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Captive-breeding programmes are important com-
ponents of conservation strategies for rhinoceros.
Rhinoceros in zoos can serve as (1) genetic and
demographic reservoirs to reinforce wild populations
as the need and opportunity occur, and (2) ambas-
sadors to increase public awareness and support,
especially financial, for conservation of wild popu-
lations. However, for these functions, rhinoceros in
captivity must be managed scientifically and co-oper-
atively to produce viable populations. Population-
management programmes for Black rhinoceros
Diceros bicornis, White rhinoceros Ceratotherium
simum and Indian rhinoceros Rhinoceros unicornis
are operating in various regions of the zoo world,
especially North America [Species Survival Plans
(SSP)] and Europe [European Endangered Species
Programmes (EEP)]. Analyses indicate that rhino-
ceros populations in captivity are achieving variable
levels of viability. In SSP and EEP populations
Black rhinoceros and White rhinoceros are geneti-
cally but not demographically satisfactory, while
Indian rhinoceros is healthy demographically but
limited genetically. Improvement is needed and
could be achieved through better management.

Key-words: breeding, captive, co-operative, demo-
graphic, genetic, management, population, rhino-
ceros, viable

Captive-breeding or propagation pro-
grammes are considered an important and
sometimes integral component of conser-
vation strategies for threatened species
(Foose, 1983; WAZA, 2005). Successful
breeding programmes in captivity require
that populations are scientifically and co-
operatively managed. The Rhinocerotidae
is one of the most threatened families of
mammals and needs support from cap-
tive-breeding (Foose & van Strien, 1997,

Emslie & Brooks, 1999). Hence, rhino-
ceros were among the first of the taxa
selected for scientifically and co-opera-
tively managed breeding programmes at
both the regional and global level (Foose,
1983). Because of the difficulties and
uncertainties of protecting rhinoceros in
the wild (e.g. the increases in poaching in
Nepal and parts of Africa in 2003-2005;
see also Amin, Thomas efal, this
volume), captive-propagation pro-
grammes are perhaps more important
than ever. The significance of captive-
breeding programmes and, therefore,
population management of rhinoceros, is
reflected by the fact that the logo used to
identify such programmes in zoos depicts
rhinoceros (Fig. 1).

However, although captive propagation
is important, the actual performance of
captive populations of various rhinoceros
taxa continues to be variable and in many
cases problematic. Adequate husbandry
and veterinary care are essential founda-
tions upon which demographic and
genetic management can achieve viability
of captive populations (WAZA, 2005).
The husbandry and veterinary care of
rhinoceros in captivity need to improve.

Table 1 provides an overview of the
latest data available on the numbers of
rhinoceros in captivity worldwide and
Table 2 indicates the number of institu-
tions maintaining various taxa. Because
many zoos maintain more than one taxon

3 Present address: Zoological Society of San Diego, PO Box 120551, San Diego, CA 92112-0551, USA.

4 Dr Tom Foose, International Rhino Foundation Program Director, died on 18 May 2006. One of the foun-
ders of the IRF and with a passion for rhinoceros conservation, Tom will be remembered for the enormous
contribution he made to the shaping of rhinoceros conservation programmes.
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Regional Captive
Propagation Programs

Fig. 1. Logo designating a formal regional captive-
breeding programme; for example, European Endan-
gered Species Programme (EEP) or Species Survival
Plan (SSP).

of rhinoceros, it is still difficult to estimate
the total number of zoos that maintain
these species. A rough estimate is that
¢. 250 zoos worldwide have rhinoceros in
their collections. In North America there
are ¢. 85 zoos and in Europe c. 85 zoos
with rhinoceros of at least one taxon.

Of the five extant species (comprising 11
or 12 subspecies), there are full and formal
breeding programmes for three: Black
rhinoceros Diceros bicornis, White rhino-
ceros Ceratotherium simum and Indian or
Greater one-horned rhinoceros Rhino-
ceros unicornis in at least two regions of
the zoo world (Table 3). Separate pro-
grammes exist for two subspecies of Black
rhinoceros, namely the Eastern black
rhinoceros Diceros bicornis michaeli and
Southern  black rhinoceros  Diceros
bicornis minor. The regional population
programmes for the White rhinoceros are
for the Southern white rhinoceros subspe-
cies Ceratotherium simum simum. How-
ever, there are also efforts in progress to
promote reproduction in the small and
languishing captive population of the
Northern white rhinoceros subspecies
Ceratotherium simum cottoni, considering
the Critically Endangered status in the
wild (IUCN, 2004; Hermes et al., 2005;
Amin, Thomas et al., this volume). Some
recent studies have suggested that there
may be merit in managing the Indian and

the Nepal populations of R. unicornis
separately until more is known about the
genetic relationship between the two
(Zschlokke & Baur, 2002; Hlavacek,
2005). Finally, there are also attempts in
progress to develop viable captive-
breeding capabilities for a fourth species,
the Sumatran rhinoceros Dicerorhinus
sumatrensis (Khan efal, 1999; Roth,
2002a,b). The Javan rhinoceros Rhino-
ceros  sondaicus, although Critically
Endangered (Foose & van Strien, 1997;
IUCN, 2004), has rarely (and almost
entirely in the 19th century) been main-
tained in zoos (Rookmaaker, 1998). There
seem to be no prospects for captive-
breeding this species in the foreseeable
future.

GOALS OF POPULATION BREEDING AND
MANAGEMENT IN CAPTIVITY

There are a number of goals for popu-
lation management and propagation pro-
grammes for rhinoceros in captivity.

1. Development of viable captive popu-
lations as: (a) reservoirs of genetic and
demographic material for potential
reinforcement and/or re-establishment of
populations in the wild as the need and
opportunity occur; (b) self-sustaining
populations to ensure animals for public
exhibition and scientific investigations to
fulfil the additional roles of rhinoceros in
captivity.

2. Improvement of husbandry and
management in  captivity, through
research into health, nutrition, behaviour,
reproduction and genetics/demography, to
facilitate the development of viable popu-
lations ex situ and to transfer results, as
appropriate, to intensively managed
populations in situ.

3. Strategic co-ordination of space and
resources for rhinoceros among institu-
tions within a region, as well as at the
global level, to provide maximum assist-
ance to as many rhinoceros taxa as
possible (i.e. the development of Regional
and Global Collection Plans).
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TAXON EUROPE NORTH AMERICA AUSTRALASIA ASIA
Eastern black rhinoceros
Diceros bicornis michaeli EEP SSP SSCJ
Southern black rhinoceros
Diceros bicornis minor SSP participate in N
American SSP
Southern white rhinoceros
Ceratotherium simum simum  EEP SSP ASMP SSCJ
Northern white rhinoceros
Ceratotherium simum cottoni  in 1 institution, in 1 institution, ?
trying to breed  co-operating with
Europe
Indian/Nepal rhinoceros
Rhinoceros unicornis EEP SSP Participate in North CZA, SSCJ
American SSP
Sumatran rhinoceros
Dicerorhinus sumatrensis GMPB GMPB

Table 3. Overview of regional captive-breeding programmes for rhinoceros: ASMP. Australasian Species Manage-

ment Programme; CZA. Central

Zoo Authority; EEP. European Endangered Species

Programme;

GMPB. Global Management & Propagation Board; SSCJ. Species Survival Plan Committee Japan;

SSP. Species Survival Plan.

4. Use of individuals in captivity as
ambassadors to stimulate public knowl-
edge of, awareness about and support
(especially financial) for rhinoceros and
their conservation; for example, the Euro-
pean Association of Zoos and Aquaria
‘EAZA Rhino Campaign’ (Dean & Bos,
this volume) and other longer-term pro-
grammes in North America through the
International Rhino Foundation (IRF).
Especially important will be selected
in situ  efforts for rhinoceros with
emphasis on those projects that are signifi-
cant, feasible and provide appropriate
opportunities for application of particular
expertise that the captive-conservation
community can provide in terms of inten-
sive-management technology.

Development of viable populations in
captivity  requires  that  population
management achieves certain goals (Foose
etal, 1995; Ballou & Foose, 1996;
WAZA, 2005).

1. Self-sustaining reproduction.

2. Demographic security and, ideally,
stability. Basically, the goal is a 95-99%
probability that the population will dem-
ographically survive for a desired period
of time (e.g. 100 years) (Foose et al,
1995).

3. Genetic  diversity adequate  for:
(a) fitness (at the individual level), the
ability to survive and reproduce well
under current environmental conditions;
(b) adaptability (at the population level),
the capacity to adapt to changing envi-
ronments in the future.

The population-management plans in
Europe [European Endangered Species
Programmes (EEPs)] and North America
[Species Survival Plans (SSPs)] have
adopted the commonly recommended
goal of 90% gene diversity (GD) for
100 years (Foose etal, 1995, WAZA,
2005; Wiese & Willis, 2005). This goal was
also adopted in the early stages of
development of a Global Captive Action
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Fig. 2. Population Management 2000 (PM2000) screen for determining target population sizes.

Plan (GCAP) for rhinoceros
1992).

4. Target population sizes sufficient to
achieve these genetic and demographic
goals. It is usually considered that the
target size required for the genetic goals
will also achieve the demographic ones. It
is also important for a population to
attain the target population size as rapidly
as possible (Foose et al., 1995).

(Foose,

A Dbasic and simplistic scenario for
development of a viable captive popu-
lation includes these basic steps (Foose
et al, 1986, 1995; Ballou & Foose, 1996;
Zschokke et al., 1998).

1. Establish the captive population with
sufficient individuals (the founders) from
the wild population(s) to represent a high
percentage of the gene pool. Usually,

20-30 individuals are considered neces-
sary (Lacy, 1989).

2. Reproduce these founders as equally as
possible to preserve as many of the
founder genomes as possible; that is, to
maximize preservation of Founder
Genome Equivalents (FGE), a measure of
the number and evenness of the founders
represented in the population through
time (Lacy, 1989).

3. Maximize the number of founders and
the evenness of their representation by
managing captive populations to maxi-
mize GD and minimize mean kinships
(MK) (Ballou & Lacy, 1995). Inbreeding
should also be minimized. Achieve these
objectives by: (a) reproducing individuals
with the lowest and most similar MKs;
(b) reproducing individuals to minimize
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inbreeding coefficients (Wiese & Willis,
2005).

4. Increase the population as rapidly as
possible to the target size within the
genetic guidelines.

It should be noted that rhinoceros popu-
lations will be more likely than many
other taxa to sustain acceptably high
levels (e.g. ¢. 90%) of GD for prescribed
periods because of the comparatively long
generation time, c¢. 15 years, with varia-
tion of 14-20 years, depending on the
species and management programme.
Gene diversity is lost per generation, not
per year. However, while the long genera-
tion time is beneficial genetically, it
reflects in part the long gestation and mat-
uration periods for rhinoceros, which can

ELEPHANTS AND RHINOCEROS

be demographically problematic by limi-
ting reproduction.

POPULATION MANAGEMENT METHODS
AND TOOLS

Studbooks Studbooks are essential for
proper genetic and demographic manage-
ment of animal populations. Excellent
international studbooks are maintained
for Black and White rhinoceros (Ochs &
Mercado, 2005a,b), Indian rhinoceros
(Hlavacek, 2005) and Sumatran rhino-
ceros (Foose, 2005) in captivity. Regional
studbooks are maintained for Black,
White and Indian rhinoceros in North
America, Black rhinoceros in Australasia,
Black and Indian rhinoceros in Japan and
Indian rhinoceros in India.
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SPARKS and PM2000 The primary
tools for analysing and managing small
zoo populations have been the Single
Population Animal Record Keeping
System (SPARKS), compiled by the Inter-
national Species Information System
(ISIS) (ISIS, 2004), and Population
Management 2000 (PM2000) (Lacy &
Ballou, 2002; Pollack ez al., 2002). Alter-
native software is also in use (Zschokke
et al., 1998; Hvalacek, 2005). SPARKS is
a record-keeping system that allows the
relationships of all animals in the popu-
lation to be compiled and used for popu-
lation analysis. A SPARKS database is a
studbook in a form that permits analyses
for population management using various
computer software tools. Using the vital
statistics and pedigree data in a SPARKS
database, the PM2000 software package is
used to calculate genetic and demographic
variables for the population. Demo-
graphic values for the population include
age-specific fertility rates, age-specific sur-
vivorship and mortality rates, sex ratio,
and rates of change in population size,
especially the annual rate of change
lambda (1). Age pyramids are also avail-
able to reveal if the population is demo-
graphically stable. Genetic values for the
population include the GD retained to
date, FGEs, number and representation of
founders, and N/N ratios (N, is the genet-
ically effective size of the population or
how well the population is transmitting its
alleles from one generation to the next; N,
is almost always lower than N but can be
increased by good genetic management).
Genetic values for each individual in the
population include the inbreeding coeffi-
cient (F), MK value, genome uniqueness
(GU) and the probability of loss of spe-
cific alleles. Combining the genetic and
demographic analyses, managers use
PM2000 to develop demographic and
genetic goals for populations and, there-
fore, to establish target population sizes
(Fig. 2) and prescribe the number of off-
spring that need to be produced to achieve
desired rates of growth to or long-term

maintenance of numbers at the target
population size (Fig.3). PM 2000 then
permits managers to determine the best
pairing options for the matings to produce
the desired number of offspring based on
minimizing MK values in the population
while also avoiding high levels of
inbreeding in individuals or loss of rare/
unique alleles (Fig. 4).

ZooRisk While SPARKS and PM2000
use life tables and pedigrees to calculate
deterministic population analyses and rec-
ommendations, ZooRisk (Earnhardt et
al., 2005; Faust & Earnhardt, 2005) uses
a simulation modelling approach, similar
to a gene-drop exercise, to predict the
persistence of the population into the
future. ZooRisk is a computer program
designed to provide scientific assistance
for management decisions based on a
quantitative assessment of the risk of a
population becoming extinct owing to
demographic, genetic and management
factors. ZooRisk is an individual-based
model. Individual-based models are sto-
chastic and can be used to predict the
variability around an outcome, which is
rarely the case with deterministic models.
ZooRisk allows prediction of what is
likely to occur based on the actual current
living population, and historical birth and
death rates. During a simulation the com-
puter tracks each individual to determine
if it lives or dies, and reproduces or not
each year. These probabilities are based
on the historical age-specific death and
birth rates from the studbook. Each oft-
spring produced throughout the simula-
tion 1is also tracked throughout its
simulated life. In this way, a population
can be modelled into the future beyond
the lifespan of a single animal. The power
of the stochastic simulation is that the
simulation is run multiple times so that a
range of potential outcomes and prob-
abilities of outcomes can be calculated.
The ZooRisk program is also able to
model  various  genetic-management
strategies, such as management by MK, to
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predict the amount of GD that could be
retained versus random breeding. How-
ever, it is important to recognize that the
ZooRisk management scenarios are ideal-
ized, because reproduction by the best
genetic pairs is more easily achieved in the
simulation than in reality, where compli-
cations of, for example, logistics, health,
behaviour and permits, can prevent
optimal action.

Utilization of both deterministic and
stochastic tools provides the most robust
methods for viable population manage-
ment. The various descriptions and assess-
ments of the genetic and demographic
status of rhinoceros populations in cap-
tivity in this paper have been performed
using both SPARKS/PM2000 and
ZooRisk.
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ments at the global level during various
Conservation Breeding Specialist Group
(CBSG) meetings and at the regional level
through workshops of the regional rhino-
ceros Taxon Advisory Groups (TAG)
(AZA RAG, 2002, 2005, in press;
Lindsay, 2002). The 90% GD for 100 year
goal will probably require population
sizes greater than any one region can
maintain. For example, a population of at
least 200 Indian rhinoceros may be neces-
sary to preserve 90% GD for 100 years,
which is basically the combined sizes of
the TPs for the SSP and EEP (Fig. 2).
Hence, global co-operation between
regional programmes (i.e. metapopulation
management) will be necessary.

Regional Collection Plans Guided by the
1992 GCAP workshop and subsequently
by criteria formulated by regional zoo
associations [e.g. the American Zoo and
Aquarium Association (AZA), which
developed the SSPs in North America, the
European EEPs, and the Australian
Regional Association of Zoological Parks
and Aquariums (ARAZPA), which
developed REGASP (Regional Animal
Species Collection Plan)], regional collec-
tion plans (RCPs) for rhinoceros have
been evolving in different regions (AZA
RAG, 2002, 2005, in press; EEP Rhino-
ceros Advisory Group, 2004; Lindsay,
2004). An RCP that has been functionally
operating in North America since 1996 is
nearly formalized. Basically, the RCP has
confirmed which taxa will be managed as
SSP populations and is co-ordinating allo-
cation of captive-rhinoceros habitat to
achieve the TP sizes; for example, by
trying to reduce the population of White
rhinoceros, especially when maintained in
pairs, and converting this space for Black
or Indian rhinoceros. Currently there are
¢. 350 rhinoceros spaces in the SSP and
there is need and expectation for these to
increase to 450 over the next decade. The
EEP is at a slightly earlier stage in the
development of a RCP. There is a need to
review and refine the RCPs and TPs at the

SSP and EEP regional levels and also to
involve other regions so that satisfactory
TPs can be confirmed at the global level.

It should be noted that operating sep-
arate  population-management  pro-
grammes for rhinoceros subspecies, rather
than just species, may need to be revisited
in the future in terms of habitat avail-
ability in captivity and TPs required to
achieve goals. The current status of sub-
species programmes described above (e.g.
SSP programmes for two subspecies of
Black rhinoceros) as well as the recom-
mendations for even further subdivision in
other species (e.g. Indian rhinoceros; Hva-
lacek, 2005), will particularly need to con-
sider how much the genetic differences,
however distinct, may have been caused
quite recently by anthropomorphic reduc-
tion and fragmentation of wild
populations.

SUMMARY OF STATUS OF CAPTIVE
POPULATIONS AND MANAGEMENT

The most developed population manage-
ment and propagation programmes for
rhinoceros are in the North American
(SSPs) and European (EEPs) regions.
Hence, much of the remainder of this
paper will emphasize these two regional
programmes. It should also be noted that
Western Plains Zoo, Dubbo, Australia, is
the only institution in Australasia with
Black and Indian rhinoceros, and partic-
ipates in the SSP programmes for these
taxa.

Table 5 presents the current population
sizes, births and deaths since 2001,
approximate As, number of actual and
potential founders, and GD retained for
the SSP and EEP populations. It should
be noted that a 4> 1 indicates population
increase, a A=1 indicates a static or
stationary population and a A<1 indi-
cates a population decrease. The data in
Table 5 suggest, simplistically and
generally, that both the Black and White
rhinoceros in captivity have the potential
for viability with their genetic foundations
excellent at the species level. However,
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demographically there are a number of
health and husbandry problems with
Black rhinoceros (Paglia & Dennis, 1999;
Paglia et al, 2002; Weber et al, 2002;
Miller, 2003; Dennis, 2005; P. M. Dennis,
P. J. Rajala-Schultz, J. A. Funk,
E. S. Blumer, R. E. Miller, T. E. Wittum
& W.J. A. Saville, pers. comm.) and
fertility issues with White rhinoceros
(Patton et al., 1999; Hermes et al., 2002,
2004, 2005, 2006; Roth, this volume) that
are limiting achievement of the potential
viability. Captive populations of Indian
rhinoceros are perhaps the most successful
demographically but have a more
restricted genetic foundation and would
benefit from acquisition of additional
founders for the SSP and EEP popu-
lations (Foose, 2000; Hlavacek, 2005).

Despite these problems, rhinoceros
populations in captivity do appear to be
demographically and genetically healthier
than the elephant populations (Wiese &
Willis, this volume), although managers of
elephants in captivity have, in recent
years, been more intensively attempting to
resolve the problems preventing attain-
ment of viability. An indication of the at
least modest success of rhinoceros captive-
breeding programmes is the compara-
tively high percentage of the current
populations that is captive born (Table 6),
especially for Eastern black rhinoceros
and Indian rhinoceros.

DETAILS OF CAPTIVE POPULATIONS AND

MANAGEMENT FOR RHINOCEROS TAXA

Black rhinoceros: demographic
status The SSP populations of the Black
rhinoceros are marginally self-sustaining
with annual population growth rates (4)
of 1-017 and 0-996 for the eastern and
southern subspecies, respectively, using
demographic data for the last 10 years
(1994-2004). The EEP population of
Eastern black rhinoceros is performing
similarly although full demographic ana-
lyses are not currently available for the
EEP population. Problems that have
limited development of self-sustaining
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populations are high mortality and sub-
optimal reproduction (Smith & Read,
1992). The SSP populations are also
below their TP size, with 70 (39.31)
Eastern black rhinoceros and 50 (26.24)
Southern black rhinoceros, although the
southern SSP population seems on
schedule for its 10 year TP goal. The same
is true for the EEP population of Eastern
black rhinoceros. More vigorous growth
to TP sizes in the SSP has been limited by
comparatively high mortality because of
the various disease issues with Black
rhinoceros in captivity and also some tem-
porary limitations of space that have been
caused in part by skews in the sex ratios.
Although the SSP Eastern black rhino-
ceros population has a more balanced age
structure, it also indicates a slight skew
towards 33. Indeed, a skew in the natal
sex ratios of both subspecies of Black
rhinoceros in North America has caused
considerable management challenges,
particularly locating space for excess 3J3.
This problem, in turn, inhibits the for-
mation of pairs and the accommodation
of offspring to enable reproduction to
proceed at its full potential (AZA RAG,
2002, 2005). The problem has been parti-
cularly acute for the Southern black
rhinoceros over the last 5 years, although
the sex ratio in the SSP for this subspecies
is still more even than for the Eastern
black rhinoceros (AZA RAG, 2002,
2005). This phenomenon could simply be
a result of the stochastic variation that
can occur in small populations but the
fact that it has occurred in three taxa of
rhinoceros in the SSP and many other
ungulates suggests that management fac-
tors may be involved. Various hypotheses
have been put forward (S.J. Atkinson,
1997; P. M. Dennis, P.J. Rajala-Schultz,
J. A. Funk, E.S.Blumer, R.E. Miller,
T. E. Wittum & W.J. A. Saville, pers.
comm.; T. Roth, pers. comm.) or will be
tested about possible causes of this
problem in Black (and White) rhinoceros
population(s) in North America. Nutri-
tion is a likely factor (Trivers & Willard,
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1973). From a stochastic perspective, the
small sizes of the SSP populations for
Black rhinoceros and a 4 that is near 1-0
increase the possibility of extinction over
the next 100 years. The current skew in
sex ratio in the eastern subspecies places
this population at even greater risk.
ZooRisk simulations indicate a 10% prob-
ability of extinction for the eastern sub-
species and 4% probability of extinction
for the southern subspecies within
100 years. If reproduction rates can be
increased in North America to increase
the population and reduce risk of loss,
there may still be space problems, as few
new institutions seem interested in adding
Black rhinoceros to their collections. A
skew towards 33 in sex ratios of calves
does not seem to be occurring in the Black
rhinoceros populations in the EEP or
Japan.

Genetic status The SSP population of
the eastern subspecies is currently healthy
with 96:7% GD and 1499 FGEs. The
southern subspecies is slightly lower at
95-8% GD and 1196 FGE. Both popu-
lations have been managed effectively in
the past as indicated by the comparatively
high effective-population size and N/N
ratios of 0-6188 and 0-5346, for the
eastern and southern populations, respec-
tively. Comparable analyses are not cur-
rently available for the EEP population of
Eastern black rhinoceros but estimates
indicate that the situation is healthy. Sto-
chastic simulations using ZooRisk, how-
ever, indicate that GD in the SSP Eastern
black rhinoceros population may decline
to 84:11% in North America in 100 years,
even with good management by MK. The
southern subspecies could decline to only
82-13% GD in 100 years if additional
founders are not identified. This decline is
a result of the inability of either popu-
lation to grow rapidly enough and, there-
fore, to retain significant GD.

Southern white rhinoceros: demographic
status The Southern white rhinoceros

population in North America is also
marginally self-sustaining with a 4 of
1:001. This taxon is the largest SSP rhino-
ceros population with 171 (82.89) individ-
uals. However, a large proportion of these
animals are older and will be removed
from the population in the next 10 years.
Another major problem with this popu-
lation is the extensive failure of F1 99 to
reproduce (Swaisgood, 2003; AZA RAG,
2004; Swaisgood et al., 2006). Many of
these animals are already post-reproduc-
tive and genetically unavailable to the
population. The large population size,
however, provides this population with
demographic stability over the next
100 years. A skew towards 33 in natal sex
ratios appears to be developing as a
problem for this species in the SSP as well.
Again, the same phenomenon does not
appear to be occurring for White rhino-
ceros in Europe. ZooRisk simulations
indicate a 0% chance of loss of the SSP
population although the population does
decline to a mean size of 72 animals over
that time. Comparable analyses are not
available at this time for the European
population but inspection of the crude
data on births and deaths suggests a
similar situation.

Genetic  status The Southern white
rhinoceros population is also the most
genetically secure SSP rhinoceros popu-
lation, with retained GD of 98:1% or
26:09 FGE. Again, however, the genetic
information of a number of potential
founders may never be captured owing to
reproductive  problems.  Nevertheless,
ZooRisk simulations suggest that GD in
this population will remain above 97% for
the next 100 years with management by
MK. As expected for a species that is
more social than the Black or Indian/Nep-
alese rhinoceros, the effective population
size for the White rhinoceros is lower (N,/
N=0-3266). Although lower than the
effective population size for other rhino-
ceros species, this value shows the positive
effects of intensive management because
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this is much higher than N /N values typ-
ical of other herd/harem species. Again,
comparable analyses are not available at
this time for the European population but
inspection of the crude data on births and
deaths suggests a similar situation.

Northern white rhinoceros As noted ear-
lier, this population is languishing with
only ten individuals (4.6) in two zoos,
Dvur Kralove, Czech Republic (3.4), and
San Diego Wild Animal Park (SDWAP),
CA, USA (1.2). Moreover, it is not clear
if any of the animals are capable of nat-
ural reproduction. The 9 at SDWAP are
reproductively senescent. There may be
two fertile 99 at Dvur Kralove, including
the calf born in 2000, but recent repeated
matings of her parents have failed to pro-
duce another pregnancy (K. Tomasova,
T. Hildebrandt & R. Hermes, pers.
comm.). The only two potentially fertile
33 at Dvur Kralove are related to the ¢
born in 2000 (one is her father, the other
is her almost full brother). There will be
an attempt at assisted reproduction in a
desperate effort to prevent the total
extinction of this subspecies. Part of this
effort may entail using semen from an
unrelated 3 (at SDWAP) that produces
sperm but does not manifest any repro-
ductive behaviour.

Indian rhinoceros: demographic
status  Analysis of the life table of Indian
rhinoceros in North America indicates
that the deterministic annual population
growth rate (4) is 1:041. A similar situa-
tion appears to be occurring in the EEP
population, at least over the last 5 years.
There was a period 5-10 years ago when
the EEP population of this species was
not reproducing well but that situation
has changed spectacularly in the last
5 years, with significant increased repro-
duction. The current SSP population is 55
(26.29) and moving well towards its TP
size of 100. This population has the ability
to grow vigorously and ZooRisk simula-
tions indicate a 0% chance of extinction in
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the next 100 years, if zoo space can be
identified to allow the population to grow
to 100 individuals. This population has a
good age structure, conducive to con-
tinued population growth. The age struc-
ture is slightly vertical rather than
pyramidal but this is not a problem for a
long-lived species, such as rhinoceros. The
EEP population also seems to be on
schedule for attainment of its TP goals.

Genetic status Although, demographi-
cally, both the SSP and EEP populations
of Indian rhino are healthy, the genetic
situation and foundations of both popu-
lations are unsatisfactory. A major
problem is the over-representation of a
few reproductively successful founders
and their lineages (Zschokke ez al., 1998;
Hvalacek, 2005). The SSP population has
retained 93-2% GD and 7-39 FGE. These
values are comparatively low compared to
the African rhinoceros SSP populations
because fewer animals have founded the
Indian population in North America than
is the case for Black and Southern white
rhinoceros. The intensive management of
this population has retained a significant
amount of the original GD contained in
the founders and has a robust N/N ratio
of 0-4168. There is also significant poten-
tial GD (96:9%) in the population, which
can be accessed with proper management
by MK. If the SSP population could be
allowed to grow to 100 over the next
15-20 years, ZooRisk simulations suggest
the population managed by MK will be
able to retain 93% GD. This goal is
possible owing to the high potential GD
in the SSP population but, again, only if
management by MKs can be optimized.
The EEP population has a more chal-
lenging genetic situation, which can be
improved somewhat by very intensive
management by MKs to achieve a
broader and more balanced representa-
tion of founders. However, the addition of
more founders will be beneficial, probably
essential, for the long-term genetic via-
bility of both the EEP and SSP popu-
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lations. Efforts are in progress to acquire
new blood, both from exchanges with
zoos in range states and by rescue of
orphans from the wild, such as the two
new founders (a 3 and a 9) received at
Tiergarten Schonbrunn, Vienna, Austria,
in March 2006.

Sumatran rhinoceros: demographic
status  Although there are not enough
animals or husbandry and breeding suc-
cess for a full population-management
programme for this species, its extreme
endangerment in the wild does justify con-
tinued attempts to master the science and
art of breeding the species in captivity.

Basic husbandry and especially repro-
ductive biology have been challenging for
the Sumatran rhinoceros. Mortality has
been high, with only seven of 40 animals
captured from 1984 to 1995 still surviving.
Moreover, only one pair of this species
has produced offspring to date (Khan
et al., 1999; Roth et al., 2001, 2004; Roth,
2002a,b; Foose, 2005).

Genetic status There are few founders
and, hence, limited GD owing to high
mortality of rhinoceros moved into cap-
tivity since 1984 (Foose, 2005). However,
the basic reproductive and, therefore,
demographic imperative for this species
supersedes genetic considerations. A
Global Management and Propagation
Board (GMPB) has recently been estab-
lished to facilitate improvement in
reproduction.

HUSBANDRY AND HEALTH ISSUES,
MANUALS AND GUIDELINES

As indicated earlier and elsewhere
(WAZA, 2005), genetic and demographic
management must be founded on popu-
lations that are healthy and under good
husbandry. This paper will not attempt to
discuss in detail the various health and
husbandry issues for the different species
of rhinoceros in captivity but, generally
and briefly, the most serious problems
observed in each species are listed.

Black rhinoceros Disease and nutrition
issues (Paglia & Dennis, 1999; Paglia
etal, 2002; Weber etal, 2002;
R. E. Miller, 2003; M. Miller, 2004;
Dennis, 2005; P. M. Dennis, P. J. Rajala-
Schultz, J. A. Funk, E. S. Blumer,
R. E. Miller, T. E. Wittum &
W.J. A. Saville, pers. comm.; Clauss &
Hatt, this volume).

White rhinoceros Reproductive failures
(Patton et al, 1999; Hermes et al., 2002,
2004, 2005, 2006; Swaisgood, 2003; AZA
RAG, 2004; Swaisgood et al., 2006; Roth,
this volume).

Indian rhinoceros Acute pododermatitis
(von Houwald, 2001; M. W. Atkinson
et al., 2002).

Sumatran rhinoceros Disease, nutrition
and reproduction issues. (Khan et al,
1999; Radcliffe eral, 2002; Roth,
2002a,b; Roth et al., 2004).

More details on these husbandry and
health problems are available from the
several husbandry manuals and guidelines
now available, especially from the EEP
and SSP (Fouraker & Wagener, 1996;
Guldenschuh & von Houwald, 2002;
AZA, 2005; Tomasova, 2005).

ORGANIZATIONAL STRUCTURES FOR
POPULATION MANAGEMENT

At the global level, the international stud-
book for Indian rhinoceros (Hlavacek,
2005) provides some general recommen-
dations for population management.
Moreover, as mentioned earlier, there is
now a GMPB for Sumatran rhinoceros in
captivity. However, over the last decade,
most population management of rhino-
ceros has been at the regional level. In
North America, the SSP rhinoceros popu-
lations are managed by the Rhinoceros
Taxon Advisory Group (Rhinoceros
TAG) which includes all the Species Co-
ordinators for the four species main-
tained. There are no longer separate SSP
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Fig. 5. Metapopulation management of regional captive populations and multiple wild populations of rhinoceros.

Management Committees for the different
species. The EEP seems also to be moving
in this direction but still has separate
Management Committees for each
species. In Japan, the Black rhinoceros,
White rhinoceros and Indian rhinoceros
are managed by a Species Survival Plan
Committee Japan (SSCJ) and a National
Studbook Co-ordinator. In Australasia,
there is an Australasian Species Manage-
ment Programme (ASMP) Co-ordinator
and Committee for White rhinoceros but
this region participates in the SSP pro-
gramme for Southern black rhinoceros
and Indian rhinoceros. In India, a
regional plan is in progress under the aus-
pices of the Central Zoo Authority
(CZA). However, more co-operation and
co-ordination is needed among the

regional programmes. A good start
occurred with the 1992 London Rhino
Global Captive Action Plan Workshop
but the effort has not been sufficiently sus-
tained. Another Rhino Global Captive
Action Plan Workshop, involving repre-
sentatives from all regions with rhinoceros
in captivity, will convene at Whipsnade
Wild Animal Park, Dunstable, UK, in
May 2006.

METAPOPULATION MANAGEMENT AND

IN SITU MEGAZOOS

Achievement of the population viability
goals for captive and other intensively
managed populations of rhinoceros will
almost certainly require metapopulation
management among the various regional
breeding programmes to achieve TP sizes
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and genetic/demographic goals. Metapo-
pulation management may also be neces-
sary, or desirable, between captivity and
the ‘wild® (Fig.5). Moreover, as wild
populations become smaller and more
fragmented they require much the same
kinds of intensive population manage-
ment as more traditional populations in
captivity (Foose eral, 1995; WAZA,
2005). As an example, the Eastern black
rhinoceros at the Lewa Wildlife Conser-
vancy in Kenya, a free-ranging population
that is, however, contained within fences,
are listed in the international studbook for
the Black rhinoceros (Ochs & Mercado,
2005a).

It is probably the case that interactive
management, especially from captive to
wild, is more of an option or safeguard
for the future. Nevertheless, there have
already been some successes, and failures,
with reintroduction of Black rhinoceros
(M. Hofmeyer, pers. comm.; http://
www.rhinos-irf.org/news/african/mar-
akele/brhino_reintro_at_marakele.htm).
Explorations are in progress for more
introductions of captive rhinoceros to the
wild, both Black (to southern Africa) and
White (to Uganda). These introductions
will abide by the ‘first do no harm’ pre-
cautionary principle (Osofsky et al,
2001). Perhaps movement of rhinoceros
from captive to wild or at least free-
ranging situations in native habitat, will
be more of an option from regional cap-
tive programmes and populations in range
states, for example India (B. R. Sharma,
CZA, pers. comm.).

CONCLUSION

Captive-breeding programmes are impor-
tant components of  conservation
strategies for rhinoceros but only if truly
viable populations can be developed. Cur-
rently, there is good progress with the
Indian rhinoceros, modest success with
the Black and White rhinoceros, and a
glimmer of hope for the Sumatran rhino-
ceros. However, problems in achieving the
desired levels of viability persist. Hus-

bandry, veterinary care and population
management in captivity must improve if
viable captive populations are to be
achieved. The population-management
programmes for Black, White and Indian
rhinoceros operating in various regions of
the zoo world need to intensify and co-
ordinate their efforts more.
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APPENDIX
USEFUL ACRONYMS FOR POPULATION MANAGEMENT PLANNING

EEP European Endangered Species Programme
FGE Founder Genome Equivalent

GCAP Global Captive Action Plan

GD Gene Diversity

GU Genome Uniqueness

MK Mean Kinships

PM2000 Population Management 2000

RCP Regional Collection Plan

REGASP Regional Animal Species Collection Plan
SPARKS Single Population Animal Record Keeping System
SSP Species Survival Plan

TAG Taxon Advisory Group

TP Target Population

ZIMS Zoological Information Management System
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