3 breeding population at one site; zoos compete over animals for
display purposes; maintaining animals in zoos is expensive; there
is still no resasonable time frame for return of captive-bred
animals to the wild. Since 1985 captive breeding schemes for
Sumatran rhinos have resulted in the capture of 27 animals in
Indonesia and Malaysia. Nine of these animals (33%) have died and
there have still been no successful births as a result of the
breeding scheme though it is hoped that the Fkagunan female
Jakarta) 1s now pregnant. The zoo option is the most expensive
in terms of funding and resources yet is probably the least
likely to succeed. Nor does the zoo cption remove the necessity
or responsibility of strengthening management of the conservation
areas. When the present contract between PHPA and SRT expires,
the programme should be independently evaluated for its
cantribution to rhino conservation efforts.

5. Conservation Activities

Far Zumatran rhinos conservation activities in crder of pricrity
are: 1. hbhetter protection and management of conservation areas
2. better protection of rhinos inside and outside ressrvas

trong anti-poaching measures)

@ -

3. translocation of ‘doomed” rhinos to reserves within

their previous range and better management of those reserves
4. breeding of translocated Sumstran rhinos under semi-wild
C

ronditions
5. captive breeding schemes 1in zoos

Javan Rhino

The Javan rhino once occurred throughout Asiz from Assam TG
Indarchina and Java. Today Javan rhinos are known fTo ocour only in
two localities, UUjung Kulon N.P. (60 animals) in West Java and in
3outh Vietnam in Nam Cat Tien N.P. (5-15 animais). The Javan
population 1is possibly the only viable population in the world.
That rhinos still occur on the densely-populated island of Java
is a tribute to the commitment and far-sightedness of the
government of Indonesia which has allocated considerable
resources longterm to Ujung Kulon N.P. There are no Javan rhinos
outside the conservation area.

Conservation options for the Javan rhino are four: in-situ
conservation in Ujung Kulon N.P., translocation of rhinos within
the park e.2. to Gn. Honje or to other parks within the rhino s
previous Known range, captive breeding in semi-wild conditions
and captive breeding in =zoos.

1. In-situ conservation

a. The first priority for the Javan rhino is in gitu conservation
in the park by improving protection and management. Already this

prescription has shown some success. In 1867 the Javan rhino
population was estimated to number only 25 animals; with improved
protection and managment the population has doubled. Better
protection of Ujung Kulon protects not only the rhino but also
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one of the last remaining blocks of lowland rainforest on Java,
three endemic species of primates, many rare plants, half the
Javan bird list and threatened reptiles such as c¢rocodiles and
marine turtles.

b. The eastern part of Ujung Kulon H.FP., the Gunung Honie area is
little used by rhinos at present. This is probably due to
extensive human disturbance in the ares. Better protection of the
eastern part of the park to reduce disturbance will increase the
rhinos” potential range. Rhinos could be allowed to repopulate
this area naturally or rhinos could be translocated to Gn.Honje.

2. Translocation

There has been considerable speculaticn that the Javan rhino in

Uijung Kulon may be at carrying capacity. Prior to any removal of
animals, there must be a thorough longterm research programme fto
determine the status of the rhino population and its limiting
factors. If the rhino population in Ujung RKulon is determined to
have reached carrying capacity then some animals can be captured
and translocated to other areas or reserves within the rhiro's
former range e.g. Gn. Honje or Way Kambas R.P., Sumatra. Since
211 capture programmes involve high risks, only wvery small
numbers of animals (4-8) should be removed initially from the
Ujung Kulon population.

3. Captive Breeding under semi-wild conditions

&Ls part of the translocation programme captured rhinos could be
used to found =& semi-wild breeding population. As wilith the
Sumatran rhino, the best option would bhe to establish a bre=sding
programme under semi-wild conditions in a very large enclosure of
suitable habitat within the rhinos  former range, .¢€. Gn. Honie
or Way Kambas. Such a programme should only be undertaken after
extensive research to determine suitability of the receiving
habitat and =&availability of known rhino food plants. Pulau
Panaitan is probably not & suitable receiving site because of
lack of surface water in many areas at the end of the dry season.
Maoreover rhinos were never recorded on Panaitan in the past.

4., Captive breeding in Zoos

a. The last option, as currently advocated by the CBS5G, is a zoo
captive breeding scheme, involving the capture of 18-26 rhinos.
It is the considered opinion of the senior scientific advisors of
the WWF Indonesia and WWF Asia Programmes, as well as many other
concerned and eminent scientists, that the zoo option is by far
the worst option from a conservation point of view. Such a scheme
could itself threaten the survival of the Javan rhino 1in
Indonesia.

b. There are no convincing arguments for pursuing a zoo captive
breeding scheme at this time. Re-analysis of the CBSG's own PVA
data shows that the rhino population is more than 30 times more
likely to go extinct if animals are removed to zoos than 1if a



policy of ip situ conservation is pursued. The zoo programme
should only be reconsidered if poaching becomes a serious threat
in Ujung Kulon and the population shows dramatic decline.

5. Conservation Activities

Conservation activities for Javan rhino in order of priority:
1. better protection and management of Ujung Kulon N.P.
2. better protection and management of the Gn. Honje extension to

minimise human disturbance and encroachment.
3. Comprehensive longterm research to obtain accurate data on

population numbers and status of Javan rhines, whether the
population is at carrying capacity and if so why (competition,
availability of food plants). Research must be management-
orientated.

4. Translocation of 4-6 founder animals to other reserves within
the Javan rhino’s former range. This 1involves strengthening

protection and management of those reserves.

5. Captive breeding of Javan rhinces in semi-wild conditions
within a conservation area. Options ¢ and S can be complementary.
8. Captive breeding in zoos. This should not be undertaken at the
present time but may remain as a future option. Any zoo captive
breeding schemes should be carefully evaluated, focus  on
Indonesian =zoos and be dependent on zoo facilities and success
with breeding Sumatran rhinos.

WWF Commitment

The WWF Indonesia Programme is committed to assist PHFA with
appropriate in situ conservation activities to pratect Sumatran
and Javan rhinos and the reserves where they occur.

Dr K. MacKinnon Dr C. Santiapillai
Conservation Advisor Senior Scientific Officer

Br R. Betts
Representative
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A STRATEGY TO CONSERVE INDONESIAN RHINOS

Kenneth R. Ashby
University of Durham,., UK

Charles Santiapillai
WWF. PO Box 133 Bogor, Indonesia

Javan rhino (Rhinoceros sondaicus) and Sumatran rhino
(Dicerorhinus sumatrensis) differ in their conservation status.
The Javan rhino 1is found in Indonesia only &t Ujung Kulon
National Fark, but its numbers have doubled with improved
protection since 1967 (Amman 1983) and a surviving group has
been discovered 1in Vietnam (Dang 1986, Schaller et al. 1990,
Santiapillai et al. 1991), whereas the Sumatran rhino, while
still widely distributed is poorly protected and suffering rapid
loss of habitat (Santiapillai and MacKinnon; Widodo et al. this:
conference).

A conservation strategy must aim for and balance:-—

1. Effective protection of populations and habitats.

2. Minimising mortality and loss of breeding potential
caused by trauma on capture or by bad management,

disease and inbreeding depression.

3. Avoiding eduction in breeding success through
crowding in restricted natural habitats.

Javan rhino — Aims:

(1) Given numbers in Ujung Kulon National Fark at
approaching the maximum rate-observed elsewhere over a
substantial period (for example, 87 per year in Chitwan
National Park in Nepal, Kaziranga National Fark in
Assam, India and in Umfolozi National Fark in South
Africa), protection there should be further improved
and nothing done to hinder recovery. The rhino density
at 0.2 per km2 is likely to be well below the carrying
capacity (rhino densities elsewhere include 3 per km2
at Kaziranga (Choudhury 1987) and 3 per km2 in parts aof
Chitwan (Laurie 1982). The proposal of the TUCN Captive
Breeding Specialist Group (CBSG) to -remove half the
pocpulation from Ujung Kulon at present stage of
recovery is a recipe for disaster. It would intensify
all the threats to the population there of a stochastic
nature, and cause gross disturbance.

The effects of inbreeding depression are real and thus
of relevance to the situation at Ujung Kulon, but they
are transitory, and are minimised if numbers recover
quickly from battlenecks (Templeton and Reed 1984). The
populatiaon of 40+ wild cattle at Chillingham 1in
northern England 1is fit and thriving after B00 years
(about 120 generations) of continuous inbreeding, which
has included bottlenecks of one female and one male in
1760 following an epidemic,
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and eight females and five males in 1947 following an
arctic winter (Whitehead 19533). Equally striking is the
case of the <collared lizards of the Ozarks (Templeton
1986) where colonies aof 40+ have experienced 4,000
years (about 2,000 generations) of inbreeding. -

Removal of small numbers of rhino from Ujung Kulon for
breeding elsewhere should be considered only after a
further substantial increase in numbers has been
achieved in situ. ’

(2) Concern 1is often expressed that Krakatau may erupt
(as 1in 1883) with disastrous consequences for Ujung
Kulon., This is given as a justification for removing
Javan rhinos from Ujung Kulon. The threat from Krakatau,
is about equivalent to that to Naples from Vesuvius.
Heing a remote peninsula with a narrow link to the
mainland, Ujung Kulon is more easily protected than are
most national parks and reserves.

rhino — Aims:

(1) The forests of the mountains of Sumatra protect
alike rhino, other vital fauna, timber supplies for the
coming centuries, and watersheds thereby ensuring
adequate water supplies for a burgeoning human
population. Their protection is first priority.

(2) A dispassionate assessment is needed of what can be
saved of the lowland forest in Sumatra and Eorneo, and
of the proportion of the rhinos that can be.protected
effectively within 1it.

(3) Rhinos elsewhere should be removed as quickly as
possible to effectively protected but underpopulated
reserves elsewhere; or for captive breeding in zggs
that offer the exacting and very long—term facilities
required. Parameters with respect to captive breeding
of rhinos includes:-—

(a) The larger the animal and the longer the generation
time, the greater the difficulty and expense of captive
breeding. Rhinos score badly on both counts, for
example in comparison with Arabian oryx, where captive
breeding - was a critical success but nevertheless far
fram easily achieved, particularly when the time came
to reintroduce the species to the wild.

(b) The record concerning the survival and breeding
success of captive Sumatran rhino is deplorable and
must be improved.

(c) Large zoos with ample financial resources may
themselves be subject to a decline in fortune.



In Eritain, the popularity of wildlife TV films and the
spread of “animal rights’ sentiments threaten the
survival of =zoos, with the national flagship, the
London Zoo currently facing closure due to loss of
popular appeal.
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HIGHLIGHTS AND SUMMARY

The International Conference on Rhinoceros Biology and Conservation was the first
conference to consider the plight of all five species of rhinoceros. Sponsored by the
Zoological Society of San Diego. it was held May 9-11, 1991 at the Hanalei Hotel in
Mission Valley. Over 30 countries were represented and the over 300 registrants
included governmental representatives, zoo biologists. [ield biologists. representatives
of non-governmental conservation organizations, veterinarians and academic scientists.

The conference attracted considerable media interest. Coverage included the New
York Times, Los Angeles Times. San Diego Union and Tribune, San Diego television,
CNN as well as by Science, Discover and New Scientist magazines. Radio interviews
inciuded local and state-wide Public Radio shows. KIRO radio in Seattle and Radio 2 In
Sydney. Australia also conducted live interviews.

The basic scientific sessions included discussions of genetics, reproductive biology.
veterinary medicine, and poster presentations provided new information about
nutrition, disease., and other aspects of rhinoceros biology. including the first report of
vocal communication in both African and Asian rhinos involving subsonic sounds.

Other technical sessions focused on the status of each of the five rhinoceros species.
the development and implementation of plans for conservation of rhinos in separate
nations in which rhino populations survive and the status of the four species of
rhinoceros currently held in zoological parks.

Kevnote addresses inciuded the latest information on the international commerce in
illegal rhinoceros products (Esmond Bradley Martin), the spiritual value of habitats with
rhinos in an increasingly urban world (Roll Benirschke), a strategic overview of what
humans must really do to save the rhinoceros species (Mark Stanley Price). and a direct
and personal plea from the Rhino Man. native Kenvan Michael Werikhe. for
international assistance in securing rhino populations for the future.

Nearly 30 manuscripts were collected at the conference for the edited volume that will
include the papers presented at the conference as well as additional contributions that
were not included in the conference. This extensive book will be the first compilation
of information on the biology and conservation of all five species of rhinoceros.

The conference office was busy on a nearly 24-hour basis. A conference news bulletin
provided the latest information about the scheduling of working groups. revisions in the
conference program. and other conference news. Summaries of the plenary sessions
were entered into word processing files as were reports of working groups and draft
resolutions. All these materials were combined and duplicated so that copies were
available to all for discussion in the final plenary session. The reviewed and approved
reports form the basis of the Conference Report that highlights the current situation for
each species of rhinoceros and delineates directions for research. zoo and field
conservation action. Thus, matters of consensus for conservation action as well as
controversy in conservation methodology are made explicit and available.
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CONFERENCE RESOLUTION
The Conference encourages the international donor community to consider the five species of rhino in Africa and Asia as flagship and
umbrella specics for conserving biodiversity and critical ecosystems. The critically endangered status of these specics emphasizes the urgent
need for immediate conservation action and funding. The Conference urges the donor community to use the Global Environmental Facility
of The World Bank to fund conservation projects in Africa and Asia that protect rhinos and their habitats, involve local community
participation in rhino management and conservation education and awareness programs.
(This resolution was unanimously approved at the final plenary session)

Keynote Addresses

Esmond Bradley Martin:
Rolf Benirschke:

Mark R. Stanley Price:
Michael Werickhe:

The presens-day trade routes and markets for rhinoceros products

The spiritual value of habitats with rhinos in an increasingly urban world
What will it take to save the rhino?

The rhino will live or die because of us

Plenary I - Summary
Rhinoceros Evolution and Systematics: Conservation Implications

R. Aman, chair: Genetic analysis of rhino populations in Kenya

G. Amato: Molecular evoluwtion in rhinos

M. George: Mitochondrial DNA analysis of rhinoceros subspecies

E. Harley: Molecular Genetic studies of Southern African black
rhinoceros

D. Prothero: Fifty million years of rhinoceros evolution

O. Ryder: Rhinoceros chromosomal studies: Application to gene
pool conservation

N. van der Merwe & A. Hall-Martin: The determination of species
and geographic origin of rhinoceros horn by isotopic analysis

Fossil records indicate that the cvolutionary history of rhinoceroscs
dates back to S0 million years ago. The newer molecular genetic
techniques are quite useful in tracing the relatively recent
evolutionary history of the five extant species of rhinos. What
implications do those new techniques have from the conscrvation
point of view? Here the concerns require a practical application of
information gathered from such techniques. The questions may be:
Is there a genetic basis for the specics divisions at the sub-species
level? Are such genetic differences between the sub-species large
enough to contraindicate managing them at the sub-species level or
are they small enough so that strategy of management could be
dictated by factors other than genetic? Can these techniques
determine with certainty the identity and relationships of
individuals within a population? And from the point of view of
regulation in wade of rhino products and forensics, can these
techniques lead to identification of such products and trace their
points of origin? It is clear from the proccedings that these new
approaches hold great promise in providing answers to such
questions.

Summary Report

This session opened with a brief description by Dr. Aman of
efforts underway in Kenya in setting up a molecular genetics lab to
conduct research on assessing genetic variation within large
wildlife mammals within the region using a DNA-based approach.
A project, in collaboration with Dr. Ryder and CRES, to examine
genetic variation in black rhinos in Kenya has already been
initiated, An interesting inroduction on the subject of rhinos was
provided by Dr. Prothero who traced back the evolutionary history
of this family over the last 50 million years since its origin.

2

Rhinoceroses were at one time dominant large land mammals on
all the northern continents and in Africa and comprised over 65
genera that occupied diverse ecological niches. Today only five
species in four genera survive.

Dr. Ryder described his work on analysis of chromosomes of
the African rhino. Karyotypes of the northemn and southem black
rhino were found to be similar in terms of chromosome numbers
but dissimilar when the proportion of biarmed chromosomes was
examined. In a chromosomal survey of 7 black rhinos from
Zimbabwe and 22 black rhinos from Kenya, the distribution of
chromosome arm lengths was found to follow a bimodal pattern
grouped according to origin. This may be reflecting changes in
heterochromatin as a result of a recent lack of gene flow between
populations in the two regions.

Al the DNA level, low levels of intraspecifc variation are
observed in the two African species of rhino. By analysis of
mitochondrial DNA restriction fragment length polymorphisms,
Dr. George found that the level of genelic variation ranged belween
0 and 0.07% among northern white rhinos and between 0 and
0.04% among southermn white rhinos. The differences between
northern and southermn white rhinos ranged between 1 and 1.4%.
Much larger levels of variations ranging from 4.2 to 5% were
observed between the white and the black rhino species. Using the
same technique, Dr. Harley reported a similar level of sequence
divergence of 6.8 = 1.6% between the two species of African rhino
which translated to a divergence time of 3.4 0.8 million years.
Harley also found that mitochondrial haplotypes that were unique
10 D.b. minor, D.b. bicornis, and D.b. michaeli could be defined
and could serve as uscful markers for those subspecies. He noted
that the amount of divergence between the black rhino sub-species
represented by these changes was small. Thus, there was no
indication to maintain these subspecies scparately based on
mitochondrial DNA distance estimates. Any outbreeding depression
as a result of subspecies interbreeding would be quite unlikely and
the choice, therefore, of management strategy would have to be
dictated by other factors such as the preservation of some desirable
morphological, behavioral, or adaptive specializations.

Data on genetic variation as assessed by the finest level of
resolution, that is DNA sequencing, was presented by Dr. Amato.
He described the merits of the powerful and versatile polymerase
chain reations (PCR) and its application to rhino genetics. DNA
sequence information generated by analysis of PCR amplified
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products from the 125 and 165 ribosomal genes of the.

mitochondrial genome was used to construct phylogenetic trees for
four species of the rhino using the cow or zebra as outgroups. The
phylogenies strongly supported the monophyly of the African
species. Both the Sumatran and Indian rhinos separated as another
branch with a distant lincage split. Dr. Amato also described a new
technique called RAPD (random amplified polymorphic DNA
markers) that seems to hold better promisc in patemity and
pedigree analysis in rhinos than the conventional DNA
fingerprinting techniques. The technique also has the advantage that
there is no need for Southern blotting and hybridization with
radioactive probes in generating data.

That techniques developed in other scientific disciplines can be
applied (o resolve zoogeographical separation in genetics was
demonstrated by Dr. van der Merwe. He presented data on the
measurements of light stable isotopes such as S, C, H, O, and N
in specimens of rhino horn to determine the species of rhino that
the sample originated from and its geographic origin. Carbon
isotope ratios (*c/**C) are sufficient for species identification
because of the natural differences in this ratio in the vegetation
types that the two species of African rhino feed on, i.e. browse vs.
grasses. Analysis of B¢C/2C ratios in hom material from the two
African rhino species resulted in an unequivocal identification of
the species. Identification of the geographic origin, however, is
more complex and requires multiple analysis of isotope ratios
including SN/MN {(which correlates with rainfall) and heavy
isotope ratios of Sr, Pb, and Nd (which register the age of
geological substrate). Multivariate cluster analysis of these
isotopes ratios was found to scparate the geographic refuges with
very little overiap, thereby identifying the geographic origin of the
sample.

Plenary II - Summmary
Biology and Conservation of the Greater
One-Horned Rhinoceros

E. Dinerstein, chair: Demographic characteristics
of greater one-horned rhinoceros populations

Sunder P. Shrestha: The role of translocation of greater one-horned
rhinos in species conserva-tion: The Bardia Park example

G. McCracken: Genelic variation in the greater
one-horned rhino and implications for population structure

Satya Priya Sinha: Management of the reintroduced great one
horned rhinoceros (Rhinoceros unicornis)in Dudwa National
Park, Unar Pradesh, India

This session took a conservation biology approach to the
management of this species. We first looked at some of the
demographic considerations of this population which have been
under study over the last few years and found that the Chitwan and
Kaziranga populations (essentially the only viable population at
the moment) had made significant recovery since the early 1900s,
when they were down to very low levels. In the case of the
Kaziranga population, its numbers decrcased to less than a hundred
individuals: for the Chitwan population, the low point was
between 60 and 80 individuals in 1962. These rhino populations
are an example of how adequate protection and sufficient habitat
can lead to recovery.

In looking at the genetics of this population a rather startling
and interesting discovery was made. The average heterozygosity in
greater onc-homed rhinoceroses approaches the highest levels
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recorded for free-ranging mammals. Gary McCracken explained
how, through the historical demography of this specics, genetic
diversity might have been maintained in spite of the population
bottleneck. The speakers in this session also recognize that the
remnants of 2 population almost going extinct may still carry high
levels of genetic variability, and that the next step in any effont 10
conserve the species is to reestablis h these populations within the
histonic range of the species, particularly in areas that are now well
protected and where there is adequate habitat.

Dr. Shrestha from Nepal and Dr. Sinha from Uuar Pradesh
gave examples of where transiocations have begun. In the very
successful reintroduction and translocation of rhinoceros from
Chitwan the population at Bardia is now up lo 38 individuals.
There have been five births. Of the first installment of rhinos that
were seni there in 1986, all those born were from females that were
bred in national parks, rather than females that arrived pregnant.
Dr. Sinha reported on a different, opposing scenario involving the
Dudwa Sanctuary population for which it appears unlikely at the
moment there is enough habitat within the Dudwa Sanctuary to
support a viable population.

Therc are a number of other areas within the hisioric range of
the greater one-horned rhinoceros that are available for future
translocation efforts. From Dr. Shrestha’s work it is clear that the
technology is available for the translocation of animals and a high
success rate may be anticipated, unlike some of the problems we
heard about with black rhinos. Thus, the transiocations should
become a very important part of the conservation activilies for
Rhinoceros unicornis.

Plenary III - Summary
African Rhino Status and Conservation Plans

C. Gakahu, chair: African rhinos: Current numbers and distribution

R. Bretl: The maragement of rhinos in sanctuaries in Kenya

P.M. Brooks: Conservation plan for the black rhinoceros in South
Africa, the TBVC states and Numibia

K.H. Smith: Conserving rhinos in Garamba Nuational Park

M. Atalia: Strategies for the conservation of rhino in Zaire

N. Steele: Development and management of rhino sanciuaries in
Sowh Africa: The effects of socio economic and political
changes in Sowhern Africa on developments

1. Numbers, distribution, and whether the trend of
population(s) is decreasing, stable, or increasing in sanctuaries,
nalions, or regions are the basis of assessing status and therefore,
vital data for management and conservation of rhinos. The
databases for rhino populations should progress toward continuous
monitoring of births and deaths, including, when possible, the
identification of individuals. A permanent and cenlralized dalabase
should be established.

2. The required field surveys and monitoring are expensive
and require finance, personnel, and equipment. These requirements
musl therefore be used rationally for max output. Finance and
equipment are a major problem and assistance is required. Efforts
shouid therefore be concentrated in arcas with significant (viable)
aumbers of rhinos.

3. Sanctuaries offer great hope and future for rhinos, but they
must be actively managed and supported by long term intensive
monitoring of all aspects including vegetation, food and nutrition
requirements, genetics, and discase together with physiology and
veterinary needs especially for capture and translocation.



75th Anniversary of the Zoological Society of San Diego
International Conference on Rhinoceros Biology and Conservation
May 9-11. 1991, San Diego. California. USA

4. Objectves of conservation of rhinos can only be achieved
through the implementation of co-ordinaled management programs
involving management of existing populations, establishment of
new populations and support for captive breeding programs.

5. The main factors likely to affect the fuwure of African
rhinos ranked in order of importance are poaching, civil unrest
f[rom within and outside national boundaries, habitat changes,
genetics, and inbreeding in relation to the demographic data.

6. When discussing, developing strategies and conservation
plans, the socio-economic and political factors must never be
underestimated. The basic survival needs of people who shouider
the cost of supporting wildlife should be catered for by the
conservation programmes. Their active participation through
education, understanding of benefits from wildlife (rhino included),
exlension and community based conservation is vital for sustained
management of the natural resource base which rhinos are part of.
This is both a short and long term strategy and it should not be
above the most urgent and, hopefully, short term security
enhancement for rhinos in sanctuaries, private lands, and
government conservation areas.

Plenary IV - Summary
Captive and Other Managed Populations

P. Spala, chair: Breeding experience with northern white rhinos

1. Anderson: Management of iranslocated white rhino in Sowhern
Africa

C. Furley: The management of black and Sumatran rhinos at Port
Lympne Zoopark, UK.

R. Reece: Captive breeding of rhinoceroses in North America

R. Rieches: Rhinoceros breeding at the San Diego Wild Animal
Park

Some aspects of captive breeding of biack, whitc, Indian and
Sumatran rhino populations were discussed with the following
resulis:

1) None of the captive rhino programs have so f{ar reached
the sustaining level.

2) The southern white rhino groups have not proved lo be
growing at expected rate. The other SSP's for rhinos are
progressing satisfactorily.

3) Fulfillment of required population size objectives will
require a doubling of availabie space.

4) Disease faclors appear more prominent in browsing
species (i.e., black rhino) than in grazing ones.

5) More research in reproduction, genetics, behavior,
nutrition, etc., is necessary to achieve self-sustaining populations.

6) Managed populations of the translocated white rhinos in
Southem Africa are doing well and are currently producing surplus
at the rate of 10% per vear.

Plenary V - Summary
Endocrinology and Reproduction

J.K. Hodges, chair: Studies in rhinoceros reproductive
endocrinology

N. Czekala: Salivary hormone analysis for black rhino pregnancy
detection

R. Godfrey: Progress in reproductive physiology researcy in
rhinoceros

J. Hindle: Recent advances in reproductive monitoring of rkinos in
captivity and in the wiid

N. Schaffer: Reproductive ulirasound and semen collection in
chute-restrained cognizant rhinoceroses

The aim of the session was to provide a brief account of
current status in the field of reproductive physiology and to
examine priorities for future studies in relation (o
managementconservation needs. Keith Hodges provided some
background on the importance of monitoring methods, different
approaches and potential applications. Jo Hindle highlighted the
species differences hormone metabolism and their implication for
methods of urinary hormone analysis. She presented dala describing
the pattern of excretion of 20a-dihydroprogesterone (20a-HP) and
conjugaled estrogens, allowing for the first ime the monitoring of
foilicular development and corpus luteum function in African
rhinos. An alternauve method of monitoring based on hormone
analysis of saliva was described by Nancy Czekala. The
measuremnent of 20a-HP and estrogens in saliva should be useful
in pregnancy diagnosis and prediction of parturition in the black
rhino. Data on circulating levels of estradiol and progesterone
during the ovarian cycle in a black rhino were presented by Bob
Godfrey, showing that animals may be trained to use a squeeze
chute for non-stressful blood sampling. He also reported that
ovarian follicles, a corpus luteum and an early embryo had been
visualized in using ulirasound. Nan Schaffer summarized her work
on ultrasound and reproductive tract gross anatomy. The finding of
a convoluted cervix may cause difficulties when atilempting intra-
ulcrine insemination. She also reported that viable semen had been
collected from epididymes and by electrical and manual stimulation
from Indian and African rhinos.

The value of assisted reproductive technologies (A.l., embryo
transfer) to rhino management was discussed. Potential was clearly
scen for captive animals. However, much more work was needed
and any real impact on rhino conservation is unlkely within the
next five years.

Priorides for the fuwre.

1. Confirm endocrine data for ovarian cycle in African
rhinos. More cycles from more animals are necded (especially
white).

2. Correlate urinary data with blood sampies and ultrasound.
Focus on timing of ovulation and assessment of luteal function.

3. Greater precision is required for hormonal profiles during
(carly) pregnancy. The range of normal values for urinary and
salivary hormones needs to be established.

4. Altenative methods of early pregnancy diagnosis need to
be sought.

5. Method of pregnancy diagnosis from 1 or 2 samples nceds
1o be developed to facilitate use on (ree-ranging animals.

6. Use of faecal hormone analysis for pregnancy detection
should be pursued (due to potential for use with wild animals).

7. Wherever possible squeeze chute (crush) facilities should
be installed and animals conditioned to regular handling.

8. Methods for ovarian stimulation and synchronization of
ovulation need 10 be established. Different approaches, doses,
treatment protocols and responses all need to be worked out.

9. Success rate for semen collection needs to be improved.
Further work is needed (o establish optimal semen freezing and
storage methods. Procedures and instumentation [or A . need to be
developed. -

10. Placental matenial (particularly early pregnancy) should be
collected and stored for structural, histological and endocrine
evaluation.
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Plenary VI - Summary
Biology and Conservation of Sumatran and
Javan Rhinos

Mohd. Khan, chair: Conservation planning for the Sumatran
rhinoceros

C. Santiapillai Conservation and management of Javan rhino
(Rhinoceros sondaicus) in Vietnam

K. MacKinnon: Conservation and management of Sumatran Rhino
(Dicerorhinus sumatrensis) in Indonesia

Sukianto Lusli: The status of Sumatran Rhino Rescue
Programme in Indonesia

Widodo Ramono: Conservation and management of Javan rhino
{Rhinoceros sondaicus) in Indonesia

Linda Prasetyo: Sumatran rhino (Dicerorhinus sumaltrensis) captive
propagation in relation 10 its conservation

(Plcnary session summary not available at this time)
Indonesian Rhino Conservation Informal Meeting

An informal meeting was conducted to exchange information
and ideas relative to rhino conservation in Indonesia.

In particular, the group discussed plans and preparations for the
Indonesia Rhino Conservation Workshop that had been postponed
last January and is now to occur 3-5 October 1991 in Bogor,
Indonesia. The draft agenda for this Workshop was reviewed and
revised. Major items on the agenda include a review of the PVA
process for Javan rhino, the Global Heritage Species Programme
proposal for Sumatran Rhino, and the Indonesian Rhino
Conservation Action Plan. Also reviewed was the Briefing Book
being prepared for this Workshop. Numerous recommendations and
matcrials were submitied for addition.

Also distnbuted and discussed were:

The latest draft Studbook for Sumatran Rhino including
morc refined analyses of the mortality that has occurred during
the program.

The second draft of the Prototype Action Plan for
Sumatran Rhino as a Global Heritage Species Programme.

Further PVA Analyses using VORTEX software from R.
Lacy as well as an alternative approach developed by H. Prins.
Directions for additional analyses beforc the October
Workshop were explored.

The meeting concluded with an agreement by those attending to
continue dialogue in preparation for the October Workshop to
maximize the productivity of that mecting.

Summary of Global Propagation Group Meeting -
Sumatran Rhino

The first meeting of the Global Propagation Group for the
Sumatran Rhino was convened in conjunction with the
International Rhino Conference in San Dicgo. In atiendance were
representatives of the 4 countries and 8 of 11 facilities maintaining
captive specimens.

The purpose of the session was 10 review and advance the
captive propagation program as part of the conservation strategy
and action plan for this species. Studbook Keeper Foose presented
a summary of the program since 1984.

31 (12/19) rhino have been captured in the 3 regions

where rescue operations are being conducted: Indonesia 15

(6/9); Peninsular Malaysia 11 (2/9); Sabah 5 (4/1).

9 (4/5) rhino have died from a variety of causes which
were reviewed; mortality has been differential in the various
regions and facilites; death rates have declined over history of
the program; last death occurred in 1989.

One animal has been born in captivity although conceived
in the wild.

23 (8/15) rhino arc alive in caplivity today in 5 countries
and 11 facilities: Indonesia 7 (3/4) rhino a1 4 sites; Peninsular
Malaysia 7 rhino (1/6) at 2 sites; Sabah 3 (2/1) rhino at 1 site:
U.K. 2 rhino (1/1) at | sites.

Reproduction has been impeded by dearth of mature
males.

An institution and animal by animal review of the captive
population was conducted. Representatives of the 3 regions
described their plans to optimize reproductive opportunities for
thino. Breeding activity was described in the U.K. and Jakana
where apparently full copulations have been observed. Plans were
discussed to place male with females on regular basis in new
Sungai Dusun Rhino facility in Peninsular Malaysia which will
also now resume attempts lo capture additional rhino especially
males. U.S. representatives discussed plans to place all 3 females
with the available male over next year.

Parties agreed o intensify efforts to investigate subspecies
distinctions among rhino from different regions to guide
reproductive programs. Amato offered his laboratory without
qualifcation for this effort. A research working group was also
organized to facilitate and improve cooperation and coordination
among scientists in the several countries.

Finally, a prototype proposal to employ the species as an
umbrella and perhaps Heritage Species was presented.

Parties agreed to continue dialogue and collaborations at
October Rhino Workshop in Indonesia.

Plenary VII - Summary
Strategic Planning for Rhinoceros
Conservation

R. Martin, chair: Development of the Zimbabwe natioral
conservation strategy for black rhinocerso

T.]J. Foose: Global management of rhinos

N. Leader-Williams: Theory and pragmatism in the conservation of
rhinos

All these papers recognized a average minimum recurrent cost
of US 3200/sq. km. to conserve wild rhinos in situ. Martin
showed data which indicated that this could rise to $400/sq km
under conditions pertaining in Zimbabwe. Foose used these figures
lo estimate in siu conservation costs for viable populations of all
taxa of rhino at S20-40 million per year.

All three speakers agreed that it was necessary 1o meel
threshold funding (and manpower) levels to prevent failure of in
situ conservation efforts. With current funds available for
conscrvation this inevitably implies a departure from atiempts to
conserve rhinos in very large areas and an emphasis on smaller
units dictated by budgets. Programs in Zimbabwe and other
countries have incorporated this feature by focussing additional
manpower in designated zones (o protect large wild populations.

Thereafter there was some divergence of opinion among the
speakers on the most effective approach for conservation action. In
his presentation of a global strategy, Foose placed emphasis on the
conservation biology aspects of rhino populations which were
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either dangerously close to or below viabie population levels. He
saw the future for rhinos lying in managed metapopulations
consisting of in situ subpopulations and ex situ captive breeding
subpopulations between which controlled movement of breeding
animals would be necessary to maintain genetic diversity and
demographic security. Highest priority should be piaced on
increasing both wild and captive bred populations immediaiely o
escape deleterious stochastic threats. Foose felt that the situation
had reached a stage where it was undesirable that any taxa of rhino
should be reliant on a single political authority for its survival.
While advocating the value of captive breeding programs, Foose
observed the need for improvement in husbandry.

Leader-Williams presented a powerful case that the only
effeclive conservation of rhinos to date had occurred in situ in areas
where adequate budgets and manpower had been provided. He
presented data to show that, to date, the contribution of ex situ
caplive breeding programmes to conservation of rhinos (and
several other species) had been negligible and costly. He expressed
caution at experimenting with captive breeding at a stage when
many populations needed immediately to be increased to more
secure levels.

Martin, also, felt that in siru protection of rhinos was of the
utmost priority. He highlighted the fact that adequate budgets for
such efforts could be obtained sustainably within the three southemn
African countries which now contain over 30% of Africa's black
and white rhinos by taking advantage of the inherent economic
value of rhino. A conuolled trade in legal government stocks of
rhino homn and/or the raising of revenues from a small quota of
animals for sport hunting could provide the necessary funds.
Current contributions to rhino conservation from the international
community were small compared to the budgets allocated by those
African governments who had achieved successful conservation of
rhino, and these governments sought to temain self-sulficient ir
funding through sustainable conservation measures. Zimbabwe
had made a secondary commitment o ex situ caplive breeding by
its intent 1o provide a viable founder population of black rhino. [t
saw this as an ultimate form of insurance in the very long term
against extinction possibilities but did not in any way view this as
reducing the in situ conscrvauon requirements.

In summary:

1. The paramount goal should be the maintenance or
restoration of viable wild rhino populations.

2. More money needs to be directed toward this effort cither
by greater donor involvement or by sustainable utilization of the
species including the use of its high economic value.

3. Captive propagation could offer an ultimate insurance
against extinction provided that better husbandry, management, and
breeding performance can be achieved.

Plenary VII - Summary and Working Group
Report
Health, Disease, Nutrition and
Pharmacology: Veterinary Aspects of
Rhinoceros Conservation

E. Miller, chair: Health concerns and veterinary research in the
North American black rhinoceros (Diceros bicomis) population

C. Furley: Diseases and management of black and Swnatran
rhinoceroses at the Howleits and Port Lympne z00s

L. Geldenhuys: Capture and translocation of black rhino in
Namibia

D. Jessup: Health data gained from black rhinoceroses immobilized
for relocation

M. Kock: Capture and translocation of the black rhinoceroses
(Diceros bicornis) in Zimbabwe: Management modifications 1o
reduce stress and mortalities

R. Kock: Veterinary managemens of three species of rhinoceroses
in zoological collections

R. Montali: Pathological findings in captive rhinoceroses

P. Morkel: Translocation and dehorning of wild black rhinoceroses

L. Munson: Mucosal and cutaneous ulcerative syndrome in black
rhinocerso (Diceros bicornis)

In view of the role that health and nutritional problems in the
maintenance of captive rhinoceros populations (eg, as a limiting
factor in the growth of the captive black rhinoceros population),
and that they have presented concerns in wild populations and their
translocations, the following points for consideration and action are
recommended:

1. Continued investigation of health problems in wild and
captive rhinoceroses. New and continued research should be
organized and encouraged in the following areas:

All morbidity and mortality data from captive, and where
possible, wild populations should be compiled and reviewed
annually under the auspices of the regional species
management plans and national wildlife programs, and those
regional data reviewed under the auspices of the [UCN/CBSG
Rhinoceros Action Plan. Such studies should include
evaluation of post-capture and post-ransiocaton moralities.

Investigation of fertility and the incidence and prevention
of management related disease and rauma.

Additionally, monitoring the fertility of all rhinoceros
populations with particular attention to fertility in Indian
rhinoceroses and abortion rates in black rhinoceroses.

Enhancement of baseline data for normal values from free-
ranging and captive rhinoceroses of all species is of critical
importance to all fields of rescarch.

Epidemiology of health problems in captive and wild
rthinoceros populations and comparison of patierns in each.
Such research should include scroprevalence surveys for
infectious diseases and cvaluation of internal and external
parasites and their health significance.

Continucd sharing and refinement of immobilizatien
regimens between wildlife and zoo veterinarians should take
place. Narcotic agents (etorphine and carfentanil) are the
primary drugs used for immobilization, and further
investigations are needed to establish preferable supplemental
tranquilizers, particularly long-acting neuroleptic agents.
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Metabolic consequences of ancsthesia and the stresses
associated with capture and the sequelae of both should be
assessed.

Studies to address the immunocompetency of wild and
captive black rhinoceroses and the role that immunology may
play in several of their diseases, eg, {ungal pneumonia of
black rhinoccroses.

Nutritional research should include general review of the
feeding practices used in all species in captivity with particular
attention to minimal requirements. Basic nutritional
evaluations should focus attention on both the nutrition of
wild and captive populations. Research 1o establish effective
dietary supplementation with a-tocopherol should be
encouraged.

In black rhinoceroses further research should be designed
to evaluate the following discases and syndromes:

Hemolytic anemia - Current recommenda-tions for
the prevention of acute hemolytic anemia include
vaccination of captive animals with a bacterin containing
S leptospiral serovars. Research to an underlying cause for
the hemolysis should continue.

Oral/skin ulcers

Further evaluation of iron metabolism due to the
accumulation of hepatic iron in captive and newly
captured black rhinoceroses.

Fungal pneumonia

Encephalomalacia.

2. In conjunction with the above proposals, identification of
additional funding resources to support health research in
rhinoceroses is vital.

3. Continued maintenance and enhanced participation in
regional biomaterial banks (lissue, sera, urine, elc) with materials
from both captive and wild rhinoceroses of all available species is
vital to future comparative studies.

4. Continued and enhanced collection of genetic samples
from anesthetized animals whenever possible.

5. Continued and improved communication beiween
velerinarians working with both wild and captive rhinoceroses
should be enhanced through future meetings. Special effort should
be applied lo the maintenance of continuous medical histories for
rhinoceroses translocated from the wild to captvity.

In summary, there should be veterinary participation in the
management of captive and wild rhinoceros populations. This
participation should be an integral part of a multidisciplinary
approach (o their care, and is particularly relevant to their capture
and translocation. Such efforts will contribute to the long term
survival of both in situ and ex situ rhinoceros populations.

Planning for Rhinoceros Conservation

Proposed consensus items and/or issues for discussion and
clarification:

1) There should be a greater flow of funds from international
development agencies to projects that conserve biological diversity.

2) There is a need for incrcased flow of information
conceming the costs of ex situ and ia situ conservation.

3) There is a need for more accurate and timely reporting of
data concerning population abundance, especially for in situ
populations of black, Sumatran and Javan rhino.

4) Civil and military conflicts within and between nations
pose a proximate threal to rhino populations.Demographic

vulnerability due to small population size poses the most
immediate threat 1o wild populations of rhinos where poaching
activities arc under control and where negative civil and military
impacts on rhino populations are preciuded.

5) A closer examination of husbandry regimes for rhinos in
zoological parks is warranted in order 10 gain insights into their
apparently less-than-maximal reproduction rates.

6) Non-invasive reproductive monitoring of rhinos in
zoological parks should be expanded and, as possible, compared
with data obtained from in situ sanctuary and ex sifu sanctuary
populations of rhinos.

Ty The development of a simple pregnancy test, especially
one that could be employed under field conditions would be of use
in both in situ and ex situ management of rhinos.

8) It is worthwhile at this time to conduct experiments in
the introduction of black rhinos into existing populations. The
existing populations should be derived from demographically and
genetically secure sources so that their reproduction is not
considered essential for meeting gene pool conservation goals in
the region. The introduced rhinos could include individuals of
either sex and be derived from zoological parks or in situ
populations. (i.e., it is valuable now to begin to develop
successful approaches for the creation of metapopulations).

9) A Second International Conference on Rhinoceros
Biology and Conservation is warranted as in three years' time new
information on disease, reproduction and the development of

sanctuary programs is anticipated.

Working Group Report
Conservation of the Northern white
rhinoceros
Ceratotherium simum cottoni

Al the Intermational Conference on Rhinoceros Biology and
Conservation the most recent information available was exchanged.
A Northern white rhinoceros working group met and presented
their report at a conference plenary session.

Recommendations are made in three areas: conservation of the
in situ population, conservation of the ex situ population, and
coordination of thesc efforts.

[n situ population

The success of the conservation efforts for the Northemn white
rhinoceros in Garamba National Park taken by the government of
Zaire is recognized and those responsible are (1o be commended for
their actions.

Continuation or increase in the levels of international funding
for the Garamba ecosystem and an increase in the level of research
efforts in support of the Northern while rhinoceros is
recommended.

External assistance is recommended for the further training of
park staff in techniques of wildlife proiection.

Further research should be undertaken on nurrition and feeding
ecology. Rescarch should also be undertaken on the genetic status
of the Garamba population. Collection of samples for genetic
analyses, including examination of the levels of genetic diversity
and in methods of parentage determination, should be encouraged.
Research should be initiated on the role of infrasonic vocalizations
in communication between and among individual rhinos in the
park.
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Research findings on the rhinos in Garamba Park can usefully
support investigations into reproductive efficiency of the captive
popuiation and vice versa. The detection of pregnancy, especially
of the early stages of pregnancy, would have useful application to
the Garamba Northern white rhinoceros.

Ex situ population

Recommended is the aggressive investigation of the estrus
cycles and continuous monitoring of all captive females (except
those less than S years of age). Monitoring of salivary and/or
urinary 20a-DHP and estrogen conjugaltes is recommended.

Semen collection and freezing from all males should be
underiaken.

A technical working group should be convened to discuss the
options and protocols for the most appropriate action to be
undertaken in order (o increase the reproductive potential of the ex
situ population.

The feasibility of induction and/or synchronization of estrus
should be investigated using female Southemn white rhinos.

All zoological parks maintaining Northern white rhinoceros
should immediately construct and install manipulation chutes that
allow for the safe handling of animals for reproductive
examinations and other necessary velerinary investigations. Plans
arc available for these manipulation chutes.

The zoological parks that hold the Northern white rhinoceros
have a critical responsibility for these animals and their potential
contribution to the gene pool. The activities of these institutions
should be monitored by the IUCN Captive Breeding Specialist
Group. The individual rhinos removed from the wild provide a
crucial source of gene pool resources that are of potential benefit to
the future of the wild population.

No further transfers of Northern white rhinoceros from the Zoo
Dvur Kralove is recommended at this time. The collection of a
breeding nucleus of the Northern white rhinoceros and its
husbandry at Dvur Kralove enable the option of utilizing an ex siru
population in support of the population in the wild and the
ecosystem in which it exists.

More frequent and delailed communication of data and research
conclusions is recommended. Dectailed summaries of information
relevant to reproduction and population management should be
exchanged between all partics.

The opportunities for cooperation and linkage of aspects of the
management of the gene pool resources is recognized by ail parties
and efforts to develop appropriaie approaches to linking in situ and
ex situ populations should be explored.

CURRENT RHINO POPULATIONS AND
DISTRIBUTION

Introduction - The following represents the most current data
available on rhinoceros populations and their distribution. [t was
collected by personal inicrview, conference presentations and related
materials gathered at the International Symposium on Rhinoceros
Biology and Conservation held May 9 through May 11 in San
Diego, California, USA.

dorthern White Rhinoceros - the Northern White
rhinoceros (Ceratotherium simum cottoni) currently exists in the
wild only in Garamba National Park, Zaire. The population there
consists of 15 males and 13 females (K.H. Smith, 1991); six of

these males and twelve of the females form the actively breeding
portion of the population.

The captive population resides in two institutions:
Vychodoceska Zoo in Dvur Kralove, Czechoslovakia and the Wild
Animal Park in San Diego, USA. The Vychodoceska Zoo has two
males and five females. One of the females is a Northern
White/Southern White hybrid (P. Spala 1991). The Wild Animal
Park has two males and two females in its herd.

Southernp White Rhinoceros - the status of the
Southern White rhinoceros Ceratotherium simum simum in the
wild over the past decade is as follows (from C.G. Gakahu, 1991
and with revisions):

1980 1984 1990

Botswana: 70 200 15
CAR: 20 1 0
Kenya: 25 30 65
Mozambique: 30 20 0
Namibia: 150 70 200
South Africa: 2500 3330 4225
Swaziland: 60 60 8
Zambia: 5 10 6
Zimbabwe: 180 200 200

3841 3947 4745
The captive population consists of 698 individuals (342
males, 355 females one undetermined) in 245 institutions
according to the 1991 African Rhino Studbook.

Black Rhinoceros - the status of the Black rhinoceros
{Diceros bicornis) in the wild over the past decade is as foilows
(from C.G. Gakahu, 1991):

1980 1984 1987 1990

Angola: 300 90 0 0
Botswana: 30 10 10 2
Cameroon: 110 110 25 15
CAR: 3000 170 10 0
Chad: 25 5 5 2
Ethiopia: 20 10 0 6
Kenya: 1500 550 520 400
Malawi: 40 20 25 5
Mozambique: 250 130 0 0
Namibia: 300 400 470 400
Rwanda: 30 15 15 9
Somalia: 300 90 0 0
South Africa: 630 640 580 626
Sudan: 300 100 3 0
Swaziland: 0 0 0 2
Tanzania: 3798 3130 270 185
Uganda: 5 0 0 V]
Zambia: 2750 1650 110 40
Zimbabwe: 1400 1680 1760 1700

14785 8800 3803 3392

The captive populalion, according to the 1991 African Rhino
Studbook, consists of 91 males and 113 females (204 total
animals) in 72 institutions.
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g. A ,9‘ 75th Anniversary of the Zoological Society of San Diego
x_ International Conference on Rhinoceros Biology and Conservation
i May 9-11. 1991, San Diecgo. Californfa, USA
SAN DIEGO 199
Greater One-Horned Rhinoceros - the Greater One- Ulu Selama: 1
Homed rhinoceros (Rhinoceros unicornis) is known in the wild in Ulu Belum: 24
the following locations (from the Action Plan: Asian Rhino Bubu Forest: 2
Specialist Group (1989), Dinerstein (1991), Sinha (1991)): Kedah: S
Between Ulu Selama & Kedah: 23
INDIA- MALAYSIAN BORNEQO-
Manas (Bhutan border): 60 Tabin Reserve, Sabah: 20+
Dudwa: 9 Kretam/Dent Peninsula, Sabah: 8
Kaziranga: 1080 Danum Valley, Sabah: 10
Laokhowa: 5 Limbang, Sarawak: 13
Orang: 65 THAILAND-
Pobitara: 0 Phu Khieo: ?
Pockets in Assam; 25 Tenasserim Range: 6-15
Pockets in West Bengal: 32 Khao Soi Dao Reserve: 2
NEPAL-
Royal Bardia: 38 TOTAL = 595-1012
p AKIS'.}.(XEI.CM(WM’ 358 The captive population currently stands at 19 rhinos (6 males and
Lal Sohanra: ) 13 females) in 9 institutions and two (one male, one female) at the

Ipuh capture site (Draft Sumatran Rhino Studbook, 1991).
TOTAL = 1712

The captive population currently consists of 67 males and 47
females (114 total individuals) in 43 institutions.

Jayan Rhinoceros - there are between 52 and 62 Javan
rthinos (Rhinoceros sondaicus) currently in Ujung Kulon, Java,
Indonesia (Ramono, 1991). The Vieltnamese population is
estimated at 8 to 12 individuals (Santiapelli, 1991) in the area
where the Song Be, Lam Dong, Dong Nai and Dac Lac regions

meet.

Sumatran Rhinogeros - Dicerorhinus sumatrensis is
distributed in the following areas in Southeast Asia (Khan, 1989 &
1991):

BURMA -

Schwe-u-daung: ?

Tamanthi: ?

Burma: 6-7
INDONESIAN BORNEO (Kalimantan) -

near Sabah border: 30

SUMATRA, INDONESIA-

Gunung Leuser: 130-200
Gunung Patah: ?
Kerinci Seblat: 250-500
Gunung Abong-abong &

Lesten-Lukup: 15-25
Berbak: ?
Torgamba: ?
Barisan Sclatan: 25-60

PENINSULAR MALAYSIA -

Endau Rompin: 10-25
Taman Negara: 2640
Sungai Dusun: 34
Gunung Belumut: 3.5
Mersing Coast: 5-6
Sungai Depak: 24
Sungai Yong: 3.5
Kuala Balah: 24
Bukit Gebok: 2
Krau Reserve: 1
Sungai Lepar: 2
Ulu Atok: 1
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INTRODUCTION

An endangered species is (by definition) at risk of extinction. The dominant objective in the
recovery of such a species is to reduce its risk of extinction to some acceptable level - as close
as possible to the background. "normal” extinction risk all species face.

The concept of risk is used to define the targets for recovery. and is used to define recovery
itself.  Risk. not surprisingly. is a central issue in endangered species management.
Unfortunately. there is ample reason to suppose that we (as humans) are not "naturally" good at
risk assessment. Recovery will be more often successful if we could do this better. There is a
strong need for tools that would help managers deal with risk. We need to improve estimation
of risk, to rank order better the risk due to different potential management options, to improve
objectivity in assessing risk, and to add quality control to the process (through internal
consistency checks). Among the risks to be evaluated are those of extinction. and loss of genetic
diversity.

In the last several years such tools have been developing. The applied science of Conservation
Biology has grown into some of the space between Wildlife Management and Population
Biology. A set of approaches, loosely known as "Population Viability Analysis" has appeared.

These techniques are already powertful enough to improve recognition of risk, rank relative risks,
and evaluate options. They have the further benefit of changing part of the decision making
process from unchallengeable internal intuition to explicit (and hence challengeable) quantitative
rationales.

In the following sections. Tom Foose. Bob Lacy, and Jon Ballou each describe aspects of
Population Viability Analysis (PVA). The text, adapted from that used in other PVAs (Ballou
et al. 1989, Lacy et al. 1989), provides an overview of some of the population biology concepts
that form the foundation of Population Viability Assessment. Each contributor approaches the
subject from their own expertise and experience, so the contributions differ somewhat in
perspective and content. There is some overlap, which may help the newcomer by occasionally
repeating a point in different language. After these general reviews. information on the captive
and wild populations of the Javan and Sumatran rhinoceroses to provide a basis for a detailed
PVA is presented. and recommendations tor improving the probability ot recovery of the taxon.
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SMALL POPULATION OVERVIEW (J. Ballou)

The primary objective of single-species conservation programs is to reduce the risk of
population extinction. A first step in doing this is to identify those factors that can potentially
cause extinction in the population. The most fundamental threat is, of course. declining
population size. If a population is declining in numbers, and no action is taken to reverse the
trend, then extinction is imminent. However. if the population is not declining. its fate is less
certain and predicting its future more complicated.

The foremost problem facing the conservation ot small populations is that these
populations are still highly vulnerable to extinction even through they may be maintaining their
size or even increasing in number. Small populations are challenged by a number of factors that
increase the likelihood of the population going extinct simply because the population is small.

CHALLENGES TO SMALL POPULATIONS

Challenges to small populations can be roughly categorized as demographic and/or
genetic in nature. Beginning with demographic challenges. at the most basic level. the level of
the individual, the population is threatened by Demographic Variation. Demographic variation
is the normal variation in the population’s birth and death rates and sex ratio caused by random
differences among individuals in the population. The population can experience tluctuations in
size simply by these random ditferences in individual reproduction or survivai. These randomly
caused tluctuations can be severe enough to cause the population to go
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Figure 1. Example of demographic variation: Probability of extinction by 100 generations due
solely to producing only one sex of offspring during a generation.
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extinct. For example, one concern in extremely small populations is the possibility that all
individuals born into the population
during one generation are of one sex. resulting in the population going extinct. Figure 1
illustrates the probability of this occurring over a 100 generation period in  populations of
ditferent size. There is a 50% chance of extinction due to biased sex ratio in a population of size
8 sometime during this time period.

Similar consequences could result from the coincidental effects of high death rates or low
birth rates. However. these risks are practically negligible in populations of much larger size.
In general. the effect of any one individual on the overall population’s trend is significantly less
in large populations than small populations. As a result, demographic variation is a relatively
minor challenge in all but very small populations (less than 20 animals).

A more significant threat to small populations is Environmental Variation. Variation in
environmental conditions clearly impact the ability of a population to reproduce and survive.
Populations susceptible to environmental variation fluctuate in size more than less susceptible
populations. increasing the danger of extinction. For example, reproductive success of the
endangered Florida snail kite (Rostrhamus sociabilis) is directly atfected by water levels. which
determine prey (snail) densities: nesting success rates decrease by 80% during years of low water
levels. Snail kite populations, as a result, are extremely unstable (Bessinger 1986).

Another level of threat to small populations are Disease Epidemics and Catastrophes.
Epidemics and catastrophes are similar to other forms of environmental variation in that they are
external to the population. However, they are listed separately because we are just beginning to
appreciate their role as recurrent but difficult to predict environmental pressures exerted on a
population.  They can be thought of as relatively rare events that can have devastating
consequences on the survival of a large proportion of the population. Less devastating diseases
and parasites are a natural accompaniment of all species and populations that may act to decrease
reproductive rates and increase mortality.

Epidemics can have a direct or indirect etfect. For example, in 1985 the sylvatic plague
had a severe indirect etfect on the last, remaining black-tooted ferret population by atfecting the
terrets prey base. the prairie dog. Later that same vear, the direct etfect of distemper killed most
of the wild population and all of the 6 ferrets that had been brought into captivity (Thorne and
Belitsky 1989).

Catastrophes are one-time disasters capable of totally decimating a population.
Catastrophic events include natural events (tloods, fires, hurricanes) or human induced events
(deforestation or other habitat destruction). Both large and small populations are susceptible to
catastrophic events. Tropical deforestation is the single most devastating “catastrophe’ affecting
present rates of species extinction. Estimates of tropical species’ extinction rates vary between
20 and 50% by the turn ot the century (Lugo 1988).



Small populations also are susceptible to genetic challenges. The primary genetic
consideration is the loss of genetic variation. Every generation the genes that get passed on to
offspring are a random sample ot the genes of the parents. In small populations. this random
sample of genes is a small sample and may be unrepresentative of the genes of the parental
generation. Some of the genetic variation present in the parents. may not. just by chance. get
passed on to the offspring. This genetic variation is then lost to the population. This process is
called genetic drift because the genetic characteristics of the population can drift or vary over
time. In small populations, genetic drift can cause rapid loss of genetic variation - the smaller the
population, the more rapid the loss of variation.

Inbreeding (matings between relatives) can also cause populations to lose genetic
diversity. In small populations. all the animals quickly become related; they share common
alleles. Oftspring produced trom related parents are inbred and because the parents are related,
the offspring can get the same alleles trom its mother and father. Inbred individuals are therefore
more homozygous than non-inbred individuals and have lower levels of genetic diversity than
animals born to unrelated parents.
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Figure 2. Loss of genetic diversity over 200 generation in populations with difterent etfective
sizes (Ne).

The loss ot genetic variation in populations of different size is shown in Figure 2. The
rate of loss is a tunction ot the effective size of the population (Ne: the percent of diversity lost
each generation is 1/2Ne). Technically, a population’s effective size is the size of an ideal
population that loses genetic diversity at the same rate as the real population. There is extensive
literature on how to estimate a population’s effective size (Lande and Barrowclough 1987);
however, the number of animals contributing to the breeding pool each generation can be used
as a very rough estimate of the etfective size. The effective size of the population is therefore
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much less than the actual number ot animals; estimates suggest that Ne is often only 10 to 30%
of the total population. Seemingly large populations will lose significant levels of genetic
diversity if their etfective sizes are small.

Conservation programs include the maintenance of genetic diversity as a primary goal for
several reasons. [f species are to survive over the long-term, they must retain the ability to
adapt to changing environments (i.e. evolve). Since the process of natural selection requires the
presence of genetic variation. conservation strategies must include the preservation of genetic
diversity for long-term survival of species. In addition to long-term evolutionary considerations,
the presence of genetic diversity has been shown to be important for maintaining the fitness of
the population. A growing number of studies show a general. but not universal. correlation
between genetic diversity and various traits related to reproduction. survival and disease
resistance (Allendorf and Leary 1986). Individuals with lower levels of genetic variation otten
have higher mortality rates and lower reproductive rates than individuals with more diversity.

Data on the effects of inbreeding in exotic species also show the importance of
maintaining genetic diversity. Numerous studies have shown that inbreeding can signiticantly
reduce reproduction and survival in a wide variety of wildlife (Ralls and Ballou 1983; Wildt
et al. 1987: Figure 3). Inbreeding depression results from two effects: 1) the increase in
homozygosity allows deleterious recessive alleles in the genome to be expressed (whereas they
are not in non-inbred, more heterozygous individuals); and 2) in cases where heterozygotes are
more fit than homozygostes simply because they have two alleles, the reduced heterozygosity
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Figure 3. Ettects of inbreeding on juvenile mortality in 45 captive mammal populations (From
Ralls and Ballou, 1987).

caused by inbreeding reduces the fitness of the inbred individuals (overdominance). In both cases,
the loss of genetic variation due to inbreeding has detrimental etfects on population survival.



Small isolated populations, with no migration from other populations, lose genetic
diversity and become increasingly inbred over time. Their long-term survival potential is
jeopardized since they gradually lose the genetic diversity necessary for them to evolve and their
short-term survival is jeopardized by the likely deleterious effects of inbreeding on survival and
reproduction.

The genetic and demographic challenges discussed above clearly do not act independently
in small populations. As a small population becomes more inbred, reduced survival and
reproduction are likely: the population decreases. Inbreeding rates increase and because the
population is smaller and more inbred. it is more susceptible to demographic variation as well
as disease and severe environmental variation. Each challenge exacerbates the others resulting
in a negative tfeedback effect termed the "Extinction Vortex" (Gilpin and Soule. 1986). Over time
the population becomes increasing smaller and more susceptible to extinction (Figure 4).

I small
/ F Size \
Reduced | Increased
Growth Rate Inbreeding
~ Decreased /
' Reproduction
& Survival

Figure 4. "Extinction Vortex" caused by negative feedback effects of inbreeding in small
populations.

POPULATION VIABILITY ANALYSES

Many of the challenges facing small populations are stochastic and are result from
random unpredictable events. Many can generally be assumed to decrease the likelihood of long-
term survival of the population. However, because of their stochastic nature, their exact effects
on population extinction and retention of genetic diversity can not be predicted with total
accuracy. For example although inbreeding depression is a general phenomenon, its effects vary
widely between species (Figure 3) and it is not possible to precisely predict how any one
population will respond to inbreeding.
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Nevertheless. conservation strategies that address these unpredictable issues ot extinction
and .loss of genetic diversity must be developed and implemented. The process that has been
developed over recent years to assess extinction probabilities and loss of genetic diversity is
called Population Viability Analysis (PVA: Soule 1987). PVA is defined as a systematic
evaluation of the relative importance of factors that place populations at risk. It is an attempt to
identity those factors that are important for the survival of the population. In some cases. this
may be easy - habitat destruction is often a critical factor for most endangered species. But at
other times. the effects of single factors, and the interaction between factors. are more ditficult
to predict.

To try to gain a more quantitative understanding of the effect of these factors. computer
models have been developed that apply a combination of analytical and simulation techniques
to model the populations over time and estimate the likelihood of a population going extinct
and the loss of its genetic variation. The model is first provided with information describing the
lite-history characteristics ot the population. Depending on the model used, this includes data
on age of tirst reproduction, litter size distribution, survival rates, mating structure and age
distribution as well as estimates of the variation associated with each of these variables. A
number of ditferent external factors may also be considered. This may include levels of
environmental variation. change in carrying capacity and severity of inbreeding depression.
Models also allow consideration of threats tacing the population: probability of catastrophes and
their severity, habitat loss and disease epidemics (Figure 5). The models use the life-history
variables, the external factors and the potential threats to project the population into the future.

POPULATION VIABILITY ANALYSIS (PVA)

Process of Evaluating the Interacting Factors
Affecting Risks of Extinction

Life History
Environmental Vanation Habita: Quaity
Caustophes — POPULATION € Disease
Dernographic Vanation Human ¥npact

Ingreeding Depressic

Figure 5. Population Viability Analyses (PVA) model the effects of ditferent life-history.
environmental and threat factors on the extinction and retention of genetic diversity in single
populations.
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measuring the level of genetic variation that is retained over time and recording if and when the
population goes extinct (population size goes to zero). The simulations are repeated, often
thousands of times, to provide estimates of the statistical variation associated with the results. The
probability of extinction at any given time is measured as the number of simulations that the
population had gone extinct by that time divided by the total number ot simulations run (Figure
6). The levels of genetic variation are recorded as the percent of the original heterozygosity and
number of original alleles retained in the population at any particular point.

Inbreeding Depression
1.00 1 P(Catastrophe)=1%
0.90 +
0.80+
0.70+
0.60 +
0.50 +
0.40 +
0.30 ¢+
0.20 +
0.10+
0.00 } t 7 + {

Reduction in Survival = 90%

Prob. Extinction

YEAR

Figure 6. Hypothetical example of population extinction results from the VORTEX PVA model.
The model includes negative etfects of inbreeding and a catastrophe probability ot 1%. The
probability of extinction is shown over time for two ditferent levels of catastrophe severity: a
90% reduction in survival vs 50% reduction in survival.

A number of population viability models have been developed. The model used by the
Captive Breeding Specialist Group of the [IUCN is VORTEX, written by Robert Lacy (Chicago
Zoological Society). This model has been used extensively to develop conservation  strategies
for a number ot species including the Black-footed ferret, Florida panther. Puerto Rican Parrot,
Javan rhino and the four species of lion tamarins.

The true value of the model is not in trying to examine the etfects of all variables
simultaneously in the population. The interactions between these many factors is too complex
to attempt to interpret the results of population projections based on more than just of few ot
these considerations. We can gain far more insight into the dynamics of the population by
examining only one or two factors at a time - and picking those factors that we believe have
an impact on the population and ignoring those that don’t.
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The primary use of the model in developing conservation strategies is its use in
conducting "what if" analyses. For example what if’ survival were decreased in the wild
population as a result of a disease outbreak? How would that etfect the extinction of the
population and retention of genetic diversity? These 'what if" analyses can also be used to
evaluate management recommendations. For example. how would the probability of population
extinction change it the carrying capacity of the reserve holding the animals were increased by
10%?

Because the models don’t examine all factors potentially contributing to extinction, the
model results usually underestimate a population’s probability of extinction. However. it is
important to stress that the purpose ot the PVA is not to estimate exact extinction probabilities
but to identify the relative importance of the various factors being considered and to evaluate
the etfect of a range of management recommendations on the survival ot the population.

IMPLICATIONS OF PVA ON MANAGEMENT GOALS

The concepts of population extinction and loss of genetic diversity are based on
probabilities rather than certainties.  The results from the PVA models provide us with
information on the probability of extinction given certain assumptions about the biology and
status of the population. As a result, we can not predict or guarantee what will happen to these
populations with any absolute certainty.

This has some fairly strong implications when we are trving to develop conservation
strategies to reduce the risks ot extinction in the populations. We must be able to recognize that
we will not be able to formulate and implement recommendations that will  guarantee the
survival of any population. We can only tormulate and implement recommendations that will
decrease the likelihood of extinction in populations over a given time period.

A common approach is to develop management strategies that assure a 95% chance of
the population surviving for 100 years and maintaining 90% of its genetic variation over the
same time period (Shaffer 1987; Soule et al, 1986). This would assure a high probability of
survival and retain a large proportion of the population’s ability to genetically adapt and evolve
to changing environments. This approach defines the Minimum Viable Population (MVP) size
to achieve these management objectives. Management strategies can only be fully evaluated if
both degree of certainty and time frame for management are specitied.

METAPOPULATIONS

The discussion to this point has focused on the extinction and genetic dynamics of a
single population. However. often managers are faced with a species distributed over several
interacting  populations. When this is the case and animal movement (migration) between
populations is high enough that the dynamics (extinction or genetic) of any single population



10

is affected by dynamics of other nearby populations, the group of interacting populations is
called a Metapopulation (Figure 7). The understanding of metapopulation dynamics has become
increasingly important for the development of conservation strategies.

METAPOPULATIONS

Ul History

Enviconmental Variation \ ‘l/ Habitat Quality
Catastrophas $ ‘}‘S’.@ «<- Disease
N Y 2
Demograpnic Vanation 7 \ Human mpact
A

intreeding Dopression

Figure 7. The interaction between population ‘patches’ results in a Metapopulation structure.
Conservation strategies must consider the spatial distribution ot the patches and its effect on
correlated extinctions and recolonization between patches.

Metapopulation management tocuses on the spatial distribution of the populations and
how that influences both the genetic and demographic dynamics of the system. The
metapopulation system can be thought of as a grouping of populations ('patches’) of
different sizes and distances from each other. with some patches periodically going extinct and
being recolonized by migrants from other patches. The most important conservation
considerations are rates of extinction for the individual patches and the re-
colonization rates between patches (Gilpin 1987).

As we have discussed above, the extinction dynamics ot any single patch is atfected by
any number of factors including size of population. rate of population recovery following a
population decline, etc. From a metapopulation perspective, the simplest level is when patch
extinction rates are uncorrelated with each other: the probability of extinction ot any one patch
is independent of any other patch. Environmental variation and catastrophes increase the
extinction correlation between patches and this increases the likelihood of the entire
metapopulation going extinct. So considerations ot the spatial distribution between patches, and
what that means in terms of how similarly they react to environmental variation and catastrophes
is an important part of developing management strategies.
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On the other side of the coin is the etfect ot spatial distribution on recolonization rates
between patches. The closer patches are to each other. the higher the probability ot a patch
being recolonized following an extinction by migrants trom a neighboring patch. Thus. distances
between patches is positively correlated with recolonization and long-term survival of the

metapopulation.

Patch extinction and recolonization also etfect the retention of genetic diversity in the
metapopulation. Small. fragmented and isolated populations rapidly lose genetic diversity.
However. with migration between patches. gene flow among patches can be increased and the
effective size of the total metapopulation is significantly increased. However, it recolonization
following extinction repeatedly involves a very limited number of individuals (one pair or a
pregnant female). then individual patches can be genetically invariant as a result of the recurrent
founder eftects.

The interaction between the positive aspects of recolonization and the negative effects
ot correlated patch extinction complicate the understanding of metapopulation dynamics, both at
the genetic and demographic level.  Unfortunately, computer models that combine aspects of
single-population extinction and genetic considerations discussed above with considerations of
metapopulation theory are not yet available for developing conservation management strategies.

Nevertheless, managers should be cognizant of the complexities of metapopulation
systems. In general. populations distributed over several populations are more secure over the
long-term than one population located at a single site. This is particularly true if there is gene
flow between patches (either natural or through management intervention) and the patches are
not susceptible to the same catastrophic threats. In many cases, a captive population can serve
as a sccure patch that can be used as a source to recolonize other patches through reintroduction
eftforts and as a reservoir tor genetic diversity.
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The Wahlund Effect: Genotype Frequencies in a Subdivided Population

Suppose a ~population’ consists of k subpopu-
lations, cach with a different gene frequency p
Among the subpopulations the mean gene tre-
gqueney is p = Zp [k, and the varnance in gene
trequency 1s |, = S (p, — p)*fk. Now note thar

[ s

S(pi - 2pp = pY) St %Sp - pt
k k

I

But Zp, =kp, so V, =Zpifk —p* Thus
Spifk = p* + . But Zpilk 1s the average
proporuion of 44 homozygotes among the
subpopulations. the proporuion of AA n the

“:ndeed a measure of the degree to which the
“population’” is actually structured into sub-
populations (or, a measure ot the vanance n
gene trequency among the subpopulations).
Another such measure, ot course. 1s F: the tre-
quency ot heterozygotes may be written cither
2pq - 2V, or 2pg(1 = F). Equaung these, we
tind chat 2(pg — V,) = 2(p3 — pgF). or F =
Wi

This F. denoted Fgr. 15 different trom the
F that represents the average inbreeding coct-
ticient of individuals dertved trom consangui-
neous matigs within a subpopulacion. Itis use-

population as a whole. Thus the trequency ot
this homozygous class exceeds the Hardy-
Weinberg frequency (p%) by an amount V.
Similarly the trequency of A’A" in the enure
population 1s g° + 1, and the trequency of
heterozygotes is. by subtracoon, 2pg - 21,
This disparity between observed trequencies

tul to recognize, as Wrighe (1965) does. several
levels of F:

F,s the probability that two gametes raken
at random within an average subpopu-
lavon yicld an autozygous individual

Fyr the probabifity that two gametes taken
at random from ditterent sub-
populations yicld an wutozygote

Fr the probability that two gametes taken
at random trom the enure “population”
yield an autozvgote

. EWoO
and Hardy-Wemberg trequencies s termed the

Wahlund cftect.

This result implies that an invesugator who
samples from what appears to be a single pan-
mictic population, but is actually an aggregate
of subpopulations that vary m gene frequency.
will tind an unexpected deficiency ot hetero-

Wnght shows that the relanonship among
these can be wneeen Foy = (Fp = Fi)(0 =

zvgotes. The magmude ot this denaeney s Fpy)
- ’ l-F - (v )
1 A
THE EFFECT OF GENE FLOW N\
Probably tew populitions are completely isolated. The greater the 7

amount of gene exchange among populations, the more sumlar char
genetic compositon will be, unless other factors counteract migraton's
homogemazing mtucence.

One such factor 1s natural sclection. which maintains a permancent
disparity in the gene frequences of difterent populations if ditterent
alleles are favored in the varous populations (Box C). This is reflected
in many patterns of adaptive geographic vanaonon. But if migranon 1s
strong enough. 1t can counteract selection to at least some extent,
preventng a population trom becommg tully adapted to its environ-
ment. For example, adult water snakes (Napix sipedon) on the Lake
Eric Islands are unitormly gravish in color. whereas mamnland adules
are strongly banded (Figure 12). Among vouny island snakes, however.
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The Population Viability Assessment Workshop:
A Tool For Threatened Species Management

Introduction

Population viability assessment
(PVA) is a procedure that allows man-
agers to simulate, using computer mod-
els, extinction processes that act on
small populations and therefore assess
their long-term viability. In both real
and simulatcd populations, a number of
interacting demographic, genetic, envi-
ronmental, and catastrophic processes
determine the vulnerability of a popula-
tion to extinction. These four types of
extinction processes can be

b
Tim W. Clark, Gary N. Backhoyuse, and Robert C. Lacy

cooperation with the Chicago Zoologi-
cal Society (CZS) and was held at the
Arthur Rylah Institute for Environ-
mental Research (DCE), Heidelberg,
Victoria, from May 28 through June 1,
1990.

The objectives of the workshop
were 10: 1) examine the adequacy of
data on the six threatened species; 2)
simulate the vulnerability to extinction
by using PVA; 3) examine outcomes of
various management options to restore
the specics; 4) cstimate population tar-

simulated in computer models
and the effects of both determin-
istic and stochastic forces can be
explored. In turn, the outcome of
various management options,
such as reducing monrtality, sup-
plementing the population, and
increasing carrying capacity can
also be simulated. Thus, PVA
provides managers with a power-
ful tool to aid in assessing the
viability of small populations
and in sctting target numbers for
species recovery as a basis for
planning and carrying out recov-
cry programs. In addition, hav-
ing performance-bascd manage-
ment programs cnables progress
to be quantified and assessed.
PVA also offers managers a
powerful strategic planning and
policy tool when vying for lim-
ited financial resources. This
paper describes a PVA workshop that
used a stochastic computer simulation
1o model small populations of, and cx-
plore management options for, six
threatened/endangercd wildlife species
in Vicloria, Australia.

The Workshop

The workshop was co-sponsored
by the Department of Conservation and
Environment (DCE), Victoria, and the
Zoological Board of Victoria (ZBV), in

Mountain pygmy-possum

gets needed for rccovery planning; 5)
evaluate the potential of PYA asa teach-
ing aid to illustrate extinction processes
and management options.

The six species were: mountain
pygmy-possum, Burramys parvus,
leadbeater’s possum, Gymnobelideus
leadbeateri; eastern bamred bandicool,
Perameles gunnii; long-footed potoroo,
Potorous longipes; orange-bellied
parrot, Neophema chrysogaster, and
helmeted honeyeater, Lichenostomus
melanops cassidix.

Photo by [an McPherson

The 32 people attending the work-
shop represented experienced field bi-
ologists and wildlife managers with
detailed knowledge of these and other
threatened species. A month prior to the
workshop all participants were pro-
vided with background reading material
(e.g. Shaffer 1981, Brussard 1985,
Samson 1985, Gilpin 1989, and Lacy
and Clark 1990). A questionnaire on
life-history parameters to be completed
on each species as a basis for entering
values into the computer was also pro-
vided. Following an introduction
and overview of PV A, the partici-
pants formed teams and com-
menced work.  Simulations,
analyses, and discussions were
ongoing over the next five days.
The first week concluded with a
report and review of each team’s
progress. During the following
week, teams further refined their
simulations and commenced
preparation of a final report with
management recommendations.

Population Viability Analy-
sis: The Vortex Model

The workshop used a com-
puter program, VORTEX, 1o
simulate demographic and ge-
netic events in the history of a
small population (<500 individu-
als). VORTEX was writtcn in the
C programming language by
Robert Lacy for use on MS-DOS micro-
computers. Many of the algorithms in
VORTEX were taken from a simulation
program, SPGPC, written in BASIC by
James Grier (Grier 1980a, 1980b, Grier
and Barclay 1988). Sce Lacy ct al.
1989, Seal and Lacy 1989 and Lacy and
Clark 1990 for earlier uses of VOR-
TEX.

Life table analyses yicld average
long-term projections of population
growth (or decline), but do not reveal
the fluctuations in population size that

1 Endangered Species UPDATE
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would result from variability in demo-
graphic processes. When a population
is small and isolated from other popula-
tions of conspecifics, these random
fluctuations can lcad 1o extinction, even
in populations that have posilive popu-
lation growth on average. Fluctuations
in population size can result from sev-
eral levels of stochastic effects. Demo-
graphic variatdon results from the
probabilistic nature of birth and death
processes. Therefore, even if the proba-
bility of an animal reproducing or dying
is always constant, the actual number
reproducing or dying within any time
interval would vary according to the
binomial distribution with mean equal
to the probability of the event (p), and
variance given by Vp = p*(1-p)/N.
Demographic variation is thus intrinsic
to the population and occurs in the
simulation because birth and dcath
cvents are determined by a random
process (with appropriate probabili-
tics). Environmenual variation (EV) is
the variation in the probabilitics of re-
production and mortality that occur
because of changes in the environment
on an annual basis (or other timescalcs).

VORTEX models population proc-
esses asdiscrete, sequential events, with
probabilistic outcomes determined by a
pseudo-random number gencrator.
VORTEX simulates birth and death
processes and the transmission of genes
through the generations by generating
random numbers to determine whether
cach animal lives or dies, whether each
adult female produces broods of sizc 0,
1, 2, 3, 4, or 5 during each year, and
which of the two alleles at a genetic
locus are transmitted from cach parent
to each offspring. Morality and repro-
duction probabilities are sex-specific.
Monality rates are specified for each
pre-reproductive age class and for re-
productive-age animals. Fecundity is
assumed to be independent of age after
an animal reaches reproductive age.
The mating system can be specified o
be cither monogamous or polygynous.
In either case, the user can specify that
only a subset of the adult male popula-
tion is in the breeding pool (the remain-
der being excluded perhaps by social
factors). Thosc males in the breeding
pool all have equal probability of siring
offspring.

Vol.8 No. 2

Each simulation is started with a
specified number of males and females
in each pre-reproductive age class and
the breeding age class. Each animal in
the inittal population is assigned two
unique alleles at some hypothetical
genetic locus. The user specifies the
severity of inbreeding depression
which is expressed in the model as a
loss of viability in inbred animals. The
computer program simulates and tracks
the fate of each population and then
produces summary statistics on: the
probability of population extinction
over specified time intervals; the mean
time to extinction of those simulated
populations that went extinct; the mean
size of populations not yet extinct; and
the levels of genetic variation remain-
ing in any extant populations.

A population carrying capacity
specificd by the user is imposed by a
probabilistic truncation of each age
class if, after breeding, the population
size exceeds the specified carrying ca-
pacity. The program allows the uscr 10
model trends in the carrying capacity,
as lincar increases or decreascs across a
specified number of years.

VORTEX models cnvironmental
variation simplistically (which is both
anadvantage anddisadvantagc of simu-
lation modelling), by sclecting at the
beginning of each year the populaton
age-specific birth rates, age-specific
death rates, and carrying capacity from
distributions with means equal 1o the
overall averages specified by the uscr,
and with variances also specificd by the
user. Unfortunaiely, rarely do we have
sufficient field data to estimate the fluc-
tuations in birth and death rates, and in
carrying capacity, for a wild popula-
tion. The population would have 10 be
monitored long enough to separate
sampling error statistically from demo-
graphic varation in thc number of
births and deaths, from annual variation
in the probabilitics of these events.
Such variation can be very importiant in
determining the probability of
extinction, yet we rarely have reason-
able estimates for most populations of
conservation concern, If data on annual
vaniation are lacking, a user can try
various values, or model the fate of the
population in the absence of any envi-
ronmentzl variation.
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VORTEX can model catastrophes
as events that occur with some specificd
probability and which reduce survival
and reproduction for one year. A catas-
trophe is determined to occur if a ran-
domly generaied number between 0 and
1 is less than the probability of occur-
rence (i.e. a binomial process is simu-
lated). If a catastrophe occurs, the
probability of breeding is multiplied by
a severity factor that is drawn from a
binomial distribution with a mean equal
to the severity specified by the user.
Similarly, the probability of survival for
each age class is estimated in a similar
manner.

VORTEX also allows the user to
supplement or harvest the population
for any number of years in each simula-
tion. The numbers of immigrants and
removals are specified by age and sex.
VORTEX outputs the obscrved rate of
population growth (mean of N[t)/N[t-
1]) separately for the years of supple-
mentation/harvest and for the years
without such management, and allows
for reporting of extinction probabilities
and population sizes at whatever time
interval is desired (e.g. summary statis-
tics can be given at 5-year intervalsin a
100-year simulation).

Overall, the computer program
simulates many of the complex levels of
stochasticity that can affect a popula-
tion. Because it is a detailed mode! of
population dynamics, often it is not
practical to examine all possible factors
and all intcractions that may affect a
population. The user, thercfore, must
specify those parameters that can be
estimated reasonably, lcave out of the
model those that are thought not to have
a substantial impact on the population
of interest, and explore a range of pos-
sible values for parameters that are po-
tentially important but very imprecisely
known. A companion program,
VORPLOTS, was used at the workshop
to produce plots of mean population
size, ime to extinction, and loss of genc
diversity from simulation results.

Equipment Required

VORTEX requires an MS-DOS
microcomputer with at least 640K of
memory. A math co-processor speeds
up the program substantially. The

VORPLOTS plotting program pro-
duces files in the Hewlett Packard
Graphics Language (HPGL), for use on
an HP plotter or equivalent.

A Kodak Dataview EGA enabled
projection of a computer display via an
overhead projector onto a large screen
so that all participants could observe
demonstrations of VORTEX during
initial training.

Computers were used during the
daily sessions primarily for exploratory
analyses with relatively few runs (100
or fewer) of a simulaton; more
extensive analyses were run overnight.
A test with 100 runs would take from 15
minutes to 3 hours, depending on the
machine used and the size of the popula-
tion being simulated.

The Workshop Results

Each tcam documented its activi-
ties and provided a preliminary report
of the simulations completed, conclu-
sions, an assessment of the conduct of
the workshop, and the usefulness of the
PV A process. Results will be published
in peer-reviewed scientific journals by
cach eam.

All cases showed similar results.
First, most specics and populations
were highly susceptible to local
extinction. Any further habitat loss or
fragmentation or reduction in popula-
tion size and density would result in
rapid extinction. Second, in all cases,
more field data would have been help-
ful. Third, managcment options to
stave off extinction were identified and
results simulated. Options included
strict habitat protection, enhancement
of existing habitat or restoration of lost
habitat, captive breeding, and reintro-
duction of animals to existing habitat
patches in which the species has be-
come extinct in recent decades or to
newly created habitat. Various combi-
nations of management strategies werc
recommended for future management.
Fourth, the simulations demonstrated
that if proactive conservation manage-
ment had been undertaken ecven 5 to 10
years ago when populations and habi-
1ats were considerably larger, the task of
present day managers would be much
more tractable. And fifth, improved
conservation management for all six

species is expected to result from the
PVA exercise, enhanced research, and
subsequent on-the-ground manage-
ment. Three cases illustrate these con-
clusions: the mountain pygmy-possum
(Mansergh et al. in prep.), easterm
barred bandicoot (Myroniuk and Pat-
rick in prep.), and orange-bellied parrot
(Brown et al. in prep.).

Mountain Pygmy-Possum: The
mountain pygmy-possum is a small
marsupial restricted to alpine and sub-
alpine (>1500m altitude) rock screes
and boulderfields with heathlands. The
species has been well studied and much
information is available on its ecology
(Mansergh 1989). Diet consists of in-
vertebrates, seeds, and fruits. Breeding
occurs from September to December,
with litter size of 3 to 4. The young
become independent by mid-January.
Females can breed in their first year,
and can live up 10 9 years. An unusual
feature of the life history of Burramys is
the fact that sexes are segregated during
the non-breeding scason. The adult
population is heavily biased towards
females (6F:1M) because of the very
high mortality experienced by males
post-dispersal.

The current total population is esti-
mated to be 2,300 breeding adults of
which 80% arc females. The species is
regarded as vulnerable in Victona and
rarc in New South Wales. The species
is also susceptible to climatic changes
associated with global warming.

The mountain pygmy-possurm ex-
ists as a number of discrete populations
isolated from cach other on mountain
tops. A total of seven populations, rang-
ing from 20-850 individuals (represent-
ing the situation in the wild) was mod-
elled. High probabilities of extinction
were observed in all small (<150 ani-
mals) populations at 25 and 50 years;
this could account for the absence of the
species from apparently suitable habitat
within its range. The larger populations
had a decrcased likelihood of
extinction. When modelled with a
small but steady decrease in carrying
capacity (1% per annum) such as could
occur through climatic change with
global warming, thc probability of
extinction increased greatly (to 45% in
the case of the largest Victorian popula-

tion of 850 individuals, over 50 years).
({ Continved on UPDATE page 4)
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" Disturbance to habitat and further frag-
mentation of populations would in-
crease the likelihood of extinction.

Eastern Barred Bandicoot: The
mainland population of this marsupial
species was formerly distributed over
about 23,000 sq km of volcanic grass-
land in western Victoria. This popula-
tion has now declined to 200 or fewer
individuals restricted to remnant habitat
necar Hamilton (Clark and Seebeck
1990). The species is polygynous, with
females capable of breeding from 3
months of age and males from 4 months
of age. Gestation lasts about 12 days,
with litters comprised of 1 to 5 offspring
(usually 2-3); young remain in the
pouch about 55 days. Females arc ca-
pable of producing several broods per
year. In spite of the very high reproduc-
tive potential, the population is believed
tobe declining atabout 25% per annum.
Juvenile monality at dispersal from the
nest is very high (> 90% within the first
year). The decline of the species is
attributed to habitat modification from
pastoral activities and predation from
introduced predators, including the red
fox (Vulpes vulpes ) and the cat (Felis
catus ).

Wild and captive populations of the
eastern barred bandicoot were simu-
lated. Modeling the wild population
using available data without any change
to currcnt management indicated a
100% probability of extinction within
25 years, with a mean time to extinction
of 7.2 years (+ 2.1). Doubling the carry-
ing capacity and leaving mortality un-
changed had negligible impact on the
probability of extinction and incrcascd
the mean time to extinction by only 2
years. Doubling the carrying capacity,
reducing mortality by 30% and supple-
menting the wild population with the
liberation of captive-bred animals
greatly enhanced prospects for survival
of the wild population. Under this sce-
nario the probability of extinction was
reduced to 0% over 25 ycars with a
mecan final population size of close to
the carrying capacity of 300 animals.
Modeling the existing and proposcd
captive populations allowed investiga-
tion of a variety of scenarios. The exist-
ing captive population of 16 pairs hasan
extinction probability of 83% over 25
years, with a mean time to extinction of

21.5 years. Doubling the number of
adult pairs decreased the extinction
probability 10 0% but the surviving
population had very low genetic vari-
ability, and there is little potential to
harvest juveniles for release into the

Eastern barred bandicoot

wild. Increasing the captive population
10 62 adult pairs increased genetic vari-
ability and the potential to harvest juve-
niles without jeopardizing the captive
population. Maintaining a captive
population of 62 adult pairs (in two
groups at separate locations to avoid
catastrophe but managed as one popula-
tion) and establishing two semi-captive
populations with a capacity for 400 ani-
mals gave the best prospects for long
term survival, maintenance of genetic
variability, and production of sufficient
offspring to consider reintroductions to
suitable habitat within their former
range. The exercisc highlighted the
nced for a combination of management
actions, rather than any single acton, (o
prevent the almost certain extincuon of
the wild population under the existing
management regime. Reduction of
mortality by predator control and traffic
management is essential for the sur-
vival of the eastern barred bandicoot.
Captive management will be an impor-
tant part of the recovery program, bul
with a more intensive program than that
currently underway.

Orange-bellied Parrot: The bicl-
ogy and ecology of the orange-bellied
parrot is comparatively well known
(Loynetal. 1986). The species isone of
the rarest and most threatened birds in
Australia, with a total population of

150-200 individuals. The orange-bel-
lied parrot breeds in coastal southwest
Tasmania in woodlands adjoining
extensive sedgelands. Aficrbreeding, it
migrates across Bass Strait to overwin-
ter in coastal regions of southem main-

Photo by J. Seebeck

land Australia. The birds feed in a
varicty of coastal habitats including
grassland, saltmarsh, and dune sysiems,
showing strong prefercnces for particu-
lar habitats and food types in different
parts of their winter range and at differ-
ent times of the year. An estimaied 40
breeding pairs annually produce a total
of 50-70 juveniles. The orange-bellied
parrot is considered endangered. Loss
of coastal habitat for development and
trapping for the aviculture trade are
considered 10 be the primary causes of
the species’ past decline. Pressures for
development on or adjacent to its main
wintering arcas and habitt alieradon
are now the main threats to its survival.
A caplive breeding program is now
underway as part of a range of measures
undertaken to ensure the future survival
of the species.

Populations were modelled using
the current carrying capacity (150), a
reduced carrying capacity (50), and an
increased carrying capacity (500).
Simulations which involved varying
montality, capture, and supplementation
rates of the wild population were run for
all carrying capacities. Simulating the
existing population using current data
and management regimes indicated that
the species would remain extant over
the next 50 years at least, and stood a
good chance of surviving for 100 ycars.

Vol. 8 No. 2
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Reducing the carrying capacity to 50
under current conditions somewhat sur-
prisingly did not increase the probabil-
ity of extinction over 50 years, although
genetic variability was greatly dimin-
ished. As would be expected, increas-
ing the carrying capacity o 500 birds
further reduced the prospects of
extinction and greatly increased the
genetic variability of the population.
When modelled with an increased juve-
nile mortality rate (75% cf 50%), the
population with the reduced carrying
capacity showed a 70% probability of
extinction within 50 years, while the
current and increased carrying capacity
populations showed extinction proba-
bilities of 20% within that time. Impos-
ing a capture and release captive breed-
ing program on the populations only
slightly decreased the extinction proba-
bility of the reduced carrying capacity,
high mortality population, but greatly
improved heterozygosity in the reduced
carrying capacity, current mortality
population. No extinctions occurred in
the current and increased carrying ca-
pacity populations even at the high
montality levels, when simulated with
supplementation from a captive breed-
ing program. The simulations indicate
several points. Juvenile montality is of
great significance to the health of the
population. Any increasc above the
present rate of 50% greatly increascs
the probability of extinction, even with
an enhanced habitat carrying capacity.
The captive breeding program is an
important back-up to the wild popula-
tion, and will be extremely valuable if
the wild population declines.

Evaluation of the Workshop

An evaluation was considered to be
an important part of the workshop. All
participants rated the background mate-
rial supplied prior to the workshop as
good to very good. Provision of back-
ground material was esscntial as very
few participants had any prior experi-
ence with PVA, Organization was rated
as very good to excellent by partici-
pants. The key to success was the large
number of microcomputers available so
that 2 to 3 people per computer was
possible. Presentations were rated as
very good Lo excellent

The workshop format was consid-
ered to be a highly successful way of
presenting PYA. PVA was considered
to be a useful tool to aid threatened
species management, providing its ap-
plication and limitations were under-
stood. PVA can focus attention on
questions that should be addressed
through additional research. PV A can
be applied to well-studied taxa, and the
general principles can be applied more
widely to other taxa providing program
characteristics are kept in perspective.
All participants would recommend
PV A as a management tool.

Conclusions

The PVA workshop proved a very
useful way of quickly leamning a new
technique for threatened species man-
agement and conservation. PVA was
applied to six species allowing a crili-
cal, quantitative analysis of extinction
probabilities, as well as exploring man-
agement options to prevent species loss.
PV A results will be used in forthcoming
management plans and actions directed
towards restoring these species 10 a
status from which they will be relatively
immune to cxtinction from random
processes. In the future, it can be ex-
pected that PVA’s will be carried out on
addituonal endangcred specics to help
manage their recovery.
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Abstract: The costs of inbreeding in natural populations of
mammals are unknoun despite their theoretical importance
in genetic and sociobiological models and practical appli-
cations in conservation biology. A major cost of inbreeding
is the reduced survival of inbred young. We estimate this cost
Jrom the regression of juvenile survival on the inbreeding
coefficient using pedigrees of 40 captive mammalian popu-
lations belonging to 38 species.

The number of lethal equivalents ranged from - 1.4 to
30.3, with a mean of 4.6 and a median of 3.1. There was no
significant difference between populations founded with
wild-caught individuals, a mixture of wild-caught and cap-
tive-born individuals, and individuals of unknown origin
The average cost of a parent-offspring or full sibling mating
was 0.33, that is, mortality was 33% higher in offspring of
such matings than in offspring of unrelated parents. This is
likely to be an underestimate.

Paper submitted 8/5/87; revised manuscript accepted 11/11/87.

Resumen: Los costos de procreacion en consunguinidad en
poblaciones naturales de mamiferos son desconocidos a pe-
sar de su importancia teorica en los modelos genéticos y
sociobioligicos v en sus aplicaciones practicas para la bio-
logia de la conservacion. Uno de los costos mayores de lu
procreacion en consanguinidad es la disminucion en la so-
brevivencia de las crius consanguineas. Estimamaos este costo
por medio de la regresion de la sobrevivencia juvenil en el
coeficiente de procreacion en consanguinidad utilizando
pedigris de -i0) poblaciones de mamiferos ¢n cautiverio
pertenecientes a 38 especies.

El numero de equivalentes letales vario de — 1.4 a 30.3,
con una media de 4.6 y una mediana de 3.1. No bubo difer-
encia significativa entre poblaciones formadas a partir de
individuos silvestres capturados, a partir de una mezcla de
individuos silvestres capturados, y a partir de individuos
de origen desconocido. El costo promedio del apareamiernto
de padre-cria o hermanos completamente consanguineos fue
de 0.33, es decir, la mortalidad fue 33% mdas alta en las crias
de tales apareamientos que en las crias de especies no relu-
cionadas. Es probable que este calculo sea una subestima-
cion.
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Introduction

Many studies of laboratory, domestic, and zoo animais
have documented reduced survival and fecundity of in-
bred young (Wright 1977; Ralls & Ballou 1983: Sausman
1984; Templeton & Read 1984 ). Inbreeding depression
is thus a major concern in the management of small
populations, and estimates of the cost of inbreeding are
of considerable importance to conservation biology.

Howevcer, inbreeding can increase an individual's in-
clusive fitness by producing young that share more of its
genome. Thus, when inbreeding has little or no genetic
cost, there should be strong sclective advantage for in-
breeding as well as recognition and cooperation among
kin (Wilson 1976; May 1979). The cost of inbreeding is
therefore of theoretical importance as well.

Calculations of the total cost of inbreeding in natural
populations would involve considering the effects of in-
breeding on several componcents of fitness. However,
the “cost of inbreeding™ that appears in a variery of
theorctical models (Dawkins 1976: Bengtsson 1978
Parker 1979: smith 1979; Feldman & Christiansen
19844 ) is defined solely in terms of the suevival ot inbred
young rclative to non-inbred young. There are almost
no estimates of this quantity in natural populations of
mammals (Packer 1979).

We estimate this cost from pedigrees of 40 captive
mammalian populations belonging to 38 specices.

Methods

Morton, Crow, & Muller (1955) developed a tog model
for estimating the cost of inbrecding from the rate at
which juvenile survival decreases with increasing
amounts of inbreeding. Specifically,

S=C'(.-\*BH (1)
where S is the proportion of individuals surviving to
some age, F is the inbreeding cocfficient. A is considered
a measure of death due to environmental causes and the
genetic damage expressed in a randomly mating popt-
lation, and B is a meuasure of the rate at which survival
decreases with increasing inbreeding.

Makov & Birttles (1986) evaluated the use of this and
several other equations to estimate effects of inbreeding
in humans. They found that many different models
could adequately detect significant inbreeding effects:
however, different modcels resulted in diffcrent values of
A and B. Because of the limited range of inbreeding
levels in available data from human populations (F =
0-0.125), they were unable to determine which equa-
tion most adequately modeled data on inbreeding ef
fects in humans. They suggested that different equations
could more effectively be evaluated in animal popula-
tions with wider ranges of inbreeding levels.
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We evaluated the log transformed equation (1) and
wo other equations, using several of our largest data
scets with relatively wide ranges of inbreeding levels (F
= 0~0.5). The two additional equations were

S = A+ B(F) (2)
arcsinV's = A + B(F) (3)
where S, A, B, and F are the same values as in equation
(1) Model 2 was used because it represents the sim-
plest linear relationship berween the variables. Model 3
(angular transformation ) was used since it is often rec-
ommended for cstimating proportions (Sokal & Rohlf
1969). Weighted least squares regression, with a small
sample size correction (Templeton & Read 1984 ), was
used to estimate the parameters for each of the models.
The total percentage of variation explained by the equa-
tion (R*) was used to evaluate which model best fitted
the data.

When analyzing pedigrees of zoo animals, care must
be taken 1o distinguish inbreeding depression from hy-
bridiry cffects or “outbreeding depression”™ ( Templeton
& Read 1984: Templeton ¢t al. 1980). We therefore
carricd out the analysis developed for this purpose by
Templeton & Read (1984) on those pedigrees with ad-
equate sumple sizes but found no evidence of outbreed-
ing depression (Templeton & Read 198+ unpublished
data).

inbreeding coefficients (FF) were calculated for each
animal in cach pedigree, relative to the founders of the
population. Mcthods tor calculating F from pedigree
data are given by Ballou (1983). F is the probabiliry that
the two alleles present at a given locus are “identical by
descent”—that is, are derived by replication of a single
allele from 4 common ancestor. F ranges from 0 in a
non-inbred individual to 1.0 in a completely inbred (ho-
mozygous) individual (Crow & Kimura 1970). The ef-
fect of inbreeding is often less severe in individuals with
inbred ancestors (Bowman & Falconer 1960: Lorenc
1980; Templeton & Read 1984 ), but we were unable to
exclude them from the analysis because this eliminated
all levels of inbreeding except F = 0.25 in many pedi-
greces.

Levels of inbreeding varied among pedigrees (Table
1). For each level of inbreeding represented in a partic-
ular pedigree. we calculated the proportion of animals
that survived to a criterion age. This was 180 days for
the larger species and one-half the age at sexual maturity
for the smaller ones (Table 2). {deally. studies of the
relationship between inbreeding and juvenile mortality
should be based upon the total mortality before reach-
ing reproductive age (Cavalli-Sforza & Bodmer 1971),
but we were unable to follow many individuals for this
period because zoo animals are often transferred to
other institutions before reaching reproductive age.
Coasidering survival to a critcrion age less than repro-
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Table 1. Comparison of models used for estimating cost of inbreeding.
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Comparison of R Values

. MODEL
Maximum
SPECIES” Inbreeding level Log (1) Linear (2) Arcsin (3)
Short bare-tailed opossum .328 80 .79 77
Elephant shrew 125 05 06 .07
Golden lion tamurin 375 33 : 26 .26
Greater galago 250 1= BE 13
Maned wolf 312 - 83 .83
Bush dog 500 02 00 .00
Pygmy hippopotamus 375 45 55 55
Dorcas gazelle 375 O 66 63

“ Scientific names listed in Table 2.

ductive maturity tends to underestimate the cost of in-
breeding, as inbred mortality increases more rapidly
than non-inbred mortality with increasing age in some
species (Ralls, Brugger. & Glick 1980: unpublished
data).

Results

Table 1 shows the results of the three models applied to
cight of the largest data sets. R? values were highest for
the Linear model (2) in 2 populations, highest for the
Arcsin model (3) in 2 populations, and highest for the
log model (1) in -+ populations. As Makov and Bittles
(1986) concluded, no one model was clearly better
than the others; R values ranged over only a few per-
centage points across the models.

The log transtormed model (1) has been used exten:
sively in the literature to estimate number ot lethal
equivalents and is the theoretically expected modcl, if it
is assumed that genctic and environmental influences
are independent of cach other with respect to survival
(Morton, Crow & Muller 1955). Use of this model also
facilitates comparisons with A and B values already pub-
lished in the literature. We thercetore setected it for all
subsequent analyses.

Estimates for A and B are shown in Table 2. Values of
A ranged from 0.03 to 1.11 with a mean of 0.33 and a
median of 0.32. Values for B ranged from —0.68 o
+ 1516, with a mean of + 2.33 and a median of + 1.57
(Fig. 1). Of the 10 populations, 36 had positive slopcs,
which clearly indicates an overall trend towards higher
levels of juvenile mortality with increasing inbreeding
coeflicients (Sign test, £ < .001). This relationship was
statistically significant—that is, the slope of the line was
significantly greater than zero—in only 9 (23% ) of the
populations. However, most of our sample sizes were
small and distributed over only a few levels of inbreed-
ing. The statistical power to detect slopes significantly
greater than zero was therefore limited. Considering
only those populations in which the relationship be-
tween inbreeding and survival is significant would be

likely to greatly overestimate the average cost of in-
breeding in mammals. Limiting the analysis to only
those specics with relatively large data sets increases the
power of the statistical comparisons but reduces the
number of species that can be analyzed. Only 10 species
had more than five levels of inbreeding and total sample
sizes over 100). Six of these 10 had slopes significantly
different from zero; the average B value was 1.98, with
a median of 1.64. These B values did not differ signifi-
cantly from those in the overall data set ( Mann-Whitney
U.test, P > 0.05).

The distributions of B by order are shown in Figure 2.
Median values were berween one and two except for
the Carnivora. There were no statistically signiticant dif-
ferences between average B ovalues in populations
founded with wild-caught individuals (X = 257, n =
18). a mixture of wild-caught and captive individuals
(X = 242, n = 11), and individuals of unknown origin
(X = 195, n = 10) (Kruskal-Wallis Test, P = 0.88).

The number of lethal equivalents per gamete lies be-
tween B and A but is usually very close to B (Cavalli-
Stforza & Bodmer 1971; Crow & Kimura 1970). The
number per zvgote or individual is twice the number
per gamete, thus our estimates of the average number of
lethal equivalents per individual are twice the values of
B in Table 2, with a mean of 4.6 and a median of 3.1. We
estimated the cost of inbreeding for matings between
first-degree relatives (parents and their offspring or full
siblings ) by solving ¢quation ( 1) for each species using
F = 0and F = 0.25 to obtain the predicted survivorship
at these levels of inbreeding. The cost of inbreeding (i)
at F = 0.25 is then cqual to

Survivorship at F = 0.25: ¢ {4+ 258)

I —_
Survivorship at F = 0: e =)

1 — e~ 258, (4)

The average cost of inbreeding between first degree
relatives, calculated by averaging the costs across all
populations, was 0.33 (Table 2). Solving equation (4)

Conscrvation Biology
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Table 2. The cost of inbreeding in 40 mammalian populations.
No.of  Aodel Estimates Cost of
Nurvival to Founder' Inbred ———————— Model Inbreeding’ Data
TAXON Age (Days) N Type Levels A B R atF =025 Source
MARSUPIALIA
Short biare-tailed opossum TS 251 w 6 003 03 0.80 10 National Zoo
(Monaodelphis [domestica)
Parma wallaby 180 17 W ) 032 169 047 34 Nauonal Zoo
(Macropus parmua)
INSECTIVORA
Flephant shrew 21 218 W - .28 212 0.05 41 National Zoo
(Elephaniuius rufescens)
PRIMATES
Black spider monkey 180 23 W 3 0.23 222 0.88 43 National Zoo
(Ateles fusciceps
robustrus)

Saddle-backed tamarin 180 233 U 2 Lt 1.86 — 3~ Monell Chemical
(Saguinus fuscicollis) Senses Center
llliger's saddle-backed 180 106 i + 040 T 92 0.-40 82 Rush-Presbyterian

tamarin St Luke’s Medicat

(Saguinus f. illigeri) Center

Golden lion tamarin 180 974 W 18 054 2157 0.35 42 1984 Studbook
(Leontopithecus r rosalia)

Ring-tail lemur 180 53 M 4 0 34 013 001 03 Oregon Primate
(Lemur catta) Research Center

Black lemur 180 43 w 3 52 278 0.8~ 50 Oregon Primate
(Lemur macaco) Research Center

Brown lemur 180 136 M G w2 U It 094 90 QOrcgon Primace
(Lemur fulvus) Rescarch Center

Greater galapgo 180 251 M R 0445 1.697 (I 34 Oregon Primate
(Galuago ¢ crassicaudatis ) Research Center

Mclanotic galago 180 S A 4 0.36 048 019 i1 Oregon Primate
(Gulugu ¢ argentatus) Rescarch Center

Crab-cating macaque 180 237 t 3 037 0.29 036 0~ New England Primate
(Mucaca fascicularis) Research Center

Celebes black ape 180 86 l 3 038 2.8 070 51 Oregon Primate
(Macuca nigra) Resecarch Center

Chimpanzee 180 247 ! 4 035 1 0s 0.6” 23 Yerkes Primate
(Pan troglodytes) Center

RODENTIA

Clanbing rat [ ) t 3 02 014 0ol 04 © Natonal Zoo
(Tviomys nudicaudus)

Wied's red-nosed rat 0 23 A\Y 2 nos 15106 — Y8 Nanonal Zoo
( Wiedomys pyrrborhinos)

Rock cavy 90 132 L 3 012 0.7 087 18 National Zoo
(Kerodon rupestris')

Salt-desert cavy 90 1~ Y 2 .08 =21 — 34 National Zoo
(Dolichotis salinicola)

Acouchs 135 30 t S 030 2.20 [§ 28 it 42 National Zoo
(Myoprocta prattr)

Boris =S 53 . [+ 026 115 0.33 25 National Zoo
(Octodontomys gliroides )

Punare (&) 161 w 4 0.10 0.94° 091 21 Nationa) Zoo
(Cercomys cunicularus)

CARNIVORA

Maned wolt 180 338 M 4 0.52 ~-0.08 0.7" 19 1983 Studbook
(Chrysocyon brachyuns )

Bush dog 180 176 X P 0 54 0.24 0.02 0o 1983 Studbook
(Speothos venaticus) ‘

Sumatran tiger 180 427 M 12 SRV 0.01 0.00 003 1983 Studbook
(Puntbera tigris sumatrue)

PERISSODACTYLA

Zebra 180 50 t 2 0 30 1.56 — 32 National Zoo
(Equus burchellr)

ARTIODACTYLA

Pygmy hippopotamas 180 19 w 12 0.33 1.59” 0.45 33 1982 Studbook

(Choeropsis liberiensis)

Conservation Biology
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Table 2. Continued
No. of E.:I!i?ndt:‘lles Cost of
Survival to Founder” Inbred "  Model Inbreeding' Data
TANON Age (Days) N Type Levels A B R atF = 025 Source
Reeves muntjac 180 75 M 9 0.19 1.20 0.37 26 National Zoo
(Muntiacus reevest)
Eld'~ Deer 180 24 M 2 .31 7.57 — .85 National Zoo
(Cervus eldi thamin)
Pere David's Deer 180 39 C 7 0.17 0.63" 0.74 15 National Zoo
(Klaphurus davidianus)
Reindeer 180 50 w 4 0.32 4.20 0.71 65 National Zoo
(Rangifer tarandus)
Giraffe 180 19 w 2 0.29 2.24 — 13 National Zoo
(Giraffa camelopardalis)
Kudu 180 25 w 2 0.37 -0.03 — -.01 National Zoo
( Tragelaphus strepsiceros)
Bongo 180 74 W 3 0.23 -0.55 0.74 -.15 1984 Studbook
(Tragelaphus eurycerus)
Gaur 180 182 w 6 0.18 0.51% 0.30 A2 Hinz & Foose, 1982
(Bos gaurus)
Scimitar-horned oryx 180 81 M 2 0.09 4.63 — 69 National Zoo
(Oryx dammab)
Wildcbeest 180 42 w 11 0.33 0.28 0.02 07 National Zoo
(Connochaetes taurinus)
Ihk-dik 180 20 M 3 0.80 0.59 0.32 14 National Zoo
(Madoqua Rirki)
Dorcas gazelle 180 143 M ] 0.34 1.85% 0. 37 National Zoo
(Guzella dorcas )
Spekes gazelle 30 64 W 5 0.22 3.08° 092 S+ Templeton & Read,
(Gazella spekes) 1983
Mean: 0.33 2.33 0.33
Median: 0.32 1.57 0.33
Lower Quartile: 0.2 0.45 0.09
Upper Quartilc: 0.39 2.81 0.47

“ Founder Type: W = All founders wild-caught.
C = Founders captive-born.

M = Founders were a mix of wild-caught and captive-born.

U = Source of founders unknown.
" H (slope) significantly different than zero at the 0.05 level.

Predicted inbred survival: ¢ ™!

A~ 5B

TCost of inbreeding for F = 0.25: = 1 - [

using the average B value (2.3) results in a cost of in-
breeding of 0.4, However, the statistic of interest here
is the estimate of the expected value of the cost of in-
breeding rather than the cost of inbreeding calculated
from the expected value of B. We therefore base our
discussion on an average cost of inbreeding of 0.33. The
distribution of the cost of inbreeding between first de-
gree relatives is shown in Figure 3.

Discussion

The costs of inbreeding varied widely among captive
populations. This is not surprising since one would ex-
pect populations to differ in their level of susceptibility
to inbreeding. However, in many cases, the models fit

the data very poorly and only a small proportion of the
variance was explained. These variable results probably
reflect the heterogeneous data used for the analysis. The
available data for the populations surveyed differed in
sample size and the range and number of levels of in-
brecding. Nevertheless, these results do provide data on

A

(Predicted non = inbred survival: ¢

the costs of inbreeding and number of lethal equivalents
in a wide variety of captive populations and allow anal-
yses of general trends and patterns.

The median number of estimated lethal equivalents
for the captive mammalian populations we examined
was 3.1. This figure is similar to estimates for other an-
imal populations. Humans (May 1979), Drosophila
(Dobzhansky 1970), and the great tit, Parus major
(Bulmer 1973), are thought to have about two lethal
equivalents per individual, and the Japanese quail,
Coturnix coturnix japonica, is thought to have about
3.4 (Sittmann, Abplanalp & Fraser 1986). Our estimates
for captive carnivores, although based on only three
populations, were quite low. More carnivore popula-
tions should be studied to determine if this is charac-
teristic of the order or unique to the data sets we ex-
amined. ’

May (1979), assuming the number of lethal equiva-
lents in humans was 2.2, estimated the cost of breeding
in humans at F = 0.25 to be .42. However, his equation
for calculating the inbreeding cost contained an error.
The corregt cost, based on formula (4), is .24. This es-

Conscrvation Biology
Volume 2, No. 2, June 1988



190 Cost of Inbreeding Ralls et al

Q

bd

>

& :
17 ES
g 2 7
- & o ”

o = 2
2 a o 3
@ mx E3 =
? c3 3 ]
8z
I a3 3 3
2 5% z pt
<~ 2 2 = P

)
©

| | | | | | ! |
I ] I I [ I I I

4 6 8 10 12 14 16

'
—
o —4—
~

B (Rate at which Survival Decreases with Inbreeding)
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ends of box), upper and lower inner fences (vertical lines), outlying values (x), and values beyond the outer
Jences (®) are shown (Hoaglin, Mosteller, & Tukey 1983).
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Figure 2. Box plots of B across 40 mammalian populations by order. Median effects (middle horizontal line in
box), upper and lower quartiles (upper and lower ends of boxes), upper and lower inner fences (borizontal
lines), outlying values (x), and values beyond the outer fences (®) are shown for the distribution of B in pri-
mates, rodents, and artiodactyls. Results for individual populations in other orders are shoun by solid dots.
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Figure 3. Distribution of the predicted cost of inbreeding in matings resulting in young with an inbreeding co-
efficient of .25 (Le, matings between parents and offspring or full siblings) for -0 mammal populations.
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timate is slightly lower than the average .33 cost of in-
breeding found in our mammal populations.

The total costs of inbreeding in natural populations
are probably considerably higher than our estimates.
First, our estimate of the cost based on only one com-
ponent of fitness (survival of young) is probably low.
We were unable to count cearly embryonic deaths, ex-
clude individuals with inbred ancestors, and follow in-
dividuals until the age of reproductive maturity. Fur-
thermore, mortality rates of inbred voung may be higher
in natural populations, because many weak young that
might die in the wild survive in captivity with the assis-
tance of veterinary care. Second, there are likely to be
additional costs of inbreeding in other components of
fitness, such as litter size in species that normally bear
multiple young and a reduction in fecundity of the in-
bred young that do survive to reproductive age (Wright
1977). (The reported higher recruitment rate of inbred
young in the great tit (van Noordwijk & Scharloo 1981)
is not supported by the data (Greenwood & Harvey
1982).) Third, inbred individuals with low levels of het-
crozygosity may be highly susceptible to viral epidemics
(O’Brien et al. 1985).

Considering only the cost of inbreeding relative to
the gain in inclusive fitness due to inbreeding, theory
suggests that females should not mate with their fathers
or sons unless the cost of inbreeding is less than .33
(Smith 1979). Although this is a highly oversimplified
model, our data suggest that the cost of inbreeding in
mammals is usually high enough (mean = .33) that
females should not mate with their closest relatives. The
limited data on the frequency of such matings in natural

populations of mammuals agree with this prediction. Es-
timates based on observations of identifiable individuals
during long-term field studies range from zero to 2% in
9 of 1+ well-studied mammalian populations, and the
highest documented frequency is 5.5% (Ralls, Harvey &
Lvies 19806).

Estimates of the cost of inbreeding also have impor-
tant applications to conservation biology. The effects of
the accelerated rate of inbreeding in smadl populations,
in both captivity and the wild, can potentially drive a
population towards extinction (Gilpin & Soulé 1986).
The susceptibility of most small populations of conser-
vation interest to elevated levels of inbreeding is un-
known, and predicting the degree to which mortality
may be increased as a result of inbreeding is impossible.
The results presented here provide estimates of the gen-
cral relationship between the rates of inbreeding and
juvenile mortality in a large variety of captive mammal
populations and will be useful in developing conserva-
tion management programs for small populations (Bal-
lou, in press). Unfortunately, however, our estimates of
the cost of inbreeding for individual populations varied
gready and were not clustered near the mean value.
Thus. the severity of inbreeding effects in any unstudied
mammalian population is quite likely to differ from that
predicted by models based on average values.
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Abstract: /UGN categories of threat (Endangered, Vuinera-
ble, Rare, Indeterminate, and others) are wridely used in 'Red
lists’ of endangered species and bave become an impaortant
tool in conservation action at international, national, re-
gional, and thematic levels. The existing definitions are
laryely subjective, and as a resull, categorizations meade by
different autborities differ and may not accurately reflect
actual extinction risks. We present proposals to redefine cat-
egortes in terms of the probability of extinction within a
specific time period, based on the theory of extinction times
Jor single populations and on meaningful time scales for
conservation action. Three categories are proposed ( CRITI-
CAL, ENDANGERED, VUINERABLE ) with decreasing levels of
threat over increasing time scales for species estimated to
have at least a 10% probability of extinction within 100
years. The process of assigning species to categories may need
to vary among different taxonomic groups, but we present
some simple qualitative criteria based on population biol-
ogy theory, which we suggest are appropriate at least for
most large vertebrates. The process of assessing threat is
clearly distinguished from that of setting priorities for con-
servation action. and only the former is discussed bere.
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Resumen: La categorizacion de la Union Internacional
para la Conservacion de la Naturaleza (UICN) de las espe-
cies umenazadas (en peligro, vuinerables, raras, indetermi-
nadas y otrus) son ampliamente utilizadas en lus Listas Ro-
Jas de especies en peligro y se ban convertido en una ber-
ramienta importante para las acciones de conservdcion
al nivel internacional, nacional, regional y temdtico, Las
definiciones de las categorias existentes son muy subjetivas
»ocomao resultado, las categorizaciones bechas por diferentes
awtores difieren v quizas no reflejen con certeza el riesgo real
de extincion. Presentamos propuestas para re-definir las cat-
egortas en terminos de la probabilidad de extincion dentro
de un periodo de tiempo especifico. Las propuestds estdn
basadas en la teonia del tiempo de extincion pura pobla-
ciones individuales y en escalas de tiempo que tengan sig-
nificado para las ucciones de conservacion. Se proponen tres
categorias ( CRITICA. EN PELIGRO, VULNERABLE) con niveles
decrecientes de amenaza sobre escalas de tiempo en au-
mento pard especies que se estima tlengan cuando menos un
10% de probabilidad de extincion en 100 anos. El proceso de
usignar especies a categorias puede que necesite variar den-
tro de los diferentes grupos taxonomicos pero nosotros pre-
sentamos algunos criterios cualitativos simples basados en
la teoria de la biologia de las poblaciones, las cuales suger-
11os son apropiadas para cuando menos la mayoria de los
grandes vertebrados. El proceso de evaluar la amenaza se
distingue claramente del de definir las prioridades para las
acciones de conservacion, solamente ¢l primero se discure
aqur.
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Introduction
Background

The Stecring Committee of the Species Survival Com-
mission (SSC) of the IUCN has initiated a review of the
overall functioning of the Red Data Books. The review
will cover three elements: (1) the form, format, content,
and publication of Red Data Books; (2) the categories of
threat used in Red Data Books and the TUCN Red List
(Extinct, Endangered, Vulnerable, Rare, and Indetermi-
nate); and (3) the system for assigning species to cate-
gories. This paper is concerned with the second cle-
ment and includes proposals to improve the objectivity
and scientific basis for the threatened species categories
currently used in Red Data Books (see [UCN 1988 for
current definitions).

There are at least three reasons why a review of the
categorization system is now appropriate: (1) the exist-
ing system is somewhat circular in nature and exces-
sively subjective. When practiced by a few people who
are experienced with its use in a variety of contexts it
can be a robust and workable system, but increasinglv,
different groups with particular regional or taxonomic
interests are using the Red Data Book format to develop
local or specific publications. Although this is gencerally
of great benefir, the interpretation and use of the
present threatened species categories are now diverging
widely. This leads to disputes and uncertainties over
particular species that are not casily resolved and that
ultimately may negatively atfect species conservation,
(2) Increasingly, the categories of threat are being used
in setting prioritics for action, for example, through spe-
cialist group action plans (¢.g., Oates 1986: Eudey 1988;
East 1988, 1989; Schreiber et al. 1989). If the categories
are o be used for planning then it is essential that the
system used to establish the level of threat be consistent
and clearly understood, which at present it does not
seem to be. (3) A variety of recent developments in the
study of population viability have resulted in techniques
that can be helpful in assessing extinction risks.

Assessing Threats Yersus Setting Priorities

In the first place it is important to distinguish systems
for assessing threats of extinction from systems de-
signed to help set priorities for action. The categories of
threat should simply provide an assessment of the like-
lihood that if current circumstances prevail the species
will go extinct within a given period of time. This
should be a scientific assessment, which ideally should
be completely objective. In contrast, a system for sctting
priorities for action will include the likelihood of ex-
tinction, but will also embrace numerous other factors,
such as the likelihood that restorative action will be
successful; economic, political, and logistical consider-
ations; and perhaps the taxonomic distinctiveness of the
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species under review. Various categorization systems used
in the past, and proposed more recently, have confounded
these two processes (sce Fitter & Fitter 1987; Munton
1987). To devise a gencral system for sctting priorities is
not useful because different concerns predominate within
different taxonomic, ecological, geographical, and political
units. The process of setting priorities is therefore best left
to specific plans developed by specialist bodies such as the
national and international agencies, the specialist groups,
and other regional bodies that can devise priority assess-
ments in the appropriate regional or taxonomic context.
An objective assessment of extinction risk may also then
contribute to the decisions taken by governments on
which among a variety of recommendations to implement.
The present paper is thercfore confined to a discussion of
assessing threats.

Aims of the System of Categorization
For Whom?

Holt (1987) identifies three different groups whose
nceds from Red Data Books (and theretore categories of
threat) may not be mutually compatible: the lay public,
national and international legislators, and conservation
professionals. In cach case the purpose is to highlight
taxa with a high extinction risk, but there are differ-
ences in the quality and quantity of information needed
to support the assessment. Scott et al. (1987) make the
point that in many cases simple inclusion in a Red Data
Book has had as much effect on raising awareness as any
of the supporting data (see also Fitter 197+4). Legislators
need a simple, but objective and soundly based system
because this is most easily incorporated into legislation
(Bean 1987). Legislators frequently require some state-
ment about status for every case they consider, however
weak the available information might be. Inevitably,
therctore, there is a conflict between expediency and
the desire for scientific credibility and objectivity. Con.-
servationists generally require more precision, particu-
larly if they are involved in planning conservation pro-
grams that aim to make maximal use of limited
resources.

Characteristics of an Ideal System

With this multiplicity of purposes in mind it is appro-
priate to consider various characteristics of an ideal sys-
tem:

(1) The system should be essentially simple, provid-
ing easily assimilated data on the risk of extinction. In
terms of assessing risk, there seems to be little virtue in
developing numerous categories, or in categorizing risk
on the basis of a range of different parameters (e.g.,
abundance, nature of threat, likelihood of persistence of
threat, etc.). The categories should be few in number,

Conscrvation Biology
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should have a clear relationship to one another (Holt
1987, Munton 1987), and should be based around a
probabilistic assessment of extinction risk.

(2) The system for categorization has to be flexible in
terms of data required. The nature and amount of data
available to assess extinction risks varies widely from
almost nonc (in the vast majority of species) to highly
detailed population data (in a very few cases). The cat-
cgorization system shouid make maximum use of what-
cver data are available. One bencticial consequence of
this process would be to identify key population data for
field workers to collect that would be useful in assessing
extinction risk.

(3) The categorization system also needs to be flexi-
ble in terms of the population unit to which it applies.
Throughout this discussion, it is assumed that the sys-
tem being developed will apply to any specics, subspe-
cies, or geographically separate population. The catego-
rization system therefore necds to be equally applicable
to limited lower taxonomic levels and to more limited
geographical scope. Action planning will need to be fo-
cuscd on particular taxonomic groups or geographical
areas, and can then incorporate an additional system for
scuting priorities that reflect taxonomic distinctiveness
and extinction risks outside the local area (e.g., sce East
1988, 1989; Schreiber ct al. 1989 ).

(4) The terminology used in categorization should be
appropriate, and the various terms used should have a
clear relationship to cach other. For example, among
the current terms both ‘endangered’ and *vuinerable’ are
rcadily comprchended, but ‘rare’ is confusing. [t can be
interpreted as a statement about distribution status,
level of threat, or local population size, and the relation-
ships betsween these factors are complex (Rabinowitz et
al. 1986). Rare (i.c., low-density ) specices are not always
at risk and many species at risk are not numecerically rare
(King 1987; Munton 1987; Heywood 1988). The rela-
tionship of ‘rare’ to ‘endangered’ and ‘vulnerable’ is also
unclear.

(5) If the system is to be objectively based upon
sound scientific principles, it should include some as-
sessment of uncertainty. This might be in terms of con-
fidence levels, sensitivity analyses, or, most simply, on
an ordinal scale reflecting the adequacy of the data and
models in any particular casc.

(6) The categories should incorporate a time scale.
On a geological time scale all species are doomed to
extinction, so terms such as “in danger of extinction™
are rather meaningless. The concern we are addressing
here is the high background level of the current rates of
extinction, and one aim is therefore preservation over
the upcoming centuries (Soulé & Simberloff 1986).
Therefore, the probability of extinction should be ex-
pressed in terms of a finite time scale, for example, 100
years. Munton ((1987) suggests using a measure of num-
ber of years until extinction. However, since most mod-
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cls of population extinction times result in approxi-
mately exponcential distributions, as in Goodman’s
(1987) model of densiry-dependent population growth
in a fluctuating environment, mean extinction time may
not accurately reflect the high probability that the spe-
cies will go extinct within a time period considerably
shorter than the mean (see Fig. 1). More useful are mea-
sures such as "95% likelihood of persistence for 100
years.

Population Viability Analysis and
Extinction Factors

Various approaches to defining viable populations have
been taken recently (Shaffer 1981, 1990; Gilpin & Soulé,
1986; Soul¢ 1987). These have emphasized that there is
no simple solution to the question of what constitutes a
viable population. Rather, through an analysis of extinc-
tion tactors and their interactions it is possible to assess
probabilities and time scales for population persistence
for a particular taxon at a particular time and place. The
development of population viability analyses has led to
the definition of intrinsic and extrinsic factors that de-
termine extinction risks (sce Soulé 1983; Soulé 1987
Gilpin & Soulé 1986; sce also King 1987). Brietly these
can be summarized as population dynamics (number of
individuals, life history and age or stage distribution,
geographic structure, growth rate, variation in demo-
graphic parameters), population characteristics (mor-
phology, physiology, genetic variation, behavior and dis-
persal patterns), and environmental effects (habitat
quality and quantity, patterns and rates of environmen-
tal disturbance and change, interactions with other spe-
cies including man).

Preliminary models are available to assess a popula-
tion’s expected persistence under various extinction
pressures, for example, demographic variation (Good-
man 19874, b; Belovsky 1987; CBSG 1989 ), catastro-
phes (Shaffer 1987), inbreeding and loss of genetic di-
versity (lLande & Barrowclough 1987; Lacy 1987),
metapopulation structure (Gilpin 1987; Quinn & Hast-
ings 1987; Murphy et al. 1990). In addition, various ap-
proaches have been made to modeling extinction in
populations threatened by habitat loss (e.g., Gutiérrez &
Carey 1985; Maguire ¢t al. 1987; Lande 1988), diseasc
(c.g., Anderson & May 1979; Dobson & May 19806; Seal
ct al. 1989), parasites (e.g.. May & Anderson 1979; May
& Robinson 1985; Dobson & May 1986), competitors,
poaching (c.g.. Caughley 1988), and harvesting or hunt-
ing (e.g., Holt 1987).

So far, the development of these models has been
rather limited, and in particular they often fail to suc-
cessfully incorporate several different extinction factors
and their interactions (Lande 1988). Nevertheless the
approach has been applied in particular cases even with
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existing models (e.g., grizzly bear: Shaffer 1983; spotted
owl: Gutiérrez & Carey 1985; Florida panther: CBSG
1989), and there is much potential for further develop-
ment.

Although different extinction factors may be critical
for different species, other, noncritical factors cannot be
ignored. For example, it scems likely that for many spe-
cies, habitat loss constitutes the most immediate threat.
However, simply preserving habitats may not be suffi-
cient to permit long term persistence if surviving pop-
ulations are small and subdivided and therefore have a
high probability of ¢xtinction from demographic or ge-
netic causes. Extinction factors may also have cumula-
tive or synergistic effects; for example, the hunting of a
species may not have been a problem before the popu-
lation was fragmented by habitat loss. In every case,
therefore, all the various extinction factors and their
interactions need to be considered. To this end more
attention needs to be directed toward development of
models that reflect the random influences that are sig:
nificant to most populations, that incorpornate the cttects
of many ditterent factors, and that relate to the many
plant, invertebrate, and lower vertebrate species whose
population biology has only rarely been considered so
far by these methods.

Viability analysis should suggest the appropriate kind
of data for assigning extinction risks to spccices, though
much additional effort will be needed to develop appro-
priatc models and collect appropriate ficld data.

Proposal
Three Categories and Their Justification

We propose the recognition of three categories of threat
(plus EXTINCT), defined as follows:

CRITICAL: 50% probability of extinction
within 5 years or 2 generations,
whichever is longer.

20% probability of cxtinction
within 20 years or 10 gencera-
tions, whichever is longer.

10% probability of extinction
within 100 years.

These definitions are based on a consideration of the
theory of extinction times for single populations as well
as on meaningful time scales for conservation action. If
biological diversity is to be maintained for the foresce-
able future at anywhere near recent levels occurring in
natural ccosystems, fairly stringent criteria must be
adopted for the lowest level of extinction risk, which we
call VULNERABLE. A 10% probability of extinction
within 100 years has been suggested as the highest level
of risk that is biologically acceptable (Shaffer 1981) and
seems appropriate for this category. Furthermore,

ENDANGERED:

VULNERABLE:
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events more than about 100 years in the future are hard
to foresee, and this may be the longest duration that
legislative systems are capable of dealing with effec-
tively.

It seems desirable to establish a CRITICAL category to
emphasize that some species or populations have a very
high risk of ¢xtinction in the immediate future. We pro-
pose that this category include species or populations
with a 50% chance of extinction within 5 years or two
generations, and which are clearly at very high risk.

An intermediate category, ENDANGERED, seems de-
sirable to focus attention on species or populations that
are in substantial danger of extinction within our life-
times. A 20% chance of extinction within 20 years or 10
generations seems to be appropriate in this context.

For increasing levels of risk represented by the cate-
gorics VULNERABLE, ENDANGERED, and CRITICAL, it
is necessary to increase the probability of extinction or
to decrease the time scale, or both. We have chosen to
do both for the following reasons. First, as already men-
tioned, decreasing the time scale emphasizes the imme-
diacy of the situation. ldeally, the time scale should be
expressed in natural biological units of generation time
of the species or population (Leslie 19606), but there is
also a natural time scale for human activities such as
conservation ctforts, so we have given time scales in
years and in generations for the CRITICAL and ENDAN-
GERED categories.

Second, the uncertainty of estimates of extinction
probabilitics decreases with increasing risk levels, In
population models incorporating fluctuating environ-
ments and catastrophes, the probability distribution of
extinction times is approximately exponential (Nobile
ct al. 1985; Goodman 1987). In a fluctuating environ-
ment where a population can become extinct only
through u series of unfavorable events, there is an initial,
refatively brief period in which the chance of extinction
is near zero, as in the inverse Gaussian distribution of
extinction times for density-independent tluctuations
(Ginzburg ct al. 1982; Lande & Orzack 1988). If catas-
trophes that can extinguish the population occur with
probability p per unit time, and are much more impor-
tant than normal cnvironmental fluctuations, the prob-
ability distribution of extinction timcs is approximately
exponential, pe "#, and the cumulative probability of
extinction up to time ¢ is approximatcly 1 — e . Thus,
typical probability distributions of extinction times look
like the curves in Figures 1A and 1B, and the cumulative
probabilitics of extinction up to any given time look like
the curves in Figures 1C and 1D. Dashed curves repre-
sent different distributions of extinction times and cu-
mulative extinction probabilities obrained by changing
the modcl parameters in a formal population viability
analysis (e.g., different amounts of environmental varia-
tion in demographic parameters ). The uncertainty in an
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estimate of cumulative extinction probability up (0 a
certain time can be measured by its coefficient of vari-
ation, that is, the standard deviation among different
cstimates of the cumulative extinction probability with
respect to reasonable variation in model parameters, di-
vided by the best estimate. [t is apparent from Figures
1C and 1D that at least for small variations in the pa-
ramcters (if the parameters are reasonably well known ),
the uncertainty of estimates of cumulative cxtinction
probability at particular times decreases as the level of
risk increases. Thus at times, t, t,, and t, when the best
estimates of the cumulative extinction probabilities are
10%, 20%, and 50% respectively, the corresponding
ranges of extinction probabilities in Figure 1C are
6.5%—14.8%, 13.2%-28.6%, and 35.1%—65.0%, and in
Figure 1D are 6.8%—-13.1%. 13.9%-25.7%. and
37.2%—-00.2% . Taking half the range as a rough approx-
imation of the standard deviation in this simplc illustra-
tion gives uncertainty measures of O.-i 1, 0.38, and 0.30
in Figure 1€, and 0.31, 0.29, and 0.23 in Figure 1D,
corresponding to the three levels of risk. Given that for
prictical reasons we have chosen to shorten the time
scades tor the more threatened categories, these results
suggest that to maintain low levels of uncertainty, we
should also increase the probabilitics of extinction in
the definition of the ENDANGERED and CRITICAL cat-
cgorics,

These definitions are based on general principles of
populiation biology with broad applicubility, and we be-
licve them to be appropriate across a4 wide range of life
torms. Although we expect the process of assigning spe-
cies to categories (see below ) to be an evolving (though
closely controlled and monitored ) process, and onc that
might vary across broad taxonomic groups, we recom-
mend that the definitions be constant both across tax-
onomic groups and over time,

Assigning Species or Populations to Categories

We recognize that in most cases, there are insufficient
data and imperfect modcels on which to base a formal
probabilistic analysis. Even when considerable informa-
tion does exist there may be substantial uncertainties in
the extinction risks obtained from population models
containing many parameters that are difficult to esti-
mate accurately. Parameters such as environmental sto-
chasticity (temporal fluctuations in demographic pa-
rameters such as age- or developmental stage—specific
mortality and fertility rates), rare catastrophic cvents, as
well as inbreeding depression and gencetic variability in
particular characters required for adaptation are all dif-
ficult to estimate accurately. Therefore it may not be
possible to do an accurate probabilistic viability analysis
even for some very well studied species. We suggest
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that the categorization of many species should be based
on more qualitative criteria derived from the same body
of theory as the definitions above, which will broaden
the scope and applicability of the categorization system.
In these more qualitative criteria we use measures of
cffective population size (N,) and give approximate
cquivalents in actual population size (N). It is important
to recognize that the relationship between N, and N
depends upon a varicty of interacting factors. Estimating
N, for a particular population will require quite exten-
sive information on breeding structure and life history
characteristics of the population and may then produce
only an approximate figure (Lande & Barrowclough
1987). In addition, different methods of estimating N,
will give variable results (Harris & Allendorf 1989). N/
N ratios vary widely across species, but are typically in
the range 0.2 to 0.5. In the criteria below we give a
value for N, as well as an approximate value of N as-
suming that the N /N ratio is 0.2
We suggest the following criteria for the three cate-
gories:
CRITICAL: S0% probability of extinction within
S vears or 2 gencerations, whichever is
longer, or
(1) Any two of the following criteria:

(a) Tortal population N, < 50 (corre-
sponding to actual N < 250).

(b) Population fragmented: <2 sub-
populations with N, > 25 (N >
125) with immigration rates <1
per generation.

(¢) Census data of >20% annual de-
cline in numbers over the past 2
vears, or >350% decline in the
last generation, or equivalent
projected declines based on de-
mographic projections after al-
lowing for known cycles.

(d) Population subject to cata-
strophic crashes (>50% reduc-
tion) per 5 to 10 years, or 2 to +4
generations, with subpopula-
tions highly correlated in their
fluctuations.

or (2) Observed, inferred, or projected hab-
itat alteration (i.c., degradation, loss,
or fragmentation ) resulting in charac-

teristics of (1),

or (3) Obscerved, inferred, or projected com-
mercial exploitation or ecological in-
teractions with introduced species

(predators, competitors, pathogens,

or parasites) resulting in characteris-

tics of (1).
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Figure 1. Probability distributions of time to extinction in a fluctuating environment, inverse Gaussian distri-
butions (A), or with catastrophes, exponential distributions (B). Corresponding cumulative extinction proba-
bilities of extinction up to any given time are shoun below (C and D). Solid curves represent the best estimates
Jrom available data and dashed curves represent different estimates based upon the likely range of variation

in the parameters. t, t, and t; are times at which the best estimates of cumulative extinction probabilities are
10%, 20%, and 50%. t is the expected time to extinction in the solid curves.

ENDANGERED:
20% probability of extinction within
20 years or 10 generations, which-
ever is longer, or
(1) Any two of the following or any one
criterion under
CRITICAL
(a) Total population N, < 500 (cor-
responding to actual N < 2,500).
(b) Population fragmented:
(i) =5 subpopulations with N, >

(c)

100 (N > 500) with immigration
rates <1 per generation, or

(ii) =2 subpopulations with N,
> 250 (N > 1,250) with immi-
gration rates <1 per gencration.
Census data of >5% annual de-
cline in numbers over past 5
vears, or >10% decline per gen-
cration over past 2 gencrations,
or equivalent projected declines
based on demographic data after
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allowing for known cycles.

(d) Population subject to catastroph-
ic crashes: an average of >20%
reduction per 5 to 10 vears or 2
to 4 generations, or >50% re-
duction per 10 to 20 vears or 5
to 10 gencrations, with subpop-
ulations strongly corrclated in
their fluctuations.

or (2) Observed, inferred, or projected hab-
itat alteration (i.e., degradation, loss,
or fragmentation ) resulting in charac-

teristics of (1).

or (3) Observed, inferred, or projected com-
mercial exploitation or ecological in-
teractions with introduced specics

{ predators, competitors, pathogens,

or parasites) resulting in characteris-

tics of (1).

VUILNERABLE:
10% probability of extinction within
100 years, or
(1) Any two of the following criteria or
any one critcrion under ENDAN-

GERED.

(a) Total population N. < 2,000
(corresponding to actual N <
10,000).

(b) Population fragmented:

(i) <35 subpopulations with N, >
500 (N > 2,500) with immigra-
tion rates <1 per generation, or
(ii) <2 subpopulations with N,
> 1,000 (N > 5,000) with immi-
gration rates <1 per generation.

(¢) Census data of > 1% annual de-
cline in numbers over past 10
years, or cquivilent projected
declines based on demographic
darta after allowing for known cy-
cles.

(d) Population subject to catastroph-
ic crashes: an average of >10%
reduction per 5 to 10 years,
>20% reduction per 10 to 20
years, or >50% reduction per 50
years, with subpopulations
strongly correlated in their fluc-

) tuations.
or (2) Observed, inferred, or projected hab-
itat alteration (i.c., degradation, loss,
or fragmentation ) resulting in charac-

teristics of (1).

or (3) Observed, inferred, or projected com-
mercial exploitation or ¢cological in-

Conscnvation Biology
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teractions with introduced species
(predators, competitors, pathogens,
or parasites) resulting in characteris-
tics of (1).

Prior to any general acceptance, we recommend that
these criteria be assessed by comparison of the catego-
rizations they lead to in particular cases with the results
of formal viability analyses, and categorizations based on
existing methods. This process should help to resolve
uncertaintics about both the practice of, and results
from, our proposals. We expect a system such as this to
be relatively robust and of widespread applicability, at
the very least for most higher vertebrates. For some
invertebrate and plant taxa, different kinds of criteria
will need to be developed within the framework of the
definitions above. For example, many of these species
have very high rates of population growth, short gener-
ation times, marked or episodic fluctuations in popula-
tion size, and high habitat specificity. Under these cir-
cumstances, it will be more important to incorporate
metapopulation characteristics such as subpopulation
persistence times, colonization rates, and the distribu-
tion and persistence of suitable habitats into the analy-
sis, which arc less significant for most large vertebrate
populations (Murphy ¢t al. 1990; Menges 1990).

Change of Status

The status of a population or species with respect to risk
of extinction should be up-listed (from unlisted to VUL-
NERABLE, (rom VULNERABLE to ENDANGERED, or
from ENDANGERED to CRITICAL) as soon as current
information suggests that the criteria are met. The status
of a population or species with respect to risk of extine-
tion should be down-listed (from CRITICAL to ENDAN-
GERED, from ENDANGERED to VULNERABLE, or from
VULNERABLE to unlisted) only when the criteria of the
lower risk category have been sitistied for a time period
cqual to that spent in the original category, or if it is
shown that past data were inaccurate.

For example, if an isolated population is discovered
consisting of 500 individuals and no other information is
available on its demography, ecology. or the history of
the population or its habitat, this population would ini-
tially be classificd as ENDANGERED. If management ef-
forts, natural ¢vents, or both caused the population to
increase so that 10 vears later it satisfied the criteria of
the VULNERABLE category, the population would not
be removed from the ENDANGERED category for a fur-
ther period of 10 years. This time lag in down-listing
prevents frequent up-listing and down-listing of a pop-
ulation or specics.

Uncertain or Conflicting Results
Because of uncertainties in parameter cstimates, espe-
cially those dealing with genetics and environmental
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variability and catastrophes, substantial differences may
arise in the results from analyses of equal validity per-
formed by different parties. In such cases, we recom-
mend that the criteria for categorizing a species or pop-
ulation should revert to the more qualitative ones
oudined above.

Reporting Categories of Threat

To objectively compare categorizations made by differ-
ent investigators and at different times, we recommend
that any published categorization also cite the method
used, the source of the data, a date when the data were
accurate, and the name of the investigator who made
the categorization. If the method was by a formal via-
bility model, then the name and version of the model
used should also be included.

Conclusion

Any system of categorizing degrees of threat of extine-
tion incvitably contiins arbitrary clements. No single
system can adequately cover every possibility for all
specices. The system we describe here has the advantage
of being based on general principles from population
biology and can be used to categorize species tor which
cither very little or a great deal of information is avail-
able. Although this system may be improved in the fu-
ture, we feel that its use will help to promote a more
uniform recognition of specices and populations at risk of
premature extinction, and should thereby aid in sctting,
priorities for conservation ctforts.

Summary

1. Threatened species categories should highlight spe-
cies vulnerable to extinction and focus appropriate
reaction. They should thercefore aim to provide ob-
jective, scientifically based assessments of extine-
tion risks.
The audience for Red Data Books is diverse. Positive
steps to raise public awareness and implement na-
tional and international legislation benefit from sim-
ple but soundly based categorization systems. More
precise information is necded for planning by con-
servation bodies.

3. An ideal system needs to be simple but tlexible in
terms of data required. The category definitions
should be based on a probabilistic assessment of
extinction risk over a specified time interval, includ-
ing an estimate of error.

4. Definitions of categories are appropriately based on
extinction probabilitics such as those arising from
population viability analysis methods.

5. We recommend three categories, CRITICAL, EN-

!\J
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DANGERED, and VULNERABLE, with decreasing
probabilities of extinction risk over increasing time
periods.

6. For most cascs, we recommend development of

more qualitative criteria for allocation to categories
based on basic principles of population biology. We
present some criteria that we believe to be appro-
priate for many taxa, but are appropriate at least for
higher vertebrates.
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