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Reintroduction Programs

DEevrA G. KLEIMAN

This chaprer outlines the conditions that make a reintroduc-
non program using capuive mammals of a threatened or en-
dangered species an appropriate conservation strategy, and
presents some basic guidelines tor such an effort. {UCN
(1987) also provides criteria for these and related efforts.

Reintroduction is an approach that is attractive to zoo
conservationists, as well as to the general public, but such a
nrogram should be undertaken only with a clear under-

nding of the costs and benefits. Because reintroduction is

:omplex endeavor that usually involves both a long-term
nnancial commitment and active collaboration by govern-
mental and nongovernmental agencies and institutions, it is
not a viable option for the majority of endangered specics
held in caprivity. Indeed, attempts to reintroduce a species,
if poorly conceived or implemented. mav actuallv obscure
the conservation issues that led to the decline of the species
m the first place—.and thus may detract trom, rather than
add to, a species’ chances ot survival (ITUCN 1987).

The tirse step in considering a reintroduction is to define
the long-term conservation goals ot the program and the cri-
terta for suceess. Aims vary according to (1) the status of
cach species in captivity and in the wild and (2) the political
sttuatton within the receiving country. Generally, major
goals include increasing the size of the wild population, es-
tablishing additional wild populations, and/or preserving or
enhancing available habitat. Ideally, reintroduction could
also be used to enhance the demographic and genetic man-
agement of both wild and captive populations. While crite-
ria for success vary depending upon the aims of each pro-
gram. a program s likely to be judged a success if the status
of a species is significantly improved by the reintroduction,
even it every single released individual dies. Reintroduction
solely as a solution to the problem of surplus captive ani-
mals is inappropriate; an ntegrated plan to promote the
preservanion of the species in the wild is also needed.

The success of many early attempts to reintroduce mam-
mals into natural habitats cannot be fairly evaluated since
if ‘ere has been limited post-release monitoring, especially

. pnmate reintroductions (Aveling and Mitchell 1982
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Borner 1985). There have been some clear successes with
ungulates, including the American bison, Bison bison, and
the European wisent, Bison bonasus (Conway 1980; Camp-
bell 1980), although those efforts also involved minimal
monitoring.

In the remainder of this chapter I will concentrate on
outlining those factors that should be considered in plan-
ning and implementing a reintroduction program involving
the release of threatened or endangered captive mammals.
There have been many more reintroduction programs for
bird species (Campbell 1980), although they are neither less
complicated nor less expensive than reintroduction pro-
grams for mammals. Long (1981) estimated, in a review of
translocations, reintroductions, and introductions, that ap-
proximately half of the attempts failed. Cade (1986), Wem-
mer and Derrickson (1987), Kleiman {1989), Stanlev Price
11989), Gipps (1991), and Beck ¢t al. (1994) provide re-
views and bibliographies on reintroduction programs tor
captive birds and mammals.

A description of a release of animals into a natural habi-
tat needs to specify (1) whether the release occurs within
the species’ original geographic range, (2) whether there 15
a preexisting frece-ranging population at the release site,
and (3) the history of the specimens released (i.e., wild- or
captive-born, currently in the wild or in capuvity, previous
expertence in the wild). There are differences among au-
thors in their use of terms (Konstant and Mittermeier
1982: IUCN 1987; Stanley Price 1989). | am defining rein-
troduction here as the release of either captive-born or wild-
caught animals into an area within their original range
where populations have declined or disappeared. Reintro-
ductions may involve moving (translocating) wild-caught
animals or releasing naive captive animals (both wild- and
captive-born), and may have a conservation or an economic
purpose. Goals may include improving the status of the wild
population by increasing numbers (sometimes termed re-
stocking) or changing the population’s genetic makeup. The
latter goal may be appropriate when the species exists in
small groups in insular habitats that preclude outbreeding.
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WHEN IS REINTRODUCTION APPROPRIATE?

Remtroduction mav be appropriate when the demography
and genencs of the wild population suggest thar a species
could go extinct and that a boost in popuiation size or ge-
neuc diversity would protect its future. Such a judgment
must be based on a thorough knowledge of the species’ bi-
ology, distribution, and ecological requirements, as well as
an understanding of the original factors causing the popu-
lation decline.

With the condition of the wild population ascertained,
there must exist a viable, self-sustaining captive population
with broad genetic representation. The captive population
must be sufficiently robust to sustain the loss of many ani-
mals for a prolonged period while reintroduction tech-
niques are perfected. Animals chosen for a release program
must be surplus to the future needs of the caprive population
and able to interbreed with animals in the wild population.
There are numerous species, such as owl monkeys, Aotus
trwirgatus, \n which distinct populations appear morpho-
logically 1dentical, but are so different genetically that indi-
viduals cannot interbreed (Ma et al. 1976). Shields (1982)
has suggested that outbreeding depression may be a more
common problem than expected.

Another requirement is the existence of suitable habitat
with sufficient carrying capacity {Brambell 1977) to sustain
the growth of the reintroduced population. Habitat suit-
ability can be assessed only by detailed studies of the habitat
preferences, movements, shelter requirements, and foraging
and feeding behavior of free-ranging wild-born animals.
" Critical resources may not alwavs be self-evident. Coimbra-
Filho and Mittermeter (1978) correctly identified tree holes
for sleeping as a critical resource for the golden lion tama-
rin, Leontopithecus rasalia. We preceded reintroductions of
this species with an evaluation of the numbers of trees with
sufficient girth to provide tree holes for nocturnal nesting
(J. M. Dietz, D. G. Kleiman, and B. B. Beck. unpub.). Pre-
ferred habitat should have no. or a very reduced. resident
population, but be within the natural range ot the species.

Sinee habitatloss and alteration are the paramount causes
ot the dechne of most species, the lack of suitable protecred
habitat1s the major ecological reason to reject proposals for
a remntroducton program. Thus, a prerequisite for a rein-
troduction program is the c¢xistence of legally protected
areas, such as natonal parks or equivalent reserves, with
real and effective protection (Campbell 1980; U.S. Fish and
Wildlife Service 1982; Aveling and Mitchell 1982; Borner
1985; Oliver 1985). There must also be the expectation that
the protected areas will survive intact into the future. With-
out a long-term commitment. there will be a constant (and
probably losing) batele to protect not only the amimals but
also the habitat. For example. difficulty in finding a politi-
cally sate habitat for releasing red wolves, Casrus rufus, has
been one of the major obstacles ro the Red Wolf Recovery
Plan (U.S. Fish and Wildlife Service 1982; Parker 1986), as
it has been for the releasc ot sea otters, Enbydra lutris
(K. Ralls, pers. comm.).

Currently, one of the most impressive retntroduction pro-
grams involves the release ot captive-born Arabian oryx,
Oryx leucoryx, in Oman (Fitter 1984; Stanley Price 1989).

The Sultan ot Oman has personallv taken an interest 1n
the program and is supporting it inancially and providing
cquipment. Furthermore, individuals trom local tribes are
emploved by the project. and thus directly beneht from 1t
{Stanley Price 1986, 1989). This cffort 1s likely to be suc-
cessful, as long as the support remains ar the level ot gov-
ernment policy and the local citizenry is kept aware and
involved.

While sutficient protected habitat is of paramount im-
portance for the development of a reintroduction program,
other reasons for a species’ decline must also be identified
and eliminated prior to the release of captive-bred animals
(Brambell 1977). Huntung or poaching for food, fur, tro-
phies, or other body parts has been a major factor in many
species’ decline, especially for birds and the large charis-
maric mammals. In other cases. specics have declined or
been lost due to predation, food competition, or habitat
destruction caused by the introduction of nonnative spe-
cies, including domestic cats, dogs, rats, rabbits, goats, and
snakes. Birds and reptiles endemic to 1slands have suffered
greatly from these causes.

Diseases that can rapidly wipe out a population (and a
species, if it already exists in small numbers) may also be
introduced through other carriers. Kear (1975) describes
several cases in which avian species have been decimated
through accidentally introduced viruses.

Free-ranging animals should not be present in an area
targeted for a reintroduction if the wild population is se-
verely endangered. It is not usually appropriate to intermix
the wild and captive populations unless the species’ future
survival absolutely depends upon an *“‘injection™ from the
captive gene pool. First, the captives may carry disease
agents to which they, but not the wild individuals, are im-
mune, a problem potnted out by many authors (Brambell
1977; Caldecott and Kavanagh 1983; Aveling and Mitchell
1982). The wild population can be protected by first releas-
ing captives in habitats that are devord of tree-ranging ani-
mals. Alternatively, captives can be shipped to the country
of destination and quarantned. Prior to release, selected
free-ranging individuals can be mrroduced to the quaran-
tined caprives and act as “guinea pigs” to test tor the pres-
ence of possible disease vectors. Prerelease screeming by
veterinarians of the captives’ blood, urine, feces, and ecto-
parasites, followed by appropriate treatment, may also re-
Juce the potential for disease transmission. However, vet-
crinary evaluations of specimens destined for release is
necessary regardless of the existence of overt health prob-
lems or the likelihood of contact between a reintroduced
and a wild population.

Another reason for reducing contact between reintro-
duced captive-born animals and the wild population ts to
protect the genetic integrity of either or both populations.
For example, the red wolf is currently considered extinct in
the wild due to extensive crossing with the coyote, Canis
latrans (U.S. Fish and Wildlife Service 1982, 1986; Parker
1986). To prevent further hybridization, the reintroduction
program releases captives on islands or in areas known to
be devoid of covotes and hybrids.

Releasing animals into a saturated stable natural popu-
lation is known to cause social disruption and stress (Brewer



the Necessary Conditons Exise?

NLLISMAN 299

Casee 2201 Deasion Making Concerming the Reintroduction or Lion Tamarins (Leontopmithecus): Do

Leontopithecus

rosalia chrvsomelas chrvsopygus
I. The reasons tor the reduction in spectes
numoers have been einminared (e.g., huntung,
detorestation, commerce) ; No No
2. Sutticient habitat is protected and secure Yes? No Yes
3. Available habiar exists wirh low densities
ot or without native ammals Yes Yes? ?
4. Itis certain char che release ot amimals will
not jeopardize the existinge witd population No No No

5. Suthcient intormation exists about the spe-
cies’ biology in the wild to evaluate whether
the program is a success

6. Conservatnon education exists

7. The population in captivity 1s secure, well
managed. and has surplus animals

8. Knowiedge ot the techniques of reintroduc-
fon exists

9. Resources tor postrelease monitoring are
avaulable

1(). There 1s a need to auement the size/genernic
diversity ot the wild population

IS REINTRODUCTION RECOMMENDED?

“ o
b -

w
P SN V)

Yes No No
3 ) )
Yes No No
Yes No Yes?
YES NO NO

Source: Based on material provided by C. and S. Padua, A. Rvlands, C. Alves, J. and L. A. Dietz,
J. Bailou. F. Simon, B. Beck, and |. Mallinson at the Leontopithecns Management Workshop, Belo

Horizonte, Brazil. June 19-23, 1990.
Note: Scale: 5, best: U, worst.

Q. 1978; Carter 1981; Aveling and Mitchell 1982; McGrew

198 3. Borner 1985 Harcourt. in press). For newly released

amimals (as singletons or groups) unacquainred with an
arca and withour established home ranges or territories, a
controntation with adapted wild ammals in natural social
groups mav result, at best. in tlight and dispersal to a mar-
ginal habwrat. At worse, the natve ammals may attack and
sertously wound or kifl the newcomers tHarcourt, in press:
MceGrew 19830, There are several documented cases in
which voung chimpanzees, Por trovlodvees, have been at-
tacked atrer release into the territory of an established group
(Brewer 1978 Carter 1981: Borner 19835).

Capruives may also be unacquainted with the enquette ot
social interactions in natural habicats, and mav overreact
upon meenng a wild conspecthc. For example, groups of
wild golden lion tamarnns regularly interact at territorial
boundaries. Although the interactions have aggressive com-
ponents, thev rarely result i injuries (Peres 1986: pers.
obs.). However, groups ot newly refeased caprive-born ta-
marins were very aggressive toward cach other during their
hrst conspecific encounters, resulting, in the thight and loss ot
some individuals (D. G, Kletman, [. M. Dietz, and B. B.
Beck, unpub.).

Decision Making: A Concrete Example
This seetion (see also Kleiman 1990 provides a concrete ex-
ample of how to decide whether the appropriate conditions
exist to recommend (or argue agamst) reintroductions of
capuve-born amimals or transiocations of wild individuals
Or groups.

The lion tamarins (genus L.contopithecus) derive from

the Atlantic Coastal rainforests of Brazil. All species are en-
dangered. mainly due to habitat destruction and alteration.
There are captive populations of three species, each at dif-
ferent levels of development.

Table 29.1 lists ten conditions that should be met in or-
der to recommend a reintroduction/transiocation program.
Additionally, it evaluates the position of the three lion tama-
rin forms with respect to each condition. Finally, a general
recommendation 1s presented concerming whether a pro-
cram of remntroduction 1s warranted for cach ot the three
forms (this matertal was prepared in 1990),

The major reason for the decline ot the lion tamarins has
been deforestation. There has also been a thriving com-
merce in these torms because they are favored as pets. The
reasons for the decline ot L. chrvsopygus and L. chrvsome-
Iis have not been eliminated. thus dictating against a rein-
troduction at this time. It is questionable whether or not the
reasons for the decline of L. rosalia are now tully under
control.

There 15 likely sufficient protected habirar available for
I.. chrysopvgus, but not for L. chrysomelas. Protected habi-
tat exists for L. rosalia, although in insuthcient quantnes
for its future survival. S

To prevent social disruption and discase transmission, it
is preferable to use areas that have small or no populations
of wild tamarins. This condition exists for L. rosalia, and
probably for L. chrvsomelas. There are many ;1\'ailable con-
fiscated L. chrvsomelas that cannot be absorbed easily into
the caprive population; reintroduction may be a viable op-
tion for this small subser of wild-born animals. The situ-
ation for L. chrysopygus is unknown at this time.



300 REINTRODUCTION PROGRAMS

Reintroductions should be encouraged onty when there
1s some certainty that the release of animais from other re-
gtons (both capuve and wild-born) will not jeopardize the
existing native population through transmission of disease
or social disruption. We do not have this confidence for the
three torms of lion tamarins ar this time due to our limited
knowledge of their biology and status.

The evaluation of the success of a reintroduction can be
accomplished onlv by long-term monitoring and must be
based on a thorough knowtedge of a species’ biology, distri-
bution, and ecological requirements. On a scale of 1-5,
with 5 being the best-case scenario, [ suggest that there is
sufficient information available for L. rosalia, and torally
insutficient information available for L. chrysomelas, with
L. chrysopygus somewhere in between.

A conservarion education program in conjunction with a
reintroduction can ateract and inform the local populace
and may well result in grearer community supporr for the
effort. Both L. rosaliaand L. chrysopygus conservation pro-
grams have strong educational components. The education
program for L. chrysomelas is developing.

A prerequisite to the remntroduction of animals currently
in capuvity (whether captive or wild-born) is a secure, well-
managed captive population with a long-term Masterplan
and available surplus amimals. This condition is met in L.
rosalia, but not yet in L. chrysomelas and L. chrysopygus.

We have much still to learn about the methodologies of
preparation, adaptation, and release of lion tamarins. With
so many unanswered questions about the techniques that
will ensure success—for example, for the injection of single
animals into established reproductive groups—I suggest that
we still consider reintroduction an experimental approach.

Access to the resources necessary to monitor the activi-
ties and survivorship of released animals is essential for a
reintroduction effort, especially since we have not vet per-
fected our preparatton and release techniques. The conser-
vation programs for L. chrvsomelas and L. chrysopygus are
not vet sutficiently developed. with respect to financial sup-
port and the necessary intrastructure, to warrant a reintro-
duction effort. The L. rosalia program has a well-developed
intrastructure and considerable resources to monitor the
activities of released animals.

One major purpose of a reintroduction program is to
augment the numbers or genetic diversity of a population.
[.. rosalia currently needs such augmentation, while the
situation for L. chrysomelas and L. chrysopygusis not clear
at this time.

Weighing the degree to which the necessary conditions
are met tor each species suggests that while reintroduction
efforts may be appropriate tor L. rosalia, they are not vet
appropriate tor L. chrysomelas or L. chrysopyvgus.

HOW DO YOU START?

Negouiarions

Most reintroductions start with individual interests but ul-
timately involve mulrtiple organizations, both governmental
and nongovernmental, local, national, and multinational.
The frst step is to obtain the support and involvement of

the appropriate governmental agencies. especially those that
provide permits tor the movements of threatened and en-
dangered species. Collaboration should also be sought from
the staffs of zoos, local universities, and conservation orga-
nizations in as well as outside the host country.

Continued success depends upon having the program
eventually involve local people rather than outsiders, re-
gardless of its location. There should be obvious benehts to
the community, or support will be half-hearted or nonexis-
tent. An abstract benefit, such as saving a species from ex-
tinction, is often not a compelling argument to a govern-
ment official without resources who is under pressure from
starving landless peasants. Economic benehits are obviously
a strong incentive for cooperation. In Oman, local tribes are
employed in the monitoring program for the Arabian oryx
(Stanley Price 1986, 1989). Educational benefits (e.g., pro-
viding advanced training abroad) and the transfer of tech-
nology are additionat inducements that also accelerate the
transfer of the management of the program into local hands.

There must be a signed document containing the aims
and objectives of the program as well as the criteria for its
success. The signed agreement should also state the expec-
tations, responsibilities, and degree ot authority of each
party, preferably with a preliminary schedule of work. Ar
the outser, the responsibility for decision making at each
stage of the process must be made clear, and a set of guide-
lines for making decisions should be provided. For example,
animals may die or be born after the candidates for rein-
rroduction are chosen, but before release. The authority for
changing the list of release candidares in these circumstances
must remain with a single person. Similarty, only one person
should decide whether to “‘rescue” an animal that is doing
poorly after the release. Another issue that must be included
in the formal agreement is the ownership of the specimens
(will they continue to be owned by the provider or be trans-
ferred to the receiver?).

Financial Support
A reintroduction program requires the long-term commut-
ment of many individuals, including protessionals living in
the field for extended periods. Substantial funding is conse-
quently required for (1) salaries; (2) field headquarters and
subsistence; (3) vehicle(s), including fuel and maintenance
for transport in the area of the reintroduction; (4) animal
caging and shipping costs; (5) cquipment and supplies tor
monitoring the released animals, such as binoculars, radio-
telemetry equipment (receivers, antennas, and transmitters),
materials for marking animals, and traps tor capturing ani-
mals: (6) travel for the principals: and (7) long-distance
communication. Kleiman et al. (1991) provide examples of
costs for the Golden Lion Tamarin Conservation Program,
which includes a reintroduction component. Expenses
mount considerably when the project involves addirional
components, such as a conservation education effort, habi-
tat protection, prerelease preparation and training of ani-
mals, and extensive field studies of the status and behavioral
ccology of the free-ranging wild population.
Reintroduction programs for large mammals thar nor-
mally range over grear distances may be prohibitively ex-



pensive, sinee keepng track ot the released animals may re-
quire the use ot aircrate tor radiotelemerry (Stanley Price
1986, 19891, Cost alone can prevent rentroduction pro-
grams trom being used for the preservation ot most species
tBrambell 1977). Wildlife protection, habitat preservation.
and conservation education mav be more cost-etfective con-
servation measures than reintroduction (Borner 1985),

Field Studies and Site Selection

Initial feld surveys will clarity the status of the population
in the wild and the availability ot surtable habitat to support
the reintroduced animals and their descendants. Releases
should cease as the carrving capacity of the habitar is
reached, as may soon be the case tor the orangutan, Pongo
pygmaeus, in Malaysia and Indonesia (Aveling and Mitchell
1982), where rehabilitation centers tor wild-born orphans
have been operating for manv vears.

A suitable release site should be compietely protected
and accessible and should have a smail (or no) resident
population of the target species. unless the goal of the remn-
rroducnion 1s to increase genetic diversity within an insular
population. Planners should know whether the reserve area
can sustain a geneucally viable population in the turure, and
ot what size. Field surveys may be time-consuming and com-
plex, especially if little is known of the behavioral ecology
and habirtat preferences of the species. Bur ficld surveys are
crucial since they may idenrity the causes of a species’ de-
cline in the wild and provide information necessary to elimi-
nate the threarts. If preliminary held studies indicate that
there 1s insufficient suitable habitat or continued major
threats to the species, planners must be prepared to aban-
don the proposed remtroduction unless they can show that
the benehts of proceeding outweigh the costs.

Regular status survevs also allow for evaluaton of the
potential etfects of the remntroduction on the native popula-
non. Similarly, intormation concerming behavioral ecology
allows tor the immediate evaluanon of habitar suieabiliey
and the evenrual comparnison ot released and swild animals.,
These comparisons are absolurely critical for the continued
evolution ot remtroduction methodology and procedures.

Choosing Animals

The choice of specimens tor release derives from the proj-
eet’s objectives. For example, it the intent 15 to release only
a small quantity ot “genetic material™ into an inbred popu-
lanion, then the only selection ¢riterton might be an indi-
vidual amimal’s genetc backeround. However. since most
retntroductions aim to bholster the wild populaton’s num-
bers sigmificantly, the choice of animals is usuatly much
more complicated. Biologists musrt also ensure thar none of
the selection criteria will neganvely affect the genetc or
demographic composition ot the capuve population.

The genetic characteristics of the candidates tor reintro-
duction should be as close as possible to those of the original
wild inhabitants of the region so that generic adaprations to
particular ecological characteristics of the area will be pres-
ent in the released amimals (Brambell 1977). For example,
Stromberg and Bovee (1986) criticize the release of switt
toxes, Viulpes velox, trom Colorado stock in Canada be-
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<ause thev believe that hvbnidizanion between the northern
and southern populations will swamp the remaimning fragile
population of northern toxes and that the Colorado toxes
will be unable to survive the cold winters ot the north. Her-
rero, Schroeder, and Scote-Brown (1986) provide a convine-
ing rejornder and review the bases tor their decision.,

Biologists must determine the age and sex classes most
appropriate tor remntroducnion. as well as the size and com-
position of groups to be remntroduced. Previous studies ot
the mating system. social orgamzaton, and the spartial rela-
tionships of individuals will provide guidelines tor making
these decisions. For example, based on such information,
the groups of Jamaican hutias. Geocapromys brownii,
rolden lion tamarins, and Arabian orvx chosen for reintro-
duction were stable and cohesive: the hutias and tamarins
were 1n monogamous tamilies and the oryx in polygynous
herds (Oliver 1985: Kletman ct al. 1986: Stanley Price
1986). Red woives have been released as mated pairs (U.S.
Fish and Wildhfe Service 1986; Point Dehance Zoo and
Aquarium 1988), and European otters, Lutra lutra, as trios
of a single male and two temales (Jeffries et al. 1985). Ex-
cept tor the otters. these were all remntroductons conducted
in locations devoid of the species.

In saturated areas a different strategy ts necessary. For
example, gorilla, Gorilla goriia, ccology and social behav-
ior suggests that adult males or adult females with young
are not good choices for release due to the likelihood of
aggression from established groups; adolescent and adult
females are probably the best candidates (Harcourt, in
press). Early experiences with chimpanzee reintroductions
suggested that cohesive groups should be released in already
populated areas (Borner 1985). Finally, in some cases it
might be best to reintroduce captive-born ammals in the
company of one or more wild-born individuals, rather than
in a group composed onlv of capnives.

Other decisions include the choice of scason tor the re-
lease. the distance berween release sites, and the uming of
the releasers)—rthat s, whether all releases will occur simul-
tancously or at predetermined intervals. The season chosen
for releasets) should not be one in which ¢rincal resources
are unavailable. Timing of releases depends in part on social
organization if the animals will uluimarely be occupying rer-
ritories adjacent to each other.

The choice of animals and groups for reintroduction is a
complex process that may require alternative strategies and
considerable experimentation. Ultimately, the aim is the
combination of animals thar will survive best with the least
preparation and cost, since 3 major criterton ff)r SUCCess 1S
a viable. free-ranging, self-sustaining populanon. The re-
search and development phases of a reintroduction program
mav be very costiv.

Cooperating Institutions ‘

If only a single institution s holding the captive animals
scheduled for reintroduction, then animals need only be
moved berween that institution, a halfway house quarantine
facility (if necessarv), and the release site. If several zoos are
holdirﬁ: animals to be reintroduced, then coordination is
more E()mplicated. especially when substanual prerelease
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. “reparanion s planned. As the individuals consticuting the
€€ ttve populatton of an endangered species are otren dis-
uted widely to mintmuze extunction risks, coordination
will undoubtedly be complicated. In all cases, veterinary
screening and treatment prior to release is necessary and is
best done at a single institution for consistency.
Cooperating zoos must obtain health and import/export
permits and arrange transport well in advance of the ship-
ment 1tself. Insttutions ar the receving site must be fully
involved in the scheduling of shipments, especially if the re-
cewving agency needs to prepare tacilities or holding capes
tor prerelease acclimation.

Public Relations and Education
Public education and a broad base of public support are the
only long-term solutions to conservation problems in both
developing and developed countries. Since the local com-
munity otten contributes significantly to the decline of a spe-
cies through hunting or other activities that result in habitat
degradation, a strategy involving the local community as
collaborators rather than as obstacles to the program is the
most fikelv to achieve success. Carley (1981) and Dietz and
Nagagata ( 1 986) describe conservarion education programs
acting 1n conjunction with the experimental release of red
wolves 1n South Carolina and the reintroduction of the
golden lion tamarin in Brazil, respectively.

Conservationists need to be sensitive to the pressures af-
fecting the acuvities of local individuals, especially govern-

THE REINTRODUCTION

Preparation of Animals

We have very little experience in remntroducing captive
mammals into their native habitats. No general guidelines
exist tor preparing species from the various taxa tor rein-
troduction. However, there are at {east six major arcas of
behavior to consider in the development of any preparation
scheme. To survive, candidates for reintroduction must be
able to (1) avoid predators: (2) acquire and process tood;
13) interact socially with conspecifics: (4) Aind or construct
sheiters and nests; (5) locomote on complex terrain: and
(6) orient and navigate in a complex environment. Prepara-
tion also may involve acclimanization of release candidates
to the habitar and climatic conditions at the release site tor
some time prior to the reintroduction.

Species differences in the amount of prerelease condition-
ing required are likely to be significant. Herbivores may
need little training in food acquisition and processing, while
omnivores and carnivores may require extensive training.
Spectes that normally live in herds or are solitary in the wild
mav need less preparation in the rules ot socal etiquerte
than forms that live in groups with a complex social struc-
ture. Arboreal species mayv need more preparation in loco-
motion and orientation than terrestrial forms. Migratory
species or those with large home ranges may need to learn
how to navigate and develop routes through natural habi-
tats; territorial forms may need to learn how to define the

limits of their ranges. We do not know which of these behav-

iors are learned and thus require training, and which are

¢« Tent officials, so that the latter are not pur in impossible or
s impromising positions due to the activities of the reintro-

wWuction program. Although a successful conservation pro-
gram clearly requires considerable basic biological knowl-
edge, it demands public refations and political skills even
more. Harcourt {in press) suggests. and 1 strongly agree.
that the politics of reintroductions are as important as the
release methodology.

A good remtroduction program mvolves local collabor-
ators with a stake ines tuture success. In a developing coun-
trv, there should be a commuitment to train a tuture cadre ot
protessional biologists in zoo biology, reintroduction meth-
odology, wildlife biology, and conservaton (Kleiman et al.
1986). To this end. a percentage of the project’s total budget
should be allocated for student support (or other torms of
protessional training) (see Kleiman et al. 1991).

Habitat Protection and Management

The degradation of habirats v the chief cause of species
losses. A successtul retncroduction requires a secure site:
theretore an acrive program tor habitat protection must
exist. In some cases, habitat protection will derive trom
the activities of the reintroduction program (Aveling and
Mirchell 1982}, Additionally, reintroduction programs mav
need to become involved in aggressive management of land
and amimals or even the restoraton of destroved habitats.
This need for aggressive management derives from the is-
landlike quality ot so many reserve areas, whose ecological
balance is easily upset due to their small size. The manage-
ment and restoration of habitats in the Tropics are major

% ‘hallenges tor the future (Ehrlich and Ehrlich 1981).

genetically hard-wired. Examples of different approaches to
preparation {both recommended and tested) are given by
Kleiman et al. {1986); Beck et al. (1991); Beck et al. (in
press): Box (1991); Miller er al. (1990a, 1990b); Staniey
Price (1986, 1989); Oliver {1985); Oliver ct al. (1986);
Parker 11986); Harcourt tin press); Rijksen (1974} Scott-
Brown. Herrero, and Mamo (1986); and U.S. Fish and
Wildlite Service (1982).

To prepare golden hon tamarins to torage and teed, Beck
developed a teeding protocol that involved the gradual re-
placement of a single bowl of food with tood that was dis-
tributed in different locations and hidden 1n “*puzzie boxes,”
thereby torcing the amimals not only to search tor tood, but
to work to extractit. To improve locomotor ability and spa-
tial onentation, animals were exposed to exceedingly com-
plex three-dimensional environments that were regularly
dismantled and rebuilt. The overall survival rates of pre-
pared and unprepared tamarins did nort differ (Beck er al.
1991; Beck et al.. in press). Living for several months in
a free-ranging condition on the zoo grounds, however,
seemed to confer an advantage on tamarins after release,
especially with extensive post-release support through pro-
visioming and post-release training (Beck et al. 1991).

Red wolves have been preadapted to hunung by expos-
ing them first to carcasses and then to live prey betore rein-
troduction (U.S. Fish and Wildlife Service 1982). Miller
et al. 1 1990a. 1990b) conducted one of the very few experi-
ments to test the etfects of training protocols on the behav-
jor of captive animals with the ultimate aim of appiving the



techniques to the preparanion ot endangered black-footed
rets. Mustela migripes. tor ramntroductuon. They used
acendangered Sibersan polecars, Mustela cversmanmi, as
model species to examine the development ot predator
avoidance and prey locanion skills in naive captives. The
capuves in general spent more time 10 surtace acuvity than
m burrows when searching tor tood. They aiso showed little
evidence ot a capacury tor long-term memory of a negarive
experience with a potennal predator.

For many species. social preparation 1s of considerabie
tmportance. Castro et al. (in press) have noted that the
auditory communication skills of captive-born golden lion
ramarnns differ trom those ot wild tamarins, which could
aftect the ability of released captive-born individuals to in-
teract properly with wild conspecifics.

For great ape reintroductions (and introductions), the
major preparation has been social. in that candidares have
been housed with conspecifics prior to release (Wilson and
Elicker 1976; Pfeiffer and Koebner 1978) atter being housed
alone tor long periods. Great ape releases have also otten
involved providing animals with exposure to a natural en-
vironment while sull keeping them under human care. Han-
nah and McGrew (1991) summanrize grear ape rehabilita-
non projects, including some preparation rechniques.

Incorporating preparatuon techniques into the normal
z00 environment might result in more naturalistic and com-
plex habitats tor captive amimals. At the National Zoologi-
cal Park, tamarin groups scheduled for reintroduction are
now released on zoo grounds during the spring and summer
- nths. They are free-ranging for several months prior to

e 1ipment (Bromkowski, Beck, and Power 1989).

Beck (1991) points out that our attitudes toward animal
welfare may be an obstacle to providing an enriched envi-
ronment that would prepare captive-borns for survival in
the wild. Real preparanon would include exposure to food
shortages, parasites and discase. predators, dramanc tluc-
tuanons 1 ambient condinions, and dangerous objects. To
most keepers and vererinarians, such pracrices would simply
be unaceeptable.

Preparation has noteenerally been considered an essential
clement i most raintroduction programs, possibly because
the tramnmg technology s not ver avarlable. An alternanve
to prerefease traiming may be the paring ot caprive-born
ammals with experienced wild-caughe individuals prior to
release, with or without post-release rraiming.

Release and Monitoring

The reintroduction ot capuve-born anuuals o the wild sig-
nifies a change in the relatonship between the animals and
the amimal manager, even it cach specimen 1s outtitted with
arransmutter and followed for 24 hours cach dav. Caprive
anmimals are the total responsibility of their caretakers: their
diets, shelters, companions—indecd, most aspects ot their
environment—are controlled and conrrollable. Once the re-
lease oceurs, this control s lost. Projecr personnel must de-
cide whether and under what conditions to intervene it an
ammat begins ro fail. The decision depends upon many tac-
tors, such as the politcal situaton (can ammals be allowed

¢ die with evervone's full knowledge?): the value of the in-
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dividual animal to the project because ot its socal, expernt-
¢nual, or genetc background: the percerved reason tor the
ammal’s problem e.g., disease, predation, soctal contlice, hu-
man crror); and the availability ot capuve housing tor res-
cued individuals. It guidelines goverming the rescue ot rein-
rroduced animals are clearly spelled ourt betore the release,
project personnel can avord making a rushed decision in a
contused and possibly emotionally charged climate.

The long-term monitoring ot released ammals is a crucial
component of any reintroduction program. The zoos pro-
viding the animals for reintroduction have a special interest
in the results of monitoring since it 1s important tor them to
keep their constituencies informed about the progress of
individuals from their collections that have been reintro-
duced. Intensive monitoring can also tacilitate the collection
of carcasses for pathological study and thus clarify causes of
death of released animals. A monitoring program will indi-
cate how and when the behavioral repertoire of captive-
born animals becomes comparable to that of wild speci-
mens. All of this information can then be fed back into the
management of the captive populaton.

Most reintroduction programs have included the provi-
sion of essenttal resources such as tood, water, and shelter,
both to provide support for the animals and to control their
movements. Golden lion tamarins, Jamaican hutias, and
Arabian oryx were all released from enclosures with shel-
ters, with the hope that the amimals would remain in che
vicinity (Kleiman et al, 1986: Oliver ct al. 1986; Stanley
Price 1986, 1989). Sites where food and shelter are provided
can be used for trapping and examining the specimens.

When to eliminate support is a major decision. It is ex-
tremely important to challenge the animals, but is also
easier to control their movements it critical resources like
food are provided. Achieving a wild state may mean devel-
oping fear and avordance responses to humans, a condition
that most ammal managers find dithcult to promorte in their
“charges.” For cach ramrroduction, because of species dif-
ferences and differences in goals. there will be complex
decisions to be made for which there are no clear guidelines.
To what extent and for how long should tood supplemen-
tation continue® To whar extent and for how long should
humans be an important part of the lives of the released
specimens? How much intensive monitoring is necessary,
and how long should it continue? A common thread and a
common problem will be reducing the human-ammal con-
tacts and encouraging the amimals to avoid people, all while
the project personnel continue to monitor the animals.

Defining Success

There are no established criteria tor calling any given rein-
troduction a success. Griffith et al. (1989) evaluated those
variables that led to the success of intentional introductions
and reintroductions of natve birds and mammals (not all
endangered or threatened) to the wild in Australia, New
Zealand, Canada, and the United States (including Hawaii)
between 1973 and 1986. Greater success was associated
with releasing larger numbers of individuals; extending the
program duration; releasing animals into excellent habitat
and into the core of their historical range; using wild-caught
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individuals; releasing herbivores rather than omnivores or

critors. Stanlev Price (1989) discusses the characteristics

‘I_ wrmivores; and releasing animals into areas without com-
t

hat make animals the most reintroducible: large animals
living, 1n cohesive groups, explorer species, nocturnal spe-
ctes, and species rolerant of habitat change or extreme en-
vironmental variation.

Beck cr al. (1994) suggest that a reintroduction project
should be counted as successtul if the wild population
reaches 300 individuals that are free of provisioning or
other human support. or 1f a formal genetic/demographic
analvsis predicts that the population wiil be self-sustaining,.
By these stringent criteria, they tound that only t6 (11%)
ot 145 animal reintroductions were successful. However,
many of these projects are ongoing, and their success or fail-
ure cannot yet be evaluated. Also, a reintroduction attempt
can have indirect, longer-term conservation benefits, such as
increased public awareness, professional training, and en-
hanced habitat protection (Beck et al. 1994).

Beck ct al. (1994) noted that the successful programs (by
their definition ) were longer and released more animals than
the unsuccesstul programs (as did Gritfith et al. 1989). They
also provided local emplovment and had community edu-
cauon programs. Finally, the successtul projects used medi-
cal screening and post-release provisioning less than unsuc-
cessful projects, a counterintuitive result.

One issue requires clariication. All reintroduced animals
will eventually die, as will all captive animals. The success
or failure of a program should not be measured by the mor-
:ality of the original reintroduced cohort. More important

1s the number and generic variation of the surviving descen-

dants of the released ammals and the degree to which their

genetic material is integrated with that of the original wild
population.
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The Role of Conservation and Survival Centers
in Wildlife Conservation

CHRISTEN WEMMER, SCOTT DERRICKSON, AND LARRY COLLINS

Humans have invented institutions to sustain wildlife since
the beginning of urbanization and the decline of wilderness.
The menagerie and the hunting preserve were among the
oldest of these institutions, and the differences berween
them were substantial (Loisel 1912). While menageries ca-
tered to the amusement of the urban middle class, hunting
preserves reserved wildlife for the elite as a symbol of aris-
tocratic power and privilege. Menageries presented wild
animals to the common people in artificial containment,
whereas the hunting preserve protected wildlife in its
natural environment for the exclusive use of a privileged
few. National parks, biosphere reserves, wildlife refuges,
conservation centers, and a variety ot similar (nstitutions
have been developed more recendly (cf. McNeely and Miller
1984; Carr 1989; Bildstein and Brishin 1990; Boza 1993;
Curtin 1993). Despite their diversiey, their origins can all be
traced to human recreation in its various mdanitestations.,
Their principal differences lic in thetr means or support and
form ot management.

This chapter deals with the role of propagation centers in
the conservation of endangered wildlife. We use the adjec-
tive “propagation’ rather than “breeding™ to 1dentity those
centers whose management is motivated by the long-term
conservation of gene pools, as opposed to production tor
human consumption (i.e., ranching), in which retention of
wild traits is not a primarv concern. This concern retlects
the rapid changes taking place in zoo philosophy and objec-
tives as a result of the present global extincrion crisis. It is
fair to say that zoos are in the nudst of a significant refor-
mation, and that the driving torce behind this change is a
growing awareness of their potential contributions to con-
serving wildlife through active programs in endangered spe-
cles propagation, research, education, and traming (Conway
1986, 1988; Seal 1988; Rudran, Wemmer, and Singh 1990;
Wemmer, Pickett, and Teare 1990; Wemmer et al. 1993).

Zoos and reserves diffcr in many ways, but their raisons
d'étre are converging, and they are becoming more similar

in other ways. This convergence stems primarily from the
rapid and unceasing fragmentation of vast natural land-
scapes into an archipelago of small habitar islands whose
ccological systems must be increasingly maintained by hu-
man inputs. With limited possibilities for dispersal and emi-
gration, species inhabiting these islands exist in a situation
thar closely approximates that of their zoo counterparts:
they are capuves in a closed system that requires human in-
tervention for its continued survival. Zoos now attempt to
mimic the natural settings of the animals they keep (Hediger
1969; Hutchins, Hancocks, and Crockett 1984; Polakowski
1987), and wildlife in reserves must be managed attentively
to ensure their continued survival. However, these are con-
siderations of husbandry and management, and political
factors are often more compelling determinants ot institu-
tional characrer. Ultimately, the survival of wildlife depends
on the ability of responsible institutions to remain relevant
to society and endure n a rapidly changing world.

The conservation or survival center ts only one of many
types of institutions that preserve wildlife. In the tollowing
paragraphs we (1) compare conservation centers aad game
ranches; {2) discuss some of the immediate challenges of
managing wildlifc in conservation centers: and (3) discuss
the broader role of conservation centers in the context ot
mammal conservation.

THE SCOPE OF CONSERVATION CENTERS
AND GAME RANCHES

Interest in wildlife management and conservation has
brought abour a range of methods and insttutions for
preserving wild animai populations. Because conservation
centers and game ranches are superficially similar, it is par-
ticularly worthwhile to examine the characteristics and ob-
iccrives'of these institutions., and enumerate their similarities
and differences.
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3 onservaton or Survival Cenrters

e

; 1 mvennon ot the conservanon or survival center (we

use the rerms interchangeablv) took place v the carly
1970s. These centers differ trom traditional zoos i that
their primary tuncrion 15 the breeding ot rare and endan-
gered wildlife as opposed to public exhibition and educa-
non. Consequently, therr ammal collecuons normally en-
compass larger populations ot a smaller selection of species
than those i raditional zoos. Table 30.1 summanizes per-
nnent Inf()rmﬂ[l()n on C()nSCrVﬂn()n Ceneers. S()mC centers
specializes examples are the Institute tor Herpetological Re-
search in Stantord, Califormia, the Duke University Primate
Center in Durham, North Carolina, and the Duiker Re-
search and Breeding Center in Chipangali, Zimbabwe (Pin-
chin 1993). Breeding programs at conservarton centers ¢m-
phasize the preservation of genetic variability and
adaptations to the natwural conditions in which species
evolved. These programs tvpically incorporate specitic ge-
netic, demographic, and behavioral management protocois
in order to minumize artuficial selection and progressive do-
mesticarion (Foose and Ballou 1988: Frankhamet al. 1986).
Such programmanc objectives differ trom those ot most pri-
vate and commercial breeders ot wildlife, whose institutions
might be more appropnately called game ranches or breed-
ing tarms. Conservation centers can bridge the gap between
the historically aruficial environment of the urban zoo and
that of the natuonal park. Often. thev are closed to the pub-
lic, and research and training are normally fundamental

, omponents of their programs.
/ Animals In conservaton centers may be jointly owned

by several zoos, with the ownership of offspring determined
by legal documents known as breeding loan agreements
{see Block and Perkins. appendix 3, this volume). In other
instances. ownership mav reside solelv with the single tnsti-
tution responsible tor the species’ recovery and reestablish-
ment i the wild. All black-foored terrets, Mustela mgripes.,
tor example, are owned by the state of Wyoning,

Game Ranches

[n manv parts of the world. native or exornie wildlife 1s main-
tained on private lands tor commercial exploitation. Fol-
fowing Geist (1988), we use the term “game ranch™ to de-
note those commercial enterprises that gam supplemental
income through the sale ot breeding stock, meat and by-
products, and/or the sale of viewing or hunnng privileges
and assocrated accommodations. As currently practiced in
North America, New Zealand, and southern Atrica, pame
ranching encompasses a wide spectrum of enterprises, rang-
g trom simple culling operatons mvolving the harvesting,
ot wild animals (Geist 1983 to extremely large-scale op-
cranons involving mtensive husbandry and domestcanon
tHaigh and Hudson 1993). The rapid expansion of game
ranching 1 the past several decades is traceable to both aes-
thenic and financial consideranions. In North America, small
200s, private breeders, scasonal amusenient parks., rraveling
carnivals, the per rrade, and the public are all sigmificant
consumers or paving users ot wildlife produced and main-
tained by game ranches. Privare land ownership is the key

VENMMER O DLIRRICESON A COLLINS

307

to this industry, and n countries in which most ot the tand
is privatelv owned, game ranching can porenually provide
ceonomic mmeentves promotng both species and habirat
conservation (Luxmoore 1985). Uniortunatelv, however,
vame ranching can also have a number ot adverse effects
on conservation, such as the eliminanion ot predators and
other species, domesncation. hybridization, cxposure ot
wildlife to exornic diseases, habitat degradanon, develop-
ment of llegal markers in wildlife products, the social and
cconomic monopolization ot wildlife, and the privauzauon
of public lands (Luxmoore 1985; Geist 1985, 1988). Fur-
thermore, because commerce in selected native or exotic
species is the primary concern of game ranching, no serious
cffort 1s usually made to maintain the composition ot the
area’s original tlora and fauna unless the operation secures
its principal income from the public viewing of wildlife in
natural habitar.

CONSERVATION OR SURVIVAL CENTERS:
GOALS AND COMMITMENT

General Goals

Sustamned reproduction of wildlife 1s the primary objecuve
of most conservation centers. Biological research on wildlife
species in captivity and in the field is an equally important
goal that 1s also normally pursued. Ideally, a conservation
center should support multidimensional programs that pro-
mote the conservation of selected species through captive
propagation and research. A weil-rounded program might
include several of the following elements:

1. captive propagation with participation in cooperatively
organized programs
2. compilation of a detailed husbandry manual for the
species
3. collection ot blood or tssuc for reproducnive and genetic
research
4. documentation ot life history characteristics through re-
wearch and/or collaboratuve compilation ot data trom
mulrtiple insutunons
. investigations of reintroduction methods
_survevs ot species distribution and status in the wild
.implementation of education and traning programs in
the native range of the species

P3N

Though a conservation center may assume a leading role
by imitiating several such activities, a successful species-
oriented program will kindle the desire ot other zoological
organizations to participate. Conservanon ot endangered
wildlife is far more likely to succeed when it is conducted as
1 cooperative scientific program rather than as an indepen-
dent effort. no matter how well the activity 1s endowed.

Conservation centers should not focus all of their re-
sources on captive propagation of endangered species. Many
raxa will disappear hefore their biological characteristics
are known. and short-term investigations of little-known
or rare taxa can make significant contributions to ()ur‘bi()-
logical knowledge and understanding, as well as benehting
conservarion.



Tasre 30.1.

A Lisung ot Selected Conservanon Centers

Insutution/
address

Darte
estabhished

Status and
affillations

Annual
budger

No. of
employecs

Acres

Animal
collection

Speaialues

Bumberger Ranch
7714 Redburd Valley
San Antomio, T'X 78229

Bell Rancl

‘v Chicago Zoological Park
3300 Golf Rd.

Brookheld, 1. 60513

St. Catherme's Istand Survaval
Center

Re I, Box 207-Z

Midway, GA 31320

Cncinnatt Zoo Breeding Center
¢ Cincinnat Zoo

3400 Vine St

Cincinnan, O 45220

Conservation and Research Center

National Zoological Park
Rt. 522 South
Front Royal, VA 22630

Duke University Promate Center
3705 Erwin Road
Purham, NC 27765

Fossil Ron Wildlife Center:
Rt. 1, Box 210
Glen Rose, TX 76043

The Wilds
85 E. Gay 5t., Suite 603
Columbus, OH 43215

International Crane Foundation
E-11376 Shady Lane Road
Baraboo, W1 53913

Instuute for Herpetological
Research

P.O. Box 2227

Stanford, CA 94305

1969

1987

1974

1989

1968

1984

1984

1973

1973

Privately owned i . David Bamberger);
AAZPASSP parnapant ¢ sp.)

Owned by [ane Industrics; associated
with Chicago Zoologscal Park;
AAZPASSE parncipant (2 spp.)

Owned and managed by New York
Zoological Society; AAZPA-SSP
parocipant (i spp.)

Owned and managed by the
Cincnati Zoo; AAZPASSP
parocipant {3 spp.)

Owned and managed by the
Smithsonian Institution as a
department of the Nasonal Zoological
Park; AAZPA SSE partcipant

(12 spp.)

Owned and managed by Dake
Umiversity; AAZPA-SSP participant

(2 spp)

Owned by Jim Jackson and Christine
Jurzykowskiin couperanion with the
Fossit Rim Foundatnion; AAZPA-SSP
parncaipant {8 spp.)

Owned by the Internanonal Center for
the Preservanon ot Wild Amimals, Inc.,
a nonprofit corporation; AAZPA-SSP
particpant (2 spp.)

Owned by the ICEH, 2 nonprohe
corporanon; AAZPA-SSP parucipant
(5 spp.)

Owned by a nonproficresearch
orgamzaton; AAZPA-SSP paruaipant
(1sp.)

$30K

$6K

$400K

$40K

1M

$900K

$1IM

$450K

$1.2M

$30K

3

15

74

10

640

1,030

200

108

3,150

3,000

loy

Mammals: 1 sp. (88)

Mammals: 2 spp. (10)

Mammals: 13 spp. (144)
Birds: 19 spp. (154)
Repales: 2 spp. 164)

Mamumals: 3 spp. (31}

Birds: 4 spp. (19)

Mammuals: 19 spp. (494)
Birds: 22 spp. (547)

Mammals: 24 spp. (604)

Mammals: 33 spp. (872)

Birds: 4 spp. (33)

Mammals: 8 spp. (75)

Birds: 13 spp. (140)

Reprifes: 32 spp. (200)

Propagarion of endangered ungulates

Prapaganion of large ungulates; held
conservation research

Propaganion and rescarch on
endangered mammals, birds,
and repules

Ott-site breeding tacihiey tor zoa

Captive propagation and rescarch on
endangered species; conservaton
training of developug countny
natonals

Biological studies and capine
PTOPAEAnOn of Prosimian priuaies

Capove propagadon and rescanch on
mammals and birds; conservanon
educationin the developing world

Capune propagaton and rescarddi an
threarened and endangered speaies

Capuve propaganon and rescarch on
cranes; international rammg in
crane consenvation technigues,
wetland conservation, education
Capuve prapaganon of reptiles;
reprile hushandry and disease

research




C

The Lubee Foundation

18401 NW County Rd. #2131
Gainesville, FI 32609

Patuxent Wildlife Rescarch Center
[aurel, MD 20708

Lot Deprance Zoo Red Wolf
Faciluy

‘0 Point Dehance Zoo

5400 North Pearl St.
Tacoma, WA 98407

San Diegor Wild Anpal Park
15500 San Pasqual Valley Rd.
Escondido, CA 92027

Sedgrerck Cownty Loo off-sue
breeding facility

“o Sedgwick County Zoo

5335 Zoo Bivd.

Wichita, KS 67212

S)'[)l”(' \‘,IILII"'(' Research Center

“ Wyoming Dept. of Fish & Game
Box 3312 University Station
Laramie, WY §2071

Topeka Zoo off-site breeding
facility

%« Topeka Zoological Park

635 S.W. Gage Blvd.

Topeka, KS 66606-2066

Vogelpark Walsrode off-sute
breeding fucthity

Mallorca

Vogelpark Walsrode off-sute facility
Dominican Republic

White Ouk Plantation
726 Owens Road

Yulee, FL 32097

Wild Anonal Habitat+
6300 Kings Island Drive
Kings Island, OH 45034

1985

1936

1973

1972

1976

1987

1985

1981

1975

1972

A private nonpront toandation;
AAZPASSE paruaipant (5 spp.)

Owaned and managed by the LS. Fish
and Wildlite Service: notan AAZPA-
SSP partiapant

Orwoned and managed by the Ponu
Dehance Zooin cooperacon with

the VLS. Faoshand Waldbte Serviee;
AAZPASSE parnapant (1 spy

Owned by airy and managed by
Zoological Society of San Dhicgo;
AAZPASSE parncipant (24 spp.)

Owned and manaped by the Sedgwack
County Zoological Soaiety; AAZPA-
SSP parnicipant il sp.)

Owned and managed by the Wyonung
Dept. of Fish and Game; AAZPA-SSP
particpant (1 spo

Owned and managed by the Topeka
Zoological Park; AAZPA-SSP
parncipant (1 sp.)

Owned and managed by the
Vogelpark Walsrode; AAZPA-SSP
participant (4 spp)

Owned and managed by the
\’ngdp.lrk Wabsrode; AAZPA-SSP
participant (7 sppo)

Owned by the Giliman Paper
Company; AAZPASSE parnicipant
(13 spp.)

Owned by Amcncan bmancal
Corporation; AXNZPASSP parncipant
(9 spp-}

C

$200K

$2M

$175K

$21.8M

$70K

$100K

$1.3M"

$560K

$31K

$850K

$900K

9]
-

[
i

Mammalbs: 32 5pp. (313)
Birds: 11 spp. {44)

Birds: 13 spp. (2,188)

Mammals: | spp. (60)

Mammuals: 127 spp.
{1,644)

Birds: 293 spp. (1,528)
Repnles: 3 spp. (3)
Mammals: 8 spp. (46)
Birds: 10 spp. (40

Mammals: 11 spp. (314)
Amphibs: 1 5p. (16)

Mammuals: 1 sp. (9)

Birds: 350 spp. (2,000)

Birds: 10 spp. (60)

Mammals: 25 spp. (350}
Birds: 32 spp. (220)
Reptides: 1sp. (8)
Mammals: 26 spp. (313)
Birds: 8 spp. (47)

Endangered speaies propagation and
research t(mammals and birds)

Captine propagaton and research on
selected North Amenican mammals
and birds

Captive propagaton and rescarch on

red w alves

Captive propagation ot buds and
ungulates

Oft-site breedig taaily tar zoo

Rescarch on diseases ot North
Amencan ungulates; capuve
propagation ot black-fooeed teriees

Captive propagation ot the Asiui
wild horse

Holding and breeding tacihiy tor the
bird park at Walsrode

Breedimg tacthty tor endangered
South Amenican and Canbbean
parrots

Rescarch and propagation ot
sclected endangered species

Capuve propagation/reproductive
research. Educational tours, Wildlite
Discovery Days

'Facility open to the public.
*Not separate from zoo budget.
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" =nge of Conservation Activitics

; rectes Sclection. The selection of species at anv single
ervanon center s guided by several criteria, but the de-
gree ot endangerment 1s normally a primary consideration.
William Conway (1974) has cogently addressed this factor;
“Only one systematic method of selecting spectes . . . has
received general attennion. It is called “triage,” a strategy
adopred by World War | French surgeons for dealing with
more casualnes than thev could handle. Doctors divided
wounded soldiers into three groups: those who could prob-
ably recover without immediate attencion, those who would
probably die even with attention, and those where surgical
treatment seemed likely to make the difference between life
and death.” Ideally, conservation centers should focus their
resources primarily on species that require captive breeding,.
Because species conservation is best served through meth-
ods associated with habitat, community, and ecosystem
preservation, the highest priority should always be given to
breeding programs that are closely integrated with in situ
management and recovery efforts.

The potennal for cooperation with other institutions is
also a critical consideration in species selection. Formally
coordinated propagation programs involving several insti-
tutions have the advantage of reducing risks of loss from
eptdemics and accidents and of maximizing available facili-
ties and involved personnel (Neesham 1990).

The opportunity for research is also an important factor
in species selection. In some instances, nonendangered spe-

progress in breeding endangered spectes can be achieved
only through acuve cooperanon and collaboranon with
other zoological institutions.

While the breeding of exonc wildlife in capuvity in trself is
often mistakenly equated with conservanion, efforts to breed
wildlife independently ot established cooperanive programs
do not usually contribute to the growing body of knowledge
on which conservatuon practice is based. Today, successtul
captive propagation means gene pool preservaton, which
requires a combination of behavioral, genetc, and demo-
graphic management techniques (Conway 1980; Foose
1987; Kleiman 1980). Parucipation in cooperative pro-
grams should include membership 1n regional and national
zoo associations and participation in their cooperative
breeding programs. The Species Survival Plan (SSP) in
North America and the Europaisches Erhaltungszucht Pro-
gramm (EEP) in Europe are examples of such programs.
Several important publications have set torth the principles
and assumptions guiding these national and international
efforts (Baker and George 1988; Bennett 1990; Foose 1989;
Foose and Ballou 1988; [UCN 1987; Nogge 1989).

Research and Training. Conservation centers otten have
the potential to contribute to conservation in ways other than
captive propagation. In many cases. their locatnon and size
and the absence of large-scale public visitation release them
from the programmatic constraints of urban zoos. Conser-
vatton centers situated in rural setrings can also devote some
of their resources to research investigations both in the cap-

tive serting and in the field. Facilities that divide their re-

sources among scientific research on the biology of endan-

; s can be used as surrogates in investigations of pertinent
ﬁi :cts of behavior or biology that can be directly applied

W’ closely related endangered spectes. For example, at the
Conservation and Research Center, the Siberian polecar,
Mustela eversmannui, was used as a surrogate to investigate
methods of maximizing the survival of caprive-bred black-
footed ferrets, M. mgripes, reintroduced into the wild (Mil-
ler et al. 1990a, 1990b).

Finally, the avadability ot adequate supporrt facilities for
and expernse with specific taxa 1s also an important selec-
tion criterion. No ammals should be acquired unless proper
housing and management can bhe provided by staff expen-
enced 1n the handling and care of related raxa.

Captive Propagation. Captive propagation programs,
whether in zoos or conservation centers, must inciude three
clements to achieve their conservation objectives. First, the
basic reproductive information that results from caprive
propagation should be maintained in the institution's record
system and should also be made available to the zoological
community through regstration with the International Spe-
ctes Inventory Svstem (ISIS) (Flesness and Mace 1988: Seal
1988; see also Shoemaker and Flesness, appendix 4. this
volume). Second, cvery institution with long-term experi-
ence 1n breeding a spectes in capuvity has an obligation to
provide its results to the zoological community through
publicacion in professional journals. Progress cannot be
achieved in the absence of communication, and the pre-
ferred medium for conveying new findings on hushandry,
reproductive biology, and behavior 15 publication m ref-
reed journals. Third, few propagation centers have the
ources to single-handedly address the genetic and de-
ographic requirements of captive populations; significant

gered specties, reintroductions,and training are perhaps most
justified in being called *“*conservation or survival centers.”
All of these activities are vital to the accumulation and dis-
semination of the knowledge necessary for the long-term
conservation and management of endangered species.

Manv aspects of life history can be learned more quickly
and economically in the captive setting than in the wild. Re-
productive characteristics such as age of sexual maruney, re-
productive hife span. litter size, gestation perniod, and wean-
ing age are easily acquired from breeding populatons in
captvity. Knowledge of these variables 1s sull lacking or -
complete for many mammals. Aside from its inherent sci-
entific value, such information remains essennal for under-
standing population dynamics and ccology m the wild as
well as for long-term management in capnvity. Through
routine record keeping, such information accumulates over
time for any species bred in captivity. However, painstaking
verification is required to ascertain the influence of captive
management regimes on the resulting values. The existence
of postpartum estrus, for example, will not be dctcctcd if
males are separated from parturient females until weaning.
Likewise, interbirth intervalin caprivity cannort be accurately
determined unless 1t is known that males were available to
females at all times during their periods of reproductive cy-
cling. In the conservation center, or the rare large zoo ca-
pable of housing a number of breeding groups. data on life
historv parameters can be accumulated over a relatively
short time, and under controlled conditions.

Manv kinds of research cannot be easily conducted in a
traditional zoo due to constraints imposed by sample size,



. adiey requirements, and public access. Virtuallv all exper:-
é ntal studies demand 1solation trom the normal distur-

nces ot public nsttutions, Behavioral, phvsiological. and
nutritional research generallv requires large sample sizes and
standardized conditions and 1s best conducted where the in-
Huence of extrancous factors can be minimized or selectively
controlled. Investigations of mammalian lactation, tor ex-
ample, which require weekly milk collections, demand non-
stressful conditions tor the maintenance ot the mother-oft-
spring relationship, and weekly handling of the animals must
be carried out under predictabie circumstances with minimal
disturbance (Sadleir 1980). Noninvasive urinarv and fecal
sampling techniques tor monitoring reproductive hormones
are an alternative to traditional biomedical methods, which
require physical or chemical restraint tor blood sampling
{Montorcet al. 1990: Montort, Schwartz, and Wasser 1993:
Wasser, Risler, and Steiner 1988). Long-term endocrine
monitoring can now be carried out without animal handling.
As previously mentioned. nonendangered surrogate species
can otten plav an important role in comparative studies and
technique development. The surrogate scudies by Miller et al.
{19904, 1990b) on Siberan polecars clearly demonstrate
how conservation centers can atford tacilities and space tor
experimental work that most zoos cannot.

Large animal collections and a core research statf are
invaluable resources for research and tramming, and con-
servation centers should encourage utlizaton ot these re-
sources by establishing close collaboratve relationships

. vith researchers and with educational and zoological insti-

k. 1nons. At the Conservation and Research Center, mammal

W eepers from other zoos and a host ot students and profes-
stonals from zoos and universities have used the collection
tor collaborauve training, education, and/or research pur-
poses. Additionally, the Center's seatf has developed traming
courses in zoo biology/capuive management and in wildlife
conservation/apphied ccology, These courses are umed at
students and protessionals from developing nanons, are
conducted abroad as well as at the Center. and imcorporate
professionals trom other zoos, muscums, and universities as
msteuctors (Rudran, Wemmer, and Sigh 1990 Wemmer,
Pickerr, and Teare 1990: Wemmer eral, 19933,

DEALING WITH INTERACTIONS BETWEEN
NATIVE WILDLIFE AND EXOTICS

Interacnions between indigenous and exotic species at rural
breeding centers present two potennal problems: (1) the di-
rect predation on or harassment of exotic animals by native
wildlite or domestic species, and (21 the transmuteal ot par-
asites or disease organisms tfrom digenous to exotic spe-
cies. These are also problems i the urban zoo, but the mag-
mrude of the problem 1s often ureater in a rural setung
where amimals are maintamed under more natural, free-
ranging conditions.

Predator Problems

Large mammalian predators, such as bobceats, Lynx rufus,
; covotes, Canis latrans, and dogs, C. fanuliars, can be ex-
i :; cluded from pastures and other enclosures by utilizing a

» combinanon of fencing, overhangs, and “hot wires™ or elec-
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tric tencing (see Colling 19820 1559, One or the worst pre-
danion threars taced by rural breeding centers s that posed
by dogs. Both domeste and teral dogs will torm packs that
can become deadlv and etheient killing machines. Ungulate
pastures and barns, as well as primate. carnivore, and small
mammal facilinies. must be rendered dog-proot. The elimi-
nation of resident dog packs should be accomplished with
the cooperation and assistance ot the focal ammal control
warden.

Smaller mammalhan predators such as toxes, Vulpes
spp., raccoons, rocvon lotor, mink, Mustela vison, and
cats. Felis catus. can be controlled using the devices men-
tioned above, but it may become necessary to protect small
species from climbing predators by covering the tops ot their
¢nclosures with wire mesh. The same may hold true tor pro-
tecting small mammals and the ottspring of ungulates from
avian predators. The possibility also exists of losing small
mammals to snakes such as the black rat snake. Elaphe ob-
soleta. Predation by pythons (Pvthonimae) and boa constric-
tors (Boinae) is not an uncommon problem tor zoos in the
Old and New World Tropics. This potential problem should
be considered when sclecting mesh size tor outdoor enclo-
sures ot vulnerable species.

Diseases and Parasites

The direct or indirect transmission of diseases and parasites
from indigenous or domestic species to exotes (and vice
versa) can be a verv serious problem. Rabies, tuberculosis,
distemper, and a host of other diseases and parasites vec-
tored by both wild and domestic species are a constant
threat to exotic species.

A varnety of lethal internal and external parasites can be
transmitted to exotics from indigenous or domesrtic species.
The meningeal worm, Parelaphostrongylus tenas (Nema-
roda: Metastrongvhidae), 1s a widespread parasite ot white-
tailed deer. Odocodeus virgintanus, and other cervids in
North America tAnderson 19631, The adult nematodes in-
habit the central neevous svstems ot deer. Larvae are passed
i deer feces and subsequently infect certain species of ter-
restrial slugs and snails, undergoing obligarory developmen-
tal stages within these molluscan secondary hosts (Lankester
and Anderson 1968). Deer become infected by acaidentally
ingesting infected mollusks as they graze (Plate 1978). While
this parasite causes little overt damage to white-tatled deer,
manv other natve and exotic ungulates have been lost to
lnen{ngenl worm infections, including moose, Alces alces,
elk, Cervus elaphus, and caribou. Rangiter tarandus (Grif-
fiths 1978), and sable antelope, Hippotragus miger, scimitar-
horned orvs, Orvx dammab, and bongos, Tragelaphus
curveeros. The proximity of free-ranging, intected white-
railed deer to exotc ungulate pastures appears to be a major
factor in the transmission of P teras. Mollusks that become
intected in areas adjacent to fenced pastures can migrate into
exortic hoofstock enclosures and be ingested inadvertently
(Rowlev et al. 1986). Where possible, perimeter tencing and
other means of control should be used to maintain as great
a distance as is feasible between exotic species and native
wildlife or domestic animals, since it is often more practical
to control the primary host via fencing and other means than
to try to control the secondary host or disease vector.
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All amimals should undergo a strict quaranune period.,

G hich should include a complete health examimnation and

reatment t needed, betore entering the collection. Subse-
quent management practices for controlling parasites and
diseases should include a thorough prevention program that
mtegrares periodic physical and fecal examtnations, diag-
nostic testing, prophylactic administraton of parasiticides
(Isaza, Courtney, and Kollias 1990}, and vaccination (where
possible). All mortalities should be caretully documented,
and necropsy results should be reviewed on a regular basis
by the curators, veterinarians, and pathologists. The long-
term preservation of tissue samples should be employed as
an integrai part of the overall animal management program,
as retrospective analyses could be important in detecting
and analyzing causes of mortality.

Husbandry practices naturally affect the ease of control-
ling parasites. Ungulates that range in large enclosures un-
der seminatural conditions present special difficulties in as-
sessing parasitic infection because collecting fecal samples
from known animals is time-consuming and individual
dosages of vermicide are difficult to administer. *“Barn-
traiming” of ungulates entails considerable effort, especially
in large enclosures, but its advantages often make it worth
the effort. If animals are trained to feed in individual stalls,
fecal collection, administration of medicines, close-hand ex-
amination, and capture for treatment or observation can be
easily managed.

MAJOR CHALLENGES TO CONSERVATION

,CENTERS

Conservation centers have arisen to augment captive breed-
ing of endangered species on the scale practiced by tradi-
nonal zoos. The ininal motivation for establishing conser-
vation centers was to escape the tvpical collection limitation
of maintawing only a few individuals of each species. In the
following section we examine some of the factors that limit
propagation programs.

Institutional Coordination

Even large survival centers can do little to preserve species
by themselves because of size and cconomic limitations. Of
course, there have been notable exceptions. The Duke of
Bedford 1s the best-known example of an individual whose
nstitunion single-handedly saved a species—the Pére David's
deer, Elaphurus davidianus —trom the brink of extinction.
But most institutions lack the means for such institutional
heroism, and it was this realization that led to efforts by
200s to coordinate their individual propagation programs
for parucular species.

Cooperation and scientific management of endangered
species of mammals did not progress significantly until the
beginning of the 1980s, when cooperative breeding pro-
grams. such as the North American $SP and European EEP
programs, were formalized. These programs aspire to man-
age captive populations scientifically so as to minimize loss
of genetic variability {see Ryder and Fleischer, chap. 25, and
Ballou and Foose, chap. 26, this volume). Parucipating zoos
are expected to abide by the recommendations of the species
coordinator and the management group, and thus the or-

wanizational objectives ot the program are expected to su-
persede the individual motives of member institutions. This
coordinanon s perhaps the greatest challenge to the long-
term success of anv cooperative program.

In view of this, what role can propagation tacilities play
to enhance the survival of endangered species? In fact, con-
servation centers have little to offer by themselves. William
Conwav (1986) has remarked that all the world’s zoos can
deal with but a fraction of the diversity ot threatened wild-
life. The existence of more survival centers will not improve
the odds greatly. The minimum viable size of the captive
population required to maintain any single species is large,
and is beyond the capacity of any single center. Like any
other zoo, survival centers must participate in collaboratve
long-range programs.

Economic Challenges

Survival centers that exclude the public do not generate gate
fees, and miss a significant source of income. Those that ca-
ter to public viewing require much larger budgets to accom-
modate the many requirements of visitors. At this tume, it is
fair to say that survival centers will almost always have to
depend upon large zoos for their support, or finance their
operations through gate fees and recreauonal services. The
pure survival center generally is not a particularly sausfying
expertence for the family seeking an entertaining weekend
at the zoo. Despite the ability ot a few large zoos to support
survival centers, species survival plans often require funds
far in excess of a zoo's normal operating budget. Untortu-
nately, donor contributions to captive breeding programs
are relatively uncommon, and recent changes in American
tax laws make philanthropy an even less likely source of
supplemental financial support in the future.

ZOOS AND SURVIVAL CENTERS: DIFFERENT
INSTITUTIONS, DIFFERENT PROBLEMS

The nature of an institution determines the nature of its
problems and challenges. Visiration by the public, ammal
management, and research are three interacting tactors that
differ between zoos and propagation centers.

Visitors

In traditional zoos, the visitor 1s a powerful determinant of
priorities and economics, as the human needs associated
with the educational and recreational expertence must be
catered to at all times (Hediger 1969). Food, toilets, human
convevance, resting stations, first aid, police, and intorma-
tion signage are all important concerns in a zoo that minis-
ters to the urban population. These services are estimated to
consume approximately 70% of the typical zoo's budg_et. In
a conservation center in a rural setting the exclusion of visi-
tors can greatly diminish costs. This is usuatly notan option,
however. because when the paying public is excluded, the
income of the conservation center is usually not sufficient to
pay land taxes, salaries, and the costs of maintaining tacili-
ties and animals. This fact explains why the largest number
of institutions in the United States holding exotic animals
are privately owned: the exotics are, in a sense, gratuitous
boarders. In Texas alone, numerous game ranches support



viable breeding populations of approximarely a dozen spe-
‘es, but the exotucs produce supplemental income.

The public that visits the tradiuonal zoo also atfects its
policy and pracrices. An amimal that hecomes a celebrity as
aresult of successtul media coverage can also evoke a public
hue and cry contrary to the best interests of a nanonallv man-
aged breeding program. Management decisions may be
viewed cither as unjustified and insensitive to the animal’s
needs by an uminformed zoo public, or as a violation of the
ammal’s “rnights” by a minority of well-intentioned citizens.
While some public reactions to zoo policy can be avoided by
thoughtful publicity and planning, it is not possible to avoid
crises completely. Managing well-intentioned but misguided
public reacton occupies a definite but unmeasurable per-
centage of zoo managers’ time. Such concerns are unlikely to
develop to the same extent at a facility closed to the public.

Animal Management

A second set of biological problems i1s a consequence of the
difference 1in the sizes of breeding groups maintained in
rraditional zoos and in conservation centers. It is generally
casier to manage, monitor reproduction and health in,
and treat problems in small groups ot animals. In survival
centers polygynous mammals are often managed in large
mixed-sex herds for convenience and economy. Rarely is it
possible, though, to monitor male parentage in large mulri-
male breeding herds, and this problem greatly limits the
value of the offspring in a propagation program managed
under genetic and demographic guidelines. The preferred,
but more costly and time-consuming, alternative is to main-
tain single males with small groups of females, which as-
sures the identity of the sire and mainrains higher levels of
genetic mixing. With this method a large, productive popu-
lation in a conservation center can have a far grearer effect
on the age and genetic composition of the cooperarively
managed population as a whole. By virtue of the larger
number ot animals and the chance of larger “errors.” con-
Servation centers require more mntensive p()pul.’.l[l()n man-
agement than urban zoos,

Research

Biological investuganion has become an important function
ot the modern zoo, but few zoos can atford to reserve special
collections of exotic amimals exclusively for research. In the
traditional zoo, liberties cannot be taken with exhibit design
purely for the sake of scientihic research, unless the benefts
to the ammals and the public are appreciable. Absence of
visitors and large numbers of animals are two important
advantages that propagation centers otfer to research. Re-
search is mcreasingly becoming an important tool for im-
proving the health, management, and productivity of wild
ammals in capuvity. Zoos can no longer afford to neglect
the scientific and conservanion value of their collections.

LESSONS FROM ZOODOM

Zoos are commonly regarded as unique institutions having,
little in common with national parks and other natural
arcas. The settings and philosophies are different, but the
needs for genctic and demographic management in natural
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areas are often not that different trom the requirements 1n
zoos (Neesham 1990). We have made the case elsewhere that
small populations ot vertebrates in 1solated reserves share a
number of management problems with populations in zoos
{Wemmer, Smuth, and Mishra 1987). In either setting, small
wild populations are subject to founder effects, geneuc drift,
and inbreeding, and manipulating wild amimals to counter-
act these effects is usually much more difficult than in the
z00. Imagine the skills and logistics necessary to capture a
prime breeding-age male tiger and transport it from one re-
serve to another. We now know that most tigers born into
Nepal's Chitwan tiger, Panthera tigris, population perish be-
fore maturity, and that genetic interchange between popu-
lations is practically impossible. Tigers coming of dispersal
age (18-24 months) usually die when they move into culu-
vated land and kill livestock or people (Smith 1984). In cap-
tive tiger populations, demography and gene Hlow are more
easily managed.

{t is fair to say that political factors can be greater ob-
stacles in zoos and reserves than the technical challenges of
manipulating individuals within a population. Given the
magnitude of the global crisis in biodiversity, however, our
conservation ctforts must promote cooperation and incor-
porate a diverse spectrum of acuvites, institutions, and
constituencies.

ACKNOWLEDGMENTS

We would like to thank Mary Allen, John Lucas, and Susan
Lumpkin for helpful editorial comments on an earlier draft;
Steve Monfort, John Behler, and Nate Flesness for informa-
tion: and Doug Myers, Jim Jackson, Randy Caligiuri, Bob
Reece, David Bamberger, Stefan Patzwahl, Hugh Quinn,
Tom Thorne. Roland Smith, George Gee, Richard Ross,
Claire Mirande. Elwyn Simons, Bill Conway, Steve Romo,
Tim Sullivan. and Mark Reed for providing summary
information on the conservation centers listed in table 30.1.
We are especially grateful to Laura Walker for her secre-
ranal assistance and panence.

REFERENCES

Anderson, R. C. 1963. The incidence, development. and expen-
mental transmission of Prewmostrongylus temas Dougherty
{Metastrongyloidea: Protostrongylidae) of the meninges of the
white-tatled deer (Qdocoieus virgmmanus borealis) in Ontano.
Can. . Zool. 41:775-91.

Baker. R. M.. and George, G. G. 1988, Species management
programmes in Australia and New Zealand. nt. Zoo Yrbk.
17:19-26.

Bennctr. P, M. 1990. Establishing breeding prozrammes for threat-
ened species between zoos. /. Zool. {Lond.) 220:513-15.

Bildstein, K. L.. and Brisbin, [ L. Jr. 1990. Lands for long term
research in conservation biology. Conserv. Biol. 4:301-

Boza. M. L. 1993. Conservanion 1n action: Past, present, md fu-
ture of the National Park System in Costa Rica. Conserv. Biol.
T:239-47.

Carr. A. 1989. Letter to the editor. Conserv. Biol. 3:332-33.

Collins. L. . 1982. Propagation and conservation centers. In Zoo-
logical park and aquarmm fundamentals, ed. K. Sausman, 141-
68. Wheeling, W.Va.: American Association of Zoological Parks
and Aquaniums.

Conwav, W. G. 1974. Animal management models and long-term



-

4

314 CONSERVATION AND SURVIVAL CENTERS

capuve propagation. AAZPA Annual Conference Proceedines,

141 -48. Wheehng, W.Va.: American Association of Zoological

Parks and Aquariums.

- 1980. An overview ot capuve propagaunon. in Conserva-
tion biology: An evolutionaryv-ecological perspective, ¢d. M. E.
Souié and B. A. Wilcox. 199-208. Sunderiand, Mass.: Sinauer
Associates.

. 1986. The practical difficuities and financial limitations ot

endangered spectes breeding programmes. int. Zoo Yrbk. 24/

25:210-19,

. 1988. Can technology aid species preservaton? In Bio-
diwversity, ed. E. O. Wilson, 263~68. Washingron, D.C.: Na-
tnonal Academy Press.

Curun, C. G. 1993, The evolution of the U.S. National Wildlife
Refuge System and the doctrine of compatibility. Conserv. Biol.
7:29-38.

Flesness, N. R., and Mace, G. M. 1988. Population databases and
zoological conservation. [nt. Zoo Yrbk. 27:42-49.

Foose, T. J. 1987. Species Survival Plans and overall management
strategtes. In Tigers of the world, ed. R. L. Tilson and U. S. Seal,
304-16. Park Ridge, N.[.: Noyes.

. 1989. Status of AAZPA SSP—1989. Proceedings of the
6th EEP Conference. ed. K. Brouwer and L. E. M. de Boer, 27 -
28. Amsterdam: National Foundation for Research in Zoo-
logical Gardens.

Foose, T. J., and Ballou, J. D. 1988. Management of small popula-
tons. Int. Zoo Yrbk. 27:26-41.

Frankham. R., Hemmer, H., Ryder, O. A., Cothran, E. G., Souleé,
M. E., Murray, N. D., and Snyder, M. 1986. Selection in small
populations. Conserv. Biol. 5:127-38,

Geist, V. 1985. Game ranching: Threat to wildlife conservation n
North America. Wildl. Soc. Bull. 13:594-98,

. 1988. How markets in wildlife meat and parts, and the

E sale of hunting privileges, jcopardize wildlife conservation. Con-

serv. Biol. 2:15-26.

Griffiths, H. J. 1978. A handbook of vetersnary parasitology: Do-
mestic amimals of North America. Minncapolis: University of
Minnesota Press.

Haigh, ). C., and Hudson, R. J. 1993. Farmung wapitt and red deer.
St. Louts, Mo.: Mosby-Year Book.

Hediger, H. 1969, Man und amal i1 the zoo: Zoo binfogy. Lon-
don: Routledge and Kegan Paul.

Hutchins. M., Hancocks, D.. and Crockeer, C. 1984, Nacurahsuc
solutions to behavioral problems ot caprive anmimals. Der Zoo-
logische Garten, nt, 54:28-42,

Isaza, R., Courtney, C. H., and Kollias, G. V. 1990. Survey of para-
site control programs used in captive wild ruminants, Zoo Biol.,
9:385-92.

International Union for Conservation of Nature and Natural Re-
sources (IUCN). 1987, The IUCN policy statement on captie
breedimg. Gland, Switzerland: [UCN,

Kleiman, D. G. 1980. The sociobiology ot captive propagation. In
Conservation biology: An evolutionarv-ecological perspectuve,
ed. M. E. Soulé and B. Wilcox, 243-61. Sunderland, Mass.:
Sinauer Associates.

Lankester, M. W., and Anderson, R. C. 1968. Gastropods as inter-
mediate hosts of Preumostrongyius temus Dougherty of white-
taded deer. Can. J. Zool. 46:373 83,

Loisel, G. 1912. Histotre des menageries de Uantiquate a nos jours.
Antiquire Moyen Age—Renaissance, vol. 1. Pans: Octave Doin
et Fils. (Enghsh translanon by Saad Publications, Karachi,
Pakistan.)

Luxmoore, R. 1985, Game farming in South Atrica as a force in
conservation, Oryx 19:225-31,

McNeely, . A., and Miller, K. R., ¢ds. 1984, Nuational parks,
conservation, and development: The role of protected areas in

sustatmine society. Washingron, D.C.: Smithsonian institution
Press.

Milier, B., Biggins, D., Wemmer. C., Powell, R., Cualvo, L., Hane-
bury, L., and Wharton, T. 1990a. Development ot survival skills
in capuve-rised Stbertan polecats (Mustela eversmannr). 11
Predator avondance. [. Ethol. 8:95-104.

Miller. B., Biggins, D., Wemmer. C., Powell, R., Hanebury, L.,
Horn, D., and Vargas. A. 1990b. Development ot survival skills
in captive-raised Siberian polecats (Mustela cversmanm). | Lo-
caung prev. /. Ethol. 8:89-94.

Maontort, 5. L., Schwartz, C. C., and Wasser, 5. K. 1993, Monitor-
ing reproduction in captive moose using urinary and fecal ster-
oid metabolites. J. Wildl. Mgmt. 57:400-407.

Monfort, S. ... Wemmer, C., Kepler, T. H., Bush, M., Brown, J. L.,
and Wilde, D. E. 1990. Monitoring ovarian tuncton and preg-
nancy in Eld’s deer (Cervus eldi thamin! by evaluatng urinary
steroid metabolite secretion. /. Reprod. Fertil. 88:271-81.

Neesham. C. 1990. All the world’s a zoo. New Scientist 127
(1730): 31-35.

Nogge, G. 1989. Introduction on the history and goals of EEP. In
Proceedings of the 6th EEP Conference, ¢d. K. Brouwer and
L. E. M. de Boer, 15-18. Amsterdam: Natonal Foundation tor
Research in Zoological Gardens.

Pinchin, A. 1993. The Pan-African decade of duiker research: An
integrated programme of field and capuve-based conservaton.
{nt. Zoo News 244:16-21.

Plate, T. R. 1978. The life cycle and systemaucs of Parelaphostron-
gylus odocoilei (Nematoda: Metastrongyloidea), a parasite of
mule deer (QOdocolleus hemionus hemionus), with special refer-
ence to the intermediate molluscan host. Ph.D. thesis, University
of Alberta, Edmonton, 233.

Polakowski, K. |. 1987. Zoo design: The reality of wild illusions.
Ann Arbor: University of Michigan School of Natural Resources.

Rowley, M. A., Loker, E. S., Collins, L., and Montali, R. J. 1986.
The role of terrestrial molluscs in the transmussion of meningeal
worm at the Conservation and Research Center in Front Roval,
Virginia: A preliminary report. Research report. Front Roval,
Va.: Conservation and Rescarch Center.

Rudran, R., Wemmer, C. M., and Singh, M. 1990. Teaching ap-
plied ccology to nanonals ot developing countries. In Ruce to
Save the Tropics, cd. R. Goodland, 125 -40. Washingron, D.C.:
Island Press.

Sadleir, R. M. E S, 1980, Energy and proten intake in relation
to growth of suckling black-tailed deer rawns. Can. J. Zool.
58:1347-54.

Seal. U. S. 1948. Intensive technology n the care ot ex situ popu-
lations of vanishing species. In Biodwersuy. ed. E. O. Wilson,
289-95. Washington, D.C.: National Academy Press.

Smith, J. L. D. 1984. Dispersal, communication, and conserva-
tion strategies tor the tiger (Panthera tigris) in Royal Chitwan
National Park, Nepal. Ph.D. thests, University of Minnesora,
St. Paul.

Wasser. 5. K., Risler. L.. and Steiner, R. A, 1988, Excreted sterods
in primate teces over the menstrual cycle and pregnancy. Biol.
Reprod. 39:862-72.

Wemmer, C.. Smith, J. L. D., and Mishra, H. R. 1987. Tigers in
the wild: The biopolitical challenges. In Tigers of the world,
ed. R. L. Tilson and U. S. Seal, 396-405. Park Ridge, N.J.:
Noves.

\chr:ner. C.. Pickert. C., and Teare, J. A. 1990. Training zoo biol-
ogy in tropical countries: A report on a method and progress.
Zoo Biol. 9:461-70.

Wemmer, C.. Rudran, R., Dallmeier, F., and Wilson, D. 1993.
Training developing country nationals is a critical ingredient to
conserving globai biodiversity. BioScience 43:1-14.



\(¢

WILD MAMMALS
IN CAPTIVITY

Principles and Techniques

EDITORS
Devra G. Kleiman
Mary E. Allen
Katerina V. Thompson

Susan Lumpkin

MANAGING EDITOR
Holly Harris

THE UNIVERSITY OF CHICAGO PRESS

CHICACO AND LONDON



Devra G. Kleiman is assistant director for research, National
Zoological Park, Smithsonian Institution. Mary E. Allen is head
of the Department of Nutritional Resources, National Zoological
Park, Smithsonian Institution. Katerina V. Thompson is assistant
professor in the College of Life Sciences, University of Maryland.
Susan Lumpkin is director of communications, Friends of the
National Zoo, National Zoological Park. Holly Harris has
worked as an editorial consultant for various zoo organizations,
including Zoo Atlanta, and at present is editor of the Dian Fossey
Gorilla Fund's newsletter.

The University of Chicago Press, Chicago 60637
The University of Chicago Press, Ltd., London
© 1996 by The University of Chicago

All rights reserved. Published 1996

Printed in the United States of America
050403020100999897 96 12345
ISBN 0-226-44002-8 (cloth)

[SBN 0-226-44003-6 (paper)

Library of Congress Cataloging-in-Publication Data

Wild mammals in captivity : principles and techniques / editors, Devra
G. Kleiman ... [eral.].
p. cm.
Includes bibliographical references and index.
1. Captive mammals. 2. Caprive mammals—Housing—Design and

construcrion. [. Kleiman, Devra G.
SF408.Ws55 1996
636.088'9—dc20 95-21376

CIP

(9The paper used in this publication meets the minimum
requirements of the American National Standard for Informarion
Sciences—Permanence of Paper for Printed Library Materials,
ANSI Z39.48-1984.



