones & Jones was hired to produce a master
plan for Seattles Woodland Park Zoo. The firm introduced
a different approach to zoo planning, diagramming the site’s
shade and sun patterns, slopes, drainage, soils, and vegetation
to arrive at the best locations for replicating different habitats,
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and developing a matrix to assess these against an ecological
system of life zones (Jones, Coe, and Paulson 1976). Its master
plan included designs for new exhibits that used natural land-
scapes as a guide rather than works from other zoos: indeed,
as director I made a deliberate decision that the design team
should not take the traditional international zoo tour when
they obtained the Woodland Park Zoo contract.

The needs of the animals, in particular, were considered
a priority, and resulted in their being given places to hide
from view if they wished; natural vegetation to interact with;
landscapes that were complex and sufficiently challenging
to invite exploration; and, for interior spaces, close atten-
tion to comfortable and variable lighting and to soft acous-
tic treatments. The outdoor spaces were designed to reflect
as closely as possible the visual mood and quality of the ani-
mals’ natural habitats.

Further, and significantly, this natural habitat landscape
was expanded to encompass the public areas, with special em-
phasis on embedding visitors in the landscape before they en-
countered the animals on display. The intent was to give visi-
tors the opportunity to engage their senses in a rich natural
environment and, since habitat loss is the greatest threat to
wildlife, for them to gain an appreciation—if only subcon-
sciously—of the link between specific animals and specific
types of habitat. Grant Jones coined the term landscape im-
mersion for this approach (Hancocks 2001). It was critical,
in this philosophy, that there be no sense of barrier between
humans and animals and landscape. Thus, instead of copying
ideas of barriers from other zoos, the zoo staff and the design
team gathered examples of scenes from nature that could be
employed as barriers, such as fallen trees, earth slippages,
washouts, mud banks, streams, and grass-edged ponds. The
essential goal of the design was to replicate the sense of ex-
ploring a wilderness.

Jones & Jones sought ways to incorporate artificial struc-
tures into the landscape, burying buildings under sod roofs,
for instance. It was the antithesis of an architectural approach.
Housing structures were necessary at Woodland Park Zoo, as
they are in most zoos, to accommodate animals from climes
quite different from the local weather patterns. When zoos
display large animals from a climate similar to their own
location, or, better, from within their own regional biome,
they do not need to build big, climate-controlled structures
for shelter. At the Arizona-Sonora Desert Museum, for ex-
ample, species from the region require minimal shelter, and
the exhibits often incorporate the surrounding desert ter-
rain. The 1998 coyote exhibit ensures the animals a quality
and quantity of space that could never be achieved architec-
turally (fig. 11.3).

Exhibits of this quality are not achieved simply by fencing
off a section of land. The siting of the rock in this scene was
carefully considered, to create distant views for the animal—
all predators seem to benefit from elevated viewing sites—and
thereby encourage it to be in good public view. Every detail
of the exhibit was considered, to create an experience equal
to an authentic wildlife encounter. The enclosing lightweight
mesh fence of very thin and knotted cables, now marketed
as Invisinet, is so skillfully designed as to be practically in-
visible. It required significant amounts of Stockton’s ingenu-
ity and time to conceive and to test this design—a situation
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unsupportable by consultant designers working under the
conditions imposed by competitive contract bids, and an-
other example of the benefits obtained from having talented
designers on staff.

Initially, the landscape immersion concept introduced at
Woodland Park Zoo in the 1970s evoked a mainly hostile re-
action from most other zoos, especially from professionals in
established zoos who intensely disliked its unkempt appear-
ance. San Diego Zoo set the accepted standard of the time: its
zookeepers, with obligatorily clean-shaven faces, were also re-
quired to mow the grass in their exhibits. Many zoo directors
and curators thought the additional landscaping for public
areas was a waste of money, that the dedication to natural-
ism was unnecessary since animals only judged their enclo-
sures on practicality, and that efforts to make the exhibits
look like wild places only made it difficult to see the animals.
Some deigned to take notice of the new approach. Wichita’s
Sedgwick County Zoo director, Ronald Blakely, writing on
significant zoo design for a national survey (1985), thought
only the new developments in his own zoo and at the zoos in
Louisville and Columbia, South Carolina, were noteworthy.
He considered them “paradises.”

Within a couple of decades, however, zoos across the
United States had adopted landscape immersion as the es-
sential exhibition design technique. Today, landscape archi-
tects who once worked in Jones & Jones’s office are principals
in the majority of American zoo design firms, and Seattle is
“considered the global center of zoo design” (Chozick 2009).
It is a tragic irony, then, that the fundamental principles of
landscape immersion exhibits are now rarely practiced. The
demands of commercialism in today’s corporatized zoo mean
that animal needs are not paramount, but are always at risk of
being compromised in favor of what the paying visitor wants.
Attention to the fine details of realism is rarely considered
worthwhile for any intrinsic value. A prolific combination
of fence posts, drain covers, stainless steel dishes, concrete
edges to water bodies, dead trees with sawn-off limbs, paved
surfaces, even artificial grass, is common in most zoo exhib-
its. Because the exhibits are typically impoverished, keepers
routinely add a jumble of artificial objects for animal activity.
It all defeats the justifications for the exhibit’s existence, and
reverts to the menageries’ base purpose of showing people
the shape, size, and color of wild animals.

Zoo professionals usually dismiss such criticism as simply
elitist aestheticism. But the physical environment in which
people view wild animals has a direct influence on their atti-
tudes. The Yale psychologist Stephen Kellert (Kellert and
Dunlap 1989) measured zoo visitor opinions and noted that
zoos displaying animals in naturalistic environments had
positive impacts on their visitors: the more authentic in ap-
pearance, the more positive the response. Animals presented
in ugly and unnatural environments increased visitors’ nega-
tive attitudes toward wildlife, and generated fear and dislike.
A study by the psychologist Ted Finlay (Finlay, James, and
Maple 1988) on people’s perceptions of animals in various
zoo environments and in wild habitats also demonstrated
that the context in which an animal is viewed influences how
and what people think of the animal. Wild animals evolved
in specific types of wild habitats: they are inevitably seen out
of context when viewed in anything other than their natural
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Fig. 11.3. The coyote exhibit at the Arizona-Sonora Desert Museum, Tucson, designed by staff landscape architect Kenneth Stockton. (Photography
by Kenneth Stockton. Reprinted by permission.)

environment. Every detail that heads away from a natural
scene is therefore a move toward artificiality, and failure.

Many zoo managers apparently do not know what the
words natural habitat mean. They routinely use the expres-
sion to describe exhibits of exceedingly poor design that bear
no visual or practical resemblance to wild places. There are
hundreds of examples, ranging from some recent ones at
Chester Zoo, England, to many in China’s zoos.

Each time that zoos present wild animals in environments
clumsily constructed of artificial components, they insult their
visitors’ intelligence and, worse, ignore their responsibilities
to the animals in their care and their justification for having
them in captivity. When an architect designs a monument to
his or her own ego, or a keeper places a clear-sawn limb off a
dead tree in plain view, or a wall is formed of concrete blocks
or stained planks, or a stainless steel dish is openly displayed
on a shelf or ledge, or yet another piece of crudely fake rock
is accepted by a curator, or a floor is formed of asphalt, or a
metal or timber fence is visible, or a metal gate faces the view-
ing area, or a lampshade is dangled over an animal’s resting
spot, or drain covers are exposed to view, or neatly milled
fence posts are allowed into the scene, or the edge of a pond

is lined with artificial curbing, or ropes and chains dangle in
view, there is another step away from the natural. And when
a number of these awful details accumulate in one exhibit,
as they frequently do, then the result becomes meaningless.
Zoo managers are often blind to all this, perhaps because it
is difficult to see one’s daily surroundings with a fresh eye
and to note incremental degradation, but also because they
typically are not trained to analyze the quality of a designed
environment. Sadly, too, they often fixate only on the animal
rather than on the animal within its environment. Most British
and many European zoos specialize in degrading the inherent
beauty or dignity of a wild animal with inappropriate exhibit
designs. A new zoo in the Netherlands, called Gaia Park, dis-
plays animals in exhibits so lacking in either naturalness or
visual quality that it manages to debase both the animals and
the Gaia hypothesis whose name it has hijacked.

Zoos would therefore benefit from adding formal design
skills to their mix of professional staff abilities. It was once
unusual to have veterinarians or educators on staff. Zoo fund-
raisers and marketing staff were unheard of until quite recent
times. Employment of zoo design staff is overdue. In-house
designers are needed to plan new small exhibits, to handle
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Fig. 11.4. This giant panda exhibit at Ocean Park, Aberdeen, Hong Kong Island, is but one example of zoo doublespeak: a strange and obviously
artificial assembly by Taoho Architects that the zoo nevertheless describes as “simulating a wild highland.” This sort of false labeling is commonplace
in zoos around the world. It is a disservice to the zoo’s visitors, and to the complexity and beauty inherent in real wildlife habitats.

modifications of existing exhibits, to coordinate consultants
for large exhibits, and to be a voice and a translator of design
jargon for the zoo operational staff. In addition, design teams
would benefit specifically from injecting the occasional ex-
pertise of ecologists and geologists into exhibit designs. And
special advancement would be achieved if every zoo design
team also nominated at least one staff member as a delegated
spokesperson for the animals. The need for this cannot be
overstated.

One of the main reasons the Bronx Zoo produced consis-
tently high-quality exhibits during the long tenure of direc-
tor William Conway was the existence of a resident design
team, and because it comprised designers from a variety of
arts and design backgrounds, and was never led by an archi-
tect. Between 1982 and 2009, the staff landscape architect (and
ornithologist) John Gwynne led a team that produced exhib-
its of grand scale, superb quality, and impressive creativity.
Simple but effective design techniques created the sense of
vast distance that characterizes the natural habitat of Gelada
baboons and Nubian ibex (fig. 11.5), an exhibit that is an ex-
traordinarily convincing replication of a wild habitat inspired
by close study of the real thing. Exquisite attention is given to
the visual mood and topographic scale of the landscape, to
the quality of the appearance of the exhibit, and to the diverse

needs of the visitors and the animals. Gwynne always seems
concerned about meeting the needs of the animals.

If animal needs were at the highest levels of priority for
zoo exhibit design, there would be instant and important
improvements. Given a voice, animals would not choose to
sleep on concrete, be locked inside for days and even weeks,
breathe stale air, wake to sudden bright lights, or suffer loud
noises ricocheting oft walls. They would not ask for cramped
spaces where they could not carry out natural behaviors. They
would instead prefer environments rich with possibility, big
and complex enough to explore. Some would choose large,
stable groups; others would prefer only their own company.
They would ask for interactions with different types of water
bodies, with different types of soils and other substrates, and
with a variety of different types of natural vegetation. They
would appreciate maximum opportunities for natural brows-
ing or grazing, and insist on facilities for digging or swim-
ming or climbing and all their other natural behaviors. They
would request protection from stress or boredom, and shelter
to suit their immediate desires at any time they chose.

Developing and operating a zoological park is a challeng-
ing and complex task. Indeed, it would be difficult to find
another institution so multifaceted. Zoos must continuously
balance a very wide array of disciplines that are sometimes
conﬂicting: science, recreation, education, commerce, conser-
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Fig. 11.5. The Baboon Reserve at the Bronx Zoo, New York, opened in 1990, was designed by the staff landscape architect John Gwynne and the
exhibits design team of the Wildlife Conservation Society. (Photograph © Wildlife Conservation Society. Reprinted by permission.)

vation, animal husbandry, ethics, media relations, breeding,
philosophy, horticulture, health care, entertainment, welfare,
food services, financial strategizing, strategic and physical
planning, and exhibit design. But because they must attract
visitors, and aim to encourage respect for wildlife and shape
public attitudes, zoos need to pay extra attention to the way
they present animals, and to the quality of their designed en-
vironments. Unforgivably, spaces for the animals are often de-
ficient. John Seidensticker, former curator of mammals at the
Smithsonian’s National Zoo, once was hired to advise a “well
known zoological park” on a new exhibit for jaguars (Seiden-
sticker and Doherty 1996, 181). The zoo’s designers wanted to
create an image of a jaguar lying in the sun by a body of water
in the tropics, as if they were assembling a static diorama. For
this they had allocated less than 28 m?—equivalent to about 3
automobile parking spaces. Seidensticker knew from studies
that this limited space would engender “excessive stereotypic
behavior in the jaguar,” and that visitors would take home “a
negative message” (ibid.). The designers, however, insisted
that the allocated space was adequate, and that design work
had proceeded too far to allow changes. (In other words, their
fees would be negatively affected if they needed to produce
more design work.) Similarly mean-spirited attitudes and
inadequate spaces are prevalent in zoos. The multimillion-
dollar Lied Jungle that opened at Henry Doorly Zoo, Omaha,
Nebraska, in 1994, one of the world’s largest zoo rain-forest

exhibits, provides pitifully small spaces (formed principally
of concrete) for its animals, both on and off exhibit.

The zoo design specialist Jon Coe has said that he judges
the effectiveness of a zoo exhibit by “the pulse rate of the zoo-
goer” (Greene 1987, 62). He talks of the need to design exhibits
that will make the hair stand on the back of a viewer’s neck. It
is the same sensation one can experience upon encountering
an animal in the wild: a mix of admiration, respect, awe, and
atouch of fear, and is a combination only achieved in the the-
atrical milieu of a wild landscape. Attempts to convince zoos
of the need to reach visitors at this emotional level have often
been derided as romanticism. Yet if zoos are to help in creat-
ing an informed and aware citizenry that is sympathetic to the
increasingly urgent plight of wildlife, they need to be much
more effective than they have been in the past. They need to
remind their urban visitors of the wildness of wild animals.
This cannot be stressed too highly. Rather than displaying wild
animals as aberrant beings, or cute exotic pets, or creatures
clearly in captive conditions, zoos have to find ways to con-
vince people of the splendor, the beauty, the ruggedness, the
realism of the wild. A central component of the answer to this
problem lies in design, and in finding more convincing ways of
presenting animals to the urban and suburban zoo audiences
that are increasingly divorced from any contact with nature.

The origins and history of zoos reveal the best and worst
of humans. Our reverence for nature is matched by our con-
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tinuous attempts to control and smother its wildness. Zoos
have repeatedly been assembled as mere symbols of status,
and have frequently been sources of anguish and misery for
the animals in their care. The reason for zoos’ existence today,
however, is urgent and critical, most especially to serve as
an advocate for wildlife and as a venue for respectful human
contact with wild animals. This is why zoo design requires
the most superb and exquisite care.

WHERE NEXT?

Stunningly impressive exhibits were developed in zoos in the
latter part of the twentieth century. Tacoma, Washington’s
Point Defiance Zoo built especially fine immersion exhib-
its in the 1980s, the first to follow Seattle’s examples. Under
the directorship of William Conway, the Wildlife Conserva-
tion Society produced an extraordinarily large number of
highly competent exhibits at its several New York zoo sites.
The Congo and the Baboon Reserve exhibits at the Bronx
Zoo are some of the finest emotional and educational expe-
riences for zoo visitors ever created. These 2 complex exhibits
are based on intellectually sound approaches, are dedicated to
and supported by remarkably strong conservation ethics, and
demonstrate a consistent commitment to the highest design
standards. The “Ring of Fire” Arctic exhibits at Detroit Zoo,
designed by Jones & Jones, are similarly noteworthy, as is that

THE HISTORY AND PRINCIPLES OF ZOO EXHIBITION

firm’s work at San Diego’s Wild Animal Park. Disney’s Ani-
mal Kingdom in Bay Lake, Florida, has a vast African savanna
landscape of forceful realism, also designed by Jones & Jones.
Kenneth Stockton at the Arizona-Sonora Desert Museum has
produced perhaps the most compellingly realistic immersion
experiences, following a naturalistic design tradition at the
Desert Museum that was established by Merv Larson in the
1960s; but he takes the concept much further by also paying
as much attention to the behavioral and psychological needs
of the captive animals as to the physical components that
create the sense of realism for visitors.

The effectiveness of exhibits at the Desert Museum is
greatly enhanced by their being surrounded by the natural
habitat they seek to interpret. Yet, notwithstanding polar
bears at Singapore Zoo and elephants at any number of cold-
weather sites, a logical argument can sometimes be made for
z00s to display life-forms far removed from their own climate,
such as many of the exhibits for small animals that demon-
strate the excellent conservation work with exotic island spe-
cies at the Durrell Wildlife Conservation Trust, on the isle of
Jersey in the English Channel. At Zoo Ziirich, Switzerland,
visitors can escape from cold, bleak days and enter a world
of lush green vegetation and warm humidity within the very
large space of the Masoala Rainforest Hall designed by the
architects Gautschi Storres and the landscape architects Vogt
AG (fig. 11.6). Here they can explore a habitat that skillfully

Fig. 11.6. Built to high environmental standards, the Masoala Rainforest Hall at Zoo Ziirich, Switzerland, employs the best available technology to
reduce energy consumption. (Photography by Edi Day, courtesy of Zoo Ziirich. Reprinted by permission.)



Fig. 11.7. The Platypusary at Healesville Sanctuary, Victoria, Australia.
According to its architect, Catherine Fahey, it is “intended to imply the
dream world these small animals occupy” (Norman Day, “Healesville
Platypusary,” Age, August 23, 2005). To what purpose is not apparent to
the author. (Photography by David Hancocks. Reprinted by permission.)

replicates features of Madagascar’s Masoala National Park. A
diverse range of small animals lives within this exhibit, which
focuses on habitat complexity, gives equal attention to plants
and animals, and minimizes attention to the designers’ hand.
Masoala Rainforest Hall is the public face of the zoo’s strong
conservation partnership in Madagascar, and could be con-
sidered worthy for just this fact. But it also offers visitors a
landscape of impressive authenticity, equal to other exhibits
developed at this zoo under Alex Riibel’s direction (such as
the 1995 spectacled bear exhibit by the landscape architect
Walter Vetsch), which celebrate not only good works in con-
servation but also sensitive and intelligent design.

These examples are all gorgeous exhibits: beautiful in con-
cept and in visual detail. They contain a fundamental lesson
for zoo exhibit design teams. It is rather like the guiding ethic
for medical practitioners— First, do no harm. Zoo exhibit de-
signers and caretakers should insert nothing that will detract
from the inherent beauty of the animal, or diminish the in-
herent splendor of the habitat in which the animal evolved
and is an integral being.

When zoos employ architects to design new exhibits, they
assume a responsibility to ensure that they are especially at-
tentive to this aspect of zoo design. It takes greater heroism,
and is a more noble aspiration, for architects to subsume their
professional tendency to make bold statements with built
structures when attention needs to be diverted to the ani-
mals. Not only are the zoo’s animals its primary clients; they
also need to be viewed and understood by visitors within
the context of their natural habitats—not as isolated spe-
cies, and not as natural objects within a high-design environ-
ment. The contemporary trend in architecture toward visual
extravagance, as Witold Rybczynski, one of America’s most
prominent writers on architecture, has noted, is an aberra-
tion (Rybczynski 2001) and an especially regrettable one in
zoos. Part of the problem is a common failure for architects
to understand what style is. The modernists consciously re-
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jected “style” (the Swiss-French architect Le Corbusier, for ex-
ample, declared that style was nothing more than “a feather
in a woman’s hat”), but it is in fact an essential aspect of ar-
chitectural design, its lexicon. Rather than embracing fash-
ion and rejecting style, architects tackling zoo projects would
better note Gabrielle Chanel’s observation: “Fashion passes,
style endures” And in terms of zoo design, the dominant and
enduring style is that of nature. It is what must be prominent
in the architect’s design vocabulary.

In the 1990s, Healesville Sanctuary, Australia, built a platy-
pus exhibit by the architect Greg Burgess and the landscape
architect Kevin Taylor that blended into its forested habitat
with a pleasing subtlety. But an additional Platypusary built
at this zoo in 2005 pursues a very different philosophy. This
exhibit (fig. 11.7), by the architect Catherine Fahey, clamors for
attention to itself rather than attempting to focus on nature.
It screams loudly that architectural design is more important
than either the platypuses or their freshwater habitats. The
structure is flamboyantly clad in day-glow pink panels—ofa
hue that the sanctuary’s then director, Matt Vincent, proudly
claimed to have selected himself, though it seems unlikely the
architect would have allowed such a thing—affixed to a shiny,
golden metal structure, with orange and lime-green graphics
and flooring of glistening glass marbles set in concrete.

The foundation of the landscape immersion concept for
zoo exhibits was that it should aim to convey the essential ex-
periences of discovering an animal in a wild place. The fact
that this is difficult to achieve, and requires exquisite attention
to place and to detail, is no excuse for zoos to make only a
half-hearted attempt at it. Moreover, and critically, the prob-
lem must not be restricted to the appearance of the exhibit.
Satisfying only the superficial aspect of the problem has re-
sulted in too many zoo exhibits which look vaguely realistic,
but are clearly ersatz places, and which fail to meet any of the
behavioral requirements of the animal inhabitants. Creating
the illusion of a wild place is not the same as creating the il-
lusion of a wild encounter in a wild place. Both the animals
and the human visitors need to have that sense of a natural
experience with a natural environment.

The aim of replicating the essence of the wild must always
remain a basic goal for zoo exhibit design. It may create frus-
trations for designers and operators, and easily swept concrete
floors or wire mesh barriers may be much more appealing to
budget managers, but no milieu other than their wilderness
home is appropriate for wild animals. Wild habitat exhibits
are timeless in style, and can never go out of fashion. Most
important, they are also the basis for understanding any wild
animal: its appearance, its behaviors, its adaptations, its very
being are all the product of evolving within and adapting to
a certain type of environment. If zoos are willing to display
animals in any other type of setting, or in some tame and
tawdry version of a natural habitat, they are undermining
the justification for their existence.

The very difficult challenge for zoo exhibit designers is to
find ways in which they can create exhibit landscapes that
look and feel and sound and smell like the real thing, and
that not only are thus very convincing but also can be effec-
tively and economically managed and maintained for wild
animal interaction. It is not an easy task, but it is an impera-
tive goal.
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Design of an exhibit is only one component of its success
(or fajlure). Maintenance and management are equally im-
portant, and must be considered in the design. Access for
cranes to remove and introduce very large objects is required,
so that the exhibit space can be enlivened periodically. Intro-
ducing large trees is especially beneficial for a wide range of
species. When the concept of landscape immersion was in-
troduced, at Woodland Park Zoo in the mid-1970s, a princi-
pal and inherent objective in its philosophy was that not only
200 Visitors but also zoo animals should be within a simu-
lation of the animal’s natural habitat that was as accurate as
possible. This was not just for educational and aesthetic rea-
sons, but also for direct benefit of the animals, to allow them
direct interaction with living vegetation. It was soon apparent
that the animals greatly enjoy such interaction, but to such
an extent that, in the small spaces of zoo exhibits, they killed
the vegetation. Two very important lessons emerged: provide
live vegetation for animal and public benefits, but provide,
too, for its easy replacement.

Trees and shrubs newly introduced into an exhibition
space require temporary protection. Unfortunately, zoos
have invariably chosen to avoid the inconvenience and cost
of periodically replacing live vegetation, preferring instead to
erect permanent protection devices to prevent animal con-
tact. It is a cheaper and easier strategy, but it is the antithesis
of the landscape immersion philosophy. As compensation,
and usually at the behest of zookeepers aware of the bore-
dom of the animals in their daily care, zoos then clutter the
exhibit space with a variety of extraneous artificial objects to
“enrich” the animal’s life, further removing the exhibits from
landscape immersion principles.

Interaction with living vegetation is an immensely satis-
fying and natural activity for many mammals—from pri-
mates to carnivores, from big ungulates to almost all small
mammals—and observing these activities adds greatly to visi-
tor enjoyment of exhibits. When a new exhibit space for go-
rillas was opened at Melbourne Zoo in 1990, these benefits
were clearly in evidence (fig. 11.8). The curator of horticul-
ture, Michael de Oliviera, was closely involved with the de-
sign and planning, and was intent on replacing vegetation
often enough to meet both animals’ and visitors’ needs. Today,
however, such an approach has long disappeared. As is the
norm at most zoos, electrified wires now permanently deny
the gorillas contact with live vegetation. To the casual public
eye, the animals appear to be in lushly planted environments,
but in reality their world consists only of quarantined spaces;
impoverished corridors of heavily trampled grass and dirt.
This problem is intensified by the fact that most zoos also
persist in locking up their animals after public hours, con-
fining the animals in night quarters that are as sterile and
noisy and inappropriate as the cages of the old menageries
of past days. In far too many instances of zoo exhibit design
and management, fundamental aspects of the nineteenth-
century approach to zoo exhibit/cage design still prevail be-
neath a modern veneer of naturalism. The obsession with
designing spaces that keep the animals on public view at all
times is driven so hard by marketing directors (and, equally
often, by zoo board members) that it prevents essential pro-
gress in zoo exhibit design.
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Fig. 11.8. The gorilla exhibit at Melbourne Zoo, Australia, in 1990
(design concept by David Hancocks, landscape architecture by Stuart
Green, horticulture development by curator Michael de Oliviera), before
the introduction of electric wires to prevent animals interacting with
live vegetation. (Photograph courtesy of Zoos Victoria Photographic
Collection. Reprinted by permission.)

Zoo exhibits of the future will also need to employ more
persuasive techniques for effective interpretation. In days
past, zoos were accepted as nothing more than a place where
people could observe an animal’s size, shape, and color. Inevi-
tably, amidst such an ethos, many generations of zoo animals
passed lives of great boredom in empty enclosures. Millions
of zoo visitors, at the same time, had no opportunity for any
activity other than gawking, and eating junk food.

A favorable marriage of presentation and interpretive
techniques must be the mainstay of future zoo exhibits. In
the early 2000s, through the efforts of Jackie Ogden, conser-
vation director at Disney’s Animal Kingdom, the Association
of Zoos and Aquariums (AZA) at last began the process of
objectively assessing the educational effectiveness and the
degree of conservation awareness that zoo visits may or may
not generate.

At the time of writing this chapter, the AZA was engaged
in a flurry of activity on behalf of several of its member in-
stitutions who were being criticized about standards of care
and environmental quality for their elephants. On several
occasions the AZA directorate distributed media releases,
claiming, “as ambassadors for their species [zoo elephants]
inspire people to protect them” (e.g. Vehrs 2006, B7). There
is no evidence that this is true. Inspiring zoo visitors to pro-
tect wildlife can be presented as a laudable goal, but is not a
fact achieved. Indeed, even before such media releases were
distributed, the AZA, prompted by Ogden, had funded a re-
view of the literature about what visitors learn in zoos. This re-
view, by the Institute for Learning Innovation, had confirmed
that “little to no systematic research on the impact of visits
to zoos and aquariums on visitor conservation knowledge,
awareness, affect, or behavior has been conducted” (Dierk-
ing et al. 2002, 19).

A close examination of the impact of zoo visits on vis-



itor behavior (Smith, Broad, and Weiler 2008, 545) deter-
mined that “despite the rhetoric . . . there is little evidence”
that zoo visits influence behavior. It reviewed many studies
that examined the role of zoos in influencing visitor behavior
and determined that “there is little long-term impact from a
single experience at a zoo,” and that any increased commit-
ment to conservation after a zoo visit soon reverted to pre-
visit levels.

Zoos enthusiastically promote themselves as conservation
organizations, and routinely claim that their exhibits pro-
mote conservation ideals. There is much distance, however,
between the ambition and the result. Much of the problem
lies in lack of integration and of focus.

The programs, the operations, and the exhibits that zoos
create serve as one intertwined whole. The goods that zoos
choose to purchase for their own use, the content of the edu-
cation programs they offer, the products for sale in the gift
shop, the type of food in the restaurant, and the ways in which
animals are presented in the exhibit spaces are each equally
important components of the purpose and justification for
the zoo, and in concert they determine what people learn. In
their own way they are all, in effect, zoo exhibits. No animal
exhibit alone can convey all the messages and carry the de-
grees of understanding that visitors need to acquire to ensure
a valuable result from a zoo visit.

Interpretation is thus a critical component that deserves
far more careful attention: the exhibit itself serves most use-
fully as a stage for telling the stories, not as the only source
of the interpretation. At present the typical zoo exhibit is de-
signed to meet several criteria—most especially preventing
animal escape, ensuring animal visibility, and, sometimes,
even providing drains that work. It is then usually turned
over to the education staff to develop some stories for pre-
sentation on graphics panels. The best design solutions, how-
ever, come from an inversion of this system, when an inter-
pretive message is determined as a fundamental guide for
the designers. And the best interpretive solution surely does
not emanate from the ubiquitous graphics panel. There is no
evidence that this interpretation tool has benefits that match
even slightly the high cost of its production and visual intru-
sion on the landscape.

There are 2 nontraditional examples that seem to carry
the possibility of greater effectiveness. At the Arizona-Sonora
Desert Museum, very highly trained (and highly dedicated)
docents stationed around the grounds employ a wide range
of artifacts, including many types of small life-forms in port-
able habitat display tanks. The docents engage visitors in
direct and personal story-telling experiences that are auto-
matically custom-tailored to the visitors’ levels of apparent
interest and comprehension. The docents, including a cadre
of junior docents for communicating with young visitors,
are not tour guides; they position themselves at set stations,
often with stories and artifacts relative to adjacent specific
landscape elements or thematic exhibits. They are also not
intended to be substitutes for static interpretive displays,
for different types of visitors have different learning strate-
gies. But a wealth of surveys over many years makes the
museum believe that this method of interpretation, based
as it is on personal contact with generalists who have grad-
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uated from a remarkably thorough training program, has a
profound effect on the perceived value of the visit. There is
also much anecdotal evidence that these docents have often
shifted visitors’ attitudes and values. Assessing the long-term
general effectiveness of this docent system would be im-
mensely useful.

Another method of interpretation worthy of close con-
sideration by zoo designers and educators is the use of high-
technology equipment that was employed at Wildwalk, in
Bristol, England—the city that is the world’s center of wild-
life filmmaking. Moving images via various media were inte-
grated with exhibition habitats containing live animals. This
mix encourages animal watching, which is a potentially far
more valuable way to gain people’s interest and support for
animal welfare and conservation than they might have from
just animal Jooking. However, for most visitors most of the
time at most zoo exhibits, looking at an animal that is doing
little or nothing of interest is the only option.

Animals are not constantly engaged in interesting activi-
ties: many of their most fascinating behaviors are usually
ephemeral or seasonal and thus rarely witnessed. Moving
images, however, can show behaviors that people would nor-
mally never see—sometimes even once-in-a-lifetime events.
Nonetheless, projected images have their own limitations,
and living animals have an attraction that is far greater than
film alone. The cleverness of Wildwalk, a grand experiment
conceived and created by the filmmaker Christopher Parsons,
former head of the BBC television natural history unit, was its
combination of living animals and moving images of their be-
haviors. Wildwalk, which closed March 2007, focused on very
small life-forms, and placed more emphasis on film presen-
tation than on live animals. Even so, this integration of film
and reality contained important lessons that zoos could very
usefully consider and that creative exhibit designers should
carefully review. The BBC—most notably with David Atten-
borough’s programs that have examined the lives of plants
and animals in a vast array of habitats and times, from life
underground and in the sea, to time across seasons and in
milliseconds—has developed examples of technological wiz-
ardry that could surely benefit zoo exhibits. One simple and
obvious example at Wildwalk was the integration of moving
images into the interpretive graphics.

Wildwalk, like several modern zoos, was deeply engaged
in wildlife conservation. Such institutions recognize that the
manner in which animals are presented to visitors is a critical
component in forming opinions and establishing values. The
stakes for zoos and for public support of wildlife conservation
programs are high in this regard. Zoos attract huge numbers
of mainly urban visitors: people who in large part are discon-
nected from contact with or understanding of the natural
world.

Terry Maple, former university professor, AZA president,
and director and builder of Zoo Atlanta, is trained as a sci-
entist. He has argued that although AZA members voted in
1980 to establish conservation as the association’s first prior-
ity, it may have been preferable to put animal welfare at the
top of the list (Maple 2003). He has addressed the beneficial
impacts this could have on collection planning, and it is well
worth designers’ considering the benefits it could bring to
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exhibit design. Conservation, in zoo parlance, usually means
“breeding;” and the criteria for successfully managed breeding
programs are increasingly the basis for exhibit design briefs.
Zoos first and foremost are needed as places to engage with
the public on matters and issues that will shift their values
and attitudes. I support Maple’s notion that welfare would
better serve as the principal priority for zoos, and I would
place education as the close second item on the list. The AZA’s
Species Survival Plan is, however, officially regarded as the
dominant justification and guide for modern zoos. The pro-
gram is commonly referred to as the SSP, which could be
more accurately defined as an acronym for a Self-Sustaining
Program for zoos. It is less about guaranteeing the survival
of wild animals than it is about ensuring the perpetuation
of species in zoos. The zoo curators’ breeding programs are
vital, but they are better served in large tracts of land away
from public zoo visitors; zoo exhibits can then concentrate on
public education and attitudinal goals, unimpeded by other
demands. This may be rather an oversimplification of the
situation, but is presented here to serve the point that zoo
exhibits are principally for exhibition. If Maple’s admonition
about the priority of welfare could be adopted, we would
find beneficial changes both subtle and deep in the design
approach to zoo exhibits. Once again, as was originally in-
tended with the landscape immersion philosophy, the animal
would be the principal client.

AZA likes to boast that attendance at its member zoos ex-
ceeds that at all U.S. professional sporting events combined.
Surely, if these millions of zoo visitors were in fact gaining
new understandings, new insights, and new enthusiasms for
the protection and care of wildlife, we would not be facing
the extreme situations that are decimating wild animals and
their habitats all over the globe. Despite almost 200 years of
professionally operated public zoos in the West, a large per-
centage of the citizenry is alarmingly ignorant about wild
habitat desecration, and is biologically and ecologically illit-
erate to a disturbing degree. Whatever the future ambitions
and direction for zoos and their exhibits, one thing is clear:
we need to do much better.

RULES FOR EXHIBITING MAMMALS IN Z00S

Philosophies and methods of approach are 2 vital keys to
progress and improvement, but it can nonetheless be useful
to review basic rules from time to time. A set of rules first
drafted at Woodland Park Zoo in the 1970s, but surely still
relevant, is presented here:

o Create discrete viewing places with overlapping lines
of sight. This will encourage a sense of intimacy with
the exhibit; prevent a feeling of being in a crowd; and,
critically, prevent the distraction of cross views to
other people. (Few things attract our attention more
than other human beings.)

« Place animals at or above eye level: they look more im-
pressive that way. Also, the animals then have wider
and more distant views, will feel less stressed and
crowded, and won’t have objects dropped into their
space.
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« Provide places of safe retreat for the animals to use at
their own discretion.

o Create as much variety as possible within the animals’
spaces, and allow them to select their own options and
individual preferences.

« Provide every possible important element from the
animals’ natural habitats, and in abundance. Make
special effort to include natural features that stimulate
useful activity, such as shrubs and herbs, live trees and
rotting tree trunks, mud wallows, streams, various soil
types, digging areas, etc. Importantly, plan for their pe-
riodic replacement.

« Replicate exhibition habitats that are typical and true
to the characteristics of the animals’ natural environ-
ments.

« Don't relegate plants to the role of merely being back-
ground fill-in greenery.

« Place viewers in the same replicated landscape as the
animals.

» Make it difficult to determine what separates ani-
mals and people, so that visitors gain a greater sense of
being part of the animals’ world.

« Don't position food or retail outlets so they compete
with the animal exhibit for attention.

o Design for natural-sized animal groupings.

« Ensure that adjacent exhibits relate to each other logi-
cally and form a complex whole.

« For best visual effect, combine as many species from
the same habitat as sensibly possible, integrating mam-
mals, birds, reptiles, amphibians, and invertebrates.
(The curatorial frustrations with mixed-species exhib-
its as a conflict to their breeding programs highlight
the need to recognize that the primary purpose of a
public zoo is to display wildlife to visitors. Off-display
areas are required for conservation breeding programs.
On-display areas are required for making emotional
and intellectual connections with visitors, and should
thus be visually effective and highly realistic.)

« Pay close attention to every visual detail, and compare
it to what one would find in the natural world.

Any of these rules can be broken, for a reason. But they
should always at least be considered before rejection. The

following principles, however, are essential for all zoo ex-
hibits.

Z0O EXHIBIT DESIGN PRINCIPLES
1. ANIMAL REQUIREMENTS

Treat the animals as the principal clients. When evaluat-
ing their needs—psychological, social, emotional, practical,
physiological, behavioral —compared to those of keeper staff
and of visitors, place the animals at least first among equals.
Carefully consider the quality of all their spaces, on and off
exhibit. Above all, aim to provide the animals, if at all possible,
with everything they would wish for themselves, in every de-
tail. To this end, include one staff person on every design team
to act as spokesperson for the animal client.
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Fig. 11.9. Giraffes and zebras at the Werribee Open Range Zoo, Victoria, Australia, where they gallop, wander, and explore a 36-ha savanna habitat
exhibit. (Photography by Max Deliopoulos. Photograph courtesy of Zoos Victoria Photographic Collection. Reprinted by permission.)

2. SPACE AND TIME

Allow a generous period for the research phase of the exhibit
design, so that all aspects of the zoo site and of the natural
habitat can be analyzed and close examination made of the
natural lifestyles of the animals. Set construction schedules
that allow time for plants to establish themselves before open-
ing day. (Ideally, don’t even set a grand opening day. The ex-
hibit is never ready or at its best on opening day.) Design
the exhibit to allow for future change: it is not a permanent
set piece.

3. VISITOR AND STAFF NEEDS

Exhibition spaces must do more than just put animals on
show. They should aim to satisfy the aesthetic, educational,
experiential, intellectual, and emotional needs of human vis-
itors, and provide a good functional working environment
for zoo staff. Treat the visitors as guests: make the place look
nice. Treat the staff as family: make the place safe and com-
fortable.

4. NEW WAYS OF DOING THINGS

Be perfectly clear about the exhibit’s purpose: exactly why
is it being developed? Exhibits that set out simply to show a

particular animal species are unpleasantly close to the inad-
equate goals of the archaic menageries.

Note that if zoo visitors walking the site did not know just
what they were expected to encounter or when, as happens
in wilderness trekking experiences, they would approach the
zoo with a different mindset: so, too, would zoo exhibit de-
signers.

5. BASIC ESSENTIALS

Always argue for more and better space for the animals. We
almost never provide enough (figs. 11.9 and 11.10).

Intense accuracy in visual replication is extremely impor-
tant for good exhibit design, and quality of space is essential.
But the amount of space is equally vital. Quantity of space is
an integral component of the formula for assessing exhibit
requirements of both the visitors and the animals. Big ani-
mals in particular need big spaces, especially those that are
active and vigorous by nature.
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Fig. 11.10. Giraffe and zebra in a cramped enclosure at their nearby
sister institution, Melbourne Zoo. (Photography by David Hannah.
Photograph courtesy of Zoos Victoria Photographic Collection. Reprinted
by permission.)
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Visitors, Conservation Learning, and the Design

of Zoo and Aquarium Experiences

Emily Routman, Jackie Ogden, and Keith Winsten

INTRODUCTION

Many chapters in this volume describe how zoos have
changed philosophically, operationally, and physically in re-
cent decades. Responsible, professionally managed zoos and
aquariums such as those accredited by the Association of
Zoos and Aquariums (AZA) of North America, the Austral-
asian Regional Association of Zoological Parks and Aquaria
(ARAZPA), the European Association of Zoos and Aquaria
(EAZA), and other regional associations have become con-
servation centers, dedicated to promoting the survival of
the wild species we care for and the natural environment as
a whole (Dierking and Saunders 2004; Rabb 2004). What
sets zoos and aquariums apart from other conservation or-
ganizations is our quintessential feature: the opportunities
we offer the public to get close to wildlife from around the
world.

In 2004, annual attendance at AZA institutions was close
to 140 million people; worldwide, zoo and aquarium atten-
dance exceeded 600 million (AZA 2007). In the United States,
more people visit zoos and aquariums than attend all major
professional sports combined. The fact that so much of the
public comes to our institutions seeking wildlife experiences
puts us in a unique position among conservation organiza-
tions. The defining conservation role for zoos and aquariums
today is to leverage these connections between our visitors
and wildlife as a means to move the general public toward a
more caring and sustainable relationship with nature.

The AZA captures that purpose in its vision statement:
“We envision a world where all people respect, value and con-
serve animals and nature” (AZA 2007). The EAZA Web site
states that education is central to the organization’s mission,
because “if conservation is to succeed, people need to be in-
spired to care about and understand animals and the threats
they face in the wild” (EAZA 2007). Similarly, ARAZPA’s
education policy reads: “To provide exemplary learning op-
portunities that connect people with nature . .. [and] en-
able the community to better understand and contribute to a

future where humans live in balance with the natural world”
(ARAZPA 2003, 1).

The understanding that zoos and aquariums have the op-
portunity and responsibility to shape public values and be-
havior has inspired the recent evolution of visitor education.
Although it always has been part of the purpose of zoos, only
recently has education become such an essential element of
the zoo conservation strategy, and for the first time is being
tested and explored explicitly. This transformation has un-
folded primarily over the past 3 decades, engaging a broad
cross-section of the zoo professional community. It has been
informed by knowledge from other fields, such as educational
psychology, social psychology, and public health, and from
institutions like children’s museums and science centers. At
the same time, it has benefited from our own field’s progress
in understanding visitor motivation and satisfaction, and new
animal husbandry practices that have led to more active, vis-
ible animals—Dboth of which make the zoo experience more
enjoyable and more conducive to learning.

As the challenges to the world’s biodiversity intensify, it is
ever more critical to understand how zoos and aquariums can
have the greatest positive influence on visitors’ conservation-
related attitudes and behavior. In this chapter we examine
how visitor education and the design of zoos and aquarium
experiences have changed through time: how far we have
come, where we are today, and where we are going.

THE EVOLUTION OF VISITOR
EDUCATION IN ZOO EXHIBITS

THE CHANGING ROLE OF ZOOS AND
AQUARIUMS IN PUBLIC EDUCATION

The earliest zoos were fundamentally menageries (Hancocks
2001, Hancocks, chap. 11, this volume), often exhibiting col-
lections of animals maintained by members of royalty. These
institutions served to reinforce the social order. Just as the
aristocracy had dominion over their people, so, too, did zoos
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demonstrate their dominion over animals. This changed dra-
matically in the French Revolution, when the gates of the
king’s menagerie, the Jardin de Plantes, were thrown open
to the public. Under this new world order, zoos, along with
museums and other public exhibitions, served as “public uni-
versities,” providing a forum for learning about taxonomy
and natural history (Hargrove 1996). This early form of visi-
tor education was driven not by trained educators, but by
scientists and architects. Animals usually were displayed in
taxonomic groups, with signs providing scientific names. The
hope was that visitors would create “accurate” mental mod-
els of the natural world that reflected the latest thinking on
Linnean organization. In the early twentieth century, zoo
designers such as Carl Hagenbeck began creating environ-
ments that simulated natural habitats or immersed the visitor
in the animals” world. Although not explicitly recognized at
the time as having an educational purpose, the intent behind
such designs was to foster an awareness and visceral appre-
ciation for wildlife in their natural habitats, an experiential
goal that has become a central tenet of modern zoo design
(see Coe and Dykstra, chap. 18, this volume).

The role of zoos in public education shifted dramatically
during Hagenbeck’s time. As information became more read-
ily available to the public through books, radio, and other
media, zoos and museums began to introduce organized ed-
ucational programs. In the United States, the Bronx Zoo in
New York City was one of the first to establish informative
classes for schools and the general public. Today, most zoos
and aquariums have active education departments.

As valuable as these formal education programs may be,
the comparatively small numbers of people they reach limits
their impact. This drawback became especially conspicuous
during the rise of the environmental movement in the 1960s
and 1970s. As people began to worry about clean water, land,
and air, they became concerned for wildlife as well, and began
to question whether keeping animals in zoos was justified.
For some, neither the educational benefit of programs that
reached only a small number of students nor the public en-
tertainment provided by the zoo experience justified keeping
animal collections. And with the advent of nature program-
ming on television, zoos and aquariums were no longer the
primary source of natural history information for the masses
of guests who passed through our gates. What role could the
zoo play? Zoos and aquariums began to focus their efforts
on saving the natural world one species at a time, through
the breeding of endangered species. The “Noah’s Ark” para-
digm was born.

This paradigm served us well through the 1970s, but by the
1980s the flaw in our thinking was apparent: saving species
without preserving habitats ultimately would be futile. Con-
sequently, zoos and aquariums began to support and imple-
ment habitat and community-based conservation projects.
Although many of these important initiatives were success-
ful, this investment, too, represented only a small portion of
our institutions operating budgets. Slowly, zoo and aquarium
professionals came to realize that our most significant conser-
vation assets were not only our animals, but also the millions
of people coming through our gates, and that our greatest po-
tential in conservation was as an agent of change —influenc-
ing the knowledge, attitudes, and behavior of our loyal audi-
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ences. By the 1990s, zoos and aquariums had come full circle,
focusing once again on the educational impact of the visit, but
now with conservation as the goal. Most recently, zoo profes-
sionals have become cognizant of the need to stop assuming
that we influence visitors and instead are now measuring our
impact and applying what we learn, thus increasing both our
confidence and our competence as agents of change.

DESIGNING FOR LEARNING

Over time, zoo professionals came to recognize the need to
capitalize on the essential zoo experience, encounters with
wildlife, as “teachable moments” Reasoning that if visitors
knew more about animals they also would appreciate them
and care about them more, educators took out their refer-
ence books and began to create content that went beyond
scientific names and species ranges. They tried to set a con-
text by talking about habitat and causes of endangerment.
But the resulting signage tended to be heavy on text and low
on appeal. Perhaps even worse, any conservation messages
were typically of the “doom-and-gloom” variety and gener-
ally failed to prove inspirational.

As education became accepted as a mission-critical func-
tion, zoos and aquariums increased their investment in reach-
ing visitors. The field of visitor research began expanding
from the museum environment into our zoos and aquari-
ums, revealing, for example, how graphics could be made
more effective (Rand 1985; Bitgood et al. 1986; Serrell 1996).
At the same time, educators began to understand that even
well-crafted graphics were not always the best way to reach
all visitors. Educators and designers began to work together
to apply principles of learning known to formal educators
and educational psychologists, and to integrate techniques
that other informal learning centers, such as science centers
and children’s museums, had begun using to great effect. Staft
and volunteers began interacting with general visitors, point-
ing out animal adaptations and presenting wildlife biofacts
such as skulls and fur. Educational concepts such as multiple
intelligences and learning styles became part of the zoo and
aquarium exhibit-planning vocabulary. Zoos and aquariums
came to recognize the value of creating diverse opportunities
for multisensory, experiential learning (White 1983; Brong
1989; Leiweke and Waterhouse 1990; Mayes et al. 1990; Wine-
man, Piper, and Maple 1996).

THE ADVENT OF VISITOR LEARNING CENTERS

As educators and designers began to adopt these new inter-
pretive methods from other informal learning settings, highly
interactive, media-rich learning centers began to appear in
zoos and aquariums. As early as 1972, the noted herpetolo-
gist Carl Gans consulted with the Antwerp Zoo in Belgium
to help it create a reptile exhibit that included reptile be-
havior videos controlled by visitors and innovative ideas like
“cricket guns,” which periodically stimulated feeding behav-
ior. Later that decade, the Toledo Zoo opened the Diversity
of Life gallery, which combined hands-on learning experi-
ences with living animal exhibits. Visitors could crank a de-
vice that demonstrated different quadruped gaits, examine
natural history specimens under a microscope, and balance
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a giant penguin egg on their feet. The Smithsonian National
Zoological Park’s HerpLab in Washington, DC, offered a vari-
ety of tabletop learning activities, including examining small,
living reptiles and amphibians in specially-designed obser-
vation boxes (White 1983). In Philadelphia Zoos Treehouse,
children could climb on, hear, smell, and interact with mag-
nified animals and animal homes such as a 7.5-m-high milk-
weed plant adorned with giant monarch butterfly life stages
and a sweet-smelling honeycomb complete with child-sized
bees. Brookfield (Illinois) Zoos Be a Bird engaged visitors in
full-body and multimedia activities that gave them the em-
pathetic experience of living an avian lifestyle.

In keeping with the evolution of exhibit media in museums
and science centers, zoos and aquariums eventually began to
experiment with more high-tech exhibits. Toledo Zoo added
a fanciful animatronic (animated robotic) creature that talked
to visitors about animal adaptations. Saint Louis Zoo opened
The Living World, which displayed over 150 species of animals
in a dense installation with animatronics (including a robotic
Charles Darwin), interactive computer stations, natural ob-
ject displays, videos, prehistoric animal models, video mi-
croscopes, holograms, and more. Adventure Island, the Los
Angeles Zoo’s children’s zoo, opened with a large number of
technology-based elements alongside living animals and low-
tech interactive devices. Two animal habitats had video ef-
fects that caused an image of an actor to appear in the exhibit
with the animal. At a lizard exhibit, visitors could use remote
thermal sensors to measure temperature in the enclosure, or
delve into reptile adaptations for desert living at an adjacent
interactive computer station.

Evaluations demonstrated that visitors enjoyed these
kinds of facilities and learned from them (Birney 1990, 1991;
Routman and Korn 1993), but the interactive exhibits gen-
erally were expensive to produce and to maintain, and the
overall experience did not always make the best use of the
unique asset of zoos and aquariums—the living collection.
As a result of visitor satisfaction surveys (Normandia 1990)
and problems maintaining the technology, Adventure Island
eventually added more animals and opportunities for ani-
mal contact, and reduced the amount of technology. Most
of the low-tech interactive devices, including stepping stones
with animal sounds and viewers simulating animal vision,
were retained, along with the popular animal exhibits. The
Saint Louis Zoo’s studies of The Living World showed that
the computer-interactive devices effectively captured visitors’
interest and conveyed information, while the live animals
evoked wonder and appreciation. But in the denser of the 2
galleries, visitor attention was spread so thin that most of the
exhibit elements were attended to only briefly—indicating
that much of the money spent on creating and maintaining
the exhibits was wasted, and visitor attention to the animals
was diluted (Routman and Korn 1993).

While not without their challenges, these ambitious fa-
cilities helped the field as a whole learn about diverse types
of media. Institutions that tried new approaches expanded
the zoo and aquarium educators’ tool kit for reaching visi-
tors. Using interactive components, audiovisual media, and
other educational strategies to increase visitor learning be-
came the convention in zoological exhibit design. However,
while clearly representing an improvement over static signage
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alone, these exhibits had yet to see the advent of storylines
(or themes) to help visitors create meaning from experiences;
nor was there much overt attention to creating inspiring ex-
periences.

EMOTIONAL LEARNING: RECOGNIZING
THE VALUE OF AFFECT

These new strategies for educating visitors were geared mostly
toward cognitive learning, i.e. increasing factual knowledge.
The hope was that increased knowledge would make visitors
better stewards of the natural world. Unfortunately, new evi-
dence was revealing a lack of correlation between increased
knowledge and changes in behavior (Monroe 2003). Even-
tually, our profession began awakening to the significance
of learning in the affective domain—feelings and attitudes.
Based on the belief that if people cared about wildlife they
would protect it, zoos and aquariums began to focus on foster-
ing feelings of personal connection, appreciation, and caring.

Affective learning went from being regarded as one im-
portant dimension of learning, to being considered by some
as the most important dimension. Certainly, researchers had
documented affective learning through visits to zoos and
aquariums; e.g. Marcellini and Jenssen (1988) found that a
visit to HerpLab had significantly greater impact on attitudes
toward animals than on knowledge. As zoos and aquariums
began accepting the importance of the affective realm, they
began to use more of a storyline approach to exhibit design,
with interpretive elements and animal viewing experiences
woven together into an educational whole designed to con-
vey a unifying concept, such as the benefits to humans of a
healthy ecosystem.

Recent exhibits strongly promote this focus on caring.
Some use media rather than live animals. Detroit Zoo, for
example, introduced a wildlife art gallery at the zoo entrance,
live theater programs, and an animal adventure-themed sim-
ulator ride. Disney’s Animal Kingdom Theme Park, Orlando,
Florida, features a 3-D animated experience focused on fos-
tering positive feelings toward invertebrates, called “It's Tough
to Be a Bug”; and The Living Seas at Walt Disney World’s
Epcot Theme Park offers an interactive animated theater ex-
perience, starring the sea turtle “Crush” from the movie Find-
ing Nemo, that promotes caring for marine life.

Other exhibits engage visitors in behaviors believed to fos-
ter an affinity for nature. At Brookfield Zoo’s Hamill Family
Play Zoo, facilitators known as “Play Partners” guide kids and
their parents in a variety of role-playing and nature play ac-
tivities: planting a garden, giving veterinary care to plush toy
animals, searching for bugs, touching live animals, and build-
ing animal homes (Mikenas 2001). At the San Francisco Zoo’s
Meerkats and Prairie Dogs exhibit, kids dig, burrow, and co-
operate like the animals in the exhibit, discovering similarities
between the animals and themselves (Routman 2000).

Some exhibits are designed to increase the feeling of con-
nection between visitors and wildlife. Many zoos and aquari-
ums provide opportunities for visitors to get close to char-
ismatic megavertebrates such as bears, gorillas, lions, and
tigers. The PECO Primate Reserve at the Philadelphia Zoo,
designed to provide a “strong, emotion-based experience”
by reducing the sense of separation from the animals, uses
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Fig. 12.1. Giraffe feeding at Brevard Zoo, Melbourne, Florida. Giraffe feeding is just one of a myriad of new, humane techniques that zoos and
aquariums are using to connect guests to wildlife. (Photograph courtesy of Brevard Zoo. Reprinted by permission.)

“howdy” crates that appear to pass through the glass bar-
rier (Baker 1999, 207). Inviting to both apes and people,
they offer intimate spaces for close animal-visitor encoun-
ters. In the Bronx Zoo’s Congo exhibit, animals and people
seem to share the same naturalistic habitat, separated only by
nearly invisible glass barriers. The Monterey Bay Aquarium in
Monterey, California, not relying on the intrinsic charisma of
large mammals to elicit appreciation, immerses visitors in the
graceful beauty of a swaying kelp forest in its towering Kelp
Forest exhibit, and surrounds visitors with delicate, drifting
jellyfish in Jellies: Living Art.

Finally, more zoos and aquariums are allowing—even en-
couraging—direct interactions between guests and animals,
ranging from touching animals during keeper demonstra-
tions, to feeding browse to giraffes, to swimming with dol-
phins. Walk-through animal habitats like the lemur exhibit
at the Berlin Zoo are becoming more common, and in some,
like the many butterfly aviaries around the world and even
a pelican aviary at the Hanover Zoo in Germany, visitors
can touch the animals. At the Taronga Zoo, Sydney, Austra-
lia, and other ARAZPA zoos, visitors have long been able to
feed giraffes, and the Brevard Zoo in Melbourne, Florida,
Cheyenne Mountain Zoo in Colorado Springs, Colorado,
and San Diego Zoo are among the growing number of U.S.

zoos to follow suit (fig. 12.1). The San Francisco Zoo lets visi-
tors offer fresh browse and food treats to lemurs with the as-
sistance of a keeper.

FOCUSING ON BEHAVIOR CHANGE

At the same time that this emphasis on affective transforma-
tion was developing, zoo professionals realized that if the
goal was to inspire conservation action, the design of visitor
experiences might need to focus more explicitly on influenc-
ing visitor’s behavior. Research was showing that although
the connection between affect and conservation action was
stronger than that between knowledge and behavior, sus-
tained changes in behavior on a measurable scale required
educational efforts that explicitly targeted behavior change
(see next section). Building on their previous efforts to ad-
vance cognitive and affective learning, zoos and aquariums
began to introduce more messages and activities aimed spe-
cifically at influencing personal conservation action.

For example, many zoos and aquariums began encour-
aging accessible actions that people could take to help wild-
life locally or regionally. Brookfield Zoo's Swamp exhibit de-
scribes simple actions that visitors can take to help promote
healthy wetlands. The National Aquarium in Baltimore links
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new exhibits, education programs, and field conservation ac-
tivities to the conservation of nearby Chesapeake Bay. Aquar-
ium visitors can enter their name in a computer database and
receive information about local conservation initiatives in
which they can become involved.

In other cases, zoos and aquariums are striving to make
creative links between behaviors at home and conservation
in the more distant wild. Visitors to the Monterey Bay Aquar-
ium can take home a Seafood Watch Pocket Guide, an easy-
to-read reference listing seafood purchases that do not harm
marine wildlife populations. Many zoos and aquariums now
distribute these, or similar, wallet cards. An exhibit at the Bris-
tol Zoo Gardens in the United Kingdom shows visitors how
they can help protect wildlife and their habitats by recycling.
Other environmentally responsible purchasing practices pro-
moted in zoos and aquariums include buying shade-grown
coffee, purchasing certified sustainably harvested wood prod-
ucts, and choosing nontoxic lawn care products. A number
of aquariums around the world distribute the Citizen of the
Ocean Passport created by The World Ocean Network, which
is headquartered at Nausicai French National Sea Experience
in Boulogne, France. Available in adult and child versions, it
offers a customizable guide to individual actions and a way
for visitors to gain official recognition for their commitments
from participating organizations.

Zoos and aquariums now commonly encourage dona-
tions to support field conservation projects. At Disney’s Ani-
mal Kingdom Theme Park and Epcot’s The Seas, both at Walt
Disney World in Orlando, Florida, guests are encouraged to
“add a dollar” to their merchandise purchase to support con-
servation projects around the world. Bronx Zoo’s Congo ex-
hibit gives visitors a chance to learn about several conser-
vation projects relating to the species they encountered in
the exhibit, and to earmark their exhibit admission fee to the
project of their choice. Denver Zoo’s Primate Panorama of-
fers a similar choice, with visitors using an ATM-like ma-
chine to make a donation with cash, a credit card, or an ATM
card. The Vancouver (Canada) Aquarium’s Beluga Encoun-
ter experience concludes with opportunities to contribute to
ocean conservation organizations. And many facilities use
interactive donation devices such as the Conservation Park-
ing Meter developed by the Center for Ecosystem Survival,
which channels contributions toward the purchase of acre-
age of tropical rainforest.

JUST ONE POINT IN TIME

The current state of the art is just one phase in our develop-
ment. Most recently, zoo and aquarium educators have begun
to look to other fields, such as social marketing (McKenzie-
Mohr and Smith 1999) and the emerging discipline of con-
servation psychology (Saunders 2003), for more insights into
how to create learning experiences that lead to changes in be-
havior. What we are learning is driving the ongoing evolution
in zoo and aquarium visitor education.

This overview has described trends in visitor education
over time, drawing primarily on North American examples.
In reality, of course, the change has not been linear. Different
institutions, educators, and designers discovered and began
to apply these principles and approaches at different times.
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Ultimately, the field as a whole has converged on the un-
derstanding that we must become explicit about our desired
educational outcomes for visitors if we wish to live up to our
goal as conservation organizations, and that we must explore
new avenues for reaching our audiences and inspiring con-
servation stewardship.

WHAT WE KNOW ABOUT VISITOR EDUCATION

WHAT HAVE WE LEARNED ABOUT HOW
BEST TO REACH OUR VISITORS?

Our approach to education within zoos and aquariums has
changed, in part, due to a better understanding of how to in-
fluence conservation-related knowledge, affect, and behav-
ior. This learning has come largely from increased research
and evaluation within our facilities as we have become more
outcome based. We also have gained insights from academic
disciplines such as environmental education, cognitive psy-
chology, public health, and child development, as well as or-
ganizations such as science centers and children’s museums.
Below, we summarize some of these key learnings, emphasiz-
ing the applications to zoo and aquarium visitor education.

Key Learning no. 1: Know our audience. We know that visi-
tors come to our zoos and aquariums with widely varying
perspectives regarding animals and conservation. To maxi-
mize our impact, it is necessary to understand these points
of view (Falk and Adelman 2003; Falk and Storksdieck 2005).
A study by the environmental communications organiza-
tion The Biodiversity Project found that the public relates
to environmental protection primarily in terms of 3 ideas:
preserving the natural environment for the next generation;
being stewards of God’s creation; and wanting their family
to live in a healthy environment (Belden and Russonello Re-
search and Communications 1996; Belden, Russonello, and
Stewart 2002). Of these themes, zoo and aquarium exhibits
tend to be most closely aligned with the first. We rarely tie
our experiences to either religious values or general health.
This research suggests a direction we could take to link our
experiences more closely to values that most resonate with
our visitors. Similarly, Schultz (2001) and Schultz et al. (2004)
demonstrated that how people think of themselves in rela-
tion to nature has a direct relationship to how they behave
in nature—thus, considering how individuals relate to na-
ture may be critical to understanding how to influence their
conservation-related affect and behavior.

Second, research shows that our guests are generally more
knowledgeable and more concerned about conservation issues
than the general public, although this knowledge and concern
remains fairly superficial (Adelman, Falk, and James 2000;
Dierking et al. 2004; Falk et al. 2007). Knowing what our visi-
tors already know—and continually studying this—allows us
to focus our educational energies appropriately. For example,
visitors that are already aware of conservation issues seem to
value more explicit direction in how to become responsible
stewards of the environment (Doering 1992; Hayward 1998).

Finally, to match the changing demographics of our so-
ciety, zoos and aquariums are seeking to attract more di-
verse audiences. Different cultures perceive the relationship
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between animals and people in very different ways, and each
culture attributes to animals and nature a unique role spe-
cific to its own beliefs and lifestyles (e.g. Floyd 1999; Brown
2002). Furthermore, people from different cultures may ac-
tually process information differently, and thus may differ
in how they experience animal exhibits (Nisbett et al. 2001).
Finally, the type of social group in which people visit our fa-
cilities affects their experience, e.g. family groups learn more
when exhibits have interactive components, are accessible for
multiple users and users of different ages, and are designed
to appeal to multiple learning styles and levels of knowledge
(Borun et al. 1998; Wagner 1999).

Key Learning no. 2: Teaching about conservation must be
age specific. The literature on child development indicates
that people process information differently at different ages.
Recently, researchers such as David Sobel have demonstrated
the relevance of these developmental stages to conservation
education. Sobel (1995) described studies showing that doom-
and-gloom environmental messages caused young children
to be less interested in protecting the environment than chil-
dren who were provided with no information at all. He con-
cluded that hearing negative conservation stories—partic-
ularly those related to exotic species that live far away from
most of our young visitors—can cause children to feel dis-
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empowered and worried, and as a result to disassociate from
nature. Clearly, relaying conservation problems such as the
bushmeat or extinction crisis to children younger than 10
years is not a good approach to early environmental educa-
tion. There is strong face validity in this concept: most of us
instinctively would shy away from presenting graphic details
of a murder to a young child.

This does not mean that zoos and aquariums should not try
to introduce young children to conservation. Early conserva-
tion education, before the fourth grade, should aim to foster
interest and empathy. As Sobel (1995, 10) said, “What’s im-
portant is that children have an opportunity to bond with the
natural world, to learn to love it and feel comfortable in it, be-
fore being asked to heal its wounds.” The feeling of connection
to nature creates the intrinsic motivation for later action. Calls
to action should emphasize situations where children can actu-
ally make a difference, such as litter in a neighborhood stream,
and species that children can find locally, e.g. turtles in their
backyards. More complex, remote challenges should be re-
served for teens and adults, with the caveat that the disempow-
ering effect of frightening, gloomy messages does not apply
only to young children. To inspire action rather than apathy
when presenting distant and serious conservation problems, it
is necessary to include empowering messages pointing to solu-
tions (Ruiter, Abraham, and Kok 2001) (see table 12.1).

TABLE 12.1. Brookfield Zoo's recommendations for age-appropriate environmental education, based on studies of children’s responses to
different kinds of conservation messages apply to both programs and exhibits

Ages Appropriate topics Inappropriate topics
Birth to 3 Animals are cool Ecosystems (too abstract)
Sensory experiences Life cycles (birth, death, etc.)
Animals that are close to home Endangered species
Families (moms, dads, babies) Environmental problems/issues
4to7 Animal homes Ecosystems (foo abstract)
Farm/domestic animals Endangered species
Predators/prey Environmental problems/issues
Compare/contrast animals to self Consequences of not using good environmental manners
Animal groups (habitat loss, pollution, endangered species, etc.)
Life cycles (birth, death, etc.)
Good environmental manners (recycling, reusing, turning off lights, etc.)
8toll All of the above Dire consequences of not using good environmental manners
Good environmental manners (recycling, reusing, turning off lights, etc.) (habitat loss, pollution, endangered species, etc.)
Ecosystems
Physical adaptations
Animal habitats and needs
Site-specific investigations
Cycles (life, water, etc.)
Introduce direct, simple (not overwhelming) consequences of not using
good environmental manners, such as “If we don’t recycle, we will need
more landfill space”
12andup  All of the above (older kids like to learn fun stuff about animals, too!) Most topics are appropriate if presented in a sensitive manner

Behavioral adaptations
Consequences of not using good environmental manners
Ecosystem investigation with concrete experiences

Endangered species

Focus on those issues that students have some hope of
influencing (whether or not the U.S. should drill for
oil in the Arctic National Wildlife Refuge)

Consider avoiding topics children can do nothing about
(affecting the bushmeat crisis in Africa)

Source: Used with permission from the Chicago Zoological Society, www.brookfieldzoo.com. Copyright 2001. All rights reserved.
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Key Learning no. 3: Interactive experiences are better than
passive experiences, and people are better than signs. In-
teractive experiences are, almost without exception, more
powerful than passive experiences. Signs, while appealing to
a certain type of learner, are generally not as effective as more
interactive forms of media (Bielick and Karns 1998; Ogden,
Lehnhardt, and Savage 2000; Lehnhardt et al. 2004). But even
signage can be improved through strategic placement and
careful design (Bitgood et al. 1986; Serrell 1996) and by in-
creasing the level of interactivity (Derwin and Piper 1988).
Similarly, video and computer experiences are most effective
when they have a high degree of interactivity. A temporary
exhibit about dolphins at the New York Aquarium in New
York City using interactive video, role playing, and interac-
tive computer simulations of dolphin behavior increased visi-
tors’ appreciation and empathy for dolphins as well as their
understanding of dolphin intelligence (Sickler et al. 2006). At
the Saint Louis Zoo’s Living World exhibit, the best-designed
interactive computer programs were second only to live ani-
mals in their popularity, had the longest holding power of
any medium in the exhibit, and were successful in achieving
communication goals (Routman 1994).

But the most effective form of interpretation may be that
provided by people (Adelman et al. 2001b; Lehnhardt et al.
2004; Meluch and Routman 2004a, 2004b). This can range
from theater—increasingly applied in zoos and aquariums—
to single-person presentations, which may be just as effec-
tive (Lehnhardt et al. 2004). In a study at the Goldau Ani-
mal Park in Switzerland, Lindemann-Matthies and Kamer
(2006) found that visitors who stopped at a touch cart with
biofacts learned more about biology, ecology, and conserva-
tion of bearded vultures than visitors who just saw graph-
ics. Meluch and Routman (2004a, 2004b) demonstrated that
visitors who saw a keeper presentation at the Lemur Forest
in the San Francisco Zoo showed a greater increase in car-
ing about lemur conservation than those who had seen the
exhibit without a keeper talk; and Lehnhardt and her col-
leagues found that the presentations had the same effect on
concern about the bushmeat trade at Disney’s Animal King-
dom (Lehnhardt et al. 2004). Swanagan (2000) found that
viewing an elephant demonstration and biofact cart increased
the likelihood that visitors would send a postcard opposing
the ivory trade. At the Atlanta Zoo, visitors who had attended
a theatrical presentation using actors and live animals were
significantly more aware that wild animals do not make good
pets and somewhat more inclined toward conservation ac-
tion, compared to visitors who had not attended the presen-
tation (Davison et al. 1993).

Key Learning no. 4: Animals are our key differentiator. Ani-
mals are the key differentiator of zoos and aquariums—they
are what set us apart from other conservation organizations,
and from most museums and science centers. The attraction
that people feel toward animals appears to have a biologi-
cal basis (Wilson 1984; Kellert and Wilson 1993; Louv 2005).
Real, live animals have greater educational value than models
or images (Morgan and Gramann 1989), and animal demon-
strations and up-close interactions with animals have been
shown to be especially powerful in affecting visitor emotions,
attitudes, and even behavior (Heinrich and Birney 1992; Yerke
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and Burns 1991; Gates and Ellis 1999; Swanagan 2000; Povey
and Rios 2003).

Large mammals, as representatives of that special class of
animal often referred to as charismatic megavertebrates, are
perfectly positioned to attract attention and to elicit an emo-
tional response. Larger animals generally attract more atten-
tion and longer viewing times, as do more active animals (Bit-
good, Patterson, and Benefield 1998). Further, people are more
likely to have positive feelings and feelings of affiliation with
mammals than with, e.g., reptiles or invertebrates. Being our
closest relatives may give mammals an edge in eliciting posi-
tive emotional responses, since they often bear greater obvious
similarity to humans (Myers, Saunders, and Birjulin 2004).

Researchers describe the power of animal-related peak
experiences in nature, specifically those involving up-close
interaction, animals approaching the person, and eye contact
with the animal (DeMares and Krycka 1999; Schanzel and
MclIntosh 2000). Although these particular studies focused
on interactions with wild cetaceans and penguins, such peak
experiences in zoos and aquariums may have a similar im-
pact. Recent pilot work in a “butterfly house” appears to sup-
port this conclusion (L. Pennisi, personal communication). In
studies of the Congo Gorilla Forest at the Bronx Zoo, which
demonstrated significant success in increasing visitors’ con-
servation understanding and concern, visitors cited seeing
gorillas up close as the most enjoyable and memorable part
of their experience (Hayward and Rothenberg 2004). In this
case, the animal experiences were complemented by a natu-
ralistic exhibit environment and interpretive media, both of
which also contributed substantially to visitors’ enjoyment
and learning (fig. 12.2).

There is no question that our core resource, our animal
collection, evokes strong emotional responses from our visi-
tors. This response appears to be strongest when an animal
experience is combined with a talk by an animal expert—
combining Key Learnings 3 and 4 (see figure 12.3) (Ander-
son et al. 2003; Povey and Rios 2003; Lehnhardt et al. 2004;
Meluch and Routman 2004a, 2004b).

Key Learning no. 5: Well-informed, thoughtful anthropomor-
phism is okay. Zoo and aquarium professionals traditionally
have been adamant about avoiding anthropomorphism, but
there may be a more moderate approach. Anthropomorphism
is defined as “the attribution of a human form, human char-
acteristics, or human behavior to nonhuman things” (En-
carta 2005), and often refers to inappropriate attribution of
emotions or thoughts to nonhuman animals (e.g. “Isn’t that
pacing bear sad?”). However, it also includes making valid
comparisons between animals and visitors based on real simi-
larities, like the many comparisons drawn between dolphins
and humans in the New York Aquarium exhibit. From that
perspective, anthropomorphism can be an effective and ap-
propriate technique for connecting people to animals, rather
than something to avoid at all times. The similarities between
human and animal behavior provide a powerful teaching
tool and a basis for reinforcing empathy and understanding
(Burghardt 1997; Mitchell, Thompson, and Miles 1997; Sick-
ler et. al. 2006). This does not suggest that we should depict
animals as cute fuzzy critters that think just like people, but
instead is an endorsement for well-informed anthropomor-
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Fig. 12.2. Congo Gorilla Forest at the Bronx Zoo, New York. Visitors to this exhibit described seeing gorillas up close as the most enjoyable and
memorable part of their experience. (Photography by D. DeMello © Wildlife Conservation Society. Reprinted by permission.)

m
1

Fig. 12.3. Keeper presentation at the San Francisco Zoo. There is a growing body of evidence demonstrating the impact of animal demonstrations and
up-close interactions with live animals on visitors” emotions, attitudes, and behavior. (Photography by Emily Routman. Reprinted by permission.)
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phism, where real similarities help demonstrate the connec-
tions between human and nonhuman animals.

Key Learning no. 6: Natural environments provide strong
positive effects. As described in Coe and Dykstra (chap.
18, this volume), learning in a zoo or aquarium is affected
not only by the kinds of experiences we offer, but also by the
character of the environments we create. Animals viewed
in more natural environments (versus obviously caged en-
vironments) are viewed for longer periods and may be per-
ceived in a more positive way (Rhoades and Goldsworthy
1979; Ogden, Carpanzano, and Maple 1994; Price, Ashmore,
and McGivern 1994). Such immersion exhibits also seem to
be tied to increased learning and to more positive affective
responses (Ford and Burton 1991; Ogden, Carpanzano, and
Maple 1994), particularly when the exhibits are both function-
ally and aesthetically naturalistic (see figure 12.4). However,
if animals are not visible in the environment, visitors may
find the experience unsatisfactory (Spruce and Esson 2005).

A number of studies link nature experiences to conser-
vation attitudes and action (see Louv 2005). Adults active in
conservation are generally those who had much free time to
play in nature as children and had a significant adult in their
life who taught respect for nature (e.g. Chawla 1998). Siemer
and Brown (1997) found that providing nature experiences
for families made them more receptive to conservation mes-
sages. Kals, Schumacher, and Montada (1999) demonstrated
that people who had spent time in nature were more likely to
feel an emotional affinity toward nature and to demonstrate
conservation-related behavior. It is unclear whether the kinds
of experiences with wildlife that zoos and aquariums typically
provide can fill this “nature niche” in the same way, but it is
intriguing to consider that they may. Recent investigations by
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AZA indicate that a visit to a zoo or aquarium does lead to
increased feelings of connection with nature (Falk et al. 2007).
The importance of connecting to nature further indicates that
zoos and aquariums should provide more true nature play ex-
periences, especially for kids. Brookfield Zoo’s Hamill Family
Play Zoo provides spaces and materials for real nature play.
Nature Exchange at the Dallas Zoo encourages exploration
of nature beyond the zoo by rewarding children for bringing
in interesting natural objects. The increasing role that zoos
and aquariums are taking in in situ conservation provides
opportunities to link our on-site education programs with
local conservation efforts—thus providing participants with
more direct “in nature” time. Such experiences are even more
critical given the increased urbanization of our world.

Key Learning no. 7: Certain activities make behavior change
more likely. We are beginning to understand some of the
key experiences associated with inspiring conservation ac-
tion. As described earlier, we now know that increases in
conservation-related awareness do not directly lead to en-
vironmentally responsible behavior (McKenzie-Mohr and
Smith 1999; Kollmuss and Agyeman 2002; Monroe 2003).
Some types of knowledge do appear to be important, how-
ever. One of the findings of The Biodiversity Project’s research
was that most U.S. citizens want to protect habitats and wild-
life, but do not know how. They want to know specifically how
they can help, and they need these actions to be very manage-
able (Beldon and Rusonello Communications and Research
1996). The Monterey Bay Aquarium’s Seafood Watch Pocket
Guide, which provides just such guidance, has been found
to change significantly the seafood-buying habits of 80% of
visitors who take one home (Quadra Planning Consultants
and Galiano Institute 2004).

Fig. 12.4. Kilimanjaro Safari at Disney’s Animal Kingdom Theme Park, Orlando, Florida, where guests are immersed in an African savanna habitat.
Immersion exhibits seem to be tied to increased learning and more positive affective responses. (Photograph courtesy Disney’s Animal Kingdom
Theme Park. Reprinted by permission.)
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As mentioned, the relationship between attitudes/affect
and behavior may be stronger than that between knowledge
and behavior. Although attitudes in general only weakly
predict behavior change (Wicker 1969), establishment of a
connection between people and nature (i.e. affective trans-
formation) appears to assist in the development of a con-
servation ethic, which in turn correlates to more environ-
mentally responsible behavior (Hungerford and Volk 1990;
Chawla 1998; Kals, Schumacher, and Montada 1999; Mayer
and Frantz 2004; Monroe 2003).

We also are beginning to learn some things that make
behavior change more likely. Influencing people’s behaviors
may be viewed from 2 perspectives: the long-term develop-
mental approach, with a focus on values, informed decision
making, and critical thinking (i.e. environmental education);
and the more short-term approach of social marketing, with
a focus on changing specific behaviors (Monroe 2003). The
developmental approach aims to foster a general environ-
mental ethic, while social marketing promotes highly spe-
cific behaviors for targeted audiences. Although some stud-
ies indicate that environmental education can be effective in
promoting environmentally responsible behaviors over the
long term (ibid.), the data regarding social marketing are ar-
guably more compelling, perhaps in part due to a greater ease
in studying short-term effects (McKenzie-Mohr and Smith
1999; Monroe 2003).

Several factors have been shown to increase the likeli-
hood of behavior change in the short term. Within the field
of public health, 2 factors that appear to promote behavior
change most strongly are incentives and social support (Webb
and Sheeran 2006). Another key to changing behavior is that
practice makes perfect. Having any sort of conservation ac-
tion experience seems to increase the likelihood of future
action (Finger 1993). This suggests that we should encour-
age our visitors to participate actively in conservation be-
haviors, either on our grounds or in community events. Es-
tablishing personal relevance regarding the benefits of an
action also has value; e.g. sports fishermen may more eas-
ily see the value of cleaning up a local river where they fish
than a remote location (Robinson and Glanznig 2003). So-
cial marketing research also has shown that making a public
promise or statement of intent (e.g. signing a petition or uti-
lizing a pledge board) increases the likelihood of behavior
change, as do clear, specific prompts (e.g. clear instructions
about recycling placed directly on the recycling container)
(McKenzie-Mohr and Smith 1999; Monroe 2003). Using a re-
spected and trusted messenger helps inspire behavior change,
as does demonstrating, or modeling, the desired behavior
(McKenzie-Mohr and Smith 1999; Monroe 2003; Webb and
Sheeran 2006). In many cases it is necessary to address barri-
ers to specific behaviors, e.g. sustainable seafood wallet cards
eliminate the barrier of lack of knowledge.

Finally, it is easier to change behaviors if the changes are
simple, understandable, concrete, and have no negative social
stigmas attached to them (Monroe 2003; Webb and Sheeran
2006). This last finding is one that our field should pay par-
ticular attention to, as conservation action is frequently com-
plex and at times may have negative public opinion associ-
ated with it. In such cases, the establishment of related social
norms is especially important (Fishbein and Ajzen 1975), sug-
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gesting the critical importance of zoos and aquariums work-
ing together to support the establishment of these in the realm
of conservation.

These lessons from the field of behavior change have the
potential to advance significantly the efforts of zoos and
aquariums to affect behavior change. Work that is currently
ongoing in zoo and aquarium education, such as AZA’s Multi-
Institutional Research Program: Why Zoos and Aquariums
Matter (described below), is geared toward integrating these
recent findings into a more focused and successful approach
to behavior change.

OUR COLLECTIVE IMPACT

Public opinion polls have established that zoos are a trusted
source of conservation information, behind only National
Geographic and Jacques Cousteau (Favel 2003). In a poll con-
ducted in the United States in 2004, respondents overwhelm-
ingly felt that visiting zoos and aquariums helps people to ap-
preciate animals, and also that such visits encourage people
to support conservation (AZA 2007).

Of critical importance, however, is assessing the actual im-
pact of a visit to our facilities. In 1999, the AZA began an edu-
cational research initiative called the Multi-Institutional Re-
search Program: Why Zoos and Aquariums Matter (MIRP).
A comprehensive literature review funded by the AZA Con-
servation Endowment Fund found that at that time there
had been little systematic research on the overall impact of
our facilities on visitor conservation knowledge, affect, or
behavior (Dierking et al. 2000). However, a number of inde-
pendent studies—some looking at an entire visit, and others
looking at key exhibits—did indicate that zoo and aquarium
visits can have a significant impact. Further, recent years have
seen increased attention to this important question (see Do-
ering 1992; Adelman et al. 2001a, 2001b; Ramburg, Rand, and
Romulanis 2002; Dierking et al. 2004; Hayward and Roth-
enberg 2004).

Collectively, existing studies indicate that zoo and aquar-
ium exhibits can promote awareness and understanding of
conservation messages (Hayward 1997, 1998; Roper Starch
Worldwide 1998; Adelman et al. 2001b). Experiences in zoos
and aquariums have been demonstrated to both broaden and
deepen understanding of conservation issues, both short- and
long-term (Doering 1992; Bielick and Karns 1998; Swanagan
2000; Adelman et al. 2001a, 2001b; Dierking et al. 2004; Hay-
ward and Rothenberg 2004), although Dunlap and Kellert
(1989) found little knowledge gain in one study.

Creating positive affective responses toward animals, i.e.
instilling caring for animals and nature, is something for
which zoos and aquariums seem particularly well suited. Cer-
tainly, many conservation professionals have described their
childhood zoo experiences as formative. The research results
are mixed, but generally point to a positive impact. Visitors at
4 different aquariums expressed increased concern for marine
conservation (Roper Starch Worldwide 1998). Marcellini and
Jenssen (1988) saw greater changes in attitudes than knowl-
edge resulting from HerpLab experiences. Post-visit surveys
of visitors to San Francisco Zoos Lemur Forest showed an
increase in the use of positive affective terms in describing
lemurs and in the level of concern expressed about lemur
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conservation (Meluch and Routman 2004a, 2004b). Similarly,
visitors to both Disney’s Animal Kingdom and the National
Aquarium of Baltimore came away with an increased concern
regarding wildlife which, unfortunately, declined over time
(Adelman et al. 2001a, 2001b; Dierking et al. 2004). Alterna-
tively, Hayward (1997) found that while a particular exhibit
did have an impact on understanding of conservation, the
impact on attitudes was less clear.

Zoo and aquarium experiences have been shown to in-
crease visitors’ intentions toward conservation actions (Roper
Starch Worldwide 1998), even up to 6 months later (Saunders
and Stuart-Perry 1997; Dotzour et al. 2002; Dierking et al.
2004). However, not all intentions translate into action over
time (Dierking et al. 2004). A recent meta-analysis of be-
havior change research in the public health field has helped
clarify the relationship between intention to change behavior
and actual behavior change. Behavioral intention was found
to lead to behavior change only when the behavioral intent
was quite strong, and even then, the resulting behavior change
was less overall than the intent (Webb and Sheeran 2006).

The work on measuring our impact and improving our ef-
fectiveness continues. Following the 2000 literature review,
the AZA, in partnership with the Institute for Learning In-
novation and the Monterey Bay Aquarium, received a grant
from the National Science Foundation to launch the research
phase of the MIRP, starting with a study of visitor motiva-
tion and learning. The study, which involved more than 5,500
visitors and 12 AZA-accredited institutions, found that a zoo
or aquarium visit raised visitors’ awareness of their personal
role in conservation and reinforced beliefs about steward-
ship, conservation, and love of animals. This effect was still
measurable after several months. A summary of the study is
available on the AZA Website, www.aza.org/ConEd/MIRP/
(Falk et al. 2007).

AZA institutions have implemented a broad array of ini-
tiatives that complement or are part of the MIRP research,
focusing on understanding and enhancing our effect on
conservation-related affect and behavior. These have included
workshops at the San Francisco Zoo, Brookfield Zoo, and Dis-
ney’s Animal Kingdom as well as extensive research programs
at a number of zoos and aquariums, including Brookfield
Zoo; Disney’s Animal Kingdom; The Living Seas, Orlando,
Florida; the Philadelphia Zoo; the Point Defiance Zoo, Ta-
coma, Washington; the Wildlife Conservation Society, New
York, New York; and the Woodland Park Zoo, Seattle, Wash-
ington (see Ogden et al. 2004).

The zoo and aquarium community as a whole has now
begun to increase attention to working collectively on par-
ticular conservation actions. EAZA led the way in develop-
ing associationwide campaigns focused on specific conserva-
tion issues, from bushmeat to turtles to rhinoceroses (EAZA
2007). ARAZPA initiated its far-reaching Frog Focus in 2000.
AZA is following in ARAZPA footsteps, working to align
member facilities in campaigns to promote specific actions.
As part of MIRP, AZA is developing and evaluating national
behavior change programs, including a campaign to promote
“wildlife-friendly families” through member institutions, en-
couraging accessible, local actions such as building homes for
backyard wildlife. In a related project, AZA and the Environ-
mental Education and Training Partnership are developing
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a professional training workshop designed to integrate and
advance our understanding of effective practices in changing
conservation-related attitudes and behavior.

CONCLUSION

The role of education in zoos has in many ways gone full
circle. Early zoos focused on meeting the needs of the mul-
titudes of guests who entered their gates every day. Today’s
responsible zoos and aquariums do so as well, putting valu-
able resources into public education and influence—but with
many changes.

In the past, public zoos gave guests opportunities to get
close to the animals, providing unforgettable, personal animal
experiences such as feeding marshmallows to a polar bear or
riding an elephant. Although memorable, these experiences
had unfortunate implications for both the animals’ well-being
and the messages visitors received. Today, zoo professionals
constantly strive to create the humane, message-appropriate,
and safe equivalents of those compelling experiences, and
complement them with educational presentations and media
to connect visitors to wildlife in ways that are positive for both
the zoo’s animals and its visitors.

Where we differ from our predecessors in zoo and aquar-
ium education is that the severity of threats to wildlife and
our resulting focus on our role as conservation centers re-
quire that we become extremely explicit about our desired
conservation communication outcomes. Current efforts are
driven by the recognition that we must measure our suc-
cess and modify our methods to get the maximum conser-
vation impact from our most important assets—our living
collections, our visitors, and our conservation stories. Only
through informed, strategically focused efforts that evolve as
our knowledge increases can we capitalize on our essential
experience, the human-animal connection, and realize our
potential as agents of conservation.
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Managing Captive Mammals in Mixed-Species Communities

Jake Veasey and Gabriele Hammer

INTRODUCTION

The first step in establishing a mixed-species exhibit is to
carry out an objective cost-benefit analysis of the projected
exhibit. The analysis should incorporate known or predicted
benefits for the animals, keeping staff, and the visitors; these
must exceed the potential risks for the animals. A cost-benefit
analysis is useful not only in deciding whether or not to pro-
ceed, but also in deciding how to minimize, through design,
many of the identified risks. A broad range of input should
be sought, from keeping staft and veterinarians and also from
experienced studbook keepers/species coordinators. In this
chapter we hope to outline both the advantages and the dis-
advantages of mixed-species exhibits to assist in just such
an analysis, and combine this with some guidance on the
principles of establishing and maintaining successful mixed-
species exhibits.

THE BENEFITS OF MIXED-SPECIES EXHIBITS
EFFECTIVE USE OF RESOURCES

Zoos need to ensure that their limited financial resources and
space are put to effective conservation use. Space in zoos is
becoming more limited by the tendency to increase individual
enclosure sizes. By maintaining more than one species within
a single enclosure, zoos can significantly increase the conser-
vation return on their space and infrastructure.

BEHAVIORAL ENRICHMENT

Mixed-species exhibits can be developed by the addition
of new species to preexisting enclosures and by combining
smaller enclosures into larger areas. Increased space can im-
prove animal welfare (Veasey, Waran, and Young 1996) by
allowing increased opportunity for environmental complex-
ity and consequently greater behavioral opportunities for the
residents. In mixed-species exhibits, scope for social interac-

tion and social complexity can also increase; this is probably
one of the most enduring forms of enrichment, as both pre-
dictability and the probability of habituation are less likely
than with most enrichment devices.

Many animals in zoos do not spend species-typical
amounts of times feeding, foraging, and avoiding predators
(Veasey, Waran, and Young 1996; Veasey 2006; Seitz 1998);
thus, large portions of an animal’s daily time budget may be
unoccupied, potentially resulting in stereotypic behaviors
and other indicators of impoverished welfare. Activity levels
are typically higher in mixed-species enclosures, especially
with primate species (Baker 1992; Veasey 2005), and so long
as such activities are not antagonistic there will typically be a
positive effect on both the physical and the mental health of
the animals. Having established a mixed-species lemur enclo-
sure at Woburn Safari Park in the United Kingdom, we saw a
more diverse ethogram with more play behaviors in the black
and white ruffed lemurs, Varecia variegata variegata, previ-
ously held in a single-species exhibit (Veasey 2005). Though
some of the behavioral changes may be attributable to the
change of enclosure, the black and white ruffed lemurs did in-
teract regularly with the red-bellied lemurs, Lemur rubriven-
ter, and red-fronted lemurs, Eulemur rufus.

One of the most common concerns with mixed-species
enclosures is the likelihood of negative interactions between
species. However, many positive interspecific interactions
have been recorded (Hammer 2001). In a community of Bar-
bary sheep, Ammotragus lervia, and gelada baboons, Thero-
pithecus gelada, at the Zoological Garden of Wilhelma, Stutt-
gart, the gelada baboons commonly groom the sheep. Similar
behaviors have been noted elsewhere, such as Barbary ma-
caques, Macaca sylvanus, grooming Grevy’s zebra, Equus
grevyi, at Woburn Safari Park, and Hamadryas baboons,
Papio hamadryas, interacting with Cape buffalo, Syncerus
caffer caffer, at Knowsley Safari Park in Prescott, United King-
dom. Such interspecific interactions need not be restricted to
mammals. In an exhibit that housed pygmy marmosets, Cal-
lithrix pygmaea, and green iguanas, Iguana iguana, the mar-
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mosets were regularly seen grooming the iguanas and eating
the dead skin from the grooming process.

Zoos currently restrict breeding in order to maintain
stable populations. As a result, fewer young are born and
juveniles may develop in the absence of a peer group, which
reduces the opportunity to play in juveniles and adults alike.
However, in a mixed-species environment, juveniles can still
benefit from the presence of juveniles of another species dur-
ing development. Zoo studies have shown considerable in-
terspecific play between juvenile primates (Freeman and Al-
cock 1973), carnivores (Curry-Lindahl 1958), and ungulates
(Zscheile 1980) in mixed-species enclosures.

MANAGEMENT

Mixed-species exhibits can solve management problems ex-
isting within single-species exhibits. At Los Angeles Zoo fol-
lowing the death of the dominant male gelada baboon, the
baboon group fractured, since the remaining male was not
yet old enough to lead the troop. To create a diversion and
reduce intraspecific aggression, 2 female chimpanzees, Pan
troglodytes, were introduced into the group. Aggression im-
mediately ceased among the baboons, who were more pre-
occupied with the chimps than one another. The situation
also appeared to trigger the young male’s development of
dominance, and order was restored to the troop (Thomas
and Maruska 1996).

At Copenhagen Zoo, in a South American exhibit hous-
ing guanacos, Lama glama guanicoe, capybaras, Hydrochaeris
hydrochaeris, thea, Rhea americana, and Patagonian mara,
Dolichotis patagonum, the introduction of anteaters, Myrme-
cophaga tridactyla, resulted in the “demotion” of the guana-
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Fig. 13.1. Young Barbary
macaque feeding on the back
of a young Barbary sheep.
(Photography by J. Kircher,
Zoo Schonbrunn. Reprinted by
permission.)

cos, who previously had aggressively dominated all other spe-
cies. The guanacos were nervous of the anteater, possibly due
to the similarity of the anteater’s silhouette and gait to that
of a predatory species such as jaguar, Panthera onca (Hjordt-
Carlson 1997). Long after the introduction, the guanacos re-
mained cautious of the anteaters, and although not always in
the enclosure, the anteaters still functioned as a stabilizing
element within the community; the introduction of the ant-
eaters was used to control specific incidents by distracting
the male guanaco, e.g. when he chased the female guanaco
or panicked the other species.

Different species can also function as a shield to vulner-
able individuals within social units. At Tiergarten Schon-
brunn, Vienna, where Barbary sheep and Barbary macaques
are mixed, the young macaques, which were either born in
the mixed exhibit or very young during the introduction
period, tend to be less fearful of the sheep than macaques
introduced to the sheep as adults. The younger macaques ex-
ploited this, often hiding from more dominant macaques by
climbing under or on top of the sheep (Hammer 2001) (fig.
13.1). Moreover, the younger macaques could forage among
the sheep in comparative safety, since the adult macaques
maintained a rigid interspecific distance from the sheep.

When chased by older conspecifics, young primates may
flee to related animals higher in rank than their pursuer, and
often groom their protector enthusiastically. The Schénbrunn
Barbary macaques sometimes demonstrated the same be-
havior toward the sheep, even spontaneously grooming the
sheep; sheep also appeared to seek out the younger monkeys
to initiate grooming (Hammer 2001). Grevy’s zebra likewise
solicited grooming from young Barbary macaques at Wo-
burn Safari Park.



At Woburn Safari Park, in a temporary mixed-species ex-
hibit with Bactrian camels, Camelus bactrianus, and a bach-
elor group of scimitar horned oryx, Oryx dammah, the cam-
els reduced aggression in this highly aggressive all-male oryx
herd. If the camels showed an interest and approached the
oryx performing their antagonistic displays, the oryx would
then display to the camels and not attack conspecifics. Also,
some subordinate oryx would stand close to the camels, thus
reducing the likelihood of an aggressive encounter with a
more dominant conspecific.

REINTRODUCEABILITY

There are many prerequisites for a successful reintroduction
(Kleiman 1996), but one of those must surely be behavioral
flexibility and preparedness for a complex environment. Ani-
mals exposed to a wide diversity of appropriate external stim-
uli in captivity, including a complex social and physical envi-
ronment, are more likely to cope with the complexity of their
natural habitat after reintroduction.

Even “negative” interspecific interactions in captivity may
be beneficial in survival postrelease. An antelope that has had
its calf attacked by a zebra, Equus sp., in captivity is likely to
avoid zebra if ever released into a habitat with zebra present.
Although appropriate legal and ethical considerations must
be applied, a degree of “negative” interaction might be con-
sidered a requirement for prerelease animals, e.g. controlled
nonlethal exposure to predators.

VISITOR BENEFITS: EDUCATION AND ENTERTAINMENT

Mixed-species exhibits also offer educational and entertain-
ment advantages over comparable monospecific mamma-
lian exhibits. Chosen species can exploit different resources
within the enclosure; thus, there is the potential to increase
the stocking density without compromising animal welfare
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or resource usage. As a result, visitors are more likely to see
animals that are active within the enclosure (Veasey 2005).
Visitors not only prefer to see active animals, but also are
more likely to learn something about the animals when they
are more active (Bitgood, Patterson, and Benefield 1986). In-
formative displays can then draw attention to diversity and
adaptations by highlighting interspecific similarities and dif-
ferences in behavior, morphology, ecology, natural habitat,
and even conservation status (Thomas and Maruska 1996).
Combining arboreal and terrestrial species or diurnal and
nocturnal species reduces the likelihood of negative inter-
specific interaction, ensures that visitors can always observe
an occupied enclosure, and offers considerable educational/
interpretive possibilities.

In mixed-species exhibits with popular species, there are
also opportunities to draw visitors’ attention to endangered
species that are less well known or less “attractive.” Likewise,
exhibits of species that are naturally solitary, form monog-
amous pairs, or are being maintained in small single-sex
groups for management reasons can be enhanced by adding
compatible species that are more conspicuous.

POTENTIAL RISKS AND DISADVANTAGES
UNDESIRABLE BEHAVIORS

Certain undesirable behaviors can occur in mixed-species
exhibits that would not have occurred in monospecific enclo-
sures. At Stuttgart, male gelada baboons have been observed
attempting to mate with young Barbary sheep, and young
lactating Barbary sheep have even been suckled by opportu-
nistic baboons (fig. 13.2). As a result, the zoo now separates
the primiparous sheep during rearing.

Other behaviors can occur that may be harmful to the spe-
cies sharing the enclosure. For example, in one zoo capuchins,
Cebus albifrons, used red eared sliders, Trachemys scripta,

Fig. 13.2. Gelada baboon
suckling from a Barbary sheep.
(Photography by H. Magdefrau.
Reprinted by permission.)
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caught from the moat surrounding their enclosure, in an at-
tempt to break open nuts! This example highlights the need
for contingency plans to separate species if there is a clear and
insoluble problem in a mixed-species exhibit.

SPECIES IDENTITY CONFUSION AND HYBRIDIZATION

Close interspecific relationships formed in mixed-species ex-
hibits are generally viewed as positive, but not if imprinting or
confusion over species identity occurs, since this can reduce
breeding success of individual species and may in some cir-
cumstances result in hybridization. Mal-imprinting typically
occurs when juveniles have limited intraspecific contact or
when mothers without young “steal” young from the moth-
ers of other species. This cross-species adoption behavior is
not restricted to primates; e.g. Grant’s zebra (Equus burchelli
boehmi) attempted to adopt young from eland, Taurotragus
oryx, in Hannover Zoo (Dittrich 1968). At the Smithsonian
National Zoological Park, in Washington, DC, a mixed ex-
hibit of Geoffroy’s marmoset, Callithrix geoffroyi, and pygmy
marmosets was disbanded when the female Geoffroy’s mar-
moset forcibly adopted a young pygmy marmoset (Xanten
1992).

Mixing different sexes of the same genus or otherwise
closely related species should be treated with caution, par-
ticularly where intraspecific reproductive opportunities are
limited. For example, bongo, Tragelaphus euryceros, sitatunga,
Tragelaphus spekii, and greater kudu, Tragelaphus strepsiceros,
as well as addax, Addax nasomaculatus, and scimitar horned
oryx, Oryx dammah, have been known to hybridize in cap-
tivity, despite some of these species’ being sympatric in the
wild and in separate genera.

HEALTH RISKS

There are many diseases that have minimal or no apparent
impact in the host species, but are lethal when transmitted to
other, usually related, species. We advise all zoos to evaluate
health risks before proceeding with a new mixed-species ex-
hibit. With a wise selection of species and an effective quar-
antine and monitoring program, interspecies transmission
of disease should be rare and should not be viewed as an
impediment to developing carefully selected mixed-species
exhibits.

As an example, when housed together, squirrel monkeys,
Saimiri sciureus, can cause lymphoproliferative disease in
black tailed marmosets, Mico melanurus, by infecting them
with Herpesvirus saimiri (McAloose 2004). Salmonella has
been transferred between African elephants, Loxodonta afri-
cana, and hamadryas baboons (Deleu, Veenhuizen, and
Nelissen 2003). Parasites are also a major interspecific health
consideration, particularly among hoofstock.

STRESS

Stress as a result of interspecific interaction can have a pro-
found effect on the health and welfare of the individuals con-
cerned (see Kagan and Veasey, chap. 2; Hodges, Brown, and
Heistermann, chap. 33; and McPhee and Carlstead, chap. 25,
this volume). Particular attention should be paid to mixed-
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species enclosures with primates, as primates are generally
more curious and persistent in their attention to other spe-
cies. For example in the Los Angeles Zoo, silver langurs, Tra-
chypithecus cristatus, and Indo-Malayan giant squirrels, Rat-
ufa bicolor, had to be separated, because the squirrels began
to lose coat condition and became anorexic despite appar-
ently cohabiting without incident. The squirrels were suffer-
ing from a low but steady level of chronic stress, despite the
fact that the langurs seldom came into contact with them
(Thomas and Maruska 1996).

Historically, Woburn Safari Park had housed North Ameri-
can black bears, Ursus americanus, with a large colony of rhe-
sus macaques, Macaca mulatta. Although the bears were not
apparently stressed by the species mix, their behavior did
change when they were moved to a new enclosure contain-
ing a pack of timber wolves, Canis lupus, a far more geo-
graphically appropriate species! Female bears that had pre-
viously spent considerable time in underground dens now
spent more time in trees, where they previously would not
have been able to avoid the macaques. The male bears also
spent more time in the open, and while the wolves do try and
steal bear food, all bears appeared markedly more relaxed at
feed times in the presence of the wolves when compared to
the presence of large numbers of rhesus macaques. Since all
features in the old enclosure were present in the new enclo-
sure, the behavioral changes seen in the bears suggest a re-
sponse to the absence of the macaques rather than an effect
of the enclosure.

AGGRESSION

Aggression is perhaps the most obvious concern when estab-
lishing mixed-species exhibits. However, in most instances
(notwithstanding predator/prey mixes), intraspecific aggres-
sion is more likely than interspecific aggression, because com-
petition for resources will be more intense within a species as
individuals compete directly for identical resources, including
shelter, food, and mates. In mixed-species exhibits, the likeli-
hood of aggression can be significantly reduced by a careful
selection of species and enclosure design. For example, mix-
ing grazers and browsers or arboreal and terrestrial species
will reduce the likelihood of certain types of conflict.

Once the species have been selected, an assessment and
acclimatization period during which the animals have vi-
sual and olfactory contact will allow the individuals to ha-
bituate to one another’s presence, and zoo staff can evalu-
ate potential problems. However, even if aggression does not
occur at first, it can happen in the future. Mothers can be-
come aggressive when rearing young, and some equids and
other herbivores may become fatally aggressive in the pres-
ence of young of other species. Seasonal or pubertal changes
in male reproductive status may also result in aggression.
For example, in one paddock, a small bachelor herd of Kafue
Flats lechwe, Kobus leche kafuensis, had coexisted for a num-
ber of years with Southern white rhinoceros, Ceratotherium
simum simum, common eland, Ankole cattle, Bos taurus tau-
rus ankole, sitatunga, and Chapman’s zebra, Equus burchellii
antiquorum. When the lechwe reached the age of 5 years, they
turned on one another and all the other bovids, resulting in
their removal from the enclosure and separation from one



another. Staff thus needs to be vigilant throughout the life of
a mixed-species exhibit, and be prepared to respond to out-
breaks of aggression.

MANAGEMENT AND DIET

Different species with different dietary requirements and tol-
erances may need to be fed separately. Ensuring that every
individual within complex multispecies exhibits receives the
correct amount of appropriate food requires careful obser-
vation and mechanisms to feed species or individuals sepa-
rately. In a 10-ha, mixed-primate exhibit at Woburn Safari
Park housing hoofstock with vervet monkeys, Chlorocebus
aethiops, Barbary macaques, patas monkeys, Erythrocebus
patas, and colobus monkeys, Colobus guereza, staff ensured
that citrus fruit fed to the macaques and guenons were not
available to the colobus, since the latter are naturally a pre-
dominantly folivorous species. They conditioned each pri-
mate species to a different auditory signal, and they never
scatter-fed citrus fruit.

One of the other complicating factors in mixed-species
exhibits is access to housing and especially critical resources
such as sleeping sites, heat spots, and refuges. Though species
may share an outdoor enclosure without problems, difficulties
may arise when individuals are indoors and in closer proxim-
ity. Where multiple housing is not an option, houses should
be as large, complex, and generously furnished as possible,
with multiple entrances and exits to avoid aggressive encoun-
ters from which individuals cannot readily escape.

Having adequate housing is most difficult with primates.
Woburn Safari Park has 2 mixed-species primate exhibits,
one with 4 Cercopithecine species and one with 3 species of
lemurs. In both cases primary indoor houses have been sup-
plemented with additional smaller, modular-heated units,
so that if individuals are driven out of the main houses, they
always have access to shelter. In the Cercopithecine exhibit,
each species has its own houses in which it is fed and trained
to enter via auditory signals. Staff do not permit nonresident
primates to remain in the house of another species.

GUIDANCE ON ESTABLISHING
MIXED-SPECIES EXHIBITS

Historically, birds, amphibians, reptiles, and fish have been
kept in mixed-species enclosures far more than mammals.
Recently, increasingly ambitious mixes exist for mammals.
The Miami Seaquarium has mixed bottle-nosed dolphins,
Tursiops truncatus, with tiger sharks, Galeocerdo cuvier (Gray
1962), and the Zoo Schwerin in Germany has mixed slender-
tailed meerkats, Suricata suricatta, yellow mongoose, Cynictis
penicillata, and lions, Panthera leo (Hammer 2001).
Institutions have different benchmarks for the success of
mixed-species exhibits; e.g. a fatality or injury in one mixed-
species exhibit might lead to the cessation of the exhibit, while
the same incident in another institution might result in al-
tered management or design rather than abandonment. We
believe that zoos tend to tolerate fewer negative incidents in
mixed-species exhibits than in single-species exhibits; e.g. at
Woburn Safari Park, keeping staftf seemed willing to accept
the sometimes substantial injuries inflicted on conspecifics
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by both bears and wolves as inevitable, but found less accept-
able the idea of lesser injuries inflicted interspecifically, de-
spite clear benefits for relocating and mixing the 2 species.
In this instance, effective management combined with con-
sidered design has minimized conflict between the species,
and as was anticipated, injuries invariably occur within each
species rather than interspecifically.

Conflict management between species is essential to the
success of a mixed-species exhibit. It is best achieved by first
identifying resources that create competition and then either
providing an abundance of them or spatially and/or tempo-
rally separating these resources.

ENCLOSURE SIZE AND COMPLEXITY

Enclosure size is an important factor in the likelihood of a
successful mixed-species exhibit, since space facilitates inter-
and intraspecific avoidance (Thomas and Maruska 1996). In-
cluding visual barriers such as hills, mounds, partitions, or
vegetation facilitates avoidance even further, particularly with
primates, for whom visual contact can generate both stress
and aggression.

Social spaces between species can be created using care-
fully constructed barriers. In Woburn Safari Park’s bear and
wolf enclosure, a core wolf area is maintained to which bears
do not have access through narrow wolf-appropriate en-
tranceways of just 20 cm wide. The wolves can thus escape
the bears—with the more timid female bears climbing trees if
they feel the need to avoid the wolves—and be separately fed
if necessary. Such separation zones should be sufficiently large
to permit the species to function adequately within them.
Such zones can also benefit subordinate individuals within
a species; e.g. in Woburn’s bear and wolf exhibit, subordi-
nate wolves use the core wolf area to avoid dominant wolves
rather than the bears.

Isolation zones can come in many forms; at Safari Beekes-
bergen in the Netherlands, African elephants and hama-
dryas baboons are maintained successfully in the same en-
closure with a large rocky outcrop at the center of the exhibit
which only the primates can access. Likewise, small ante-
lope such as klipspringer, Oreotragus oreotragus, can readily
avoid larger ungulates by seeking refuge in similar outcrops.
In mixed-species primate enclosures, isolation zones can
be achieved by exploiting the differences in size, strength,
and agility of the species. Refuges for smaller species can be
established by the use of branches that would not support
bigger species or that are out of reach to larger, nonjump-
ing primates.

Establishing a zone of retreat for the bigger species is far
more problematic than creating retreats for smaller species.
With ungulates and other terrestrial animals, a low fence that
can be traversed only by the bigger species may be possible;
doors that only the larger species can open may be another
viable solution.

Applying consumer demand theory (where animals have
to work or overcome aversive stimuli to receive a reward, e.g.
refuge from other animals) may be valuable for refuge de-
sign within mixed-species exhibits. For example, an electri-
fied cattle grid has been used to deter bears and wolves from
approaching exit gates in Woburn’s drive-through exhibit.
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Though effective in eliminating approaches by bears and most
wolves for the majority of the time, subordinate wolves use
the area beyond the grid as a refuge when being chased by
dominant members of the pack, since pack members appear
not to be motivated sufficiently to pursue the subordinate
animal and risk receiving a shock.

Very timid species, such as small antelopes and cervids,
have a greater tendency to run into barriers in small areas,
since fences generally act as a barrier to flight; whereas in
larger enclosures, fences tend to direct the forward move-
ment of the fleeing animals (Backhaus and Fridrich 1965).
A number of factors are likely to account for this. First, as
enclosure size increases, the ratio between barrier length and
area within the enclosure decreases; thus, animals are statis-
tically less likely to run into a fence. Second, when startled
within a larger enclosure, an animal is more likely to be fur-
ther from a fence compared with a smaller enclosure and so
can direct its flight. Third, in smaller enclosures, the animal
is less likely to have a choice of direction for fleeing, since the
stressful stimulus may block part of its path. Thus, exhibits
should have corners exceeding 90° where possible so that
fleeing animals will not become trapped or reach a dead end
when running along a fence line.

Occasionally, larger species are subordinate to smaller
species, as has been the case in groups of fallow deer, Dama
dama, and wild boar, Sus scrofa; dik-diks, Madoqua piacen-
tinii, and gerenuks, Litocranius walleri; lechwe and eland as
well as orangutans, Pongo pygmaeus, and stump-tailed ma-
caque, Macaca arctoides.

If there is interspecific tension, there should be suffi-
cient housing provided so that each species has a retreat,
either via separate houses for each species, or at the very
least separate stalls or areas within the houses. However, ef-
fective separation is possible even within a single house. In
Woburn’s mixed lemur enclosure, with 3 houses available,
the red-fronted lemurs always chose to shelter in the larg-
est house, in which the black and white ruffed lemurs typi-
cally resided. The large group of ruffed lemurs is dominant
and regularly drove the red-fronted lemurs out of the house.
However, placing additional shelving higher up within the
house reduced conflict dramatically, since the ruffed lemurs
stayed on the lower shelves and the red fronted lemurs re-
sided higher up.

Pens within primate houses should have multiple entrance
and exit points at different heights and locations to prevent
individuals from being trapped by dominant animals, and to
ensure that flight options are always available. Multiple en-
trances and exits also can prove essential in exhibits where
species have been mixed, but do not share the same inter-
nal areas. Multiple entrances/exits to the underground bur-
rows of meerkats have proved to be critical to the elimina-
tion of predation by lions, who could more readily exploit
solitary entry/exit points, with potentially fatal consequences
for meerkats.

BEHAVIORAL ECOLOGY

An in-depth understanding of the behavioral ecology of
all species concerned is essential when establishing mixed-
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species exhibits, particularly for species that had not been
combined elsewhere.

Feeding behavior and competitive overlap. With the pos-
sible exception of conflict relating to reproductive seasonality,
conflicts relating to feeding are probably the most common
cause of aggression in mixed-species enclosures (Hammer
2001). Thus, reducing competitive overlap during feeding is
fundamentally important and is best achieved by combining
species which occupy different habitat niches in the wild or
can be fed at different times and in different areas.

Where there is overlap, e.g. mixed exhibits of grazing spe-
cies, differences in size or taxonomy can help to reduce com-
petition; e.g. although both are tragelaphines, sitatunga do
not compete with eland within a large safari-type enclosure,
because they are significantly different in size and their use of
the enclosure habitat is dissimilar. The sitatunga inhabit the
swampy edge areas of the reserve, and the eland occupy the
central grassland areas. However, when 2 hippotragines (i.e.
oryx and addax) were housed together, there was interspecific
aggression, although the 2 species are historically sympatric
in the wild and are arguably as closely related to each other
as eland are to sitatunga.

Feeding animals separately may be the most obvious solu-
tion to avoid conflicts, but this is not always possible, effec-
tive, or desirable. For example, it is difficult to separate pri-
mates from ungulate food, and ungulates often take dropped
or discarded food from the primates, a situation regularly
observed between Barbary macaques and Barbary sheep at
Vienna’s Tiergarten Schénbrunn. To avoid the problem, the
macaques were fed in the indoor enclosures, but subadults
would take as much food as they could carry and flee to the
trees, where they would then drop food that was consumed
in turn by the sheep. The macaque diet included foods that,
in large quantities, could potentially cause problems for ru-
minants, and so this situation needed careful monitoring and
management.

In St. Martin de la Plaine Zoo, France, Tonkean macaques,
Macaca tonkeana, housed with babirusa, Babyrousa baby-
russa, competed for food. Despite separating the species at
night and when each species was fed, they had to be sepa-
rated when a babirusa was injured during a fight with a male
macaque over discarded food available to both in the exhibit
(Hammer 2001).

Social structure. Individuals of social species living naturally
in large herds or groups tend to join other species groups
when kept as the lone representative of the species. When
Suffolk Wildlife Park in the United Kingdom was awaiting the
arrival of the remainder of a herd of white rhinoceroses, they
gave their temporarily lone bull rhinoceros several African
pygmy goats, Capra hircus hircus, for company, with whom he
associated amicably. The goats, who could readily escape from
the rhinoceros between the steelwork, frequently climbed on
the rhinoceros, which became considerably calmer in their
presence.

Solitary species and species that might typically fight con-
specifics if maintained together in close proximity in captiv-
ity can also be successfully socialized in mixed-species ex-



hibits. In Smithsonian’s National Zoological Park, 3 males of
different species of marmoset were maintained together and
regularly observed grooming each other, sharing food, and
huddling (Xanten 1992).

In Le Parc Zoologique Cerza, Lisieux, France, Indian rhi-
noceros, Rhinoceros unicornis, are maintained in an enclo-
sure to which blackbuck, Antilope cervicapra, and spotted
deer, Axis axis, have access. There is a core rhinoceros area
into which the deer and blackbuck can enter and a periph-
eral area free of rhinoceros, but accessible to blackbuck and
spotted deer.

Surplus individuals from typically gregarious species can
often be successfully mixed with other species due to their
need for social contact. In fact, being able to maintain suc-
cessfully solitary species with a low tolerance for conspecif-
ics in mixed-species exhibits is highly desirable from a public
perception and potentially from an animal welfare perspec-
tive.

Antagonistic behavioral ecology. Zoos should avoid mixing
species in which interspecific aggression is likely due to simi-
larities in ritualized intraspecific fighting, e.g. many horned
and antlered ungulates.

In most zoos, ungulates are maintained in harem groups
with only one adult male, or as bachelor herds. Often lone
males have no real outlet for their aggressive behavior, despite
being provided inanimate branches or posts to attack. If we
consider that Walther (1965a) observed as many as 11 fights
per day in a wild herd of 15 Grant’s gazelle, Gazella granti, it is
perhaps understandable that inanimate diversions might not
eliminate aggression directed to other animals. Some male
antelope are so motivated to fight that they have destroyed
stables and enclosure fixtures, and even attacked and killed fe-
males and juveniles within their harem (Walther 1965b). Like-
wise, Zscheile (1980) reported that fallow deer stags in rut have
gored females. Thus, combining 2 harem species within the
same enclosure may result in serious interspecific conflict.

Many artiodactyls have evolved strongly ritualized threat
and aggressive behaviors, which result in minimal injuries
during intraspecific encounters. However, conflicts between
similar species may result in serious injuries or even fatalities
due to differences in size and morphology. For example, the
ibex, Capra ibex, is very vulnerable to fatal injuries from the
chamois, Rupicapra rupicapra, since, when fighting, chamois
keep all 4 feet on the ground and strike upward with their
horns, compared with ibex, which rise up on their hind legs
and strike downward with their horns. As a result of the ibex’s
downward force and the chamois’s upward attack, the much
larger ibex may be seriously injured.

The ordinary behavior of one species may also be misinter-
preted as a threat display by another species and subsequently
result in interspecific aggression. For example, Hediger (1950)
describes how kangaroos raise up on their hind limbs in a
posture apparently similar to that of a cervid rearing, and how
this can be misinterpreted by stags as an aggressive display,
resulting in the stag attacking the marsupial.

Walther (1965a, 1965b) suggested that interspecific aggres-
sion is most likely to occur in closely related species that have
similar antagonistic behaviors, and that mixed-species ante-
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lope exhibits can survive without problems only when the
species have different antagonistic behavioral patterns and
are more distantly related. Hammer (2001) confirmed this
hypothesis; she found more aggression in mixed-species ex-
hibits of closely related horned mammals.

By contrast, Popp (1984) suggested that interspecific ag-
gression is more likely to occur among more distantly related
species, specifically because they do not “understand” each
other’s antagonistic and submissive behaviors. For example,
zebra may not perceive an antelope’s presentation of horns as
a threat display, and likewise an antelope may not understand
the zebra’s raised hind leg as an intention to kick. However,
individuals have shown that they can learn the meaning of
interspecific threat behaviors when these are reinforced by a
kick or a blow from horn or antlers (Heck 1970).

Dittrich (1968) describes an incident where the failure of
a zebra foal to behave “appropriately” to the threat display of
an eland bull led to the foal being fatally gored. However, we
believe that more distantly related species are less likely to
trigger aggressive behaviors in each other, since with large
physical differences and little competitive overlap, individu-
als typically will not perceive members of the other species
as a threat.

Zoo staff needs to understand and monitor the species dif-
ferences and similarities in aggressive and submissive pos-
tures when developing and managing mixed-species exhibits.
When threat behaviors are similar and submissive behaviors
are different, species are more likely to fight, regardless of
taxonomic relatedness. Thus, the submissive kneeling be-
havior of bongo (Estes 1991) may be perceived “incorrectly”
by hartebeest, Alcelaphus buselaphus, or wildebeest, Conno-
chaetes sp., for whom kneeling behavior may be a precursor
to aggression.

Morphology and fighting behavior are also critical when
mixing horned hoofstock. Wildebeest and oryx have similar
antagonistic behaviors, but very different horn morphology.
The wildebeest bull is at a considerable disadvantage with
his small horns, since he cannot lock with the longer horns
of the oryx (Walther 1965b). Eland and lesser kudu, Trage-
laphus imberbis, lock horns at different heights; eland lock
horns just above the ground, but lesser kudu bind higher. If
the lesser kudu’s head slips between the horns of the eland
and the eland exerts an upward pressure while the lesser kudu
exerts a downward force, the more slightly built lesser kudu
can suffer a broken neck.

Marked differences in conflict behaviors can actually in-
hibit fights. For example, a bull eland and a wildebeest or
hartebeest will use a lateral presentation in their dominance
displays (Estes 1991), but thereafter, their aggressive behaviors
differ (fig. 13.3). The eland lowers its horns, and the hartebeest
raises its horns. The hartebeest will then drop to its knees in
order to start species-typical shoulder swiping or soil horn-
ing. Meanwhile, the eland, which fights in a standing posi-
tion, will wait for the hartebeest to stand and fight, while
the latter is waiting for the eland to kneel and fight (Dittrich
1971).

One method of avoiding such aggression is to separate
bulls selectively during their mating season, but this approach
requires detailed observations to ensure that animals are
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moved before serious aggressive encounters and, of course,
facilities to house the separated animals. However, the re-
moval of a bull may result in females of the species being
attacked by bulls of other species in the enclosure. Dittrich
(1968) describes just such an event when an impala, Aepyc-
eros melampus, bull attacked a female eland with which he
had shared the enclosure for some time before the removal
of the bull eland.

Estes (1991) and Walther (1965a) provide excellent ac-
counts of antagonistic and dominance behaviors in a wide
range of ungulates that are well worth referring to when con-
sidering a mixed-species ungulate exhibit.

TAXONOMY

Although the success of a mixed-species exhibit is ultimately
dependent on the individual behavior of the occupants, cer-
tain tentative generalizations can be made regarding taxo-
nomic differences in behavior. Monotremes, many marsu-
pial orders, Chiroptera, Sirenia, Hyracoidea, Pholidota, and
Xenarthra seem to be very tolerant toward most other spe-
cies, whereas members of the Cetacea are often rough when
playing with other species and members of the Scandentia
are often very timid. While some carnivores may readily mix
with nonprey species as juveniles and then maintain good re-
lationships as adults, rodents generally become very aggres-
sive after reaching sexual maturity. Members of the Equidae
often attack the offspring of the other species, and in the Ar-
tiodactyla, fighting between males during the mating season
is common.

At species levels also, there seem to be differences in in-
dividual behavior. Within the Bovidae, Thomson’s gazelle,
Endorcas thomsonii, Rocky Mountain goat, Oreamnos ameri-
canus, chamois, wapiti, Cervus elaphus, spotted deer, fallow
deer, cape buffalo and forest buffalo, Syncerus caffer nanus, roe
deer, Capreolus capreolus, and moose, Alces alces, are consid-
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Fig. 13.3. A wildebeest waits for
an eland to accept his challenge.
(Photography by G. Hammer,

Zoo Miinster. Reprinted by
permission.)

ered very aggressive, whereas bushbuck, Tragelaphus scriptus,
and eland are generally described as docile. Mountain zebra,
Equus zebra, appear to be more aggressive than plains zebra,
Equus burchelli, and white rhinoceros and South American
tapirs, Tapirus terrestris, seem to be more tolerant than black
rhinoceros, Diceros bicornis, and Malayan tapirs, Tapirus in-
dicus (Bartmann 1980). Pygmy marmosets are described as
very shy, whereas emperor tamarins, Saguinus imperator, as
highly aggressive (Hammer 2001).

GENDER AND AGE

Gender may have a significant impact on the success of a
mixed-species exhibit. The males of many mammal species
display more aggression than females (Kummer 1971; Bygott
1972; Paul, Miley, and Baenninger 1971, etc.). However, in a
mixed lemur enclosure, the females may be most aggressive
both within and between the species.

The presence of females from one species may also trig-
ger aggressive behaviors in the males of another species. Also,
aggression may vary seasonally and differ across the sexes.
Males are typically more aggressive during the mating season,
whereas females are typically more protective and hence po-
tentially aggressive when rearing young. Zoo staff therefore
need to consider the effect of gender and how to establish ap-
propriate sex ratios within each species due to be mixed.

Generally, younger animals are more adaptable and ca-
pable of dealing with change and novelty than adults. As a
result, the likelihood of success may well be greater for mixed-
species exhibits that start with younger animals.

BODY SIZE

A large size differential is thought to be advantageous in
mixed-species exhibits, since this may reduce competitive
overlap between species. Furthermore, large herbivores in



particular are considered more calm, tolerant, and robust
than smaller species. This perception may reflect real differ-
ences in species-typical predator risk perception and anti-
predator behavior, with larger species being less fearful of pre-
dation and adopting defensive strategies compared to more
fearful smaller species relying on flight and crypsis. However,
at this stage there is insufficient evidence to support either of
these claims, and exceptions will, of course, always exist. We
would encourage an analysis of mixed-species exhibits to see
if size differential could be considered a predictor of success
in mixed-species assemblages.

INTRODUCTION OF SPECIES

Whether or not animals of different species or of the same
species are being introduced, similar principles apply (see
Powell, chap. 5, this volume). We will focus mainly on those
issues not covered in Powell (ibid.). New exhibits need facili-
ties to allow animals to familiarize themselves with each other
without making contact. Such facilities can subsequently be
used to separate animals for management reasons, e.g. par-
turition, and thus are not just useful for the introduction
phase.

However, individuals may establish these introduction
zones as territories and may defend the space more strenu-
ously than an individual without prior claim to the resource
who has invested less in the territory and so has less to lose.
This so-called Bourgeois Strategy (Maynard Smith and Parker
1976) increases the likelihood of a resident fighting to defend
a territory, whereas a potential invader might just exhibit
threat displays.

Mixed-species introductions should attempt to equalize
any potential imbalances during the mixing phase. Thus, one
might consider allowing members of the “disadvantaged” spe-
cies more time to establish within the enclosure, or first mix
only a few selected lower-ranking individuals of the more
dominant species (see Powell, chap. 5, this volume). If spe-
cies are considered equally dominant within a proposed mix,
zoo staff may familiarize the animals with each other and in-
troduce them simultaneously to the exhibit, since the novelty
of the new facility will be more significant and distract their
attention from each other.

In establishing a mixed lemur enclosure at Woburn Safari
Park, we released the black and white ruffed lemurs last, since
they were more numerous and considered the dominant spe-
cies. The nonaggressive red-bellied and red-fronted lemurs
with equivalent group sizes were introduced simultaneously
into the enclosure after a prerelease familiarization period.
Later, the ruffed lemurs were introduced into the enclosure
and familiarized with the other 2 species while in an intro-
duction pen adjacent to their house.

Woburn Safari Park staff employed a different strategy
for introducing 4 species of Old World primates into a much
larger enclosure. All 4 species were confined to their houses
and associated introduction pen so that they would establish
that area as a territory to the exclusion of other species. Keep-
ers also linked feeding within the house to specific acoustic
signals, unique to each species.

Similar principles apply when reintroducing mothers and
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offspring back into a mixed-species enclosure after separa-
tion. Additionally, it may be beneficial to maintain other spe-
cies, especially equids, on a reduced food ration before re-
introduction to ensure that they will be more preoccupied
with food and less interested in the newly reintroduced or
introduced animals. Introducing the female and infant to
a conspecific resident male may protect the female and oft-
spring from aggression by conspecifics and heterospecifics
(Dittrich 1968).

POSTMIXING PROBLEMS

There are many examples of mixed-species communities
that have worked successfully for many years and then quite
suddenly broke down. At Los Angeles Zoo, zebra duikers
(Cephalophus zebra) and talapoin monkeys (Miopithecus ta-
lapoin) were separated after several months of peaceful co-
habitation because the monkeys started to jump on the du-
ikers and bite at and tear their hair (Crotty 1981). As with
single-species exhibits, critical effective monitoring must be
in place, combined with contingency plans to remove ani-
mals or even whole species from exhibits which “fail,” either
permanently or temporarily, until appropriate adjustments
and reintroductions can be made.

PARTURITION AND REARING THE YOUNG

Postpartum changes in female mammals can be quite dra-
matic (see Thomas, Asa, and Hutchins, chap. 28, this vol-
ume). Some females demonstrate an increased tendency to
attack other animals postpartum, and there appears to be a
correlation between increased aggression and the length of
lactation (Scott 1966; Flandera and Novakova 1971). Often,
interspecific interactions previously considered inconceivable
are observed postpartum, e.g. cervids attacking and injuring
ursids to protect their young (Altmann 1963).

Some species have been reported to predate young of other
species with whom they had previously cohabited without
incident, including peccaries and anteaters predating young
mara (Hammer 2001) and duikers, Cephalophus sp., eating
young springbok, Antidorcas marsupialis (Schanberger 1998).

Facilities to isolate a mother and young from other ani-
mals in an exhibit may be critical in most mixed-species en-
closures in which breeding occurs. Separation, if required,
should ideally occur before parturition so that the dam can
acclimate to new surroundings.

There are considerable species differences in the degree
to which mothers protect their young. Zebra females are
typically quite aggressive in defense of their young, whereas
gazelles and hartebeest tend to lead their young away from
threats. Cervids use a cryptic approach and hide their young,
only returning to suckle. In the latter case, particular care
should be taken, since even in large enclosures, young may
be found and harmed by cohabiting individuals.

THE FUTURE

Making broad generalizations about mixed-species exhibits
is difficult. Although there may be species trends, individu-
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als or circumstances will always provide exceptions to the
“rules” Our examples will likely contradict experiences else-
where. Mixed-species enclosures have risks, but when man-
aged appropriately, and with judicious selection of species, the
potential disadvantages are outweighed by the advantages of
this approach to captive mammal care (Anderson 1982, Fel-
ton 1982, Killmar 1982). A multidisciplinary approach should
be taken to assess the risks and benefits for each exhibit and
each species combination in advance of establishing a new
mixed-species facility. Management strategies need as much
consideration as enclosure design in order to ensure suc-
cess. As zoos quite rightly strive to provide more complex
and spacious environments for their animals, and more ed-
ucational and inspiring exhibits for zoo visitors, the role of
mixed-species enclosures will become more important as
conservation demands on zoo space increase.
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Structural and Keeper Considerations in Exhibit Design

Mark Rosenthal and William A. Xanten

INTRODUCTION

When designing exhibits, there are general issues that zoo
planners should address so that exhibits will be safe and easy
to maintain (Veasey 2005). Not only should the animal’s bio-
logical and psychological needs be taken into account (Cur-
tis 1982), but the people who daily manage and maintain the
exhibit need to be considered (Simmons 2005). Since animal
keepers and maintenance personnel are responsible for the
upkeep of the exhibit, the more thought and consideration
given to the construction of the area, the easier it will be for
them to maintain and to manage responsibly. The need for
preplanning cannot be overstated—e.g. once concrete has
been poured and set, it is impossible to change the pitch of the
floors for better drainage without expensive change orders.

STRUCTURAL CONSIDERATIONS
FOR THE VIEWING EXHIBIT

WALLS

Wall composition and form will vary depending on the ani-
mal species and how they are to be exhibited. Square terri-
tories do not exist in nature, but in most exhibits the walls
meet at perpendicular angles— the perfect place to catch dirt
and debris. Rounding the corners of walls is an expensive op-
tion, but rounded corners accumulate less dirt and are easier
to clean. A rounded joint at the junctions of walls and floors
can eliminate a crevice where pests can hide or fecal matter
can gather.

Walls may be made of precast concrete (Arnott, Embury,
and Prendergast 1994), and there are a variety of treatments
possible. When applying paint to walls, the preliminary ap-
plication should be done correctly or peeling may rapidly
occur. Nothing detracts more from an exhibit’s visual appeal
than peeling paint. All paint in animal exhibits should be
nontoxic, since many animals bite, lick, or peel off paint and
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then ingest it. At one zoo, the mandrills, Mandrillus sphinx,
ate old paint off the bars, resulting in lead poisoning in some
troop members. In areas for elephants and rhinoceroses, the
walls should be unpainted, because the animals rub against
the walls; a concrete stain is preferable.

Tile, available in many colors, can also be used as a wall
covering and is easy to clean and maintain (Johann and Salz-
ert 1999). However, the appearance of tile may be too sterile.
Brick may be relatively inexpensive as a wall covering, de-
pending on the type chosen, but it often requires filling and
finishing joints with cement, mortar, or sealing as the years
go by. Brick is also hard to clean and has a rough surface. Fi-
berglass can be colored and easily cleaned, and it provides
little shelter for insect pests, much like tile, brick, and rein-
forced concrete.

Wood walls offer the advantage of being easily replaced
when damaged, and there are a wide variety of woods avail-
able. However, wood walls offer abundant shelter for pests. In
one giraffe, Giraffa camelopardalis, exhibit, wood was used as
a facade on top of the concrete walls, and although the giraftes
did not damage the wood, mice and cockroaches sheltered
in it. Elephants and rhinoceroses damage wood planking by
gouging it with their tusks or trying to remove planks using
their horns. Wood can be cleaned, but with daily cleaning
and spray from animal urine, certain woods absorb liquid
and may rot more quickly.

Waterproofing wall surfaces by covering them with seal-
ant makes cleaning much easier. At one zoo, a concrete block
wall was not sealed properly, and over the years, the constant
use of water on the surface resulted in leaching of the lime-
stone in the mortar joins, leaving a crystallized substance that
could not be cleaned.

Murals are often used as a backdrop on walls but can be
expensive to replace or touch up when damaged. They need
to be sealed for protection against water and animal urine.
All murals, regardless of how well they are protected, even-
tually get damaged and need to be refurbished. Thus, cur-



rent and future budgets need to be considered before decid-
ing to use murals.

Many species scent mark their living area with urine.
The long-term damaging effects of urine on the wall sur-
face include discoloration and staining, especially on wood
walls.

Wall coverings of artificial rockwork also must be sealed,
and depressions should be created to permit adequate drain-
age to floor drains when the wall is washed and cleaned. Rock-
work should incorporate pathways to allow keepers access to
the upper portions of the exhibit for cleaning.

FENCING

In many outdoor mammal exhibits, fencing encloses and
thus defines animal territories. A number of fencing types
are available, such as chain-link, stock fencing with stan-
dard square design (sometimes called hog wire), welded
mesh, metal horizontal bars, and wood palisades (Hediger
1969a). Newer types of mesh composed of finely handwo-
ven stainless-steel cable have proved effective for a variety
of species (www.pwrconcepts.com). The type of animal to
be exhibited and budget considerations typically influence
the fencing chosen.

Long-term maintenance is a prime consideration in de-
ciding what type of fencing material to use. Strength and
tension are best when the fence runs in a straight line. Wire
fencing that is too loose may result in animal injury. In un-
gulate enclosures, fencing should be attached to the paddock
side of the posts to create an unbroken interior surface; this
prevents an animal from running along the fence line and in-
juring itself on protruding posts. The designer needs to con-
sider the animal’s strength in the final choice of materials.
As Hediger (1964, 53) has stated, “Overexcitement weakens
all barriers”

Fencing for ungulates should be 1.8 to 2.4 m high (Manton
1975). Depending on geographic location and the presence of
local predators, the designer may need to incorporate barri-
ers to discourage digging and climbing predators. The type
and dimensions depend on the species involved and their be-
havior. Belowground barriers can be of numerous designs.
The most effective types are the ones that are installed 15.2
to 45.7 cm belowground and then extend into the enclosure
for a distance of 0.6 to 1 m, since most burrowing or digging
animals approach a fence and begin digging. Fence overhang
topping can consist of outriggers at either 90° or 45° angles
(Embury and Arnott 1995). These outriggers can have solid
metal or wire or cable strands to prevent escape. Wire or cable
can be electrified if needed.

The location and size of transfer gates along a fence perim-
eter should be designed so that the animal manager can access
them safely for opening and closing. A very narrow opening
in the transfer gate may result in herd animals bunching up as
they attempt to move from one paddock to another (Knowles
and Bickley 1992). However, larger gates may be more diffi-
cult to operate manually. Gates can be of the swing or slide
variety and should be large enough to drive a vehicle through.
Sliding gates are more costly, but allow much more flexibility
for transferring animals.
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FLOORS

One of the most important factors in exhibit design is the
slope of the floor and its drainage. During cleaning, excess
water should drain rapidly. Poorly drained floors may need
to be wiped down to eliminate excess water that has gathered
in low spots and to prevent algae buildup, a time-consuming
task. To ensure proper drainage, the slope to the drain should
not exceed a 5% grade. The slope needs to be predetermined
and approved before pouring the floor. Correcting a poorly
designed floor is very difficult and expensive. To test whether
an exhibit has an adequate slope, a bucket of water should
be poured onto the floor from anywhere in the exhibit. If it
does not flow easily toward the drain, the slope needs cor-
rection.

Floors of most exhibits should have a nonskid texture, to
prevent potentially dangerous falls. A broom finish, light or
heavily applied to a freshly poured cement floor, provides
a degree of firm footing. For painted floors, only special-
ized paints that can withstand daily wear by animals and an-
imal keepers should be used. Paints with added abrasives
can severely wear away the pads/hooves or feet of animals
and should be avoided. State-of-the-art cushioned flooring
material is now available and can be used successfully for
heavy-bodied species such as elephants, hippopotamuses,
and rhinoceroses.

PADDOCKS

Drainage is a major consideration in paddock construction.
A poorly drained yard results in unsightly pools of stand-
ing water, a condition not only detrimental to general ani-
mal health, but also requiring more paddock maintenance
by animal keepers. Both the top and subsurface substrate
materials should promote good drainage. One of the better
and inexpensive new products on the market, which works
well with ungulates, is blue stone, a dense type of slate. The
application of graduated-size stones and a top layer of fine
stone creates a very tough and long-lasting paddock surface.
If the top substrate does not allow adequate drainage and
water starts to erode the soil and form small gullies, the yard
should be graded and sloped to facilitate water runoft to a
drainage area.

Natural substrates, while aesthetically pleasing and easy on
an animal’s feet, do present medical issues, e.g. grass. More-
over, parasites may thrive in this environment, although it is
less of a problem in temperate climates, as the encysted larvae
usually die during the winter. Animals on natural substrates
need to be on a scheduled prophylactic parasite program.

CEILINGS

Skylights are excellent for exhibits that have plants or for
animals that depend on photoperiods for specific activities
(Chew 1990), such as reproduction. Skylights should not
block the ultraviolet rays; there are now products that allow
approximately 70% UV transmission. Skylights that open to
the elements allow the animal manager flexibility in expos-
ing the exhibits to the weather. If they operate via electricity,
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a manual method of operation needs to be available if the
power fails. Exhibits with primates or birds may need a mesh
barrier installed at the skylight opening to prevent escapes.
Remote operation of skylights is essential, because they are
usually installed at high points in the exhibit ceiling.
Wire-mesh or barred ceilings provide good sites from
which to hang a variety of ropes, vines, or logs in an exhibit
(Dickie 1998). For a solid concrete ceiling, staff needs to pre-
plan the locations for light fixtures and hooks. Suspended ceil-
ings need to be high enough to prevent animals in the exhibit
from reaching them; otherwise, zoo staff may be constantly
searching for escaped animals above the false ceiling.

KEEPER ACCESS DOORS

Access doors to animal exhibits should be large enough for
any keeper to gain entry without having to crawl or stoop,
and also allow the entry of exhibit materials, such as soil,
rocks, plants, and dead trees, as well as equipment needed for
daily maintenance (e.g. high-pressure washers or ladders). All
doors need a viewing window to allow keepers visual access
before entering, thus preventing animal escapes. Most doors
should open inward from a safety standpoint, but there are
some exceptions. Small exhibits with decorative materials
should open outward to allow more room for the exhibit
material and easier access of the material into the exhibit.
Dutch doors, where the top half can open separately from the
lower half, can provide visual access to prevent escapes.

OFF-EXHIBIT HOLDING AREAS

Holding areas, whether directly connected to or separated
from the exhibit area, are essential for proper animal manage-
ment. Many exhibits lack adequate off-exhibit holding areas.
Such areas adjacent to an exhibit permit regular transfer of
animals during cleaning. Moreover, the manager can allow
the animals to move away from the public, if desirable. In ad-
dition, animals can be separated for feeding and for sleeping.
When introductions are performed, introduction screens or
doors can be placed between the exhibit and holding areas,
thus enabling introductions to proceed out of public view.
Holding areas are also useful for isolating animals, e.g. to
obtain individually identified urine or fecal samples. Urine
traps can be incorporated into the drains for ease in collec-
tion by keeper staff.

For outdoor exhibits, holding areas in the rear may pro-
vide greater security at night. In addition, separate nighttime
holding areas for ungulates allow paddocks to recover from
the damage caused by grazing, browsing, and trampling of the
substrate. Holding facilities separate from the exhibit are in-
dispensable for maintaining surplus animals or for situations
that require separation of an animal from the exhibit, e.g. fe-
males that are due to give birth, introducing individuals that
may initially fight, or animals under medical treatment.

The adage that “nature abhors a vacuum” applies espe-
cially to animal holding areas. Certainly, any design for new
or remodeled exhibits should include maximum space for
holding facilities and, if at all possible, allow room for ad-
ditional later expansion. Design of a holding facility should
follow the basic rules for any animal containment area: the
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plans should include proper drainage, lighting, water, climate
control and/or ventilation (if indoors), shade (if outdoors),
and pools (for aquatic animals). In addition, there needs to
be sufficient capability for shifting animals within the holding
area. Shift areas are perfect sites to install restraint cages that
the animals must pass through to go on and off display, and
a scale can also be placed either in the restraint cage or as a
stand-alone feature. Placement of drains under the restraint
cage should be avoided, because access will be extremely lim-
ited if not impossible.

Holding areas need to be easily accessible to staft and de-
signed for vehicular entry and the accommodation of equip-
ment for loading and unloading animals and exhibit furnish-
ings. An ideal off-exhibit holding facility should be as flexible
as possible. The floors should slope, and the facility should
have a pool at one end (front or back). A correctly designed
pool, when dry, can be an extension of the main holding area,
or can be used as a shallow pool for small aquatic animals.
Shelving should be easily removable.

TRANSFER OF ANIMALS FROM
EXHIBIT TO HOLDING AREAS

The ability to transfer animals easily and safely from one ex-
hibit to another or between holding areas is of paramount im-
portance and should involve minimal stress to the animals.
The proper design of shifting facilities must first take into ac-
count the species’ natural behavior. Doors should be located
at the junctions of walls, since most mammal species run to
a corner or can be forced into one; however, door-operating
mechanisms should be located at the opposite end of the ex-
hibit, as mammals tend to move away from keepers and not
toward them.

Shift doors for arboreal mammals, such as primates, need
to be at heights that promote natural behaviors. Elevated shift
doors must still be accessible to keepers, and will need a wide
shelf just beneath the doorsill to hold crates for catching ani-
mals. These shelves also provide a resting site for the animals
and a secure anchor for limbs and vines.

Runs should allow keepers access to at least one side,
with either sliding or descending (guillotine) doors where
the holding or exhibit cage entrances are located. This design
allows an animal to be directed from the run into the hold-
ing cage and prevents it from doubling back on the keeper.
We recommend not shifting animals through cages, since the
keeper may lose control over the animal once it is in a larger
area. Squeeze cages and scales can be built into runs so that
the animals are habituated to them. Squeeze cages can also be
built as a connection between 2 rows of holding cages.

Clear identification of shift doors is extremely impor-
tant. Color coding and numbering of the doors and operat-
ing mechanisms make shifting easier and safer for both the
animal and the keeper. Door size is also important (Collins
1982). Doors that are too small may cause injuries to the sides
and back of an animal moving through them; doors that are
too large may not be usable for trapping an animal in a crate,
because additional materials will be needed to block the en-
trance and prevent escapes around the sides and/or top of the
crate. Low overhangs above doors can prevent the effective
use of crates with guillotine doors.



Either guillotine or sliding doors are best for most carni-
vores and primates (Blount 1998). Manually operated doors
are the least expensive to build and to maintain, but are
not recommended for great apes, who can grab the door as
it is being closed and throw it back open. However, with-
out strong track stops, a door may be thrown off the track,
possibly injuring the keeper. Also, some primates can actu-
ally push guillotine doors up unless the doors are extremely
heavy and have a slot at the bottom to prevent fingers from
slipping under the door. Keepers need to be careful that guil-
lotine doors do not drop on the long tails of some large cats
and primates.

While sliding doors eliminate the problem of injury, they
are harder to operate. Guide tracks often become clogged,
making operation even more difficult. Designers need to con-
sider the amount of horizontal space available for sliding door
placement and operation. Sliding door handles can be hinged
in the middle in tight areas where a door handle sticking out
in the aisle would be problematic.

A cable with a handle that lifts the door when pulled and
lowers it when slowly released can operate guillotine doors.
Such doors must be light enough for a keeper to operate or
have counterbalances provided. Another method uses a cable
attached to a ratchet that can be turned with a crank, but this
type of door operation can seriously injure animals and keep-
ers if the door is very heavy and drops too fast for the keeper
to maintain a hold on the crank handle.

Hydraulic, pneumatic, and electrically operated doors
have recently become widely used in great ape and pachy-
derm facilities. Hydraulic and pneumatic doors are generally
of the sliding type and have the advantage of being stop-
pable at any point during movement by releasing the oper-
ating switch. They can also be fitted with automatic pressure
stops, which prevent animals from being crushed should they
get trapped in the doorway. The speed at which the doors
close is important, since some hydraulic doors move so slowly
that the animals cannot be closed into or out of their exhibit.

Electrically operated doors are less frequently used be-
cause, like manually operated doors, they can be forced open
during operation if they have a chain drive. Worm-screw
drives can eliminate this problem, but they are very expensive
to design and build. In all cases, manual overrides should be
provided in case of any type of mechanical failure.

Manually operated sliding doors are preferred for ungu-
late stalls and for small mammal enclosures. They are easily
operated, inexpensive, and offer great flexibility. The size of
the door opening can be controlled to facilitate crating and
reduce drafts, and the door can be closed quickly if needed.
Designers need to remember that keepers vary in height, so
placing handles too high will handicap shorter keepers in
operating the doors efficiently. Keepers should always have
a clear line of sight when shifting animals. If this is not pos-
sible, then mirrors can be used to view the transfer doors
directly.

Sliding and guillotine doors increase the total usable area
of a stall or exhibit. This is particularly important in small
mammal exhibits, where space is usually at a premium. A
swinging door should not be used to move animals into or
out of an exhibit or holding area. However, swinging doors for
keeper access should open into the enclosure to create a bar-
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rier between the keeper and the animal(s); should an animal
hit the door, the door will be forced backward into a closed
position. To prevent an escape, swinging doors opening into
the enclosure must close automatically and have self-locking
latches, in the event they are accidentally left open. If avail-
able space prevents positioning a door to open inward, other
options (such as a sliding door) may be used.

Dutch doors, swinging doors that are divided in the
middle, are common in ungulate barns and small mammal
exhibits. They allow the keeper to view the enclosure through
the upper half with little risk while preventing terrestrial small
mammals from escaping. Again, it is preferable that these
doors open inward.

Another door design recently used has been the garage-
style door. We do not recommend use of this door type due
to its complexity (at least 2 hinged sections) and the possi-
bility of sticking if large mammals hit it. Cats can gain access
to the top of an improperly designed door and escape or hide.
Also, this type of door moves very slowly when electrically
operated and still needs a manual override.

Door thickness and strength depend on the strength and
size of the species. Heavy solid-metal or barred doors are
generally used for large carnivores, pachyderms, and great
apes. For greater security, doors or gates for dangerous ani-
mals should have 2 lock hasps, one at the top and the second
at the bottom. Lightweight alloys may be used if they meet
structural strength requirements. Thick, transparent plastic of
high-impact strength which allows the keepers to see what is
on the other side of the door has been used successfully with
great apes (McDonald 1994) and large carnivores.

Pachyderm facilities have had excellent success using
reinforced-concrete doors, while wooden doors are gener-
ally adequate for most ungulates. Hollow-core doors offer
a lightweight alternative and can be quite strong if properly
designed. However, they tend to rust from the inside out un-
less properly rustproofed; they also harbor rodents and cock-
roaches unless totally sealed.

KEEPER SERVICES AREAS

Planners often forget the service areas when designing an ex-
hibit, an oversight that can reduce keeper morale and overall
operational efficiency. Service areas should be roomy, well
lighted, and well ventilated, and have proper drainage. Once
these 4 criteria have been met, other needs are much simpler
to provide.

Corridors and entry doors must be sufficiently wide for
access by crates, food deliveries, and exhibit materials. Service
areas should have ramps rather than stairs, again to provide
greater ease of access. Floors with the proper pitch will allow
good drainage, and nonskid materials or brushed-concrete
floors will eliminate slipping. Trench drains are preferable,
since they drain quickly and are easy to maintain (fig. 14.1).

Adequate storage areas for food, tools, and exhibit mate-
rials are crucial for proper care of the exhibits. Freezer and
refrigerator space provides for long-term and short-term bulk
storage of foods, which saves time, prevents spoilage, and re-
quires fewer food deliveries.

Racks are necessary for holding a variety of tools in ac-
cessible, secure areas. Hose racks should be located conve-
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niently near the hose connections and in sufficient numbers
to allow the use of a short length of hose (less than 7.6 m).
Hose racks that are able to recoil hose automatically are a con-
venience and, if located on the ceiling or high on the walls,
save space along corridor walls. These automatic hose racks
may break down, however, rendering them useless. Thus, sta-
tionary units, which require hand coiling of the hose, may
be preferable even though they occupy more space and are
more time-consuming to manage.

The space between the rear of the exhibit and the rear wall
of the service area should be sufficient for introducing and
removing animals and materials from exhibits. Corridors that
are too narrow or too low to permit access with exhibit mate-
rials or crates can negate the advantages of designing wide
and high doors into the exhibits. For example, designers may
overlook the need for height to open crates with guillotine
doors. Installing rings or hooks for the attachment of chains
or ropes to secure crates against a door frame is also useful,
especially when transferring large, powerful mammals such
as cats, bears, great apes, large ungulates, and pachyderms.
Large animals are best moved by crate or chute at ground
level; e.g. maneuvering a large, heavy crate holding a rhinoc-
eros off a loading dock is very cumbersome.

Designers also need to consider the possibility of animal
escapes. What happens when an animal gets loose? Is there
a safety vestibule? Sections for dangerous animals should
always have a safety gate before the entrance. A slide bolt in
addition to other locking devices can add a secondary mea-
sure of safety to the gate.

Ideally, a keeper should have an unobstructed view of the
entire service area. An animal keeper was saved in one in-

stance when he noticed bear footprints on the floor just before
opening the safety gate leading into the service corridor. He
realized that the bears had escaped from their den and was
able to summon help. Blind angles should be avoided, but
mirrors or closed-circuit television can be used to see around
corners. For small mammals, netting or wire mesh should
cover any ceilings where there are overhead lights, ducts, or
pipes in order to confine the escapees to a height that allows
easy recapture. In areas housing large cats, bears, or primates,
hiding areas (especially above or beneath cages) should be
eliminated. Good lighting is always essential.

Service areas should make a keeper’s daily work easier.
Discussions with keepers before design and construction
usually elicit excellent ideas and lead to less-troublesome fa-
cilities.

UTILITIES
PLUMBING

Designing a good drainage system is important at the out-
set, since future alterations can be costly. Selecting the proper
size and number of drains and the location of each requires
considerable thought. Drains placed on the outside of the
exhibit are accessible to both keepers and maintenance per-
sonnel while the animal remains on display. Obviously, the
floor must pitch correctly to each drain.

Trench drains must be wide enough to accommodate a
shovel or pitchfork in order to clean out accumulated waste.
Catch baskets and strainers allow the waste to collect in one
location and prevent it from entering and blocking main



pipes. One great ape exhibit has an open drain located inside
the enclosure which is large enough to accept produce such as
apples and oranges. The keeper can thus hose the entire area
with the animals still on display and later retrieve the uneaten
food and waste from the large, cone-shaped strainer.

If drains are located inside exhibits, the covers must be se-
cured so that the animals cannot remove them. In one case,
a polar bear, Ursus maritimus, removed a metal drain cover
and struck and broke a pane of glass with it in the animal’s
underwater viewing area. Apes, too, can use their hands to
remove covers that are not securely attached.

When constructing pools, it is preferable to place the over-
flow drain at the end of the pool opposite the fixture for filling
the pool. As water fills the pool and is drained by the over-
flow, it will cause maximum water movement and help skim
debris from the water surface.

In any pool, it is a bonus to be able to set the water level
to the desired depth. Also, all water elements within the ex-
hibit or holding areas should have outside and conveniently
located off/on switches for safe keeper operation.

The location of the hose connections depends on the
type of animal exhibited; e.g. outside connections are best
for dangerous animals. Usually, if a hose connection is lo-
cated in a central area, the hose can serve a large number of
exhibits. There should be enough hose connections to avoid
a keeper’s having to manage more than 30 m of hose each
day. With nondangerous animals, hose connections can be
located within the exhibit.

Hot water is best for cleaning exhibits, but budget may
play a role in the size of the water heater installed. Mixing
valves are needed when temperate water is used, e.g. for bath-
ing elephants.

Self-filling water bowls are excellent for hoofstock. One
type allows the animal to fill the bowl by pressing a lever with
its snout. Some antelopes and gazelles have trouble with this
type, but another good mechanism is regulated by a float
device that automatically fills the bowl when the water level
drops. Primates and carnivores are able to destroy self-filling
water bowls with their teeth, hands, or paws. For them, “lick-
it” watering devices may be more effective: the animal licks
the device or presses a small lever that releases water for as
long as the lever is depressed. When the action is stopped,
the water ceases to flow. Water containers should be above
floor level to reduce the possibility of a carnivore’s defecat-
ing into them. The precise height will depend on the size of
the animal.

Adequate water pressure gives keepers the volume of water
they need when using hoses or filling pools. Cutoft valves
should be easy to reach, and away from direct contact with
the animals. The major locations for cleaning out pipes should
be located for easy access by maintenance crews. Adequate
access to the key plumbing area will permit regular mainte-
nance, including by pest control personnel, who may need
to lay traps or spray in plumbing areas.

Pools in naturalistic exhibits need natural-looking hand-
holds for keepers who must enter the water. Since these pools
may hold fish, it is not always possible to drain them for rou-
tine cleaning. Any drain inside an exhibit or holding area
needs to be easily accessed to permit its adequate cleaning
and servicing.
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ELECTRICAL SYSTEMS

During design of the electrical systems of an exhibit, the
future needs of the section must be considered. Adding power
for unplanned additional electrical loads can be costly. A suf-
ficient number of electrical receptacles/outlets can accom-
modate high-pressure water sprayers or medical equipment
near where they are needed.

The demand on an electrical system depends on the num-
ber of loads of current in operation and the level of energy
consumption. Grounding guards against fire and shock help
to ensure that a faulty circuit is not dangerous. Outdoor re-
ceptacles need waterproofing with a special cover plate and
doors that seal the receptacle sections when not in use.

Other special receptacles providing greater safety include
one in which a plug can only be inserted by rotating a solid
cover that protects the slots, or one in which the cover snaps
back into place when the plug is withdrawn. Locking recep-
tacles have a device that grips the prongs of a plug to prevent
it from being pulled out accidentally; this is especially useful
with equipment moved frequently while in use.

Incandescent bulbs emit light when the fixture is turned on
and the filament inside the bulb becomes hot and luminous.
Fluorescent lights work on the principle of a flow of electrical
current through an ionized gas. While their installation cost
may be greater, fluorescent lighting is more uniform and the
tubes produce less heat, eliminating heat buildup in smaller
exhibits. Fluorescents also use energy more efficiently, thus
saving money. Fluorescent tubes designed for special uses,
such as growing plants indoors, are available. In certain ex-
hibits, heat lamps or sunlamps will be necessary and may re-
quire special fixtures within the exhibit.

Different types of switches are available with variable set-
tings to adjust the lighting level from a faint glow to full
brightness. They also save electricity, and when set at lower
ranges, the bulbs will last longer. A dimmer switch must be
matched to the type of lighting it controls. Incandescent dim-
mers do not work on fluorescent lights, but special dimmers
can be purchased to use with fluorescents. A timer switch,
which turns lights on and off at preset times, is controlled by
a built-in electric clock and can be operated manually. Timer
switches are ideal for controlling photoperiods in nocturnal
sections.

An outdoor light switch needs a weatherproof cover that
makes it impervious to water and the elements. When access
to light switches must be limited for safety or security, lock-
ing switches can be used; these are turned on and off by in-
serting a special key. Light-handle switches, with small bulbs
that glow when the handle is turned off, make switches easy
to see in darkened areas.

The locations of electrical receptacles, switches, and fix-
tures should be easy for keepers and maintenance person-
nel to use and service. In one instance, safety switches were
located on the inside of a gate, making it necessary for the
keeper to open the safety gate before turning on lights—a
potentially dangerous situation. Service panels and electric
meters also need to be in locations that do not require an ac-
robat to reach them. In one zoo, fluorescent lights were placed
above a series of small mammal exhibits, but with only one
small door in the ceiling to provide access. The electrician had
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to crawl on his belly to service the lights. Receptacles need
to be high enough above the ground so that when floors are
washed down, they are not sprayed.

Obviously, fixtures should not be placed where animals
can reach them. In one orangutan, Pongo pygmaeus, exhibit,
wire mesh prevented the adults from reaching the exhibit
sunlamps, but the juveniles could easily extend their arms
out far enough to damage the fixtures. Luckily, the animals
did not injure themselves. Fixtures located within animal en-
closures must have a strong-enough protective cover to take
all forms of abuse. Certain types of heavy-duty plastic, used
in prison construction, function well.

It is critical to have a backup generator to run life support
systems in times of power outages. Generators can now run
on propane and natural gas, thus eliminating the need to store
gasoline or diesel. Backup generators can also power electric
and hydraulic door systems during power failures.

VENTILATION

All facilities need adequate ventilation for animals and zoo
staff. The size and number of animals in an enclosure will
determine the required rate of air exchange. Proper venti-
lation assures adequate drying of exhibit and work areas,
which, along with good drainage, limits the buildup of algae
and prevents mildew. If possible, ventilation should be con-
trolled separately for each exhibit and holding area. All con-
trols should be out of the reach of animals but easily acces-
sible to staff and maintenance crews.

STRUCTURAL AND KEEPER CONSIDERATIONS IN EXHIBIT DESIGN

WASTE DISPOSAL

Disposing of daily accumulations of waste products from a
variety of mammals probably poses one of the most difficult
logistical problems faced by the modern zoo. There are ba-
sically 2 types of animal waste: soluble materials that can be
flushed into the sewer system, and nonsoluble materials that
must be disposed of separately. Local or federal laws may dic-
tate the waste disposal method.

Disposal through the sewer system normally involves
washing down exhibits, flushing fecal and food materials into
a drain. Strainer baskets, placed in the drains to catch large
particles that do not break up in the water, prevent sewer
blockages. The baskets can then be emptied into garbage con-
tainers (fig. 14.2).

There are a number of manual disposal methods for waste,
involving carts, wheelbarrows, tubs, buckets, and manure
pits. Manual disposal systems are simple and relatively in-
expensive; the drawbacks are, of course, that they take time
and energy.

Recently, a number of innovative mechanical methods for
waste removal have been tried with varying degrees of suc-
cess, e.g. the use of conveyors to carry waste material (includ-
ing browse and straw) to an outside pit or dumpster from
inside a building. These conveyors can be belts, buckets, or
a baffle-type design; all break down periodically and require
maintenance for efficient operation. Mechanical assistance,
where possible, will help ease any manual operation.

One difficult disposal issue in the United States is the
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Fig. 14.2. Drainage system, North Side orangutan habitat, Great Ape House, Lincoln Park Zoological Gardens, Chicago.



removal of waste from Permanent Post Entry Quarantine
(PPEQ) animals. Manure produced by PPEQ animals must
be sterilized before leaving zoo grounds, either by compost-
ing or by chemicals. Incinerating the manure is another ap-
proach, although many municipalities have limitations on
burning. Most zoos have areas on the grounds for compost-
ing or have approved sites elsewhere for storing manure. Zoos
should consult their local authorities regarding regulations
for the disposal of certain types of manure before designing
new facilities.

Alarge, centrally located collection pit can be used to dis-
pose of large amounts of fecal matter from ungulates and
pachyderms. Wheelbarrows, dump scooters, or front-end
loaders can collect small amounts of waste. Waste can then
be removed weekly to a composting site (either on or off zoo
grounds) using a vacuum-equipped truck.

Manure can also be placed in a sealed vat, where bacte-
rial action produces methane gas. If large amounts of gas are
produced, it can be used to augment other fuels for heating.
This technique has not yet met with a strong positive response
by zoos, due to the initial costs of equipment and the limited
use of methane gas; however, as fuel costs escalate, the use of
methane may increase.

Another innovative and successful approach to waste dis-
posal is to sell the composted animal waste to the public for
fertilizer. This strategy not only disposes of quantities of ma-
nure but also generates revenue from a normally unwanted
and expensive disposal item. Obviously, certain manure can-
not be sold without being treated first.

Many naturalistic exhibits require that more natural prod-
ucts are used; this requires a system for the efficient removal
of the tan bark, sand, straw, leaf litter, or other natural prod-
ucts.

PEST CONTROL

Pest control in animal exhibits is an ongoing problem (Gold-
ing 1992; Roberts 2004). Mice, Mus musculus, rats, Rattus
norvegicus, and cockroaches, Blattella germanica, need the
following conditions to proliferate: (1) shelter, (2) accessible
food, and (3) a temperate water source—all easily found in
many zoo exhibits and zoo service areas. Controlling pests is
possible only if problem areas are known and an integrated
pest control program is initiated.

Exterminators usually will not visit and inspect areas that
have difficult access. Therefore, all utilities, such as electrical
vaults and plumbing mains, must be accessible for treatment
(Curtis 1982). Hollow artificial rocks, logs, and trees in ex-
hibits need access ports for spraying insecticide or inserting
rodent bait stations.

Small mammal exhibits should be sealed as tightly as pos-
sible to prevent rodents from entering. In one small mammal
exhibit, a pair of rock elephant shrews, Elephantulus rupestris,
shared their area with a population of mice. When food was
placed in the exhibit, the mice were the first to feed, consum-
ing not only the shrew diet but also the potted plants. After
the exhibit was sealed with a finer mesh on the ceiling, the
plants thrived and the keepers were able to halve the amount
of food provided.

Sealing utility pipes and electrical conduits that open in

MARK ROSENTHAL AND WILLIAM A. XANTEN 169
the floor, walls, or ceiling prevents rodents from using these
artificial pathways to travel from section to section (Hediger
1969b). Having entry doors to exhibits and service areas flush
to the ground will prevent rodents from entering. A mouse
can enter through a mesh size as small as 8 mm. Whenever
possible, cracks, crevices, and shelters where roaches can hide
should be sealed or eliminated (Doherty 1977-78). Proper de-
sign should be coupled with an active management program,
in which exhibit and service areas are regularly treated. Pest
control is a never-ending battle.

The philosophy of integrated pest management is an im-
portant concept for keepers to understand, since they are
usually the first line of defense in the fight against pests. Keep-
ers need to understand that pest control is a normal part of
their job function, and not an extra chore. If a zoo has a full-
time pest manager on staff, the keepers should work together
with this person.

TRAINING AND ENRICHMENT

Training collection animals has become an integral part of
zoo work. The benefits are many and include easier crating,
working with the veterinarians for medical procedures, visitor
education, and general animal management (see Mellen and
MacPhee, chap. 26, this volume). Zoo management should
consider training needs when designing a new exhibit.

Many facilities only allow the option of training in the
holding or off-exhibit areas, which means that animals must
be taken off public display. However, training sessions in
public view can be a powerful educational tool; thus, exhib-
its should allow for training to be performed both in hold-
ing and on exhibit.

The keepers’ typical day involves providing enrichment ac-
tivities for their animals (Bukojemsky and Markowitz 1999;
Shepherdson 2003, chap. 6, this volume; Cipreste, Schetini
de Azevedo, and Young, chap. 15, this volume). Enrichment
opportunities can range from quite simple to very complex
(Shepherdson 1992; Gilkison, White, and Taylor 1997; Powell
1997; Wooster 1997). When developing new facilities, design-
ers need to consider the provision of enrichment opportu-
nities for both display and off-exhibit holding areas, e.g. eye
bolts in the ceiling to hold ropes or a hanging food puzzle.

Many exhibits have a naturalistic theme, and managers
do not want non-naturalistic enrichment devices to be seen
by the public. However, such devices can be hidden so that
they function but are not seen by visitors, e.g. plastic tubes
to hold browse for primates. Painting the plastic tubes will
allow them to blend into the exhibit.

SAFETY

Safety is an important part of exhibit design for animal keep-
ers who work with dangerous animals (see Rosenthal and
Xanten, chap. 8, this volume). Alarms can be used in areas
where keepers work with bears, elephants, large cats, great
apes, and large ungulates; the alarm buttons should be of easy
access for keepers in an emergency. Alarms should sound not
only within the section, but also outside the immediate area
and in a central administrative office, since the purpose is to
alert as many people as possible that an emergency exists. If
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more than one area has an alarm, different alarm sounds for
different sections will permit the emergency control person-
nel to pinpoint exactly where the alarm has been activated;
e.g. bear exhibits can use a siren, while the elephant house
uses a horn. Phones with outside lines are important safety
features, to permit calling both within the zoo and to sum-
mon fire and police assistance. Emergency procedures and
phone numbers should be posted next to the phones in all
areas.

With large dangerous animals, predetermined keeper es-
cape routes to exit the exhibit can save human lives. Some
zoos have small doors for keepers that larger animals cannot
use, thus allowing them an escape route in addition to the
entry door of the exhibit. Bars that are spaced properly can
contain a rhinoceros but allow room for a keeper to escape.

Blind spots are very dangerous. An animal may be out of
the keeper’s sight, giving a false impression of safety when
entering an area. Some polar bear exhibits have convex mir-
rors located in the corners of the den that allow keepers to
see in the entire area. Properly placed viewing ports also as-
sure optimum viewing.

With dangerous animals, all doors to an exhibit should
have double-locking devices. Key-retaining locks ensure that
the keeper does not place the lock on a shelf and forget to
replace it. When designing new exhibits, a single master key
for the section is preferable, so that one master key will allow
staff to gain access to all areas in an emergency.

Moving through naturalistic exhibits can be dangerous,
especially if adequate natural-looking hand- or footholds are
absent. Such areas can be inaccessible, because there is no safe
way to access that section of the exhibit. If an animal keeper
needs to clean areas that are high off the ground, a safe route
to the top should have already been designed in the develop-
ment of the exhibit.
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How to Develop a Zoo-Based Environmental Enrichment Program:
Incorporating Environmental Enrichment into Exhibits
Cynthia Fernandes Cipreste, Cristiano Schetini de Azevedo, and Robert John Young

INTRODUCTION

Research, conservation, leisure, and education are the main
goals of zoos. To achieve these aims, zoos need to maintain
a high level of animal welfare. One action undertaken to im-
prove the psychological aspects of the captive animal’s life
has been the abandonment of “hard” architecture (enclo-
sures with iron bars and concrete walls and floors) and the
adoption of “naturalistic” architecture (exhibits that imitate
the appearance of animals’ natural environments) (Hagen-
beck 1909; see also Hancocks, chap. 11, this volume), but this
approach, too, can be criticized, since “green spaces are not
always enough” (Coe 2003, 977). Studies have shown that
captive animals can be stressed and perform abnormal be-
haviors in large naturalistic enclosures (Carlstead et al. 1999;
Stoinski, Hoff, and Maple 2001; Young 2003).

Environmental enrichment, as stated by Shepherdson,
Mellen, and Hutchins in their book Second Nature (1998),
is a principle of animal husbandry that enhances the qual-
ity of captive animals’ lives by identifying and providing the
environmental stimuli necessary for optimal psychological
and physiological well-being. Many studies have confirmed
the welfare benefits of environmental enrichment for captive
animals (for a review, see Young 2003; see also Shepherdson,
chap. 6, this volume).

Environmental enrichment can be built into animal ex-
hibits in the form of structures that the animals can use, such
as undulating terrain and elevated resting sites (Tudge 1991;
Mallapur 2001), or in the form of enrichment devices, which
provoke or allow animals to express species-specific behavior
patterns (Chamove and Anderson 1989; Evans 1994; Young
1995; Vick, Anderson, and Young 2000; Grindrod and Cleaver
2001). Environmental enrichment benefits should transcend
their costs and be a useful tool in improving animal welfare.
However, enrichment needs to be well planned to achieve
its goals; otherwise it can be more damaging than beneficial
(Baer 1998).

In this chapter, we will outline the necessary steps for the
creation and establishment of an environmental enrichment

program for zoos and the steps to incorporate environmental
enrichment into exhibits; with a few adjustments, laborato-
ries, farms, and other institutions that hold captive animals
could also use these guidelines to create their own environ-
mental enrichment programs. An overview of the process
necessary to implement a successful enrichment program
can be seen in figure 15.1.

GETTING STARTED
PLANNING

The first step in the creation of an environmental enrich-
ment program is to define the person who will be responsible
for the planning and implementation. This person obviously
should be someone working directly with the animals, but
also needs an in-depth knowledge of the institution’s activi-
ties, and above all must have the interpersonal skills to work
with people at all levels within the institution. The most fre-
quent reason for the failure of an environmental enrichment
program is not the lack of resources, but the failure of the
responsible person to communicate effectively within the
institution (Young 2003). The implementation of an envi-
ronmental enrichment plan needs to be done in a manner
that enhances the work of other departments (e.g. Marketing,
Education, etc.) and does not nullify their activities.

The activities of an environmental enrichment program
appear to be easy to develop; however, much research and
therefore time is necessary for a successful program. This re-
search includes collecting information about the individual
history of animals within the collection; developing a data-
base of information about the species behavior in the wild
and in captivity; and developing an understanding of species-
specific (and sometimes individual) safety requirements in
relation to the implementation of environmental enrichment.
It is important to contact other institutions to share informa-
tion about the animals’ behaviors and enrichment ideas.

One of the most important steps in implementing a suc-
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Fig. 15.1. Overview of the process necessary to implement an
environmental enrichment program.

cessful enrichment program is to have the zoo administra-
tion’s support and the whole staff’s confidence; otherwise
enrichment will fail, because enrichment activities are fre-
quently seen (particularly in zoos in underdeveloped coun-
tries) as a “luxury” that the animals can live without. Many
zoo staff think that enrichment activities will bring them ad-
ditional work, others that enrichment may injure the animals,
and still others that simply do not believe that enrichment
can positively influence animal welfare. With uncooperative
staff, the best solution is to educate them about the value of
environmental enrichment, which should include informa-
tion about how enrichment activities will empower them and
make their work more interesting (demonstrations of animals
interacting with enrichment devices is a great tool for this).

All the zoo's sectors (mammals, birds, reptiles, nutrition,
plants, education, etc.) must be involved in enrichment ac-
tivities, including the animal keepers, who are an excellent
resource for enrichment ideas.

With the confidence of zoo staff, enrichment activities will
be enhanced, as more ideas will be contributed by a wider
variety of people. Typically, enrichment programs start small
and get larger because of an empowered zoo staft. Further-
more, visitors generally like to know that the animals are
being treated well; enrichment, through its promotion of
natural and new behaviors, is a great way of attracting them
to the zoo, thereby creating greater educational opportuni-
ties for the public (Bitgood, Patterson, and Benefield 1988;
Margulis, Hoyos, and Anderson 2003).

HOW TO DEVELOP A ZOO-BASED ENVIRONMENTAL ENRICHMENT PROGRAM

HOW MANY ANIMALS AND WHICH
SPECIES WILL BE ENRICHED?

To begin enrichment activities, the first step is to create a
schedule, which states the animals involved, the date of the
activity, the time the activity took place, the enrichment item,
and the person responsible for implementing each item (table
15.1). The use of this procedure will organize the enrichment
process and minimize mistakes, as the only thing the enrich-
ment staff will have to do is follow the schedule for any par-
ticular week. This scheduling creates a routine, thus making
the enrichment program easier to control, and it facilitates
the writing of a monthly report, which can be sent to the zoo’s
administration to help demonstrate the program’s effective-
ness and construct a budget.

When planning an environmental enrichment program,
it is important to evaluate initially which species will be en-
riched and how many animals will be participating in the
enrichment activities. Since different species have different
needs, each should receive species-specific enrichment. The
wrong application of good enrichment can reduce animal
welfare and may encourage behavioral habits that are incom-
patible with conservation and education objectives.

Difficulties may increase with the number of species in-
volved (at least in the beginning of an enrichment program);
therefore, it is preferable to initiate enrichment activities with
only a few species (4 species per day, in our experience, is a
good start number). Behavioral data, such as the percent-
age of time animals engage in abnormal behavior, can be
used to help choose which species should be enriched first
(Wallace 1997; Barber 2003; Kiley-Worthington and Randle
2005).

THE ENRICHMENT STAFF

After the zoo chooses a head of Enrichment, keepers need
to be chosen to be part of the team. In the selection process,
the zoo should consider how many people will be working
in the sector; their experience with, knowledge of, motiva-
tion concerning, and interest in animals; and whether they
would accept working with nonzoo staff, e.g. students. For
institutions that cannot dedicate keepers to work solely in
the environmental enrichment sector, we suggest creating
a committee involving keepers from all sectors (mammals,
birds, reptiles, veterinary) to define, implement, and evalu-
ate the enrichment devices. The ideal situation is to have staff
that works exclusively with enrichment activities; 2 keepers
is enough to attend to 28 species in separate enclosures per
week (divided into 4 species per day).

With a dedicated program, the number of animals being
enriched should increase rapidly, and in a few months al-
most every animal should be receiving enrichment at least
once a week. Volunteers or university student interns (paid
or unpaid) can contribute to the program. The number of
staff needs to be limited to that which can be managed effec-
tively by the person responsible for the sector. The selection
of student interns and volunteers must consider the same pa-
rameters used in selecting keepers. Adult volunteers are also
a good source for help in enrichment activities. The enrich-
ment coordinator can have regular volunteer or student in-
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TABLE 15.1. Weekly enrichment report for mammals
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Behavioral responses (%)

Date/period of day ~ Animal Exhibit ~ Enrichment Baseline  Enrichment Postenrichment Comments

12/06 Morning Grison MPNI18  Aniseed (Pimpinella anisum)  60%M 70%A 22%A Animals did not interact
(Galictis mount and 3 nests with 30%A 5%IE 60%M with the aniseed
vittata) 2 quail eggs each 10%NV  5%NV 18%NV mount, spending most

20%M of their time searching
for eggs in the quail
nests.

12/06 Afternoon Coati MPNI15  Aniseed (Pimpinella anisum) Male spent most of his
(Nasua mount and 3 nests with 2 time searching for eggs
nasua) quail eggs each Male Male Male in the quail nests;

90%M 40%IE 50%M female, initially
10%A 20%0 40%F interacts with the
20%SA 10%A aniseed mount,
20%M sniffing it, but she soon
Female Female Female began to search for
80%A 60%IE 70%F eggs with the male,
10%SI 20%M 30%A ignoring the fennel
10%M 20%F mount.

13/06 Morning Raccoon MJ1 one nest with 4 quail eggs 100%NV  90%SI 90%]I The animal ignored the
(Procyon 10%SA 10%A 10%A enrichment and slept
cancrivorus) or stayed inactive most

of the time.

13/06 Afternoon Capuchin EX 6 hanging Flintstones wheels ~ 72%0 55%IE 31%A The animals interact
monkey filled with fruit and 5 20%M 21%SA 25%I with both items
(Cebus apella) hanging boxes filled with 4%NV 12%M 17%M immediately after their

dried grapes and yellow 4%A 6%NV 14%0 arrangement inside the
mealworm beetle larvae 3%F 9%NV enclosure.

2%I 4%F

1%0

Source: An internship student of the Environmental Enrichment Sector of Belo Horizonte Zoo, Brazil, made this report in June 2005.

Note: See table 15.2 for the abbreviations of the behaviors recorded.

tern meetings to brainstorm enrichment ideas and encourage
each person to build, implement, and evaluate an enrichment
device for one specific animal.

All the individuals selected to work with environmental
enrichment need to receive specific training. Where possible,
students and volunteers should be encouraged to participate
in relevant conferences, training courses, and scientific meet-
ings. If feasible, prizes, promotions, or financial incentives
can be used to motivate keepers and students.

COSTS OF THE ENRICHMENT PROGRAM

With few exceptions, annual zoo budgets are insufficient for
all the improvements and actions planned by the adminis-
tration. Many zoos are maintained by governmental support,
and many governments still do not understand the value of
having a good zoological park (IUDZG/CBSG [IUCN/SSC]
1993).

The materials used to build the items for the enrichment
program can be recyclable (boxes, paper rolls, plastic bottles,
etc.). For zoos with natural areas (or wildlife reserves) or with
cultivated crops, alternative food items could be collected and
offered to the animals. The use of sandboxes (which should be
avoided for perissodactyls, since the ingestion of sand causes
colic: Rich and Breuer 2002), different mealtimes, hidden
food items, rearranged enclosure furniture, toys, or simply
the possibility of seeing conspecifics are powerful and cheap
enrichment techniques for many species (Young 2003). Man-

ufactured enrichment items can be purchased in pet shops
and other specialized stores, but it is preferable to use natural
materials where possible (e.g. use bamboo and not plastic
tubes). Artificial materials are often more durable, readily
cleaned, and disinfected, and easier to modify without com-
promising the structure of the material (e.g., adding small
holes to PVC for a puzzle feeder). Although artificial devices
may look unnatural, they can be hidden within a landscape
and/or effectively naturalized (Markowitz 1982; Maple and
Perkins 1996). Easy decontamination, compliance of use, and
durability are also characteristics of some natural enrichment
devices. Choosing which device is the best will depend on the
objectives of the enrichment, the cosmetic standpoint, and
the animals that will receive the device.

By having an annual budget for the buying of enrichment
material, staff can vary the items used and find the most ap-
propriate ones. This budget can be developed by counting
the enrichment devices used in the first (previous) year and
comparing the number with present animal requirements. A
budget must consider estimations and simulations of what is
really needed to enrich the animals’ lives. For example, the list
could include plastic (PVC) pipes; aromatic herbs; yogurts;
jellies; additional fruits; raisins; nuts; ropes of varied diame-
ters; plastic boxes; plastic barrels; dog bones; and cat and dog
food (wet). An enrichment budget needs to include material
for the whole year, both permanent and consumable. The first
budget and purchase list will likely be the most difficult, as
there will be some questioning by the zoo’s administration
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about what items are really necessary. The production of a
monthly report is important, since administration can then
do a cost-benefit analysis and decide the importance of the
enrichment sector and its activities.

Donations from other institutions as well as the zoo’s mer-
chandising and research agreements with commercial com-
panies can attract funds for enrichment activities (along with
donated items such as plastic bottles, phone books, pump-
kins, and ropes). The zoo’s marketing and advertising sectors
will make the enrichment program better known, thereby
helping to bring more money to the program (Mason and
Carson 2003).

ENRICHMENT STUDIES

The efficacy of enrichment has been shown scientifically (see
Shepherdson, chap. 6, this volume). Ideally, staff should eval-
uate all enrichment items using a detailed scientific proto-
col, but sometimes this is impossible due to the state of the
animal studied (e.g. animals displaying high rates of stereo-
typic behavior should be enriched immediately) (Garner
2005). To evaluate an enrichment item, staff can study the
behavior of the animals in 3 phases: before the introduction
of the item into the enclosure, during a period with the en-
richment item inside the enclosure, and affer the enrichment
item has been removed. If a positive behavioral change oc-
curred when the enrichment item was inside the enclosure,
then the enrichment item has most probably improved ani-
mal welfare (e.g. reduction in the expression of abnormal
behavior). If an item placed in an animal’s enclosure does
not result in a reduction of abnormal behavior, it probably
has not improved animal welfare. Thus, the simple fact that
an animal interacted with an enrichment item does not indi-
cate that the item improved its welfare (Ringdahl et al. 1997).
Enrichment research projects should follow methodologies
and experimental protocols used in behavioral studies; these
increase the validity, reliability, and repeatability of the ex-
periments (Altmann 1974; Martin and Bateson 2007; Lehner
1996). Internship students are good candidates for conduct-
ing enrichment studies.

Developing an enrichment project approval process will
minimize delays and bureaucratic involvement and lead to
safe enrichment. Questions to be considered for assessing a
possible enrichment research project are as follows:

1. Does the chosen species really need this project?

2.1Is it likely that the enrichment project proposed will
enhance animal welfare?

3. Are there any safety concerns with the enrichment
proposed?

4. How many enrichment items will be necessary to
avoid competition for such items in a group?

5. If the enrichment is food based, could it cause nutri-
tional problems?

6. Could the animals use the enrichment to escape their
enclosure?

7.1Is the enrichment relatively hygienic?

8. How much money will be needed for the develop-
ment of the project?

HOW TO DEVELOP A ZOO-BASED ENVIRONMENTAL ENRICHMENT PROGRAM

These questions will help to evaluate a proposed enrichment
study and its methodology. Obviously, an enrichment study
should not conflict with ongoing enrichment goals.

Since most zoos have limited financial resources for re-
search projects, the enrichment should be as natural and
cheap as possible. Projects using expensive manufactured
items or requiring huge alterations of animal enclosures are
unlikely to be approved by the zoo staff. This is not, of course,
an excuse for not renovating; poor enclosures should be ren-
ovated. Animal welfare is probably improved more if a bear
or big cat is given a new naturalistic exhibit rather than being
given a ball or other toy in a concrete cage (Laidlaw 2000;
Pitsko 2003).

The students need to be aware that their projects are im-
portant for the zoo, and that they must take responsibility for
completing their research. As part of the students’ commit-
ment to the zoo, they should be expected to write a report
and give a presentation about the project upon its comple-
tion. Ph.D. researchers on the enrichment team can assist in
coordinating the scientific studies and help in the statistical
analyses.

Behavioral data have to be collected with full scientific
rigor and follow the methods and schedule in the proposal.
Results should be statistically analyzed (sample sizes are often
too small for appropriate statistical analysis for these types of
projects; graphical analysis, confidence interval analysis, or
randomization tests are most appropriate— Festing and Alt-
man 2002; Wehnelt et al. 2003) and the data published, pref-
erably in peer-reviewed journals. Communication of results
to as many researchers as possible is important.

Researchers who study animal behavior know that all that
is necessary to collect data are an ethogram (inventory of
a species’ behavior patterns), a check sheet, a pencil, and a
stopwatch; more-sophisticated materials, e.g. handheld com-
puters with specific software, telemetry devices, and move-
ment sensors, may be too expensive for many zoos. When a
particular species will be studied, staft may need to create an
ethogram and a check sheet for recording data (Martin and
Bateson 2007; Lehner 1996). Many ethograms have already
been published in behavioral journals or on the Internet (see
the appendixes to this chapter) and should therefore be used,
as this allows comparisons between different studies. To avoid
having to create an ethogram for each species a zoo houses,
we suggest that a universal ethogram be created, which in-
cludes the most common behaviors expressed by animals (see
table 15.2). Similarly, one or two universal check sheets can
be prepared and used in most enrichment evaluations (e.g.
doing focal observations for animals housed singly and scan
observations for animals kept in groups). For more detailed
studies, a species-specific ethogram and check sheet can be
developed. Typically, data collected using a universal etho-
gram and check sheet are more general, but provide the op-
portunity to evaluate the duration of certain behaviors, thus
indicating the efficiency of the enrichment devices.

ENRICHMENT LIBRARY

Researchers and zoo staff need to keep abreast of scientific
findings and methods by reading the literature. There are
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TABLE 15.2. Universal check sheet and ethogram used by the Environmental Enrichment Sector of the Belo Horizonte Zoo in the evaluation

of enrichment devices given to the animals

Environmental enrichment check sheet

Date: Hour:

Climate:

Responsible:

Enclosure/Species:

Enrichment device:

AB: Abnormal behavior; NV: Not visible; O: Other behaviors.

Ethogram: A: Active; I: Inactive; M: Moving; F: Foraging; IE: Interacting with the enrichment device; SI: Social interaction; V: Vocalizing;

Baseline (before the introduction of the enrichment device into the enclosure)

A I M F

SI \Y% AB NV o

= =
S v N AU R W E
®

Notes:

Note: Enrichment and postenrichment phases use similar check sheets, not shown here

many good books on animal welfare and animal behavior
(see also in this volume Kagan and Veasey, chap. 2; Shep-
herdson, chap. 6; McPhee and Carlstead, chap. 25; Crockett
and Ha, chap. 30). Peer-reviewed journals and non-peer re-
viewed magazines are also available on these subjects. Basic
books on ecology and biology of different animal classes are
useful as well. We suggest that books listed in appendix 15.1
are essential, and the journals in appendix 15.2 are ideal for
any zoo. Appendix 15.3 includes Internet sites that are good
sources of information and enrichment ideas.

University libraries may be available for zoo staff, at least
on a consultation basis; however, there is no substitute for a
good zoo library. Donations can help in the acquisition of the
books, but buying or subscribing to magazines and journals
is necessary. Funds for such purchases should be included in
the annual budget of the enrichment sector.

INCORPORATING ENRICHMENT INTO EXHIBITS

To avoid animal boredom, different stimulation must be of-
fered. Incorporating environmental enrichment devices into
exhibits can be done in 2 different ways: (1) items incorpo-
rated every day (movable devices) or (2) items incorporated
during renovation or construction of exhibits (nonmovable
devices, i.e. furniture).

Movable devices may be provided for animals during daily
activities. Food, sensory, and cognition items are part of this
category. Social stimulation can also be a source of enrich-

ment, thus providing social interactions (interspecific, in-
traspecific, and human-animal) for captive animals (Crock-
ett 1998; Young 2003) by allowing them to see or touch other
animals (when this is not possible, the introduction of mir-
rors into exhibits can simulate conspecifics) (Heyes 1994;
Lutz and Novak 2005). Other changes in the physical and
social habitat are in the second type of enrichment: those
that cannot be moved from the enclosure easily. Enclosure
shape and size, water provisioning, substrate elements, in-
frastructure for offering enrichment, perches, temperature,
humidity, mixed-species exhibits, and conspecifics (for some
species) are examples.

Enrichment devices, tools, and options. Many of the en-
richment items used in daily scheduled activities are in the
movable-items category, e.g. toys, puzzles, hidden food, spe-
cial food devices like frozen fruit, meatballs covered with fur,
different feeders, piles of sticks or stones, and mirrors. The
type of movable items depends on the species to be enriched.
For example, food items placed in treetops can elicit climbing
behaviors in felids (Law 1993; Mallapur 1999).

Novel food items (items not offered in the normal diet)
and a change in food presentation (scattered or hidden food,
puzzle feeders, and novel presentations) are easy to imple-
ment and can simulate the difficulties of acquiring the food
in the wild (Porter 1993; LeBlanc 2000), including hunting
activities (Williams et al. 1996). While pacing often increases
a few minutes before standard food presentation (Hutchins,
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Fig. 15.2. Western lowland gorilla’s renovated enclosure. Note that the enclosure is landscaped with natural vegetation, artificial rock mountains,
waterfall, and cave. (Photograph courtesy of Fundagdo Zoo-Boténica de Belo Horizonte, Brazil, 2004. Reprinted by permission.)

Hancocks, and Crockett 1984; Mellen, Hayes, and Shep-
herdson 1998; Sandhaus 2004), providing the opportunity
to forage and to hunt for hidden food items diminishes the
amount of pacing (Carlstead 1991; Williams et al. 1996; Cip-
reste 2001).

Sensory enrichment can be tactile (toys and textures: Lutz
and Novak 2005), olfactory (scents: Hadley 2000; Schuett
and Frase 2001), auditory (playback recordings, music: Wells
2004), visual (view of activities outside the enclosure: Tudge
1991; Mallapur 2001), or taste (foods, scents: Baumans 2005).
Puzzle feeders are cognitive devices that provide the animals
with an opportunity to learn; they are often given to primates
(Lutz and Novak 2005), but they can be used for other mam-
mals (Shepherdson, Brownback, and James 1989).

Enrichment devices may be used for a variety of species
or individuals, which can facilitate the transmission of dis-
eases (Novak and Drewsen 1988). Thus, all items should be
cleaned and sterilized before being introduced to an animal.
Sanitation can be achieved using an autoclave, chloride baths,
boiling water baths, freezing, alcohol, radiation, or filtration
(for a complete guide to microorganism growth control, see
Madigan, Martinko, and Parker 2002). Artificial materials

may be easier to clean and sterilize, but natural materials can
also be cleaned and sterilized.

During the development of new enrichment devices, the
safety of the animals, keepers, and public needs to be care-
fully evaluated. A list of questions, mentioned earlier in this
chapter, should be answered before items are used. A com-
plete list of questions can be found in Young (2003).

Supplying new enrichment items at least twice a week
can create an unpredictable environment, and thus stimu-
late natural behaviors (Shepherdson et al. 1998). Nocturnal
animals should be enriched at night (Tardona 2000).

Renovation/construction of exhibits. When renovating old
exhibits or constructing new ones, how newly built structures
will relate to enrichment activities needs thought. Typically,
the architect draws up the new enclosure plan, but a multi-
disciplinary team is best, and should include zoologists hav-
ing good knowledge of the animals’ needs and botanists who
can recommend planting materials to be used both as orna-
ment and as food (Embury 1995). Horticultural staff can also
reproduce landscapes by planting associations of species that
reproduce the animal’s natural habitat. Educators can help in
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Fig. 15.3. Western lowland
gorilla’s old enclosure. Note
that the exhibit had high
concrete walls and only a
wood structure for enrichment.
In this enclosure, the

gorilla male developed many
abnormal behaviors, such as
regurgitation and reingestion
(RR). (Photograph courtesy
of Fundagao Zoo-Botanica de
Belo Horizonte, Brazil, 1982.
Reprinted by permission.)

the development of the labels, routes, viewing sites, and all the
educational material inserted in the new exhibit; thus, they
are important in defining the final enclosure plan (Mitchell,
Herring, and Tromborg 1990; Bitgood 2000).

Enrichment features, such as artificial termite mounds,
trees and caves, roof feeders, pools, waterfalls, nests, and bur-
rows can be constructed in the renovation of exhibits. All
structures linked to enrichment, like those that allow keepers
to retrieve and clean the devices, have to be considered dur-
ing the construction, since it is extremely difficult to change
structures after the completion of a renovation. For mixed-
species exhibits, there need to be multiple species-specific
escape areas, barriers, and more than one feeding area, since
each species has its own requirements (see Veasey and Ham-
mer, chap. 13, this volume).

Habituation is the reduction of certain behavioral re-
sponses by animals to a neutral stimulus after learning that
it has no consequences for them (Young 2003). To avoid ha-
bituation to permanent structures, staff can maintain the nov-
elty characteristic of enrichment devices (Kuczaj, Lacinak,
and Turner 1998). We recommend periodically moving items,
such as ropes, logs, stone piles, and mirrors. Artificial feeders,
such as termite mounds and roof feeders, should not be used
daily, adding unpredictability to the animals’ lives.

Many exhibit renovation plans are available in the spe-
cialized literature and we recommend reading them. Interna-
tional Zoo Yearbook (www.blackwellpublishing.com/journal
.asp?ref=0074-9664) devotes an entire section to renovation
and new construction. We also recommend a visit to the Web
sites of the architect Jon Coe (www.joncoedesign.com) and
the Association of Zoos and Aquariums (www.aza.org), where
much information about exhibit planning is available.

An example of a renovation that incorporated enrich-
ment concepts is the redesigned enclosure for a solitary male

western lowland gorilla, Gorilla gorilla gorilla, at the Belo
Horizonte Zoo in Brazil. The new, 2100-m? naturalistic en-
closure has an irregular topography and is landscaped with
grass, live and dead trees, a bamboo grove, different shrubs
and herbs, a rockwork hill and cave, and another rockwork
that forms a waterfall and pond with a recirculating water sys-
tem. Some of the trees and plants are protected by “hot wire,”
while others are unprotected to allow the gorilla to climb on
or eat palatable plants and fruits (fig. 15.2; to see more photos
of the enclosure, visit the Web page www.pbh.gov.br/zoobo-
tanica/gorillainfo). Since the new gorilla exhibit was opened
in December 2000, the solitary male gorilla has shown an in-
creased quality of life. Figure 15.3 shows the pre-renovation
exhibit, where the male frequently displayed abnormal be-
haviors such as RR (food regurgitation and reingestion); in
addition, he used to carry an old car tire around and did not
have a well-developed stomach or muscles. Since the gorilla
moved to the renovated enclosure, RR has not been observed,
he no longer carries around his old car tire, and his stomach
and other muscles are better developed.

There are many opportunities to get ideas for renovations
that include significant enrichment. Each year, zoos renovate
and enrich their old enclosures. Many examples have been
published in the Exhibits section of the AZA Communiqué
(now Connect), a publication of the Association of Zoos and
Aquariums (check Web site www.aza.org/Publications). The
ZooLex Zoo Design Organization Web site (www.zoolex.org)
also has much information about zoo exhibit renovations
from around the world. Unfortunately, almost all examples
come from developed countries, showing how the lack of
money obstructs exhibit building/renovation in zoos in un-
derdeveloped countries.

All renovations should include plans for behavior studies
to evaluate the effectiveness of the new portable and perma-
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nent devices in the animals’ lives. We recommend making
behavioral comparisons of data collected before and after
the exhibit renovation. Movable enrichment items should
be scheduled for the animals in the new enclosure, taking
into account the safety, cosmetic factors, and purposes of the
materials and devices.

CONCLUSIONS

The importance of zoos implementing an environmental en-
richment sector for their captive animals should now be evi-
dent; the benefits of environmental enrichment for the wel-
fare of these animals are unquestionable (Young 2003). We
strongly suggest that zoos create an environmental enrich-
ment sector, and we now provide summarized guidelines for
its creation:

« The animals’ needs and the possibilities of creating an
environmental enrichment sector should be analyzed.

« The institution’s needs for an enrichment program
should be analyzed.

« The enrichment sector head has to be chosen.

« Meetings about the implementation of the enrichment
sector should be carried out with the zoo’s staff (all
sectors must be involved).

o The enrichment staff have to be chosen.

o The annual budget for the sector needs to be calcu-
lated.

» Weekly schedules of enrichment need to be imple-
mented;

o A training program for enrichment staff needs to be
implemented;

o Enrichment devices should be constructed and used,
with data collection and analysis, followed by the pub-
lication of results.

o The number of animals enriched should increase until
all zoo animals are receiving enrichment.

o Staff must remember that improving animal welfare is
not a static process, but one that requires constant at-
tention and updating.

« An enrichment program must contribute to the goals
and the mission of the zoo.
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APPENDIX 15.1
Books Recommended for an Enrichment Library

Alcock, J. 2005. Animal behavior: An evolutionary approach. 8th ed.
Sunderland, MA: Sinauer Associates (ISBN: 0878930051).

Appleby, M. C., and Hughes, B. O. 1997. Animal welfare. Oxford:
CABI Publishing (ISBN: 0851991807).

Begon, M., Harper, J. L., and Townsend, C. R. 1996. Ecology: Indi-
viduals, populations and communities. 3rd ed. London: Blackwell
Science (ISBN: 0632038012).
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Broom, D. M., and Johnson, K. G. 1993. Stress and animal welfare.
London: Kluwer Academic Publishers (ISBN: 0412395800).
Fraser, A. E, and Broom, D. M. 1996. Farm animal behaviour and

welfare. 3rd ed. Oxford: CABI Publishing (ISBN: 0851991602).

Fowler, M. E., and Miller, R. E. 2003. Zoo and wild animal medicine.
5th ed. Philadelphia: W. B. Saunders (ISBN: 0721694993).

Gill, F. B. 1994. Ornithology. 2nd ed. New York: W. H. Freeman
(ISBN: 0716724154).

Lehner, P. 1998. Handbook of ethological methods. Cambridge: Cam-
bridge University Press (ISBN: 0521637503).

Manning, A., and Dawkins, M. S. 2002. An introduction to animal be-
haviour 5th ed. Cambridge: Cambridge University Press (ISBN:
0521578914).

Martin, P, and Bateson, P. 2007. Measuring behaviour. 3rd ed. Cam-
bridge: Cambridge University Press (ISBN: 0521446147).

Moyle, P. B., and Cech, J. J. 2003. Fishes: An introduction to ich-
thyology. 5th ed. Upper Saddle River, NJ: Prentice Hall (ISBN:
0131008471).

Olney, P. J. S., Mace, G. M., and Feistner, A. T. C.1994. Creative con-
servation: Interactive management of wild and captive animals.
London: Chapman and Hall (ISBN: 0412495708).

Shepherdson, D. J., Mellen, J. D., and Hutchins, M. 1998. Second na-
ture: Environmental enrichment for captive animals. Washington,
DC: Smithsonian Institution Press (ISBN: 1560983973).

Tudge, C. 1991. Last animals at the zoo: How mass extinction can be
stopped. Oxford: Oxford University Press (ISBN: 0192861530).

Vaughan, T. A,, Ryan, J. M., and Czaplewiski, N. 1999. Mammal-
ogy. 4th ed. Philadelphia: Saunders College Publishing (ISBN:
003025034X).

Young, R. J. 2003. Environmental enrichment for captive animals.
Oxford: Blackwell Publishing (ISBN: 0632064072).

Zug, G. R, Vitt, L. ], and Caldwell, J. P. 2001. Herpetology: An intro-
ductory biology of amphibians and reptiles. 2nd ed. San Diego:
Academic Press (ISBN: 012782622X).

APPENDIX 15.2
Journals and Magazines Recommended for an
Enrichment Library

Animal Behaviour (Academic Press)

Animal Welfare (UFAW)

Applied Animal Behaviour Science (Elsevier Science)
Ethology (Blackwell Wissenschafts-Verlag Gmbh)
International Zoo News

International Zoo Yearbook (Blackwell Publishing)
The Shape of Enrichment

Zoo Biology (Wiley-Liss)

APPENDIX 15.3
Recommended Internet Sites

Animal Diversity Web (information about the biology of almost
every living species): www.animaldiversity.ummz.umich.edu

Environmental Enrichment Ideas: www.enrichmentonline.org

Environmental Enrichment for Zoos and Aquarium Animals:
www.nal.usda.gov/awic/enrichment/zooandaquariumenrich
ment.htm

Ethograms (ethograms of many animal species): www.ethograms
.org

Jon Coe’s Web site (ideas and real projects dealing with exhibit
renovations): www.joncoedesign.com

The American Association of Zoo Keepers: www.enrich.org/aazk

The Association of Zoos and Aquariums: www.aza.org

The Shape of Enrichment: www.enrichment.org
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Primate Enrichment Database: www.awionline.org/lab_animals/
biblio/enrich.htm

Universities Federation for Animal Welfare: www.ufaw.org

ZooLex Zoo Design Organization: www.zoolex.org

Web of Science (search for scientific papers): isiknowledge.com

Many zoo Web pages contain enrichment ideas, such as the
Honolulu Zoo (www.honoluluzoo.org) and the Oregon Zoo
(Www.oregonzoo.0rg).
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Special Considerations for the Maintenance

of Marine Mammals in Captivity

Brian Joseph and James Antrim

INTRODUCTION

Marine mammals are a unique group of warm-blooded an-
imals that, with the exception of a few freshwater species,
make their living from the sea. However, marine mammals
did not evolve in the sea, but rather descended from a num-
ber of different taxonomic groups, all of which independently
deserted the land less than 60 million years ago (Williams
1999). An excellent and comprehensive review of the history
of marine mammals in captivity is presented by Reeves and
Mead (1999). The term marine mammals as used in this chap-
ter includes all cetaceans (whales, dolphins, and porpoises),
all pinnipeds (seals, sea lions, and walrus), all sirenians (man-
atees and dugong), sea otters, and polar bears (Rice 1998).

Living in a fluid, 3-dimensional, marine environment has
resulted in numerous differences between marine mammal
and terrestrial mammal physiology, structure, and behavior,
many of which are important in the successful maintenance
of marine mammals in captive environments. The ocean
is cool compared with most terrestrial habitats, and water
has a thermal conductivity of more than 25 times that of air
(Beckman 1963), rapidly carrying heat away from immersed
warm-blooded animals. Marine mammals are characterized
by several adaptations to preserve homeothermy within cool
aquatic environments. Constantly buoyed by water, larger
marine mammals, such as killer whales (Orcinus orca) and
baleen whales, can afford larger heat-conserving masses than
terrestrial mammals. With the exception of sea otters, marine
mammals are insulated by layers of blubber, coats of fur, or
both. Blood circulation is enhanced by peripheral arteries,
which are surrounded by veins capturing arterial warmth as
the blood returns to the body core (Scholander and Scheville
1955).

The design and construction of appropriate marine mam-
mal habitats should consider the natural history and behavior
of the species to be maintained and should permit the per-
formance of most, if not all, of their natural behaviors (fig.

16.1). Aesthetics must always be weighed against practical-
ity—environments that become too cluttered may be difficult
to maintain and/or dangerous to the animals living within
them. We cannot reproduce the biocomplexity of a natural
environment for any species maintained in a captive envi-
ronment. Our goal in this chapter, then, is to provide some
understanding of key factors facilitating the successful care
of marine mammals in zoos and aquariums. While design
and construction of the habitat is an essential element, the
3 most important components of husbandry techniques and
protocols necessary for the successful maintenance of marine
mammals are maintenance of a healthy environment, provi-
sion of adequate nutrition, and implementation of a good
preventive medicine program.

Some government entities, such as the U.S. Department of
Agriculture (USDA 1979), have promulgated laws or regula-
tions regarding the keeping of marine mammals in captivity.
Nongovernment organizations such as professional trade as-
sociations have also created their own standards or guidelines
for the care and maintenance of marine mammals (EAAM
2001; AMMPA 2004). Such regulations or standards always
constitute minimum requirements, and in our opinion, fa-
cilities built to or operated at minimum standards will not
promote the best marine mammal health and welfare and
should not be considered acceptable.

FACILITY DESIGN

The design and construction of a facility must meet the
physical, psychological, and behavioral needs of the animals
as well as the goals and objectives of the host organization (fig.
16.2). There are 2 basic zoological facility types: (1) the public
display or exhibit feature and (2) the oft-exhibit or restricted
entry component. Most marine mammal facilities combine
the two, and physically connect these elements to facilitate the
movement of the resident animals from one area to the other
without the need for transport containers and/or physical
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or chemical restraint. All marine mammal facilities should
have underwater viewing areas, not only for the public but
also for staff observations. Public display can be designed for
continuous open, unstructured viewing, structured or pro-
grammed viewing, or scheduled educational presentations.
The off-exhibit elements may be designed for, but not lim-
ited to, functions such as adding or removing animals from
the facility, mating and birth, rearing of offspring, medical
treatment, medical quarantine, or holding nondisplay ani-
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Fig. 16.1. Design and
construction of appropriate
marine mammal habitats should
permit the performance of
most, if not all, of their natural
behaviors.

Fig. 16.2. Design and
construction of a facility must
meet the physical, psychological,
and behavioral needs of the
animals as well as the goals

and objectives of the host
organization. (Photograph
courtesy of UNEXSO: The Dolphin
Experience, Freeport, Grand
Bahama Island. Reprinted by
permission.)

mals. An important component of off-exhibit holding of ce-
taceans is the inclusion of a medical pool featuring a false,
lifting bottom. This false bottom allows animal caretakers,
handlers, and cetaceans in need of physical restraint to be
at a shallow depth for the safe performance of medical and
husbandry procedures without having to drain the pool and
without endangering personnel through attempting restraint
in deep water, where the size, strength, and mobility of the ce-
tacean places them at a profound advantage. False, lifting bot-



toms are inexpensive, constructed of PVC or fibergrate grat-
ing. Lifting apparatuses use city freshwater pressure, hydraulic
pressure, or cable lift systems to raise the false bottom.

The design and construction of a facility that promotes
good health includes consideration of the size and configu-
ration of the captive environment and maintenance of that
area in a clean (not sterile) state. Marine mammals need
enough space to allow them to perform natural behaviors
with freedom of movement. Surface finishes should be hard,
durable, and impervious to water and, to facilitate sanita-
tion, resistant to chemical and mechanical damage. Epoxy
coatings work well within marine mammal environments
(Watts 1998). Due to the highly corrosive nature of saltwater,
the use of corrosion-resistant materials during construction,
such as fiberglass reinforced plastic (FRP), polyvinyl chloride
(PVC), and type-316 stainless steel, will extend the effective
operational life (while reducing the maintenance cost) of any
marine mammal facility.

Captive marine mammals have abundant time to inves-
tigate, manipulate, damage, or destroy vulnerable elements
within their facilities, such as surface coatings, acrylic or glass
viewing panels, electrical or plumbing fixtures, exposed hard-
ware or fasteners, gates or doors, and even decorative arti-
ficial or natural rockwork. The results of their actions may
create significant safety and/or mortality hazards for both the
animals and the human caretakers. Toxic plants, shrubs, or
trees should not used in landscaping around a facility housing
marine mammals, since accidental or deliberate ingestion of
such plant items may cause serious health problems or even
death. In addition, construction activity adjacent to marine
mammal environments can expose the animals to air-, soil-,
and waterborne pathogens contained in soil under excava-
tion or used as fill.

ENVIRONMENT AND HEALTH CONCERNS

Constant attention is necessary to prevent littering of pool-
side areas, to avoid foreign bodies inadvertently falling or
being knocked into the marine mammal’s environment. For-
eign objects entering the environment should be removed
immediately. Additional sources of foreign objects that
marine mammals can ingest are portions of their environ-
ment that they disassemble (Sweeney 1990). Marine mam-
mals frequently pick up foreign bodies in their environment,
play with them, and intentionally or unintentionally swal-
low the objects. Small foreign bodies ingested by cetaceans
rarely leave the forestomach, due to the minute opening to
the glandular stomach; the presence of foreign bodies may
cause mechanical damage to the gastric mucosa and result
in ulcers. If coins are digested in the forestomach, copper or
zinc intoxication may result. Larger foreign bodies such as
air-filled volleyballs and footballs may be lethal to cetaceans.
If an animal dives with a ball in its mouth, the ball may be
driven back into the throat by buoyancy, where it can lodge
in the caudal oropharynx and result in fatal respiratory ar-
rest. Smaller foreign bodies may be vomited and reingested
or ingested by other resident animals. Staff should never offer
toys that are potentially dangerous to marine mammals, e.g.
small balls, sharp objects, and objects that can be dismantled
by the animals and then ingested. Ropes dangling in the water
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and tethered to the pool bottom can result in entanglement
followed by drowning.

An ingested foreign body must be manually removed from
the animal’s forestomach, after identification of its presence
and location via gastroscopy. It is unsafe to induce vomiting
in cetaceans, as they may expire due to aspiration pneumo-
nia or occlusion of the esophagus and resultant pressure on
the heart and trachea.

Pinnipeds are at great risk from foreign body ingestion,
since the opening from the simple stomach to the small in-
testine is large enough to allow some foreign bodies to pass
into the intestine, where they may lodge, producing a fatal
obstruction if untreated. Pinnipeds are less likely than ceta-
ceans to regurgitate ingested foreign bodies, but can safely be
made to vomit by feeding syrup of ipecac in food items. An
observer must remain poolside to recover the foreign body
when the pinniped vomits.

TERRESTRIAL SPACES

Deck and dry resting areas are most effectively disinfected
through the use of dilute sodium hypochlorite solutions (less
than 0.5%). Zoo staft should avoid using chlorine within con-
fined spaces, since the resulting chlorine gas can be very irri-
tating to eyes, mucous membranes, and the respiratory epi-
thelium of both marine mammals and caretakers. In addition,
workers should always use personal protective equipment
when using chlorine and should never apply it in the pres-
ence of animals. Residues must be neutralized through the
application of a saturated sodium thiosulfite solution and/
or thoroughly rinsed from surfaces to prevent harm to the
animals.

WATER QUALITY

Staff must attend constantly to the water quality of the marine
mammal’s environment to ensure and promote the health
of the animals. Pathogens are more concentrated within the
cleanest zoological environments compared with the oceans,
where animal waste products are constantly diluted by large
volumes of water and current activity. Good water quality
is maintained through the use of adequate mechanical fil-
tration, chemical treatment, continuous surveillance, and
proper record monitoring. Boness (1996) and Arkush (2001)
review the management of water quality in aquatic exhibits
for mammals.

TYPES OF WATER SYSTEMS

Three basic types of water systems are in use today for cap-
tive marine mammals (Arkush, 2001; Reidarson 2003; Spotte
1991). The first is an open system, generally used when facili-
ties are located adjacent to natural bodies of clean seawater.
In open systems a supply of filtered or unfiltered water flows
through the animal enclosure and then exits. Such systems,
in which water continuously enters the system from a natural
source of seawater, are subject to uncontrolled pollution and
contamination and are not recommended. Incoming makeup
water from a natural source generally should be filtered and
chemically treated before use. Semiclosed systems use a con-
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trolled addition of filtered or unfiltered water, recycling the
water through a life support system and discharging a vol-
ume equal to that of the influent minus losses to evaporation.
Closed systems continuously recycle pool water through the
life support system. An alternative, used by some coastal fa-
cilities, is the netting-off of a portion of a natural bay or inlet.
Semiclosed systems and closed systems present difficulties in
maintaining salinity, alkalinity, and pH (Reidarson 2003).
Many marine mammal facilities use a closed water system
with artificial seawater when access to natural seawater is un-
available. Artificial seawater is made by adding 25 to 35 parts
per thousand (ppt) sodium chloride (Geraci 1986a) and, in
our experience, important trace minerals to freshwater. In a
closed system it is important to add freshwater to offset the
effect of evaporation and any other water losses from the sys-
tem. A closed system requires water recirculation through
filters and fractionators as well as chemical treatment before
returning water to pools where marine mammals are kept.

WATER TESTING

Regardless of the system used, water should be sampled and
tested frequently and regularly for temperature, pH, turbid-
ity, salinity, ammonia content, free and total chlorine, bac-
terial contamination, residual ozone, and, if necessary, total
organic carbon.

WATER TEMPERATURES

Although marine mammals are capable of coping with a wide
range of water temperatures, a relatively constant water tem-
perature is important for successful maintenance. Various
temperature ranges have been proposed for bottlenose dol-
phins (Tursiops truncatus), but there is general agreement
that 20° C is a good average temperature. Other optimal tem-
perature ranges for maintaining marine mammals have been
suggested (e.g. AMMPA 2004; Couquiaud 2005). If lower or
higher temperatures than ambient are required, water may be
passed through a chiller or heat exchanger to provide the de-
sired adjustment. Discussions of ambient water temperature
requirements can be found in Geraci (1986a) and Sweeney
and Semansky (1995).

Water temperature affects marine mammals both be-
haviorally and physiologically. Cetaceans and other marine
mammals consume proportionally larger quantities of food
when maintained at lower water temperatures. Additionally,
warm water appears to be a pronounced physiological stressor
for many marine mammals. For example, in our experience
anemia is more often seen at warmer water temperatures in
cetaceans, accompanied by elevations in certain serum en-
zymes, decreased activity, and decreased appetite (Cornell
et al. 1990).

pH LEVELS

A second physical parameter, pH, affects water quality in a
variety of ways. The ocean is naturally safeguarded with a
carbon dioxide buffering system and pH averages around 8.2
(Toorn 1987). Within a closed system, the accumulation of
nitrogenous waste products can raise pH to levels inducing
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irritation of eyes, airways, and skin. Maintenance of pH is im-
portant for animal and handler comfort and affects the bac-
tericidal effectives of free chlorine. An acceptable pH range
is 7.5-8.2 (Geraci 1986a). Bactericidal effectiveness of free
chlorine is maximal at the lower end of this range (ibid.),
but in our experience we have found that handlers frequently
complain of eye irritation at pH values of 7.6-7.8. Marine
mammal eyes are well protected by mucus and do not seem
to be irritated at this lower range (ibid.). Harmful chlora-
mines also form more readily at the lower end of this pH
range. Caustic soda, sodium hypochlorite, or sodium bicar-
bonate can be used to elevate pH into a range more comfort-
able for animals and the staff (Spotte 1991).

TURBIDITY

Turbidity is a measure of the clarity or optical transmission
of the water. Water should appear crystal clear and slightly
blue, and measure roughly 0.15 to 0.20 nephelometric tur-
bidly units (NTU). The upper limit of the acceptable range
is 0.45 NTU. Turbidity is not entirely dependent on particu-
late content, but also depends on dissolved oxygen, ozone,
entrained gases, and other chemicals contained within the
system (Case 1998).

TRACE MINERALS

The chemical composition of water should be similar to
natural seawater, which contains many minerals in addition
to sodium and chloride. Marine mammals likely make opti-
mum use of their environment, including the extraction of
existing trace minerals. Although marine mammals are seen
swallowing seawater, trace mineral absorption may be lim-
ited to the oral mucosa (Manton 1986).

SALINITY

Salinity in the open ocean averages approximately 3.5%, of
which about 2.6% is NaCl and 0.9% is composed of other ele-
ments (Turekian 1968). Dolphins must expend more energy
to stay afloat at low salinities, which is particularly impor-
tant in the case of ill, injured, or neonatal marine mammals.
Although reversible, a patchy necrosis of the epidermis, ac-
companied by ulceration, may occur in bottlenose dolphins
if salinity drops below 1% and remains there for an extended
period. Pinnipeds maintained in freshwater may develop cor-
neal edema (Dunn et al. 1996).

NITROGENOUS WASTE

Successful elimination of nitrogenous waste products is one of
the key problems in the proper management of marine mam-
mal water systems. Marine mammals pollute their environ-
ment to an amazing degree. A 136-kg dolphin, eating 6.6 kg
of food daily, is estimated to pass 4 L of urine and 1.4 kg of
feces per day into its pool (Ridgway 1972). Nitrogenous wastes
enter the water primarily as urea, which is rapidly converted
to ammonia through a process termed mineralization. Am-
monia is toxic to most organisms, and high levels of ammonia
suggest inadequate chlorination or inadequate removal of or-



ganic compounds through protein fractionation. Nitrogenous
wastes also provide a good culture medium for bacteria and
fungi; thus, their levels must be controlled by flushing waste
products back to the natural body of seawater in an open sys-
tem and by either chemical oxidation (Manton 1986) or re-
moval by protein fractionation in a closed system.

COLIFORM TESTING

Total and fecal coliform testing can be done using a variety
of techniques. One of the most common is referred to as the
most probable number (MPN) technique and is obtained by
the multiple tube fermentation (MTF) method (American
Public Health Association 2005). Sometimes membrane fil-
tration or the use of McConkey’s agar is substituted for MTF
to quantify total or fecal coliforms. The results obtained by
these different methods are not directly comparable (Spotte
1991).

TOTAL ORGANIC CARBONS

Total organic carbons, contained in feces, build up within
closed systems unless discarded to waste, oxidized with ozone
or chlorine, or removed by protein fractionation. In combina-
tion with chloramines and other chemicals, organic carbons
can produce a green or yellow discoloration of the water.

FILTRATION AND CHEMICAL TREATMENT OF WATER

Filtration and chemical treatment are essential to maintain
marine mammal water quality; they serve many purposes,
including removal and/or oxidation of organic material, lim-
itation of microbial growth, provision of a relatively toxic-
chemical-free environment, and maintenance of water clar-
ity, which facilitates adequate animal observation.

The goal of physical filtration is the removal of particulate
material to maintain or restore good water clarity (Manton
1986). Although many types of filtration are available (Boness
1996), the most commonly used filters are high-speed sand
and gravel filters. Sand and gravel form a matrix within which
particulate matter is trapped. Little biodegradation of organic
debris occurs in sand and gravel filters due to the high speed
of water flow and loss of sand bacterial populations during
backwash procedures (Kinne 1976). Pumps and filters should
be appropriately sized to produce a complete water volume
turnover rate of between 2 and 3 hours in most marine mam-
mal systems. These filters generally have a filtration rate of
200-500 gals. (760-1900 L)/hour/m? of media. Filtration ef-
ficiency can be increased through the use of a flocculating
agent such as iron-free aluminum sulphate or aluminum hy-
droxychloride. Filtration efficiency increases as particles are
caught in the matrix, but the pressure differential that results
as the matrix is plugged with particulate matter results in a
pressure differential across the filter bed which can be flow
limiting and requires backwash.

Chemical treatment, sometimes referred to as disinfection,
involves the oxidation of organic debris, including microbes,
with ozone, chlorine, or both. Chemical treatment of marine
mammal pools has been traditionally based on human fresh-
water swimming pool technology (Manton 1986). Problems
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occur because the necessary chemical reactions cannot go to
completion at the usual temperatures at which marine mam-
mals are maintained, and the animals continuously produce
waste products that combine with chlorine to form irritating
compounds. Constant chlorine exposure for marine mam-
mals and their caretakers can result in health problems for
either or both. Although the use of chlorine as an oxidant has
been discontinued by many facilities, institutions that still use
it generally maintain total chlorine at 1 part per million or
below, half of which is free chlorine (Reidarson 2003).

Ozone is potentially toxic and can irritate eyes, skin, and
respiratory systems, so extreme care must be taken to avoid
exposing personnel and animals. Ozone often is added to a
vertical column, called a “contact tower,” or as an oxidant in
protein fractionators or ozofractionators. For either tech-
nique, ozonated water is then passed over a waterfall or
through a degassing tower containing plastic or nylon rings,
which increase surface area for ozone dissipation before re-
turning the water to the animal facility. An eflicient bacteri-
cide and powerful oxidizer, ozone is unstable in water. It also
acts as a decolorizing agent by attacking carbon double bonds,
removing color pigments (Toorn 1987). Ozone is more effec-
tive than chlorine against fecal coliforms, such as Escherichia
coli, plankton, insects, and, possibly, viruses. However, ozone
decreases in effectiveness at higher densities of microorgan-
isms and at higher turbidities. Unlike chlorine, ozone does
not leave a residual disinfecting agent in the aquatic environ-
ment if the oxidation reduction potential at the point of in-
troduction is maintained at below 600 millivolts (Reidarson
2003). At higher levels, ozone is also capable of producing
corneal, skin, and respiratory damage (ibid.). It is advanta-
geous to maintain ozone at a level that does not leave a resi-
due in the pool, because preservation of the normal marine
mammal’s skin microflora is more likely (Ramos and Ring
1980). Arkush (2001) provides an in-depth discussion of the
use of ozone in marine mammal systems.

Chlorination is a widely used technique for disinfection of
marine mammal pools, but considerable care must be taken
in handling chlorine. Chlorine gas at 10 parts per million
(ppm) produces marked irritation of the respiratory tract,
while 1 ppt is fatal if breathed for 5 minutes (Goodman and
Gilman 1954). Chlorination is less effective against fungi than
bacteria. Skin infections in marine mammals maintained in
chlorinated water may be the result of destruction of nor-
mal, beneficial microflora and inactivation of antimicrobial
substances secreted by the skin (Geraci, St. Aubin, and Hicks
1986).

Chlorination is accomplished by the addition of either
sodium hypochlorite (liquid) or chlorine dioxide (gas), or
through electronically facilitated chemical processes that re-
move naturally occurring chlorine from seawater. Chlori-
nation does not, however, completely remove organic com-
pounds from water systems. Over time, the amount of total
organic carbon gradually increases in a semiclosed or closed
system, and as much as 7% of the carbon introduced into the
system as food remains in this form. Many institutions cope
with this carbon buildup by periodic water replacement.

Chloramines, which are nitrogenous wastes combined
with free chlorine, can be especially irritating to marine mam-
mals’ mucous membranes. High concentrations of chlora-
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mines can cause skin sloughing, and in the eyes cause blu-
ish corneas and squinting. Chloramines are more harmful
at lower pH values. Free chlorine is effectively bactericidal at
concentrations of 0.2 ppm-2.0 ppm. Bactericidal effective-
ness decreases with increased temperature, sunlight, pH, and
increased organic load.

In the future, biological filtration may replace much of to-
day’s mechanical and chemical treatment. Systems will likely
include fixed-bed bioreactors or trickling filters, which have
been used successfully for aquarium water treatment (Wolff
1981). In a trickling filter, water flows slowly over a filter bed,
above and on which microorganisms attack suspended and
dissolved organic matter. Trickling filters accomplish 3 things:
(1) dissolved organic matter is mineralized; (2) particulate
organic matter is either converted to dissolved organic mat-
ter and mineralized, or is removed onto the resultant biofilm
with flocculants; and (3) inorganic matter can react or be ad-
sorbed onto the biofilm and be removed with the floccula-
tion. From the trickling filters, water flows to settling tanks
in which it flows slowly enough to allow flocculants to settle.
Sludge can be collected and removed from the bottom of the
tank, while clarified water leaves the tank by overflow (Toorn
1987). The addition of new technology, such as movable bed
filters, removal of organic materials through biodegradation,
and ozofractionation or protein fractionation (Spotte, 1992),
has recently led to improvements in the management of ni-
trogenous compounds in marine mammal systems. Biologi-
cal filtration occurs slowly, requires a large amount of space,
and will be used in conjunction with high-speed and gravel
filters and protein fractionation for removal of most particu-
late matter and soluble nitrogenous compounds. Ozonation
will continue in use as a final effective decolorizing and bac-
tericidal agent.

Indoor marine mammal facilities need adequate air fil-
tration and turnover and proper lighting (Geraci 1986a). In
nature, marine mammals come into contact with fewer air-
borne bacteria and fungi-bearing dust particles than in cap-
tivity. Fatalities have occurred due to pulmonary mycosis in
cetaceans maintained in indoor facilities with suboptimal
ventilation (Joseph et al. 1986). Adequate lighting, including
proper spectrum and photoperiod, is necessary for vitamin
D conversion (Kirby 1990) and may affect reproductive cy-
clicity (Geraci 1986a).

BEHAVIOR

To maintain a healthful environment for marine mammals
within zoological facilities, behavioral stimulation appropri-
ate for the species is necessary, as well as the maintenance of
standardized behavioral observations recorded by trained
personnel. Behavioral stimulation includes training and be-
havioral stimulation by caretakers as well as providing social
stimulation by other marine mammals that may or may not
be conspecifics.

Mellen and Ellis (1996) provide an excellent discussion of
training and its importance to the care of marine mammals
(fig. 16.3). Training and behavioral stimulation aids in en-
hanced animal management. Training facilitates the collec-
tion of physiological samples such as blood, urine, stomach
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Fig. 16.3. Training facilitates the collection of physiological samples
such as gastric fluid.

contents, blowhole cultures, and feces, and the performance
of ultrasonographic examinations, thus reducing stress to
the animal. In addition, trained behavior can increase the
amount of exercise by captive marine mammals, which pro-
motes good health. Zoo staff can train specific behaviors,
such as fast swims around the pool periphery and high bows.
Training also provides a method for diversifying and chang-
ing the environment of the marine mammal. Trainers be-
come, in effect, either members of the marine mammals’ so-
cial group or elements of change in their environment. By
using variable reinforcements, altering the sequencing of
trained behaviors, and habituating new behaviors, training
makes the environment more diverse and stimulating for the
marine mammals.

Many marine mammals display complex social structures
both in the wild and in captive facilities. When forming and
maintaining captive groupings, staft needs to consider natural
group composition, the behavior of individual animals, and
associational preferences (Cornell et al. 1987). In general, ce-
taceans are social and are more likely to thrive within zoologi-
cal environments if placed with conspecifics or closely related
species. On the other hand, not all individual cetaceans are
behaviorally equal. Animals that have demonstrated a pre-
vious history of aggression should be placed with conspecif-
ics with great care and continual observation.

Social hierarchy and dominance relationships also have



an impact and are important for marine mammals’ success-
ful maintenance in captive settings. More dominant marine
mammals can displace less dominant animals from feeding,
steal offspring, and even seriously injure or kill conspecif-
ics. Expressions of dominance can be very subtle, mandating
careful observation by skilled personnel.

Behavioral observations and casual subjective observa-
tions provide as much or more information concerning the
health of marine mammals than is provided by the results of
laboratory analyses. Staff should record daily observations
into each marine mammal’s permanent record for current
and retrospective evaluation (fig. 16.4).

Agonistic encounters between marine mammals are
noteworthy and can be precursors of sexual behavior, reflect
changes in the social order, or be a reaction to changes in the
environment, including routine practices. Although aggres-
sion is a normal behavior in all social animals, marine mam-
mals whose quality of health is declining may be the target
of aggressive behavior by conspecifics. Accurate recorded
observations can therefore permit evaluation of changes in
behavior and health.

Staft should always record sexual behavior; parturition in
a marine mammal should never be a surprise. Although most
marine mammals care for their young adequately, first-time
mothers may need additional observation and accommoda-
tion. Aggressive animals, dominant animals, or males may
need to be removed from the mother’s environment before
parturition in order to facilitate a successful birth and the
development of the mother-young bond.

Ill animals frequently tend to isolate themselves from care-
takers and conspecifics, as do females close to parturition.
Segregation and inattentiveness to caretakers are important
behavioral health indicators.

Deviation from normal behavior is cause for concern,
e.g. an animal’s sudden dramatic decline in performance in
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Fig. 16.4. Behavioral
observations provide as much
or more information concerning
the health of marine mammals
than is provided by laboratory
analyses. (Photograph courtesy
of UNEXSO: The Dolphin
Experience, Freeport, Grand
Bahama Island. Reprinted by
permission.)

a training program. A gradual decline in performance may
signal the slow onset of illness or may imply training chal-
lenges. Trainers within a given institution should use stan-
dardized performance criteria to allow for consistent evalu-
ation of performance. Astute, detailed observations and their
documentation are the cornerstones of a good marine mam-
mal management program (fig. 16.5).

NUTRITION

In nature, marine mammals feed on a wide variety of food
items which vary seasonally. Marine mammals in captivity
are generally given a narrower spectrum of food items, the
quality of which is dependent on sources and handling pro-
cedures. Staff should provide marine mammals with a variety
of food items in case the supply of one or more of the items
in their diet becomes unavailable. Proper attention to food
quality and preparation and vitamin and mineral supplemen-
tation can assist in the prevention of illnesses.

When handling food, keepers and trainers must diligently
search for rocks, fish hooks, plastic bags, or other foreign bod-
ies that the animals might ingest. We strongly discourage the
use of hook-and-line-caught fish due to the possibility of em-
bedded hooks, but net-caught fish such as mackerel or salmon
may also contain fish hooks. Some facilities have exhibits that
contain both marine mammals and live fish together or use
live fish to feed or enrich the marine mammals. Staff should
also check these fish for hooks.

FISH HANDLING AND STORAGE

Staff must give considerable attention to fish handling and
storage from the moment of collection to the moment the fish
is provided to the marine mammal. Fish freezer shelf life is
dependent on 3 things: (1) packaging; (2) storage temperature,
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Fig. 16.5. Astute, detailed observations and their documentation are the cornerstones of a good marine mammal management program.

and (3) the type of fish stored. Fatty fish, such as mackerel and
herring, tend to deteriorate in quality more rapidly while fro-
zen than do less fatty fish, such as capelin and smelt.

Many species of schooling fish act as intermediate hosts
for parasites that can affect marine mammals. Many profes-
sionals recommend reducing the present USDA maximum
allowable freezer temperature of —18° C to —30° C in order
to reduce further the number of viable parasite eggs and cysts
with the food items (Gauckler 1982; Geraci 1986b).

Marine mammal 