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Executive Summary And Recommendations 





EXECUTIVE SUMMARY 

Too few data exist to quantify the status of the babirusa but they still appear to be widely 
distributed on Sulawesi. However, there is little doubt that they have been in decline since the 
beginning of the twentieth century; and no doubt that they have declined over the 1970-1995 
period, precipitously in some areas. Hunting and habitat loss have been, and continue to be, the 
major causes of the decline with hunting the more serious factor in most areas. The current 
status of the babirusa is thus a matter for serious concern with populations in small reserves and 
threatened with local extinction. Even the populations in large protected areas and other large 
forest blocks are reported to be in decline as a result of heavy hunting pressure. 

This species is vulnerable due to its restricted range and the possibility of extinction from 
several threats including hunting, habitat loss, and possible natural catastrophes. The 
management and conservation objective is to maintain genetically viable, self-sustaining, free
living babirusa population(s). In order to achieve this goal, it is necessary to understand the risk 
factors that affect survival of the babirusa. Risk characterization is a major concern in 
endangered species management and a goal is to reduce the risk of extinction to an acceptable 
level by risk management. A set of software tools to assist simulation and quantitative 
evaluation of risk of extinction is available and was used as part of the Population and Habitat 
Viability Assessment Workshop. This technique can improve identification and ranking of risks 
and can assist assessment of management options. 

Thirty-seven biologists, managers, and decision makers attended a Population and Habitat 
Viability Assessment (PHVA) Workshop in Cisarua, Indonesia at the Safari Garden Hotel on 
July 22-26, 1996 to apply the recently developed procedures for risk assessment and formulation 
and testing of management scenarios to the babirusa. The workshop was proposed by the PHP A 
and was a collaborative effort of the PHPA, TSIIPKBSI, and the Conservation Breeding 
Specialist Group (CBSG) and the Pigs and Peccaries Specialist Group of the Species Survival 
Commission/World Conservation Union (SSCIIUCN). The purpose was to review data from the 
wild and captive populations as a basis for assessing extinction risks, assessing different 
management scenarios, evaluating the effects of removals by hunting from the populations, 
evaluating available information on the taxonomy, and developing stochastic population 
simulation models. These models estimate risk of extinction and rates of genetic loss from the 
interactions of demographic, genetic, and environmental factors as a tool for ongoing 
management of the subspecies. Other goals included determination of habitat and capacity 
requirements, role of captive propagation, and prioritized research needs. 

The first day consisted of a series of presentations summarizing data from the wild and 
captive populations. After a presentation on the PHV A process the participants formed three 
working groups (wild population, captive population, and population biology and modelling) to 
review in detail current information, to hear all ideas, and to develop management scenarios and 
recommendations. Stochastic population simulation models were developed and initialized with 
ranges of values for the key variables to estimate the viability of the wild population using the 
VORTEX software modelling package. Using data compiled from the literature and by 
consultation with workshop participants, a series of concensus baseline population values for the 
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parameters required by the VORTEX program were developed. These were then used to model 
populations of several sizes. 

This workshop report includes a set of recommendations for management and critical 
genetic and survey research on the wild and captive populations as well as sections on the history 
of the population, the population biology and simulation modelling of the population, and 
presentations made at the workshop. 

RECOMMENDATIONS 

Wild Population Priorities 

1. The most important priority is to stop the indiscriminate and excessive hunting for 
Babirusa meat in Northern Sulawesi. On the long term this must be combined with a 
community development program by extending the existing program from the protected 
areas to the local people. 

2. More survey work is needed in the areas for which we have insufficient data: S. E. 
Sulawesi, Butung and Muna, Rawa Aopa and the rest of South Sulawesi, and the Sula 
islands (Taliabu and Mangole). 

3. There is insufficient information on babirusa population density and trends. Census work 
needs to be done in all areas. 

4. We fully endorse the creation of a protected area around the Nantu forest (North 
Sulawesi). 

5. Establish protected areas for the 2 subspecies that do not have a protected refuge: 
Babyrousa babyrussa togeanensis on the Togian islands and Babyrousa babyrussa 
babyrussa on Taliabu, Mangole and Buru. 

6. Create a Sulawesi Endemic Wildlife Information and Study Center. The creation of this 
center can be based on the experience gained with a similar center (W ARSI) on Sumatera 

Captive Population Priorities 

1. Only Babyrousa babyrussa celebensis should be considered for captive management. 

2. A management group needs to be formed within one year to manage the captive 
population. 

3. All institutions keeping babirusa should be required to positively identify each individual 
babirusa and maintain rigorous record-keeping standards. 
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4. Collect enough animals to achieve an effective founder base to maintain 90% 
heterozygosity over 100 years. The methods of collection must be up to the highest 
welfare standards making full use of the available expertise. 

5. Holders of wild-caught babirusa must meet minimum requirements for facilities and 
management experience. Space for new founders needs to be created in Indonesia. 

6. All wild-caught stock should remain in Indonesia. Only F1 or later generations should go 
to the rest of the world population. 

7. Animals should only go to those world institutions that agree to join the management 
committee. 

Modeling Group Priorities 

1. Current life-table parameter estimates give a baseline babirusa population model with a 
growth rate potential of about 21% annually. Sensitivity analyses indicate that the 
proportion of adult females breeding each year may be the most important aspect of 
babirusa population dynamics in regards to population viability. Parameters requiring 
better estimation are annual female breeding success, adult mortality, and first year 
mortality. 

2. Estimates of babirusa density and monitoring of changes in density are needed in 
protected areas and across Sulawesi. 

3. Babirusa populations need to be managed to reduce losses from hunting to a rate of less 
than 15% annually. Estimates of animals killed by hunting in Central and North Sulawesi 
indicate that 30% of babirusa are being removed annually from these populations 
(equivalent to removing about 450 animals from a population of 1500). This produces 
simulated population declines of about 24% annually. The probability of extinction at this 
rate is nearly 100% within 30 years. Reducing the annual hunting rate to 20% produces a 
6% annual rate of decline and a 50% probability of extinction within 85 years (See Figure 
1-1). If remove! of babirusa is reduced to 15% annually, the simulated population shows 
an average rate of increase of 2-3% per year. Adult female mortality is the most sensitive 
mortality parameter since this is a polygynous species. The proportion of females 
producing litters annually and the mean litter size are the most sensitive reproductive 
parameters. 
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Figure 1-1. 
Babirusa Population Viability: 

Effects of Hunting on Population Persistence 

500 

OL_~~--+-~~====~~~~~~ 
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Figure 1-1. Impact of increasing levels of hunting on babirusa population viability. Time series 
plots of population size as a function of time (years) for simulated babirusa 
populations subjected to increasing levels of hunting. For these models, hunting was 
simulated by increasing age-specific mortality rates above the baseline values 
according to estimates of proportional removals of individuals from wild 
populations. In each model, a carrying capacity of 3000 was imposed, above which 
population size was truncated. 
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IUCN/SSC Conservation Breeding Specialist Group (CBSG) 
Johnny Cake Road , Apple Valley , MN 55124, U S A 

Fax 1-612-432-2757 

From Ir Soekadji 
for Director General of PHPA 
Ministry of Forestry Indonesia 

Subject : Babirusa/ Anoa PHVA Workshop 

We would like to request the assistance of CBSG to 
coordinate a PHVA Workshop for the Babirusa a nd the Anoa 
in Sulawesi , Indonesia. 
The best time would be sometimes in July 199 6. Please 
contact Mr Jansen Manangsang at Taman Safari Indonesia 
about the details of the workshop as he might be able to 
organize the venue of t he workshop. 

As for the last workshops, we would appreciate the 
support of about 20 PHPA staff to attend the Babirusa and 
Anoa Workshop so that we can learn from the experience 
and be part of the process in developing a conservation 
action plan for Babirusa and Anoa. 

Your assistance in t his very important issue in Indones ia 
is very much appreciated, and we look forward to hearing 

__--;:.-;~~:n~_r reply. 
r- ·,.-\-1'-' •J.iN/i' 

/ . ·~- .-y ;._.""' 

.~:....-~r-9-\sincerely, 
!.f) f ~- \ \ \ .,<i "1 

j" / ( :~> -~\~ ~- ~~~~··. - .....__ 
~ "'\ . (' .. >~"" . .:""'~) ,_..E,....,~· ~-· -----__ __. 

.-.-· .. , \ ·S'o~k~d1 i 
' ... ·~ : ::- -s~s"f.Mary of the Directorate General of PHPA 

r.' ;j -~._..-\,.'t/· 

cc: 

- ? Mr Jansen Manangsang, 
Director of Taman Safari Indonesia. 
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Pages 161-171 in: Oliver, W.L.R., ed. 1993. Status Survey and Conservation Action Plan: Pigs, Peccaries, 
and Hippos. IUCN: Gland, Switzerland. 

An old male babirusa (B. b. celebensis). 

5.8 
The Babirusa 
(Babyrousa babyrussa) 
Alasrair A. Macdonald 

Status and Action Plan Summary 

Status categories 4-5 (vulnerable or endangered) according 

to subspecies. 
The babirusa is known only from S ulawes i (11. h. 

celebensis), some o f the Togian Is lands (B. h. rogean('ll
sis). the Sula Islands and Buru (IJ. b. bahvmssa). Two 

extinct forms, one fossil and one recent ( /3. h. bolaharuen
sis), have been found in south Sulawesi. The species is 
therefore presumed to have been more w ide ly distributed 
on Sulawesi in earl ier times, but by the middle of the last 
century they were reported to occur only in the east and 

northeast parts of the island and to have disappeared from 

the whok of the southwestern peninsula. C urrently. 

habirusa arc known only from the northern peninsula. cen
tral and southeastern parts of the Sulawesi mainland. and 

from three of the larger Tog ian Islands. Rep011s obtained 
in 1990 indicate that babi rusa also survive on Buru and 

two of the Sula islands. Mangolc and Ta liabu, but that they 

may now be extinct on Sulabesi (formerly Sanana). 
However, there is no doubt bu t that babi rusa are seriously 
threatened o ver most of their remaining range hy defor

estation and hunting pressure: the latte r is particularly 

intense in pans of nm1hcrn Su lawesi where there is com
mercial trade in the meat o f these a nima ls (Blouch 1990; 
Budiarso era/. 199 1 ). 

Muc h of the available information on the natural his

tory a nd biology of thi s spec ies is anecdotal or de rived 
from the s tudy of captive specimens. Distribution and s ta
tus surveys in all pans of its range are requi red as a matte r 

of hig h priority. with a view to the development of man

agement plans for its enhanced future protection and the 
establishment of additional reserves in key areas, such as 
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Buru, Mangole and the Togians. The possibility of relic 
populations of B. b. bolabatuensis surviving in remote 
locations in south Sulawesi should be investigated, and the 
taxonomic relationships of the central and southeastern 
Sulawesi populations, which are unknown at present, need 
to be assessed. The first longer-term field study of the 
species' behavior and ecology has been initiated recently 
in northern Sulawesi, and such studies should be continued 
and extended to other parts of the species' range in the near 
future. Particular emphasis should be placed on obtaining 
a proper understanding of its habitat preferences, popula
tion sizes a nd densities in different habitats, and the nature 
and extent of factors. such as hunting pressure, deforesta
tion and agric ullllral encroachment, which are negatively 
influe ncing the distribution and numbers of surviving pop
ulations. Although there arc large numbers of /J. h. 
celehensis being maintained and bred in zoological col
lections at present, the captive population is extremely 
inbred. Priority should therefore be given to the acquisi 
tion of additional. wild-caught founders of this subspecies. 
and to the development of proper ly structured breeding 
programs for the more threatened Togian subspecies. /J. 
h. togewu'nsis, a nd , especially, the golden or ha iry sub
species. /J. h. hahyms.w. 

Introduction 

IJ. lmhvrus.\·a is the sole livi ng representative of the sub
family Babyrousinac. and is genera lly considered to he in 
an isolated position with regard to the othe r li ving suids. 
Being endemic to Sulawes i, it also has a very limited g~..:o 
graphical dist ribu tion. This island has long been isolated 
by water from mainland Asia. the strait never having been 
narrower than about 40 kilometers dur ing Pleistocene 
times. Since the fossil record is confined to Ple istocene 
material from Sulawesi and from Buru, the hypothesis has 
been put forward that /Jabyrousa has deyeloped since 
Oligocene ti mes a long a separate evolut ionary line 
(Then ius 1970; Groves and Grubb, this vol., section 5. 1 ). 
This concept is fully supported by chromosome data; 
although the babirusa has a diploid chromosome number 
of 38. as in most other suids, five pairs of babirusa auto
somes (Nos. 6, 12, 14, 15. and 17) have no direct equivalents 
in Sus species (Bosma 1980; Bosma and de Haan 198 1; 
Bosma et a/. 199 1 ). 

In any event, there is no doubt that the babirusa is one 
of the world's most bizan·e mammals, and is certainly one 
of the most extraordinary suids. Among its many pecu
liarities are that the upper canines of the male emerge ver
ti cally from the maxillary alveoli , penetrate through the 
skin of the nose and then curve posteriorly over the front of 
the face towards the forehead; this is a un ique feature in 
mammals. The mandibular canines of the male also grow 
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over the front of the face. The peculiar appearance of the 
adult male (the canines of the female are either absent or 
markedly reduced) has led local people to liken its appear
ance to deer (i.e. "babi" =pig and "rusa" =deer) and, on 
some is lands, to confer mythical properties to it. The func
tion of these tusks remains unknown. They are quite brit
tle and therefore easily broken, and they are rarely used in 
combat between males (see below). 

Subspecific Taxonomy 

Following Groves ( 1980) and Groves and Gmbb (this vol. , 
section 5. I), three extant subspecies arc currently recog
nized. However. it is possible that some central or south
ern Sulawesi populations arc of a fourth subspecies, B. 
bolabatuensis (Hooijer 1950). which is known only from 
Tolian deposits collected from caves and rock shelters in 
southwestern Sulawesi. The (three) living forms arc 
described as li1llows: 

I. /J. h. hahyms.\'(/ (Linnaeus. 175X). the "hairy" or 
"golden" bahirusa is known only from the islands of 
13uru and Ta liabu. Sulabesi (where it is now exti nct) 
and. probably. Mangole in the Sula Islands. Th is is the 
smallest subspecies. and is otherwise characterized by 
its long and th ick body ha ir. which is colored white. 
cream y gold. black or gold with a black rum p. The 
upper canines of the males arc usually short and s len
der. with the alveolus forwardly rotated. so that lower 
canine cro~st:s the upper in lateral view. 

'2. /J. h. togeanensis (Sody 1949). the Togian Is lands' 
babirusa is. as its name suggests. confi ned to the Togian 
Archipelago. between the northern peninsula and cen
tral Sulawesi. This is the largest subspecies. It is also 
c harac terized by the possession of body hair. though 
this is shorter and less de nse than in the nominate form. 
The pelage of the upper parts is also dm"ker than that of 
the underparts and fawn. brown or black in color. The 
uppe r canines of the males are usuall y short. slender 
and somewhat rotated forward. and always converge. 

3. B. h. celebensis (Den inger 1910) is certainly known 
only from the northern peninsula and the northeastern 
part of mainland Sulawesi, including the offshore is land 
of Lembeh . This is the only subspecies to be main
tained in captivity at the present time and is therefore 
the most famil iar. The adult male body s ize is fa irly 
large (though smaller than that of the preceding sub
species), ranging from 60 to I 00 kg . The female is 
approximately 30% smaller. It is usua lly considered 
to be naked , though in reality its body hair is merely 
short (0.5-1.0 em ), sparse and dark brown in color over 
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Figure 16. Approximate known range of native and introduced populations of babirusa (Babyrousa babyrussa ssp.). Modified after 
Groves (1980) , MacKinnon (1981), Kyari, Tjiu, and Macdonald (unpubl.). 
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grey skin. The upper canines of the males are generally 
long and thick, and the alveoli vertically implanted, so 
that upper canine emerges vertically and is not crossed 
by the lower canine, converging in almost all cases 
(Groves 1980). 

Former and Present Distribution 

The species appem·s to have been more widely distributed 
over the island of Sulawesi in former times than it is now. 
Two ext inct forms, a Pleistocene fossil (/3. b. berue1Isis) 
and one Holocene subfossi l (8. b. holabatuensis). 
described from remains found in caves and rock shel ters 
on the cast side of the southwest peninsula (Saras in and 
Sarasin 1905 ; Dammcrman 1939; Hooijer 1948. 1950). 
also indicate that babirusa were the principal large prey 
species of prehistoric man in some local ities in the island 
(Franssen 1949; Heckcrcn, 1949). By the middle of the 
last century the species w;" ; reported to survive in the cast 
and nor1hcast p<rr1 s of Sulawesi hut to have vanished from 
thl.! whoil' oft he southwestern peninsula (Tcmminck I X-10: 
Sarasi n and Sarasi n 1905 ). and by the 193()' s it was said 
to hi.!: ''being squl.!el .eU slowl y into the hint l.! rland or 
Sulawesi'' (Heynsius-Viruly and Heurn 193:'i). 

Babirusa arc now ddinitcly known only from the north
ern peninsula (IJ. h. cell'hensis). and central and south 
eastern Sulawesi. though various recent reports indicate 
that populations also occur at intervals along the ll'ngth of 
the south western p!.!ninsula (H. B. Hasanuddin . .1. ('l;rrk 
and/\. Kyari. pers. comm.). However. the taxonomic sta
tus of the central and the southern Sulawesi populat ions i ~ 

not known. i.e. these may represent thl.! otherwisl.! hcl il.!ved 
I.!X t inct form /J. h. holahotuensis. The subspeci es /J. h. 
togeonensis is known only from till.! Togian islands of 
Batudaka, T ogian and Talatakoh. where Sci mier ( 19X3) 

estimated that the total population was in the reg ion of 
500 to 1.000 indi v iduals in 1978. The nominate sub
species. B. b. bahyrussa. is .row known only from Buru 
and from the Sula islands of Mangoli and Taliabu. It also 
occurred on Sulabesi ( formerly Sanana), the only other 
large island in the Sula Group. but thi s popu lation is no\\· 
thought to be extinct (A . Sol and M . Patry. pers. comnr. ) 
(Fig. 16). 

Habitat, Ecology, and Behavior 

The babi rusa inhabits tropical rain forest on the banks of 
rivers and ponds abounding in water plants. Whereas in 
the past the animal has tended to occur in low lying areas 
near coasts. recent anecdotal and survey reports indicate 
that it is now confined mostly to the interior, on higher 
and less accessible ground. 
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Part of a wild social famrly group in north-central Sulawesr. 

ln comnwn \\'ilh most of the other suid ~ . habin"a ;rrc 
ollllli ,·orous. ThL' ' pecie-, · illtestillal tract is ~imil ; r r to tlr;rt 
of tire do llre.\l ic ; IIHI \\ i ld pi ~ !Sus .\fTo/(1) i ll rn;111 Y \\'a~ ' 

tFio\\'cr IX72: l\1 itL· IJL· II llJO:'i . 191(1: l.all ~cr l lJ7.\ . l tJXXJ. 
al t hou~h it ~ enl; r r~ed ' tom;K·Ir di verticulum Ira~ led to tire 
spuriou-. sugge-, lioll that thi-, may be illvol vcd ill nrrnin;r
tion. I hm·e,·t:r. all the ;1\·ailahk evidellce show~ th;rttlri ' i' 
llOt the e<tSI.! (l'vlacdonalu 1991 ). Whether the di verticu
lum is actuall y a food storage chamber or all ell l aq;ed 
"acid bath" i ~ llO\\' being illYest igated. along \\'ith other 
studies o f the ~ peci e< dige~ti ve physiology. Except ill 
mud and swampy groullu. habirusa do not exhibit the root 
ing behavior typical of other su ids. hu t thi s is associated 
with it s lack or a rostral hone in the nose. Frorn ohsen·a
tions of both "ild alld capti ,·e indi viduals they are krHl\\'ll 
to consume a \\'itk '<triet ~ of leaf. root. fruit and animal 
materia l. though detai led ~ tud ie~ or their diet in the wi ld 
still need to be carried out. Their jaw~ and teeth arc 
report ed to be '>l rollg enough to crack vn y hard lluts wi th 
case (Peters IYX:'i). and auult babirusa ha ve been observed 
to catch and cat ' mall mammals. In capti v ity . adult'> or 
bo th sexes will also sometimes attack and cannibalize 
infants born to other illdivicluals. 

The available information suggests that babirusas are 
social, with groups or troops or up to eight individuals hav
ing been obserYed in rainforest, especially around water. 
communal wallo\\'ing areas and salt licks (Valentijn 1726; 



Desmarest 1820; Selmier 1983; Macdonald et a/. 1989; 
Patry and Capois 1989; M . Patry, pers. comm.). No 
detailed accounts of group structure have been published, 
though field studies currently underway in Sulawesi are 
expected to shed light on this, and whether the species is 
territorial (M. Patry and L. Clayton, pers. comm.). Recent 
video film of wi ld animals has shown that they may asso
ciate with the sympatric warty pigs (Sus celebensis) and 
that , contrary to Jennison ( 1927), they are active during 
daylight hours (Schnier 1983; Patry and Capois 1989). 

Nests built in the wi ld arc reponed to be simi lar to those 
of the other w ild pigs (Deningcr 19 1 0). Babirusas shelter 
from the rain under billcn ofT branches o f leaves. though 
nests have also been found in volcanic rock caves (Schnier 
197X). Sleeping nests tend to have lillk or no padding on 
the ground. being essentially .. bahirusa-si t.cd depressions ... 
and all bahirusa flushed out of such nests were soli tary 
(Sclmicr 1983) . Nests buil t by sows for farrowing ;m: up 
to 3 m long and 25 cm deep. and arc layered with branches 
torn from trl.!cs and hushl.!s (Ciuillclll ;ml I XX6: Seln1icr 
197X). 

Capti ve hahirus;1 may hl.!comc sexually mature ;1s early 
as fi ve to ten months of age (National Rescan.: h Council 
1983), anu ha w li ved as long as 24 ycars (Mohr 1%0). 
However. it is l ikel y that the age of sexual maturity in the 
wilu is influl.!nceu by the level of nutrition ;111d that animal .~ 

arc unlikely to breed until they arc more than one year old. 
Oestrus cycle lengths o f between 28 and 42 days have 
been recorded. and capti ve females generally re-cyclc 
w ithin 3 months post-p;trtum (Chaudhuri c' l a/. I 990: P. 
V~.!rcammen and P. lmmcns. pe r~. comm. ). Oestrus l a~ts 

2-.1 days. and the female is not receptive to males at other 
times (Macdonald . Lcus and Vcrcammen. unpuhl. data ). 
Gestation length is usually 155- 158 day~. though up to 171 
days has been n.:portcd (Hcinroth 1908: Reinhan.l ;mu 
Fradrich 1983; Bowles 1986; Vercammcn 1991 ). The nor
mal litter size is one or two, but a low incidence of triplet 
births has been recorded both in captivity and in the wi ld. 
and four fetuses have been reported in utero in a wi ld 
female (Patry 1990). Although the gestation is six weeks 
longer than that of S. scn?fa (± 114 days). neonate babi rusa 
are smaller in size and seem to be no more developed as a 
consequence of the longer time spent in the uterus. The 
young are uniformly brown in color, rather than striped. 
as in all other wild suids with the exception of the wan hog. 
Phacochoem s spp .. 

In captivity, sows produce young at all times of the year 
(Piasa 1990) , and may produce two l i tters w i thin a 12 
month period. However, since it seems likely that diet or 
other seasonal factors would normally influence inter-binh 
intervals, wild litters may be produced less f requentl y. 
Females which are normally qui te doci le in capti vity . 
become exceedingly aggressive to their keepers and other 
babirusas from shortl y before parturit ion to about two 

weeks after the young are born (Dittoe 1945; Reinhard and 
Friidrich 1983; Peters 1985; Anggawijaya eta/. 1985). 

Threats to Survival 

Adult babirusa have few. if any. natural predators. though 
pythons (Prtlum rcliculallls and P. 111olurus) and Sulawesi 
civet (Macrogalidea 11/Usschellhmc•ckii) may predate 
younger animals (Whitten c'tal. 1987). Indeed. given the 
small Iiiier sit.e. hahirusa appear unadapted to a high r;tiL' 
of predation: a consideration eviden tl y supported hy 
Mac Kinnon ( 1979) who suggested that. h; tving evolved 
in a more or k ss pred;llnr- free environment. hahirusa were 
e~peci;tll y ,·ulnerahlc to hunting pressure. llowever. hunt 
ing by hunwn~ with nets. spe;trs and dog~ h;ts undoubt 
edl y been an important Ltc tor si nce preh istoric t ime~ 

(C iuillcmard IXX(l: Franssen 11)-19) ami continued hunt ing 
prcssu rc no"· const i lute~ an i nneasi ng l h real to l he 
rcmaining population~ of thc~c ;tn imal s in ~lliiiL' area~ 

( l l louch 11NO: lludi;tr"l l'l ul. 11) 1) I: 1.. Cbyton. JIL' r' . 
collllll. and unpuhl.: M. l'atry. per~. conllll .). TilL· ntarhcl 
hu11t ing pr;1ct in:d h) thL· Christi ;111 comn1unity in nort h 

Results from a day's hunting in north Sulawesi; Sulawesi warty 
pigs Sus celebensis (left) and babirusa B. b. celebensis (right). 
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Table 10 
Existing and proposed national parks and other protected areas 
known to contain babirusa populations 

Location/name Existing area (sq. km) Proposed area (sq. km) 

Sulawesi 
Dumoga·Bone NP 
Lore Lindu NP 

Bulusaraung NR 
Gunung Ambang NR 
Lasolo-Sampara NR 
Pegunungan Peruhumpenai NR 
Tangkoko-Dua Saudara NR 

Buton Utara GR 
Gunung Manembo-Nembo GR 
Lambu Sango GR 
Pegunungan Morowali/Pelantak GR 
Rangkong GR 
RawaOpaGR 
Tanjung Peropa GR 

Gunung Watumoha HR 

Danau Towuti RP 

Gunung Lompobatang PR 
Pegunungan Latimojong PR 

Sula Islands 
Taliabu NR 

Buru 
Gunung Kelapa Muda GR 

Togian Islands 

Key: 

3,000 
2,300 

57 
86 

900 
89 

820 
65 

380 

500 

650 

200 
580 

NP = national park; NR =nature reserve; GR =game reserve; 

450 

200 
5,000 

590 
1,500 

700 

1,450 

All Islands 

HR = hunting reserve; RP = recreation park; PR = protected forest 

Sulawesi is concentrated on the warty pi g, S. cele!JeiiSis, 
but some babirusa are also taken. Budiarso et of. ( 199 1) 
counted 295 babiru sa among 2,612 wild suids they 
recorded in a survey of hunters and markets in four areas 
of north Sulawesi. This relati ve ly small proportion 
( 11 .3%) of the total wi ld pig harvest is caused, at least in 
part, because babirusa reportedly now li ve furt her fro m 
human habitations than the warty pigs. Additionally, they 
fetch no more in the market place, givi ng hunters little 
incentive to go after them (Blouch 1990 and pers. comm.). 
None theless, babirusa skul ls are openly sold in tourist 
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areas south of the Lore Lindu National Park and in largt: 
departme nt stores in Jakarta. 

In recent years large-scale comme rcial logging opera
ti ons have a lso posed a major and inc re as ing ly seri ous 
threat to this species (Smiet 1982). The loss and degrada
tion of habitat has already resulted in the dramatic diminu
tion in the known range of this species and the recent 
extirpation of some popu lat ions, e .g. in part s of north 
Sulawesi and on Sulabesi (Selmeir 1978; Clayton, in prep. ; 
M. Patry, pers. comm.) . Babirusa are one of the first ani
mals to become locally extinct after logging or land open-



ing , which not only de prives them of their moist forest 
ha bitat but may also inc rease the ir exposure to hunti ng 
pressure by immigrant settlers and their dogs (Whitten er 
a/. 1987). 

Little is known about the susceptibility of this species to 
natural or introduced d iseases (Munro eta/. 1990), though 
many babirusa on the Togian islands reportedly d ied dur
ing an epidemic skin disease in the early 1970s (Selmier 
1983). T he increased like lihood of babirusa in formerly 
remote and inaccessible areas being exposed to v irulent 
(insect- or livestock- borne) d iseases to which they have no 
natu ral res istance may, the refore. pose a potentially serious 
threat to thi s srecies. as it docs to some other threatened 
su ids (Ol iver eta/. th is vol.. section 5 .2). 

Conservation Measures Taken 

The babirusa was accorded fu ll protection under 
Indonesian law in I 9.3 1, a nd the legis lati on re lating to 
hahirusa and nature conservation in general in Indonesia 
was summa ri zed by !)ammerman ( llJ50) a nd hy 
Setyodirwi ryo ( l lJ5lJ). Since l lJ7X./J. hahyms.1·a has been 
categorized as ··vu lnerable"" in the IUCN Red Data Book 
(IUCN l lJ7R). a nd listed as ··emlangered"" by the United 
States Depa11 ment of the Interior since 19XO (U nited States 
Depart me nt of the Inte rior 19XO). T he species has also 
been incl uded on Arpend ix I of C ITES since 19X2. 
although international trade in this srecies is not thought to 
he have been an important issue in recent times. 

To date. aprrox imatcly 12.000 sq. km o f land on 
Sulawesi have been formally declared as w ild life protec
tion areas. and a further 20 .000 sq. km wi th in the d istri bu
tion of this species have been proposed as wi ldl ife reserve~ 
o f one fo rm o r ano the r, but await fo rma l gazetti ng . 
Populations of mainland babi rusa occur in a number of 
these national parks, nature reserves, hunt ing reserves and 
protected forests in Sulawesi (Table I 0 and Fig. l 6), some 
of which have been designated specifically fo r their pro
tection. However, babirusa are patchily distributed and/or 
still subject to hunting pressure in many of these areas (e.g. 
Dumoga-Bone). Efforts are being made by the parks ser
vice to educate local people and to control a nimal poach
ing and timber cutting within the existing protected areas. 
but chronic lack of fi nanc ia l resources, pressure fro m an 
expanding huma n population and insufficient up-to-date 
information seem to combine with other factors to make 
much of the protect ive legis lation ine ffec tive a t a local 
level (Blouch 1990; Clayton, in prep.). In some cases, the 
amount of suitable habi tat remaining within these areas is 
also considerably less tha n the designa ted s ize of the 
reserves (Basjarud in 197 1; O livier and Watling 1977; 
W ind 1984; MacKinnon and MacKinnon 1986). As yet 

there are no national parks or other wildlife reserves within 
the range of B. b. babyrussa, though relatively large areas 
have been designated for protection in north-central Taliabu 
(700 sq. km) and west Buru (1 ,450 sq. km), but these have 
yet to be formally gazetted. Simi larly, there are as yet no 
w ildl ife reserves in the Togian Islands, though the whole 
archipelago has been proposed for future protection. 

Captive Breeding 

Babirusa have been mai ntained a nd bred in capt ivity at 
intervals :; ince the early 19th century, and perhaps for 
much longer. Quoy and Gaimard ( 1830). for example, 
recorded that the Rajahs of Celebes often kept and raised 
bahirusa to present them as diplomatic g ifts. In 1820. the 
first pair of animals to arrive in Europe were ma intained 
ai the Menagerie du Jardin des Plantes in Paris. where a 
male piglet was produced in March I X21 (Boitard 185 1 ). 
During the ensuing 150 years the small captive zoo popu
lation fluc tuated in number but never exceeded 20 individ
ua ls . These included three /J. h. hahyms.w-2 from the 
Su la Is . and I from Buru-being maintained at 
Amsterdam Zoo from 1915 to 1925 (Mohr 1960). 
However. as a result o f the extremely successful breeding 
of this spec ies at Surabaya Zoo. Java. since the early 
I 970s, there has been a dramatic increase in the captive 
popula tion which. by the end of 1989. stood at 68 (36 
males. 29 females+ lunsexed) in four Indonesian zoos. 50 
(25 m;il c~. 25 females) in eleven European collections and 
1.3 (7 males. 6 females) in l zoos in the U.S. (Piasa 19lJO). 
The latter author s tates that these an ima ls were derived 
from 1.3 (7 males. 6 females) wi ld-caught fi>Unders. though 
this is almost ce11ainly incorrect. Unpublished Indonesian 
sources descr ibe the stock as descended from a wild
caught pai r obtained in 196X (Matur 1989), whi le other 
repo rts suggest that this stock is entirely derived from 4 
(2 males, 2 fe ma les) of 5 wild-caught individuals from the 
vic inity o f Poso, north-central Sulawesi, acquired by 
Surabaya Zoo in 1975 (S . Soebaki r, pers. comm. toW. 
Oliver). There is also a possibi lity of a contribution to the 
world zoo popu lation from I I an ima ls said to have been 
brought from Sulawesi to Jakm1a in 1977. 

In any event the present stock is highly, perhaps chron
ica lly, in-bred. In addi tion, there is inc reas ing concern 
about the difficult ies relating to the useful dispersal of sur
plus stock in some collections, particularly in Surabaya 
which was maintaining 49 babi rusas (37% of the total cap
tive population) on 31. 12.89. Fortunately, these animals 
are evidently able to live amicably in large groups, though 
overcrowding has resulted in high levels of infant mortal
ity and, hence, a greatly reduced rate of recruitment (pers. 
obs.; Piasa 1990). 
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Captive babirusa at Surabaya Zoo. Java. 

Additional Remarks 

The babirusa is considen:d by the Indonesian authorities 
and a proportion o f the general pub I ic to be a species of 
particular pat rimonial interest,and especiall y wort hy of 
protect ion. Evidence for this is found in various unpub
lished reports in Indonesia. wh ich have suggested that it 
is second only to the rh inos as the most important wild 
mammal in the country. and in obs<..:rvations that it ha~ 
potential as a "flagship speci<..:s· · for cons<..:rvation inter
ests. Th<..: babirusa has be<..:n selected as the emblem of the 
Lore Lindu National Park. and the species is frequentl y 
referred to in staff training and conservation materials pro
duced by the PPA (Forestry Department ) and PHPA 
(Forestry and Nature Conservation Department). hi recent 
years. it has also been increasing ly featured in children' s 
text and coloring books in Indonesia. 
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Conservation Measures Proposed: 
An Action Plan 

The bizarre appearance of thi s species, coupled with its 
high degree of taxonomic uniqueness, has attracted com
ment in the scientific community for 500 years; it has been 
a treasured resource to local people for much longer. 
Recclll and current res<..:arch is rapidly adding to our under
standing of its binlogy (Macdonald 1991 ). though basic 
information on many aspects of its ecology and behavior is 
still lacking. The species· shyness and the relative remote
ne~~ of i t~ distribution has limited earlier academic stud ie~. 

hut anthropological re~earch has indicated that there i ~ also 
an cxtcn~i\'e locil knowledge of thesc animals which i' 
alnH>'t cnti rcly unrcported. Its potcntial importann: as :t 
L'i a~,i~· imlictlor of forest di~turhance has also hcen rec
ogni;ed t>nl y \'Cry rcn:ntly and this factor. together with 
the nccd for recent and more detailed informat ion about it ~ 

pre~ent di~t rihu ti on. threat ~ to its survivaL and variou ~ 
as1x:ch of ib biology. must lx: rellected in the structurc :111,; 
prioritiL'' of anY fu ture tt1:111agemcnt :md n:search ini t iati\·c~. 

Objectives 
I. To dctL·rminc thc present distribution and relative pop

ulation ~izes of the specics throughout its known r:mgc . 

.., To :t"i't the cst: t hli~hmcnt of a network of protcctnl 
arc:t' to ~akguanl t hc sur\'ival of rcpresentati ve popu
lation' of :til suhspcc ic~ of hahirusa :tnd. wiH:rc nccc'
~;tr~. pronHlle the c'tahli,hmettl of ctptivt: popul:tt ion' 
pf the'c 'uh~IK'c ic~ ;t' :t safeguanlto their 'un·i\·al. 

.\. To promote further research into the systematic-.. hiol
t >g~. u>n,etYation ~Ialli ~ and fut ure management need~ 
of the ' pecies in order to heller ensure it' long-term 
sutYi\·al. 

-1 . To promote interest and awareness among local people 
and \·i sitors of the need to conserve this uni4ue nat 
ural resource. 

Priority Projects 
I. CPnduct licld statu ' surveys in selected priority area~. 

including the Togian Islands, the Sula Islands and Bunt. 
with a vit:\\. to the development of management rcc
ommendat ions/plans for the enhanced protct:tion of 1 wo 
or more representative populations of the least known. 
but potentially most threatened subspecies. B. h. togm
nensis and /3. h. babvm.ua. 

' Assist the relevant go vernmental authorities in their 
efforts to establish national parks in the Togian Islands. 



the Sula Islands (Taliabu and Mangole) and Buru, and 
such other of those islands where the animals occur and 
require further protection. 

3. Conduct surveys in selected areas of central, southern 
and southeastern Sulawesi to assess the distribution, 
conservation and taxonomic status of relic populations 
of animals which may represent extant examples of B. 
b. bolabatuensis (Hooijer 1950). 

4. Assess and implement options for the development of 
properly structured capt ive breeding programs for the 
most threatened subspecies. /J. b. babv ms.w and /J. b. 
togeaiiC'IIsis. 

5. Promote efforts to introduce fresh blood-stock from 
the wild into the captive population of B. b. celehensis. 
assist the usefu l placement of surplus. captive-bred 
stock in Indonesian collections (including the possibi l
ity of reintroducing some of these animals). and 
promote development of integrated, in-country man
agement and conservation-education projects with the 
support of the international zoo community and other 
relevant bodies. 

6. In vestigate subsistence hunting methods and levels of 
utilization of this species throughout its range, in order 
to determine its cultural and economi c importance 
to local peorlc and to enhance fulllre monitoring and 
regulation. 

7. In vestigate current methods and levels of com mercial 
trade (intra- and inter-island) in the flesh and other 
products of these animals within Indonesia. with a view 
to the enhanced future monitoring, regulation and/or 
prohibition of this trade. 

8. Investigate the species' ecology in representative habi
tats, its habitat preferences, and the reasons for its 
apparent inabi lity to survive in disturbed areas . . 

9. Conduct further research into the social and reproduc
tive behavior and physiology of the babirusa. with par
ticul ar reference to group size and composition, and 
factors relating to age of puberty, reproductive cycles 
and litter size. 

IO. Investigate the species' natural diet and its digestive 
physiology, with a view to an understanding of its 
dietary requirements, the function of the gastric diver
ticulum and the animal ' s ability to digest cellulose and 
other fibrou s material. 
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5.9 
Origins of Domestication 
and the Pig Culture 
William L. R. Oliver, Colin P. Groves, C. Roger Cox, 
and Raleigh A. Blouch 

Abstract and Action Plan Summary 

The long and close association between people and pigs 
has crossed many biogeographic and ethnic boundaries. 

An Onge tribal with a wild pig (long·snouted form). Little 
Andaman Island. 

It is an association which, on archaeozoological evidence. 
dates back at least 40,000 years, and one which has sub-

. sequently involved the independent domesticat ion of at 
least two species of Sus, and the carriage of these animals. 
or their domestic, feral and hybrid derivatives. to all con
tinental land masses and a great many ocean ic islands. 
The resulting diversi ty of native and intr~duccd forms has 
produced pattems of distribution and inte rre lationships of 
great confusi on. Some of these forms are of potentia l 
importance in terms of genetic resources for the further 
domestication of one of man 's major sources o f animal 
prote in , and some are o f considerabl e anthropological 
interest in terms o f the e thnic origins and the cultural 
integrity of many survi ving tribal societ ies. However, 
many formerly important cultural and economic relation
ships between people and their pigs are breaking down as 
other economic options become available or religious prej
udice fosters change in values. Nonetheless, pigs are still 
among the most important of all domestic ani mals, partic
ularly in Asia where the annual consumption of pork 
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BABIRUSA WILD POPULATION STATUS AND MANAGEMENT 

The single remaining member of the subfamily Babyrousinae, the babirusa (Babyrousa 
babyrussa) is one of the more interesting endemic mammals on the island of Sulawesi. The 
species was given full protection under Indonesian law in 1931 but its very survival continues to 
be under severe threat, primarily through hunting for food and trade by the local human 
populations. 

The Indo-Pacific is a tectonically active area with many volcanoes situated near the 
tectonic plate margins. Quite a number of volcanoes are found in North Sulawesi, the main ones 
being Tangkoko, Dua Saudara, Batuangus, Manadotua, Lokon, Klabat and Una Una on Una Una 
island of the Togian island group. 

In the wild, the juvenile age class (0-1) is likely to be the class where predation plays the 
largest role. The only natural predators of the babirusa in Sulawesi are the reticulated python 
(Python reticularis) and possibly the three civet species: Sulawesi palm civet (Macrogalidia 
musschenbroekii), Malayan civet (Viverra tangalunga), common palm civet (Paradoxurus 
hermaphroditus) . The civets are only likely to take the juvenile animals, whereas the python is 
capable of taking babirusa of all ages. 

I. Recent information on the distribution of the Babirusa 

Area Year 

1. Babyrousa babyrussa babyrussa 

Buru 

Taliabu 

Mangole 

1991, 1993 
1995 
06/96 

1991 

1992 

2. Babyrousa babyrussa togeanensis 

Malenge 09/93 

Evidence 

Tiju reports (North and eastern areas) 
Grimes and Grimes (Central and southern areas) 
Persulessy and (Western area) Poulsen report 
(Birdlife Int. Indonesia Program). 

University of East Anglia 

From obs. bird survey. 

Pers observation: 15 - 20 females and juveniles, 
adult white male 
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Area Year Evidence 

Ketupat 01/94 Skull: male 

Wakai 01/94 Skull: male, captive animal. 

3. Babyrousa babyrussa celebensis 

Donggala 1995 Observation 

Lore Lindu 1995 Observation 

Morowali 1987 Observation 

Toli-toli 1991 - 1992 Local people 

Adudu (Nantu) 1983- 1995 Local people + Forest survey 

MatanaLake 1995 Environmental Management Analysis report 
(environmental impact). 

Faruhumpenai 1992 Research survey 

Panua 1995 PHPA Report 

Butung 1995 Personal observation. No babirusa found. 

II. Threats to survival 

Area Threat 

1. Babyrousa babyrussa babyrussa 

Buru Hunting by coast-based individuals to supply merchant 

2. Babyrousa babyrussa togeanensis 

Malenge Hunting by fisherman 

Ketupat ??? 

Wakai hunting 
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Area Year Evidence 

3. Babyrousa babyrussa celebensis 

Donggala hunting 

Lore Lindu hunting 

Morowali ??? 

Toli-toli hunting, habitat loss 

Adudu habitat loss 
Nantu Forest 

Matana Lake ??? 

Faruhumpenai habitat loss 

Panua hunting 

Mangole habitat loss 

Conclusion: Hunting poses the greatest immediate threat to the survival of the Babirusa. 

Bogor, 20 July 1996 

III. Population Size Estimates 

Buru 500 (estimate) 
Taliabu 500 (guess) 
Mangole 200 (guess) 

Togians 400-600 (estimate) 

North Sulawesi 1500-2500 (estimate) 
Central Sulawesi 3000 (guess) 
Southeast Sulawesi 1500 (guess) 
South islands 0 
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Requirements: 
Survey data from Central and South Sulawesi, Buru and the Sula islands, and the Togian islands. 
Age make-up of the population: of 586, 327 adult, 165 sub-adult, 94 juveniles (i.e. 249 are less 
than 2 years old) so average adult age may be 4 years (from Patry et al. 1995). 

IV. Recommended Priorities for Babirusa Conservation 

1. The most important priority is to stop the indiscriminate and excessive hunting for 
Babirusa meat in Northern Sulawesi. We believe that the most effective way to reach this 
goal is to target the dealers that supply the markets. Road blocks and better law 
enforcement offer the fastest solution to achieve this goal (removal of all snares in 
protected areas and law enforcement after arrest). In the long term this must be combined 
with a community development program by extending the existing program from the 
protected areas to the local people. 

2. More survey work is needed in the areas for which we have insufficient data: S. E. 
Sulawesi, Butung and Muna, Rawa Aopa and the rest of South Sulawesi, the Sula islands 
(Taliabu and Mangole) 

3. With the present data, we have insufficient information on population density and trends. 
Census work needs to be done in all areas. 

4. We fully endorse the creation of a protected area around the Nantu forest (North 
Sulawesi). 

5. We call for the establishment of protected areas for the 2 subspecies that do not yet have a 
protected refuge: Babyrousa babyrussa togeanensis on the Togian islands and 
Babyrousa babyrussa babyrussa on Taliabu, Mangole and Buru. Preferably the creation 
of such areas should be based on local recognition of areas which have already some kind 
of protection through local customs and beliefs for instance the Baran area on Buru. 

6. We call for the creation of a Sulawesi Endemic Wildlife Information and Study Center. 
The creation of this center can be based on the experience gained with a similar center 
(W ARSI) on Sumatera 

28 Babirusa P HV A Report 



IV. Captive Breeding 

We shall not rely on captive breeding alone to conserve this species for the future. Better 
protection in the field remains the most important conservation measure. However, a 
captive population can serve as a kind of safety measure should disaster strike the wild 
population. Captive animals also allow the collection of supporting data on the biology 
and behavior of the species. Captive animals can offer us the possibility to collect 
information that is impossible to obtain in the wild because the techniques are too 
invasive or create too much disturbance for the wild population. 

The present captive population is not suitable for reintroduction. These animals are 
probably too inbred to survive in the wild, and their origins are not exactly known. There 
exists a risk of spreading diseases from the captive population to the wild. At present, 
hunting pressures are too high to offer any reintroduced animal a good chance of survival. 

Wild group recommendations and conditions for capture of new founders in order to 
establish a new captive breeding population: 

• All new founders should go to Indonesian breeding centers only and all offspring 
must be well managed. 

• A survey is needed to determine a capture location. We do recommend not to capture 
inS. E. Sulawesi because it is not clear what subspecies occurs there. No animals 
should be captured in protected areas in order not to disturb the local babirusa 
population 

• No animals should be reintroduced to the wild until there is clear evidence that 
hunting pressure has been reduced. Any animal scheduled for inclusion in potential 
reintroduction schemes should be carefully screened. We do not recommend 
reintroduction from the captive population unless all existing internationally 
recognized guidelines for this procedure are followed. 
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POPULATION BIOLOGY AND MODELLING OF THE BABIRUSA 
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Introduction 
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The single remaining member of the subfamily Babyrousinae, the babirusa (Babyrousa 
babyrussa) is one of the more interesting endemic mammals on the island of Sulawesi. The 
species was given full protection under Indonesian law in 1931 but its very survival continues to 
be under severe threat, primarily through hunting for food and trade by the local human 
populations. 

The need for and consequences of intensive management strategies can be modeled in 
order to estimate which practices may be the most effective in conserving the babirusa. 
VORTEX, a simulation software package written for population viability analysis, was used as a 
tool to study the interaction of a number of life history and population parameters treated 
stochastically, to explore which demographic parameters may be the most sensitive to alternative 
management practices, and to test the effects of a suite of possible management scenarios. 

The VORTEX package is a Monte Carlo simulation of the effects of deterministic forces 
as well as demographic, environmental, and genetic stochastic events on wild populations. 
VORTEX models population dynamics as discrete sequential events (e.g., births, deaths, sex 
ratios among offspring, catastrophes, etc.) that occur according to defined probabilities. The 
probabilities of events are modeled as constants or as random variables that follow specified 
distributions. The package simulates a population by stepping through the series of events that 
describe the typical life cycles of sexually reproducing, diploid organisms. 

VORTEX is not intended to give absolute answers, since it is projecting stochastically the 
interactions of the many parameters which are entered into the model and because of the random 
processes involved in nature. Interpretation of the output depends upon our knowledge of the 
biology of the babirusa, the conditions affecting the population as well as possible changes in the 
future. What little data exists on the population biology of the babirusa were utilized for this 
analysis. 
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Input Parameters for Simulations 

Mating System: Polygynous: Observations on groups of babirusa in captivity revealed a hierarchy 
among the males resulting in the largest proportion of matings being carried out by the dominant 
male (Leus et al. 1992; Macdonald et al. 1993). Furthermore, analyses of video recordings of 
sightings of 586 babirusa at two salt licks in Northern Sulawesi (Patry et al. 1995) revealed that 
almost half of the sightings were of single animals. Of these single individuals, 84% were 
solitary adult males. In contrast, females usually occurred in groups together with other females 
and their offspring. These results suggest that adult male babirusa are normally solitary and will 
only associate with female groups for breeding. Disputes between a small number of males in 
the vicinity of what is presumed to be an oestrus female have also been observed on the films. 
These results suggest that the mating system for babirusa is polygynous rather than monogamous. 

Age of First Reproduction: VORTEX precisely defines breeding as the time at which offspring 
are born, not simply the age of sexual maturity. In addition, the program uses the mean (or 
median) age rather than the earliest recorded age of offspring production. In captivity, babirusa 
males and females can reach sexual maturity as young as 5 months of age. Most captive babirusa 
approach the age of one year before reaching sexual maturity. However, the animals are still 
quite small at this age and it is considered unlikely that they will reproduce until they are more 
than one year of age (Macdonald 1993). Taking into account the gestation length of about 5 
months (usually 155-158 days) we believe female babirusa in the wild will have their first litter at 
the age of 2 years. The males on the other hand will have to deal with mating competition by 
older and stronger males. We estimate that a male's first offspring will be born at the later age of 
4 years. 

Age of Reproductive Senescence: VORTEX assumes that animals can breed (at the normal rate) 
throughout their adult life. Based on information from the captive population, this indeed 
appears to be the case for the babirusa. The maximum age ever obtained by a babirusa in 
captivity was 24 years. However, the studbook data show that most animals die at the age of 14-
15 (Piasa 1996). Since most animals generally live longer in captivity than in the wild, the age of 
reproductive senescence for babirusa was set at 12 years of age. 

Sex Ratio at Birth: Assumed to be even in the absence of data to the contrary. 

Maximum Number of Offspring: Most females have litters of one or two piglets but a low 
incidence of triplets has been observed in captivity. The maximum number of offspring is 
therefore 3. 

Offspring Production: For the purposes of modeling babirusa population dynamics, we defined 
"reproduction" for a given female as the successful birth of a piglet. With a gestation length of 
about 5 months we believe that babirusa females are able to give birth once per year. This is 
readily obtained in captivity. Based on the proportion of females at reproductive age believed to 
be without young in the filmed population in Northern Sulawesi, and given some undefined level 
of infertility and failed gestations we set the limit to reproduction at 80% of the adult females 
having a successful birth per year. 
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Annual variation in female reproduction is modeled in VORTEX by entering a standard 
deviation (SD) for the proportion of females that do not reproduce in a given year. Since no 
appropriate data were available for this species, we set this variation to approximately 25% of the 
mean value. VORTEX then determines the proportion of females breeding each year of the 
simulation by sampling from a binomial distribution with the specified mean (e.g., 20%) and 
standard deviation (e.g., 5%). The sex ratio of piglets (proportion of males) produced in a given 
year was set at 0.500 based on sex ratio at birth obtained in captivity (Piasa 1996). 

In captivity most babirusa females have one or two piglets with a slightly higher 
occurrence of singletons. Triplets are born only sporadically (Piasa 1996). We therefore assume 
the litter size distribution in a given year to be the following: 

Litter size 

0 
1 
2 
3 

%of females at breeding age in a given year 

20 
46 
31 
3 

Male Breeding Pool: Although no data are available for this parameter, we do know that some 
competition occurs between the males for the access to oestrous females in captivity (Leus et al. 
1992; Macdonald et al. 1993). It is therefore unlikely that all adult males will have the 
opportunity to breed in a given year in the wild. For the purpose of this model it was assumed 
that only 50% of the males at breeding age will sire an offspring annually. 

Mortality: Again, data are lacking on the mortality of specific age-sex classes of babirusa but we 
have made the following assumptions. 

In the wild, the juvenile age class (0-1) is likely to be the class where predation plays the 
largest role. The only natural predators of the babirusa in Sulawesi are the pythons (Python 
reticularis and Python molurus) and possibly the three civet species: Sulawesi palm civet 
(Macrogalidia musschenbroekii), Malayan civet (Viverra tangalunga), and Common palm civet 
(Paradoxurus hermaphroditus). These predators, especially the civets, are more likely to take 
the juvenile animals rather than the large ones. We have therefore estimated the juvenile 
mortality in the wild to be 30%. There is no reason to assume a difference in survival rate for 
juvenile males and females. Predator pressure is likely to drop significantly from the age of one 
onwards because of the larger size of the individuals. We estimate the mortality of the subadult 
animals (males and females) to be only 5% with the exception of the males in age class 2-3. It is 
likely that at this age, the males will leave the maternal group to either become solitary or join 
the company of other adult males. It was assumed that this would be a period of higher risk for 
these animals causing the mortality to rise from 5 to 10%. Full grown adult animals are likely to 
have a very low mortality which may be slightly higher for the females than the males because of 
the inherent risks of gestation, parturition and lactation. Values of 3% mortality for males and 
4% for females were taken. 
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As with the environmental variation set for female reproduction, we set the annual 
variation in mortality to be approximately 25% of the mean rates. 

Catastrophes: Catastrophes are singular environmental events that are outside the bounds of 
normal environmental variation affecting reproduction and/or survival. Natural catastrophes can 
be tornadoes, floods, droughts, disease, or similar events. These events are modeled in VORTEX 
by assigning a probability of occurrence and a severity factor ranging from 0.0 (maximum or 
absolute effect) to 1.0 (no effect). 

The Indo-Pacific is a tectonically active area with many volcanoes situated near the 
tectonic plate margins. Quite a number of volcanoes are found in North Sulawesi, the main ones 
being Tangkoko, Dua Saudara, Batuangus, Manadotua, Lokon, Klabat and Una Una on Una Una 
island of the Togian island group. Colleagues at the workshop with knowledge on Sulawesi 
estimated that a significant volcanic eruption in the immediate region of Sulawesi would take 
place every 50 years which gives a probability of occurrence of 2% annually. It was assumed 
that falling ash and toxic gases that accompany these events would take a toll on the babirusa. In 
addition, the alteration of the landscape following an eruption would also result in a lowered 
frequency of successful reproduction in the year an eruption occurred. We estimated a 15% 
decrease in female reproduction and 15% extra female mortality. 

The tectonic activity also causes earthquakes. It was estimated that a fairly large 
earthquake takes place every 5 years giving a probability of occurrence of 20% annually. We 
estimated 15% extra female mortality as a result of the earthquake. We assumed that 
earthquakes would not take such a large toll on the environment as a volcanic eruption. 
Therefore, if a female survives the eruption she is likely to still reproduce that year. 

Initial Population Size: Current estimates of babirusa distribution indicate that the species is still 
occurring in the forested regions of Northern, Central and South-eastern Sulawesi, Taliabu, 
Mangole, Buru and most of the Togian islands. No solid data is available on the densities and 
population sizes in these various regions. However, we made the following assumptions: 

Northern Sulawesi: 1500-2500 babirusa based on the number ofbabirusa filmed during the 
study in the Gorontalo region northern Sulawesi (Patry et al. 1995). It was estimated that this 
population of babirusa was present in the valley system incorporating the salt licks where the 
observations were made. Based on the surface area of this valley system and the remaining 
forest cover in Northern Sulawesi it was estimated how many babirusa could be present in 
Northern Sulawesi. 
Central Sulawesi: 3000; guess based on a conservative estimate of the numbers that might be 
there in relation to forest cover. 
South East Sulawesi: 1500; guess based on a conservative estimate of the numbers that might 
be there in relation to forest cover. 
Taliabu: 500; guess based on a conservative estimate of the numbers that might be there in 
relation to forest cover. 
Mangole: 200; guess based on a conservative estimate of the numbers that might be there in 
relation to forest cover. 
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Buru: 500; guess based on a preliminary survey by Bing Tjiu in 1993 +the amount of 
inaccessible forested areas + the experience with Northern Sulawesi. 
Togian islands: 400-600; guess based on a conservative estimate of the numbers that might 
be there in relation to forest cover. 

To cover this range of possible population sizes the VORTEX models were run with a 
selection of initial population sizes equal to 500, 1500 and 2500. 

Carrying Capacity: The carrying capacity, K, for a given habitat patch defines an upper limit for 
the population size, above which additional mortality is imposed across all age classes in order to 
return the population to the value set for K. VORTEX, therefore, uses K to impose density
dependence on survival rates. The program also has the capability of imposing density-dependent 
effects on reproduction that change as a function of K, but since no such data are available for 
babirusa populations, we chose not to include density-dependent reproduction in our models. 

No information is available on the carrying capacities of the different regions of Sulawesi 
where babirusa occur. Considering the high hunting pressure on the species, especially in 
northern Sulawesi, we can assume the initial population size to be below carrying capacity. We 
have therefore arbitrarily set the carrying capacity at twice the initial population size so that it 
could be graphically shown whether or not the population has a potential for growth 

Iterations and Years of Projection: All scenarios were simulated 100 times, with population 
projections extending for 100 years. Output results were summarized at 10-year intervals for use 
in some of the figures that follow. All simulations were conducted using VORTEX version 7.2 
(June 1996). 

Results from Simulation Modeling 

The Baseline Model 

The demographic and environmental parameters discussed were assembled in the VORTEX 
model to assess the status of a babirusa population free from any human-mediated threats to its 
persistence. This is considered the baseline babirusa population model. 

The results from the baseline model for a babirusa population of 1500 initial individuals 
are shown in the first row of Table 4-1. Under the conditions simulated in the baseline model, a 
babirusa population can realize as much as 21% growth per year. This conclusion is based on a 
stochastic rate of increase, rs, of 0.212 calculated from the model. Under these conditions of 
stochastic population growth, an undisturbed population can be expected to double in size in less 
than 5 years. As a result, the simulated population reaches the habitat carrying capacity rapidly 
and remains at that size throughout the duration of the simulation. Because of the large 
population size maintained during the 100 years, the loss of heterozygosity is negligible as shown 
by a population mean heterozygosity of 0.993. Based on these results, therefore, we can conclude 
that babirusa populations have the capacity for fairly dramatic growth if left undisturbed. 
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The first rows of Tables 4-2 and 4-3 show the results from the baseline model but with 
different initial population size conditions. Even when populations are small (as in Table 4-3), 
the risk of extinction is negligible and retention of population heterozygosity is high. 

Alternative Models and Sensitivity Analysis 

Since many of the demographic parameters for the simulated babirusa populations are based on 
educated guesses from limited field data, it is instructive to use the simulation modelling 
approach in an investigation of the relative sensitivities of the populations to changes in different 
demographic parameters. In other words, we can determine which parameters are more 
influential in determining the future viability of babirusa populations and utilize this information 
to help prioritize the collection of additional population data. 

For the babirusa populations modelled here, three demographic parameters were chosen 
for investigation: the maximum age of reproduction, proportional female breeding success, and 
the extent of polygyny (an explicit investigation of the effect of additional mortality is discussed 
in detail below). The maximum age was increased to 15 years based on observations made in zoo 
populations. Additionally, the proportional female breeding success was decreased from the 
baseline value of 80% (20% of adult females failing to reproduce in a given year) to 70% and 
60%. Finally, the extent of polygyny was likewise varied from the baseline value of 50% of the 
adult males in the pool of available breeders to 30% and 70%. 

Table 1 shows the results of this type of sensitivity analysis with N0 = 1500. Within a 
given extent of polygyny, an increase in the maximum age of reproduction results in even greater 
potential for population growth (age=12: rs = 0.212; age=15: rs = 0.218), although this increase is 
quite modest, only 3%. If proportional female breeding success is decreased below the baseline 
value, the growth rate of the population is likewise decreased. For example, under the baseline 
model with proportional female breeding success set at 80%, rs is 0.212. However, when only 
60% of adult females are expected to reproduce in a given year, the growth rate is reduced almost 
28% to 0.153. Finally, the data indicate that changing the extent of polygyny does not measurably 
alter the dynamics of babirusa populations. This can be seen by the fact that changing the extent 
of polygyny from, for example, 50% to 70% does not change the stochastic growth rate rs by 
more than 0.5%. 

Tables 4-2 and 4-3, which differ from Table 4-1 only by the initial population size and 
corresponding carrying capacity, show almost identical results from this sensitivity analysis. In 
other words, the initial size of simulated babirusa populations does not influence the sensitivity 
of these populations to changes in demographic characteristics. This is almost certain to change, 
however, if babirusa populations decline to very small numbers, for example, just a few tens of 
individuals. Figure 4-1 summarizes the results of the sensitivity analysis and shows the enhanced 
sensitivity of simulated babirusa populations to changes in the proportional breeding success of 
females. 
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In summary, the simple sensitivity analyses presented here suggest that the degree of 
female reproductive success is an important factor in influencing the growth dynamics of 
babirusa populations. Specific considerations of the role played by age-specific mortality rates on 
babirusa population viability is explored in detail in the following section. 

The Effects of Hunting on Babirusa Population Viability 

Numerous discussions at this workshop indicated that hunting of babirusa by local human 
populations for subsistence as well as the meat trade is perhaps the primary threat facing the 
species. To explore the impact that various levels of hunting may have on the future 
characteristics of babirusa populations on Sulawesi, VORTEX models were developed that 
simulated additional babirusa mortality brought about by hunting pressure. Instead of simulating 
hunting through the harvest of a constant number of animals annually, using the Harvest module 
in VORTEX, we simulated this pressure by increasing age-specific mortalities to more closely 
mimic the density-dependent nature of this type of population threat. 

More specifically, hunting pressures were quantified based on broad estimates of 
proportional off-takes from babirusa populations in Central and Northern Sulawesi (L. Clayton, 
pers. comm.). For example, if approximately 300 babirusa are removed in a year from a 
population of 1500 animals, this translates into a 20% removal rate and is simulated in the 
VORTEX models by adding 20% mortality to all age-sex classes (because of the predominance 
of snare hunting, which is quite non-selective, all age-sex classes were assumed to be equally 
impacted by this hunting). Initial levels of hunting pressure studied were 20%, 30% and 40% 
additional annual mortality. Discussions by workshop participants indicated that 40% annual 
hunting removal on particular populations is not unrealistic. 

Table 4-4 and Figures 4-2 and 4-3 show the results of these analyses on simulated 
populations of 1500 individuals and a carrying capacity of 3000. Under 20% hunting pressure, 
the population decreases at a rate of about 6% annually. This rate of decline results in a 
probability of extinction for a population such as this of almost 50% (P(E) = 0.49) within 100 
years and a mean time to extinction of 83 years. The picture is made considerably worse, 
however, by noting that the size of those surviving populations after 100 years is only 45 
animals, with nearly 25% of the original population heterozygosity lost during the simulation. 
Babirusa populations are driven very rapidly to certain extinction if the removal rates are 
increased to 30-40% (P(E) = 1.0; T(E) = 23-29 years). Additional models utilizing removal rates 
of 10 - 15% demonstrate that babirusa populations cannot survive if removal rates exceed 15% 
annually. Furthermore, hunting models were constructed that removed either males or females 
exclusively to investigate the sensitivity of this species to sex-biased hunting practices. The 
results in Table 4-4 dramatically indicate that removal of females carries much greater 
consequences for population viability than does removal of males only. This is explained by the 
polygynous nature of the babirusa breeding system, where females are the limiting sex in terms 
of overall population dynamics. 
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Conclusions and Recommendations 

1. Current life-table parameter estimates give a baseline babirusa population model with a 
growth rate potential of about 21% annually. This represents a substantial growth potential 
given the small litter sizes characteristic of this species, and is perhaps best explained by the 
ability of adult females to reproduce annually. In fact, simple sensitivity analyses indicate that 
the proportion of adult females breeding each year, obtained from data on inter-birth 
intervals, may be the most important aspect of babirusa population dynamics with regard to 
the prediction of future population viability. A greater effort is needed to determine the 
demographic parameters governing the growth dynamics of babirusa populations on 
Sulawesi. This can be accomplished through the conduct of long-term longitudinal studies of 
wild babirusa populations. Particular parameters requiring better estimation are: annual 
female breeding success, age-specific mortality, and reproductive lifespan. 

2. Further field work is necessary in order to more firmly establish concensus estimates of 
babirusa density across Sulawesi. Concensus must be reached as to the preferred methods to 
be used in such work. 

3. Models were developed that explored the effects of hunting ofbabirusa for food on the 
viability of populations subjected to this pressure. Proportional additions to mortality were 
used to simulate this pressure, based on estimates of animals killed by these activities in 
Central and North Sulawesi. Results from these models suggest that, if hunting removes an 
additional 30% ofbabirusa annually from these populations (equivalent to removing about 
450 animals from a population of 1500), the simulated populations decline at a rate of almost 
24% annually. As a result, the extinction of this population is virtually assured within 30 
years. Twenty percent additional mortality above the baseline levels results in a population 
exhibiting nearly a 6% annual rate of decline and a 50% probability of extinction, likely to 
occur within 85 years. In fact, with the current life table parameter estimates, babirusa 
populations can only sustain a hunting rate of less than 15% annually. The models also 
demonstrate that removal of females is much more damaging to the populations than is the 
removal of an equivalent proportion of males. Hunting of babirusa, therefore, appears to be a 
primary factor in determining the future viability of babirusa populations across Sulawesi. 
Studies must continue in their attempts to quantify the extent of hunting of babirusa across 
the island. 

40 Babirusa PHVA Report 



References 

Leus, K., D. Bowles, J. Bell, and A.A. Macdonald. 1992. Behaviour of the babirusa (Babyrousa 
babyrussa) with suggestions for husbandry. Acta Zoologica et Pathologica Antverpiensia 
82:9-27. 

Macdonald, A.A. 1993. The Babirusa (Babyrousa babyrussa). Pages 161-171 In: Oliver, 
W.L.R. (Ed.). Status Survey and Conservation Action Plan: Pigs, Peccaries and Hippos. 
IUCN: Gland, Switzerland. 

Macdonald, A.A., D. Bowles, J. Bell, and K. Leus. 1993. Agonistic behaviour in captive babirusa 
(Babyrousa babyrussa). Zeitschrift fi.ir Saugetierkunde 58:18-30. 

Patry, M., Leus, K. & Macdonald, A.A. (1995) Group structure and behaviour of babirusa 
(Babyrousa babyrussa) in northern Sulawesi. Australian Journal of Zoology, 43, 643-655. 

Piasa, L. 1996. Babyrousa babyrussa 1994/95. Internationales Zuchtbuch fi.ir den Hirscheber I 
International Studbook for the Babirusa 1994/95. Wilhelma Zoologisch Botanischer Garten: 
Stuttgart. 

Babirusa PHVA Report 41 



42 Babirusa P HV A Report 



Table 4-1. Babirusa Population Viability. Initial population size is 1500 and the carrying 
capacity, K, is 3000. r5 is the stochastic population growth rate calculated from the 
simulation, P(E) is the probability of population extinction within 100 years, N 100 is the size 
of the simulated population at the end of the 100-year simulation, and H100 is the population 
heterozygosity at 100 years. 

Breedmg 
Max. Age Success r P(E) N_lffi H,M 

50% Polygyny 

12 80 0.212 0.0 3000 0.993 
15 80 0.218 0.0 2996 0.993 
12 70 0.182 0.0 2996 0.993 
15 70 0.191 0.0 2996 0.994 
12 60 0.153 0.0 2997 0.994 
15 60 0.162 0.0 2998 0.992 

30% Polygyny 

12 80 0.212 0.0 3000 0.992 
15 80 0.218 0.0 2997 0.992 
12 70 0.182 0.0 2997 0.993 
15 70 0.191 0.0 2998 0.993 
12 60 0.151 0.0 2999 0.993 
15 60 0.161 0.0 2993 0.993 

70% Polygyny 

12 80 0.211 0.0 2995 0.993 
15 80 0.218 0.0 3000 0.993 
12 70 0.182 0.0 2999 0.994 
15 70 0.190 0.0 3000 0.994 
12 60 0.151 0.0 2995 0.994 
15 60 0.162 0.0 3000 0.994 
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Table 4-2. Babirusa Population Viability. Initial population size is 2500 and the carrying 
capacity, K, is 5000. See Table 1 legend for table definitions. 

Breeding 
Max. Age Success r. P(E) Nl()() H I()() 

50% Polygyny 

12 80 0.212 0.0 5000 0.996 
15 80 0.217 0.0 4995 0.996 
12 70 0.183 0.0 5000 0.996 
15 70 0.189 0.0 4997 0.996 
12 60 0.152 0.0 4990 0.996 
15 60 0.161 0.0 4994 0.997 

30% Polygyny 

12 80 0.210 0.0 5000 0.997 
15 80 0.218 0.0 4998 0.996 
12 70 0.182 0.0 4999 0.996 
15 70 0.190 0.0 5000 0.995 
12 60 0.151 0.0 4990 0.996 
15 60 0.160 0.0 4991 0.997 

70% Polygyny 

12 80 0.211 0.0 5000 0.996 
15 80 0.217 0.0 4997 0.996 
12 70 0.183 0.0 4993 0.997 
15 70 0.191 0.0 4997 0.997 
12 60 0.151 0.0 4993 0.996 
15 60 0.161 0.0 5000 0.996 
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Table 4-3. Babirusa Population Viability. Initial population size is 500 and the carrying capacity, 
K, is 1000. See Table 1 legend for table definitions. 

Breeding 
Max. Age Success r. P(E) N,on H,on 

50% Polygyny 

12 80 0.211 0.0 998 0.979 
15 80 0.217 0.0 1000 0.980 
12 70 0.182 0.0 997 0.980 
15 70 0.189 0.0 1000 0.981 
12 60 0.152 0.0 999 0.981 
15 60 0.161 0.0 1000 0.982 

30% Polygyny 

12 80 0.211 0.0 1000 0.976 
15 80 0.218 0.0 1000 0.977 
12 70 0.183 0.0 996 0.978 
15 70 0.191 0.0 1000 0.979 
12 60 0.150 0.0 998 0.979 
15 60 0.162 0.0 999 0.980 

70% Polygyny 

12 80 0.212 0.0 999 0.980 
15 80 0.218 0.0 998 0.980 
12 70 0.183 0.0 999 0.980 
15 70 0.191 0.0 998 0.981 
12 60 0.153 0.0 997 0.983 
15 60 0.160 0.0 998 0.982 
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Table 4-4. The effects of hunting on babirusa population viability. Initial population size is 1500 
and the carrying capacity, K, is 3000. See Table 1 legend for table definitions, and see text for 
further discussion of the quantification of population hunting pressure. 

Hunting Pressure r. P(E) T(E) NIIYl HIM 
20% -0.058 0.49 83 45 0.749 
30% -0.237 1.0 29 - -
40% -0.292 1.0 23 - -

20%, ~~only -0.050 0.53 75 45 0.843 
20%, d'd' only 0.212 0.0 - 3000 0.985 

10% 0.090 0.0 - 2976 0.992 
15% 0.025 0.0 - 2667 0.991 
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Figure Legends 

Figure 4-1. Effects of changes in babirusa population demographic parameters on the stochastic 
population growth rate, r5• Each bar represents the average growth rate across all 
simulation models using the specified demographic parameter. The parameters 
include the extent of polygyny, defined as the proportion of adult males in the 
available breeding pool in a given year; the maximum age of reproduction for both 
sexes; and the extent of female reproductive success, defined as the average 
proportion of adult females that produce offspring in a given year. 

Figure 4-2. Impact of increasing levels of hunting on babirusa population viability. Time series 
plots of population size as a function of time (years) for simulated babirusa 
populations subjected to increasing levels of hunting. For these models, hunting was 
simulated by increasing age-specific mortality rates above the baseline values 
according to estimates of proportional removals of individuals from wild 
populations. In each model, a carrying capacity of 3000 was imposed, above which 
population size was truncated. 

Figure 4-3. Impact of hunting on the probability of extinction of simulated babirusa 
populations. 
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Figure 4-2. 
Babirusa Population Viability: 

Effects of Hunting on Population Persistence 

3000 
__._ No Hunting 
~ 15% Removal 
----- 20% Removal 

2500 ---+-- 30% Removal 
.....,.___ 40% Removal 

Q) 
2000 N 

(/) 

c 
0 -co 1500 
:::J 
c. 
0 
a.. 1000 

500 

O L_~~--~~~==~~~~~~ 
0 20 40 60 80 100 

Years 

Babirusa PHV A Report 49 



c 0.8 0 
+-' 
(..) 
c 
+-' 

>< 0.6 w -0 
>. 
~ 

..c 0.4 
co 
..c 
0 
1...... 

a.. 
0.2 

Figure 4-3. 
Babirusa Population Viability: 

Hunting Pressure and Extinction Probability 

0 15 20 30 

Extent of Hunting Pressure 
(

0/o Additional Mortality) 

40 

SO Babirusa PHV A Report 



Sample VORTEX Input File 

BAB_201 .0UT ***Output Filename*** 
Y ***Graphing Files?*** 
N ***Each Iteration?* ** 
Y ***Screen display of graphs?*** 
100 ***Simulations*** 
100 ***Years*** 
10 ***Reporting Interval*** 
1 ***Populations*** 
N ***Inbreeding Depression?*** 
Y ***EV correlation?*** 
2 ***Types Of Catastrophes*** 
P ***Monogamous, Polygynous, or Hermaphroditic*** 
2 ***Female Breeding Age*** 
4 ***Male Breeding Age*** 
12 ***Maximum Age*** 
0 . 500000 ***Sex Ratio*** 
3 ***Maximum Litter Size*** 
N ***Density Dependent Breeding?*** 
20.000000 ***Population 1: Percent Litter Size 0*** 
46.000000 ***Population 1: Percent Litter Size 1*** 
31 .5 00000 ***Population 1: Percent Litter Size 2*** 
2 .50 0000 * **Population 1 : Percent Litter Size 3*** 
5 . 000000 ***EV--Reproduction*** 
50 . 000000 ***Female Mortality At Age 0*** 
10 .000000 ***EV--FemaleMortality** * 
25.000000 ***Femal e Mortality At Age 1*** 
5 . 000000 ***EV--Fema leMortality*** 
24.000000 ***Adult Female Mortality*** 
5.000000 ***EV--AdultFemaleMortality*** 
50 . 000000 ***Male Mortality At Age 0*** 
10.0000000 ***EV--MaleMortality*** 
25 .000000 ***Male Mortality At Age 1 *** 
5.000000 ** *EV--MaleMortality*** 
30 . 000000 ***Male Mortality At Age 2*** 
6 . 000000 ***EV- - MaleMortality*** 
25.000000 ***Male Mortality At Age 3*** 
5 . 000000 ***EV--MaleMortality*** 
23 .000000 ***Adult Male Mortality*** 
5 .000000 ***EV--Adul tMaleMortal i ty*** 
2.000000 ***Probability Of Catastrophe 1*** 
0 . 850000 ***Severity- -Reproduction*** 
0.850000 ***Severi ty--Survival*** 
20.000000 ***Probability Of Catastrophe 2*** 
1.000000 ***Severity--Reproduction*** 
0.950000 ***Severity--Survival*** 
N ***All Males Breeders?*** 
Y ***Answer- - A--Known?*** 
50 . 000000 ***Percent Males In Breedi ng Pool*** 
Y ***Start At Stable Age Distribution?*** 
1500 ***Initial Population Size*** 
3000 
0 . 000000 

***K*** 
***EV- -K*** 

N ***Trend In K?*** 
N ***Harvest?*** 
N ***Supplement?** * 
N ***AnotherSimulation?*** 
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Sample VORTEX Output File 

VORTEX - - simulation of genetic and demographic stochasticity 
BAB_201.0UT 
Wed Jul 24 23 : 16 : 46 1996 

1 population(s) simulated for 100 years, 100 iterations 

No inbreeding depression 

First age of reproduc t ion for f emales: 2 for males : 4 
Age of senescence (death): 12 
Sex ratio at birth (proportion males) : 0 . 50000 

Population 1: 
Polygynous mating; 

50.00 percent of adult males in the breeding pool . 

Reproduction is assumed to be density independent. 

20.00 (EV = 5 . 00 SD) percent of adult females produce lit t ers of size 0 
46 . 00 percent of adult females p r oduce litters of size 1 
31.50 percent of adult females produce litters of s1ze 2 

2 . 50 percent of adult females produce litters of size 3 

50 . 00 (EV 1 0 . 00 SD) percent mortality of females between ages 0 and 1 
25 . 00 (EV 6 . 00 SD) percent mortality of females between ages 1 and 2 
24.00 (EV 6 . 00 SD) per cen t annual mor t ality of adult females (2<=age<=12) 
50.00 (EV 10 . 00 SD) percent mortality of mal es between ages 0 and 1 
25 . 00 (EV 6.00 SD) percent mortal ity of males between ages 1 and 2 
30.00 (EV 7 . 00 SD) percent mortality of males between ages 2 and 3 
25.00 (EV 6 . 00 SD) percent mortality of males between ages 3 and 4 
23 .00 (EV 6 . 00 SD) percent annual mortality of adult males (4<=age<=12) 

EVs may have been adjusted to closest val ues 
possible for binomial distribution . 

EV in reproduction and mortal ity will be correlated. 

Freque ncy of type 1 catastrophes: 2.000 percent 
with 0.850 mul t ipl i cative effect on reproduction 

and 0 . 850 mul t i plicative effect on survival 

Fr equency of type 2 catastrophes : 20.000 percent 
with 1 . 000 multiplicative effect on reproduction 

and 0 . 950 multiplicative effect on survival 

Ini tial size of Population 1 : 
( set to reflect stable age distri bution) 

Age 1 2 3 4 5 6 7 8 9 10 11 1 2 
176 137 98 76 61 48 38 31 24 19 15 12 
176 137 1 07 84 65 52 40 32 25 19 16 12 

Carrying capacity = 3000 (EV = 0 . 00 SD) 

Total 
735 Males 
765 Females 

Deterministic populat i on growth rate (based on females, with assumptions of 
no limitation of mates, no density dependence, and no inbreeding 

depression) : 

r = - 0.044 lambda= 0 . 957 RO 0.813 
Generation time for : females = 4 . 66 males = 6 . 45 
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Sample VORTEX Output File (Contd) 

Stable age distribution: Age class 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

females 
0.156 
0.081 
0 . 062 
0.049 
0.038 
0.030 
0 . 024 
0 . 019 
0 . 015 
0 . 011 
0.009 
0 . 007 
0 . 005 

males 
0 . 156 
0.081 
0 . 062 
0 . 045 
0.035 
0 . 028 
0.022 
0 . 018 
0 . 014 
0 . 011 
0 . 009 
0.007 
0.006 

Ratio of adult (>= 4) males to adult (>= 2) females : 0.551 

Populat ion 1 

Year 10 
N[Extinct] 0, P[E] 
N[Surviving] 100, P[S] 
Population size 
Expected heterozygosity = 
Observed heterozygosity = 
Number of extant alleles = 

Year 20 
N[Extinct] = 0, P[E ] 
N[Surviving] 100, P[S ] 
Population s1ze 
Expected heterozygosity = 
Observed hete rozygosity = 
Number of extant alleles = 

Year 30 
N[Extinct] = 0, P[E] 
N[Surviving] 100, P[S] 
Popu lation s1ze 
Expected heterozygosity = 
Observed heterozygosity = 
Number of extant a l leles = 

Year 40 
N [Extinct ] = 0, P[E] 
N [Survivi ng ] 100, P[S] 
Population size 
Expected heterozygosity = 
Observed heterozygosity = 
Number of extant alleles = 

Year 50 
N[Extinct] = 
N[Surviving] 
Popul ation size 

0, P[E] 
100, P[S] 

Expected heterozygosity = 
Observed h e terozygosity = 
Number of extant al l eles = 

= 0 . 000 
= 1 . 000 

886 . 46 
0.998 
0 . 999 

654.42 

= 0.000 
= 1 . 000 

562 . 45 
0 . 994 
0 . 997 

293.32 

= 0.000 
= 1.000 

378.39 
0.987 
0.992 

159.41 

= 0 . 000 
= 1 . 000 

224 . 64 
0 . 976 
0 . 986 
90 . 78 

0.000 
1 . 000 

160 . 39 
0 . 954 
0 . 972 
54.23 

33 . 08 
0 . 000 
0.000 
16 . 63 

31 . 13 
0 . 000 
0.000 
10.84 

23.44 
0 . 00 1 
0 . 001 
7.01 

SE, 
SE, 
SE, 
SE, 

SE, 
SE, 
SE, 
SE, 

SE, 
SE, 
SE, 
SE, 

15.43 SE, 
0 . 001 SE, 
0.001 SE, 

4 . 56 SE, 

16.48 SE, 
0.003 SE, 
0.002 SE, 
3.54 SE, 

330 . 83 
0.001 
0 . 001 

166 . 35 

311.26 
0.002 
0 . 003 

108.39 

234 . 40 
0 . 006 
0 . 007 
7 0.14 

154.32 
0 . 013 
0 . 012 
45.55 

SD) 
SD) 
SD) 
SD) 

SD) 
SD) 
SD) 
SD) 

SD) 
SD) 
SD) 
SD) 

SD) 
SD) 
SD) 
SD) 

164 . 81 SD) 
0.032 SD) 
0.023 SD) 
35 . 36 SD) 
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Sample VORTEX Output File (Contd) 

Year 60 
N[Extinct] 3, P[E] = 
N[Surviving ] 97, P[S] = 
Population size 
Expected heterozygosity = 
Observed heterozygosity = 
Number of extant alleles = 

Year 70 
N[Extinct] = 7, P[E] 
N[Surviving] 93, P[S] 
Population size 
Expected heterozygosity = 
Observed heterozygosity = 
Number of extant alleles = 

Year 80 
N [Extinct] = 17, P[E] 
N[Surviving] 83, P[S] 
Population size 
Expected heterozygosity = 
Observed heterozygosity = 
Number of extant alleles = 

Year 90 
N[Extinct ] = 32, P[E] 
N[Surviving] 68, P[S] 
Populat ion size 
Expected heterozygosity = 
Observed heterozygosity = 
Number of extant alleles = 

Year 100 
N[Extinc t ] = 49, P[E] 
N[Surviving] 51 , P[S] 
Population size 
Expected heterozygosity = 
Observed heterozygosity = 
Number of extant alleles = 

0.030 
0 . 970 

118 . 42 
0 . 923 
0.948 
35 . 45 

0 . 070 
0.930 
85.12 
0.876 
0 . 923 
24 . 34 

0 . 170 
0.830 
65 . 13 
0 . 827 
0.887 
17 . 64 

0.320 
0 . 680 
54.60 
0.775 
0 . 848 
13.75 

0.490 
0 . 510 
45.08 
0.749 
0. 811 
11.86 

16 . 52 SE, 
0.006 SE, 
0 . 006 SE, 

2 . 87 SE, 

13.26 SE, 
0 . 010 SE, 
0.010 SE, 
2.40 SE, 

11 . 73 SE, 
0.015 SE, 
0.015 SE, 
2.00 SE, 

10.94 SE, 
0 . 022 SE, 
0.023 SE, 
1. 73 SE, 

9.02 SE, 
0.029 SE, 
0.029 SE, 
1. 76 SE, 

162 . 66 SD) 
0.057 SD) 
0.059 SD) 
28 . 23 SD) 

127.92 SD) 
0.099 SD) 
0.094 SD) 
23.14 SD) 

106 . 84 SD) 
0 . 141 SD) 
0 . 139 SD) 
18.19 SD) 

90 . 19 SD) 
0.180 SD) 
0.186 SD) 
14 . 24 SD) 

64.42 SD) 
0.205 SD) 
0.210 SD) 
12.55 SD) 

In 100 simulations of Population 1 for 100 years: 
49 went extinct and 51 survived. 

This gives a probability of extinction o f 0.4900 (0 . 0500 SE), 
or a probabi l ity of success of 0 . 51 00 (0.0 50 0 SE) . 

Of those going extinct, 
mean time to first extinction was 83 . 29 y ears (1 . 69 SE, 11 . 82 SD). 

Mean final population for successful cases was 45.08 (9.02 SE, 64.42 SD) 

Age 1 
5 . 29 
4.73 

2 
4 . 12 

3 
3 . 00 

Adults 
9 . 57 

18 . 37 

Total 
21 . 98 Males 
23 . 10 Females 

Wi t hou t harvest/supplementation, prior to carrying capacity truncation, 
mean growth rate (r) was -0.0584 (0 .0017 SE, 0 . 1649 SD) 

Final expected heterozygosity was 
Final observed heterozygosity was 
Final number of alleles was 
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0 . 7487 
0 . 8115 
11.86 

0 . 0287 SE, 
0 . 0294 SE, 

1. 76 SE, 

0 .2050 SD) 
0.2098 SD) 

12 . 55 SD) 
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CAPTIVE POPULATION MANAGEMENT 

Working Group Members: 

Djarot Harsojo 
Asep Heri 
Budi Irawanto 
Penny Kalk 
Alastair A Macdonald 
Hari Palguna 
Kumar Pillai (facilitator) 
Bruno Van Puijenbroeck 
Rudi Reinhard 
Endah Wahyuni 

Surabaya zoo 
Bandung zoo 
Ragunan zoo 
WCS/ New York 
The University of Edinburgh 
Gembira Loko, Y ogyakarta 
Singapore zoo 
Antwerp zoo 
Berlin zoo 
Surabaya zoo 

Executive summary of recommendations: Babirusa captive management subgroup 

1. Only Babyrousa babyrussa celebensis should be considered for captive management. 

2. Animals should not be captured in South-east Sulawesi because it is unclear what 
subspecies may be represented there. No animals should be capured in protected areas in 
order to safeguard these populations. 

3. Collect enough animals to achieve an effective founder base to maintain 90% 
heterozygosity over 100 years. The methods of collection must be up to the highest 
welfare standards making full use of the available expertise. 

4. A management group needs to be formed within one year to manage the captive 
population. The group should appoint a Southeast Asian regional studbook keeper. It 
should develop a masterplan for the management of the captive population. A husbandry 
manual should be developed. 

5. All institutions keeping babirusa should be required to positively identify EACH 
individual babirusa and maintain rigorous record-keeping standards. 

6. Holders of wild-caught babirusa must meet minimum requirements for facilities and 
management experience. Holders of wild-caught babirusa who do not meet minimum 
requirements should hand over the animals to zoos which do meet these requirements. 
Spaces for new founders need to be created in Indonesia. 

7. All wild-caught stock should remain in Indonesia. Only captive born descendants of wild
caught founders should go to the rest of the world population. 

8. Animals should only go to those world institutions that agree to join the management 
committee and will be able to cooperate with the programme on a long-term basis. 
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History of the captive population 

The group recognized that for sound captive management purposes it was essential to have as 
complete and accurate a record as possible of the history of the captive collection of the babirusa. 
Many of the details are present in the 1994-95 studbook (Piasa 1996). Additional material is 
being gathered by Paul Vercammen and Alastair Macdonald. The group worked to clarify some 
questions which related to the very early years of the studbook's founding stock. 

• There were four visits made by staff from Surabaya zoo to Sulawesi to collect babirusa. All 
animals collected on the first three visits failed to survive. 

• On the fourth visit (in 1972), 1.2 and 2 juvenile males were brought from Poso on the north 
coast of central Sulawesi to Surabaya. 

• All three adults bred. However, there is no information available to indicate whether the 
two juvenile males ever bred. There is likewise no information to indicate whether the 
juveniles are related to the three adults collected. It is also unknown whether or not the 
three adults were related to one another. 

• After 1972, no babirusa has come into Surabaya, from the wild or any other zoo. The 
conclusion reached by the group was that as the most conservative estimate, all the animals 
currently held in captivity contain the genetic material represented by 1.2 founders . 

Written records in Surabaya indicate: Records of zoos receiving animals indicate: 

2.2 to Antwerp in 1975 (bred) (Dec 1974, 1.1 arrived in Antwerp (bred), 

1.1 to Rotterdam in 1977 
1.1 to Bandung 

3.5 to Singapore in 1992 
1.1 to Yogjakarta in Feb 1995 

Written records in Ragunan indicate: 

and in Mar 1975, 1.1 arrived in Stuttgart (bred)) 
(Mar 1976, 1.1 arrived in Stuttgart (bred)) 
(Aug 1977, 1.1 arrived in Rotterdam (bred)) 
(Mar 1990, 1.1 arrived in Bandung (not bred) 
(Dec 1993, 1.0 arrived in Bandung (died next day) 
one female survives. There have been no offspring 
(In Jul 1992, 3.5 arrived in Singapore (bred)) 
(which produced 1.0 in November 1995) 

2.3 from Surabaya in 1975. This zoo has only had animals from Surabaya. 
2.2 to Port Lympne in 1982. (Port Lympne has no record of receipt of these animals) 
2.2 to Antwerp in 1984. (In April 1984 2.2 arrived in Antwerp (bred)) 

The group adopted the following framework for making its recommendations with respect to the 
future management of captive babirusa. 

Goals 
1. Prevent or reduce threat of extinction by the creation of a self sustaining population. 
2. Provide the potential for reintroduction, ex situ by captive breeding and in situ by the legal 

protection of the biotope. 
3. Research the biology of the species, ex situ and in situ. 
4. Exhibit the animal and by public education programmes increase conservation awareness. 
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Objectives derived from the first two goals 
1. Retain 90% heterozygosity for 100 years 
2. Use the minimum number of wild caught founders necessary to achieve goal 1 
3. Use some of the current captive stock as part of the new captive management programme 
4. Minimise the risk of extinction of the captive population by good husbandry practices 
5. Manage the smallest size of captive population necessary for the achievement of goal 1 
6. Establish primary captive population of wild-caught founders in Indonesia 

Summary of discussion by the subgroup, arranged according to the order of the executive 
summary 

1) 
The Togian islands have the subspecies of babirusa (B. b. togeanensis) with the smallest 
population size. The Buru and Sula group of islands contains the subspecies (B. b. babyrussa) 
with the next smallest population of babirusa. The island of Sulawesi has the subspecies of 
babirusa (B. b. celebensis) which occurs in the largest numbers. Although the first two subspecies 
are designated as endangered (Oliver 1993), the group decided that the celebensis subspecies is 
the only one for which captive propagation is merited and justifiable. The reasons for this 
decision are: 

a. B. b. celebensis is the only subspecies which is numerous enough to tolerate removal of an 
adequate number for conservation breeding in captivity without the capture process 
contributing to the possible extinction of the race. 

b. B. b. celebensis is also the only subspecies coming from a habitat with a large enough land 
mass to permit the potential for reintroduction in the future. 

c. B. b. celebensis is the only subspecies currently in captivity. 
d. It is likely that B. b. celebensis is suffering the highest rate of decline due to hunting 

pressure as indicated by the very large number of babirusa being sold weekly in the meat 
markets of North Sulawesi. 

e. B. b. celebensis is the subspecies which has the best chance of long-term survival. 

We felt that it was essential to carefully assess the potential harm to the species by the process of 
collecting animals from the wild for captive propagation. In our opinion, the potential harm 
caused by the relatively small collection of the celebensis subspecies for captive propagation 
should be measured against the very much larger damage currently being caused to this 
subspecies by the weekly cull of babirusa to supply city meat markets. Estimates were given of 
5-20 animals per week (Budiarso et al, 1991; L. Clayton, pers. comm.) 

In order to maintain 90% heterozygosity over 100 years, 20.20 babirusa need to be collected from 
the wild and brought into conservation management. This will result in approximately 10.10 
effective founders . 

Wild animals may need to be brought from near Poso, the region of origin of the original 
founders. However, we need to investigate the race from that region vis a vis the race from 
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North Sulawesi. For this purpose, there is a need to collect skulls (some are currently available 
at the museum in Bogor) and biochemical evidence from babirusa in Central Sulawesi and North 
Sulawesi to confirm that the animals there are B. b. celebensis. Additional skulls need to be 
gathered from zoo animals, and wild animals from the Poso region also need to be checked by 
Colin Groves, the taxonomist at the Australian National University, Canberra, Australia. 

2) 
Animals should not be captured in South-east Sulawesi because it is unclear what subspecies 
may be represented there. No animals should be captured in protected areas in order to safeguard 
these populations. 

3) 
Enough animals should be collected in order to achieve an effective founder base to maintain 
90% heterozygosity over 100 years. The methods of collection must be up to the highest welfare 
standards making full use of the available expertise. 

The methods needed to capture, acclimatise and transport babirusa from Sulawesi to the 
designated Indonesian zoos have yet to be developed adequately. For example, potential sites in 
North and North-central Sulawesi need to be identified to enable the holding of freshly caught 

. wild founders. Both Surabaya zoo and Taman Safari have animal holding sites near Poso. 
Animal husbandry facilities at Universitas Sam Ratulangi may provide suitable animal holding 
pens in the Manado region. It is essential to the programme that the wild-caught animals be 
treated in a very special way because of the sensitivity to stress of animals from the forest. The 
animals will need a considerable amount of time to adjust to the presence of people. They will 
need a lot of time to overcome their natural instinct to flee from people. Somewhat younger 
animals adapt better than older adults. Wild-caught females must have separate housing from 
two weeks before birth (when the vulva starts to swell) until six weeks after delivery. The 
female is very agressive to others and protective of her young during this period. Some (dry 
vegetable) material should be provided to allow the female to construct a nest in which to have 
privacy and deliver her young. The aim will be to have an equal number of male and female 
offspring from every founder in order to equalise the founder representation in the captive 
population. 

4) 
A management group needs to be formed within one year to manage the captive population. 
The group suggests that the structure of this group follows the format of the Sumatran Tiger 
management group: for example, a representative from each SE Asian zoo with babirusa should 
be appointed to this group. People from outside the region may be invited to participate in the 
group. A co-ordinator for the programme is required. 
The management group should appoint a Southeast Asian regional studbook keeper. Endah 
Wahyuni, was identified as the person who should begin immediately to facilitate the collection 
of appropriate records of the regional captive population. Correspondents in each SE Asian zoo 
currently holding babirusa were identified to supply her with the appropriate information. Births 
and deaths should be reported to the studbook keeper within 2 days. 
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A training course for record keeping will be held in Malaca in October, 1996. The group 
recommends that a representative and/or record keeper from each Indonesian zoo with babirusa 
should attend the course. 
All babirusa holders should make and keep necropsy reports on all individuals that die. World 
zoos should send anaesthesia protocols for babirusa to Endah W ahyuni for local management 
purposes. 
An interested veterinarian should be sought to undertake the long-term analyses of pathological 
and other veterinary reports on the babirusa gathered in the course of normal zoo routines, in 
order to detect disease and infirmity problems within the captive population, and to stimulate 
veterinary research to seek solutions to disease conditions which may arise in captivity or in the 
wild. 
The management group should develop a masterplan for the management of the captive 
population. 
A husbandry manual should be developed. Currently, global guidelines for the husbandry and 
management ofbabirusa are being developed under the coordination of Penny Kalk. 'Pak Djarot 
Harsojo has agreed to translate these into Bahasa Indonesia. 
The management group is responsible for seeing that the masterplan is implemented. 

5) 
All institutions keeping babirusa should be required to positively identify EACH individual 
babirusa and maintain rigorous record-keeping standards. Zoo staff in Indonesia should micro
chip AND ear notch all babirusa, and until advised otherwise by the management group, should 
send the detailed records of individuals to Endah Wahyuni at Surabaya zoo. 

The minimum requirements for conservation holding of wild-caught babirusa were defined as 
follows: 
Adequate animal holding facilities, adequate management experience, and good animal breeding 
experience. It is very important that the facilities that receive wild-caught animals should meet 
the minimum housing and animal management requirements defined by this group: 
Minimum housing requirements for babirusa were developed using the new Surabaya housing as 
a model. Indoor floor space was 2.25 x 3m, with an outside exercise area of 4 x 3m. The floor 
indoors should be made of concrete, whereas the outdoor area should be of sand. The minimum 
wall height should be 1.75m with the lower 1.5m solid and the area above that (to at least 1.75m) 
in wire mesh 
*insert drawings of Surabaya facility and model developed by the group- Paul Vercarnrnen has 
these as photographs. 
The additional exhibition space can be as large or as small as space allows. Water and shelter are 
essential. An area to allow the animal to wallow in water or mud is recommended. Shade in the 
additional space is encouraged. 
Possible improvements on the minimum housing requirements were suggested. 

A) Gates connecting pens are located at the rear of the indoor enclosure 
B) Sliding gates should connect all adjacent pens, and should be operated from outside the 

pens. 
C) Roof sloped so that rain water falls outside the pen. 
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A tropical transport crate was designed by the subgroup. The important structural requirements 
were: 

6) 

The crate needs a large amount of air-flow through it. 
The animal needs privacy, therefore solid lower walls, and holes or thin wire mesh in the 

upper third of the box. 
Double skin roof to minimize radiant heating of animal. 
Crate height interior is 1.5x the shoulder height of animal. 
Crate width is same as shoulder height. 
Doors at both ends have holes/wire mesh in upper third of the doors. 
Both doors are sliding. 
Put low closing flap in the door to slide a basin of water in. 
Non slip flooring. 

Holders of wild-caught babirusa must meet minimum requirements for facilities and 
management experience. Holders of wild-caught babirusa who do not meet minimum 
requirements should hand over the animals to zoos which do meet these requirements. Spaces 
for new founders need to be created in Indonesia. The institutions which identified themselves as 
willing to collaborate in the wild-caught babirusa captive breeding programme were Bandung, 
Ragunan, Surabaya, Taman Safari and Y ogyakarta. 

7) 
All wild-caught stock should remain in Indonesia. Only captive born descendants of wild caught 
founders should go to the rest of the world population. 
The founder population should be managed to expand rapidly. We anticipate that 10 effective 
pairs will result in 7 living offspring each year. Losses due to neonatal mortality need to be kept 
as low as possible by careful management. 
There should be consultation with the babirusa Endangered Species Program, babirusa Species 
Survival Plan, the Australian Species Management Programme, for the distribution to zoos 
within their areas of the captive born descendants of wild caught founders. 
In order to produce F2 offspring it is important not to breed the Fl animals of common parents. 
The group recommended that zoos should plan to use SPARKS for studbook and breeding 
strategies. 

It was also proposed that 2-3 pairs of the current captive population of the lowest F generation 
should be identified to contribute to the captive breeding programme. It was recommended that 
faecal samples from the current captive stock in Indonesia should be collected for DNA analysis 
to assist with the identification of these animals. It was recommended that zoos should be 
warned to plan to stop breeding the current captive stock. However, it is very important that zoos 
do not castrate any animals until the 2.2 or 3.3 animals in the present collections which will 
contribute to the future captive population are identified. 
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8) 
Animals should only go to those world institutions that agree to join the management committee 
and will be able to coopenite with the programme on a long-term basis. 
It is important that the zoos which are involved in the multiplication of babirusa to form the 
captive population are prepared to commit resources to this project for a number of generations 
in order to fascilitate the active management of the captive breeding programme. 

Drawing depicting the Surabaya facility and model developed by the babirusa captive 
management group. 
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Details of drawings depicting the Surabaya facility 
and model developed by the babirusa captive 
management group. 

64 Babirusa PHV A Report 

I .. l·ffl) 
I 

' I 
f 

·,~ 
). . . 



POPULATION AND HABITAT VIABILITY ASSESSMENT 
FOR THE BABIRUSA (Babyrousa babyrussa) 

Taman Safari Indonesia 
22 - 26 July 1996 

Section 6 
Appendix I: 
List of Participants 





List of Workshop Participants 

Name 

Supeno AS 
Douglas Armstrong 
D. Ashari 
Kuno Bleijenberg 
Boeadi 
Andi P. Damayanti 
Lukito Daryadi 
Dedy Duryadi 
Dwiatmo 
Tumar Effendi 
Endah 
Firman 
V. Harwono Gepak 
Dr. Djarot Harsojo R. 
Imam Hartadi 
Simon Hedges 
Faustina Ida 
Budi Irawanto 
Ravi J. 
Penny Kalk 
Margaret Kinnaird 
Koesno 
Kristin Leus 
Alastair Macdonald 
Jansen Manansang 
Ani Mardiastuti 
Endang Mashudi 
IdaMasnur 
Philip Miller 
Abdul Haris Mustari 
Tim O'Brien 
HM. Kamil Oesman 
Hari Palguna 
Kumar Pillai 
Sharmy Prastiti 
Bruno Van Puijenbroeck 
Bambang Purwantara 
Rudolf Reinhard 
Rustandi 
Reny Sawatiri 
Marialice Seal 
Ulysses Seal 
Eri Setiadi 
Soemarsono 
Soetikno 

Institution 

BKSDA VIPALU 
Omaha's Henry Doorly Zoo 
PKBSI 
Rotterdam Zoo 
LIPIIPB 
PSL Untad Sulteng 
PKBSI 
FMIPA IPB 
Direktur BKFF 
TN. Rawa Aopa 
KBS 
BscC 
KBS 
KBS 
WWF 
TN. Baluran 
BKFFPHPA 
KBR 
The Singapore Zoo 
Bronx Zoo 
Wildlife Conservation Society 
PHPA 
The University of Edinburgh 
The University of Edinburgh 
Taman Safari Indonesia 
Fahutan IPB 
Sub BKSDA Sulut 
Taman Safari Indonesia 
CBSG 
Fahutan IPB 
Wildlife Conservation Society 
PKBSI 
Gembira Loka 
The Singapore Zoo 
Taman Safari Indonesia 
Royal Zoological Society of Antwerp 
FKHIPB 
Berlin Zoo 
BKFFPHPA 
P3H&KA Kehutanan 
CBSG 
CBSG 
WWF 
Dirjen PHPA 
Puslitbang Biologi 

Babirusa PHV A Report 67 



Nawangsari Sugiri 
H. Sutarman 
Abdullah Syam 
Paul V ercammen 
Ratna Widuri 
Sri Winenang 

68 Babirusa P HV A Report 

IPB Bogor 
KBR 
P3H&KA Kehutanan 
Beekse Bergen Netherlands 
BKFFPHPA 
TN Bogani Nani Wartabone 



POPULATION AND HABITAT VIABILITY ASSESSMENT 
FOR THE BABIRUSA (Babyrousa babyrussa) 

Taman Safari Indonesia 
22 - 26 July 1996 

Section 7 
Appendix II: 
Babirusa Bibliography and 
Selected Literature 





Bibliography of references on the 
babirusa (Babyrousa babyrussa) pertaining to the PHV A held at 

Taman Safari Indonesia 

compiled by 

Alastair A Macdonald1
, Albert F.L.M. Kneepkens2

, Penny Kalk3 & Kristin Leus4 

1 Preclinical Veterinary Sciences, The University of Edinburgh, Scotland, UK 
2 Hendrik van Viandenstraat, Kampen, The Netherlands 
3 Wildlife Conservation Society/ New York Zoological Society, New York, USA 
4 Royal zoological Society of Antwerp, Antwerp, Belgium 

Anggawijaya, A., Maya Dewi, F. , Pertamawati, M., Engeline, & Sunarjo, V.O. (1985) Kahidupan 
Babirousa babyrussa di kibun binatang Surabaya. SMAK Santa Maria: Surabaya 

Anonymous (1909) Zoogdieren. Vogels. Bepaling. Staatsblad van Nederlandsch-Indie, 594, 1-
3. 

Anonymous (1909) Zoogdieren. Vogels. Verdaging der inwerkingtreding van de ordonnantie in 
Staatsblad 1909 No. 497. Staatsblad van Nederlandisch-Indie, 600, 1. 

Anonymous (1916) Natuurmonumenten. Maatregelen ter bescherming van de 
natuurrijkdommen van Nederlandsch-Indie. Staatsblad van Nederlandisch-Indie, 278, 1-3. 

Anonymous (1931) Onderwerp 23 "Nieuwe Jachtordonnantie en dieren
beschermingsordonnantie 1930." Handelingen van den Volksraad zittingsjaar 1930-1931, 23, 
340-351. 

Anonymous (1931) Handelingen van het College van Gedelegeerden, 19de vergadering, vrijdag 
20 maart 1931. Handelingen van den Volksraad zittingsjaar 1930-1931, p 342 
(Abstract: There is fear expressed that the babirusa may be shot. They are very rare.) 

Anonymous (1931) Nieuwe J acht- en Dierenbeschermingsbepalingen. Mededeelingen [van de] 
Nederlandsche Commissie voor Internationale Natuurbescherming, 9, 8-13. 
(Abstract: A permit will be issued for up to two adult male babirusa. Only up to two babirusa 
permitted to be exported alive.) 

Babirusa PHV A Report 71 



Anonymous (1937) Brief Internationaal Bureau voor Natuurbescherming te Brussel. 
Mededeelingen [van de] Nederlandsche Comrnissie voor Internationale Natuurbescherming. 11, 
33-35, 118-119. 
(Abstract: A request for: former range and numbers, present range and numbers, causes of 
depletion (or extinction), economic uses or importance, what measures are being taken for the 
preservation of the species concerned. List of vanishing mammals in the Malay archipelago. 
Suidae Babirussa babyrussa (babirusa)) 

Anonymous (1973) Convention on international trade in endangered species of wild fauna and 
flora. IDCN Bulletin, 4, (3) Supplement, 1-11. 
(Abstract: Appendix I. shall include all species threatened with extinction which are or may be 
affected by trade .... Artiodactyla, Suidae, Babyrousa babyrussa) 

Anonymous (1982) Family Suidae. In "Mammal species of the world. A taxonomic and 
geographic reference" (Eds: J.H. Honacki, K.E. Kinman & J.W. Koeppl) Allen Press, Inc. and 
the Association of Systematics Collections: Lawrence, U.S.A. pp. 315-317 
(Abstract: Babyrousa Perry, 1811, Arcana, sig. C, Recto. ISIS NUMBER; 
5301419001001000000. 
Babyrousa babyrussa (Linnaeus, 1758) . Syst. Nat., lOth ed., 1;50. TYPE LOCALITY; 
"Borneo" (=Buru Isl., Indonesia). Distribution; N. and C. Sulawesi; Buru (N. Molucca Isis.); 
Sula Isls.; Malengi Isl. (Togean Isls.). Protected status; CITES -Appendix I and U.S.ESA
Endangered. ISIS number; 5301419001001001001.) 

Anonymous (1986) Threatened species. Babirusa- Babyrousa babyrussa, The Dodo Dispatch, 
18, 3. 

Appelman, F.J. (1930) Wat zullen de nieuwe Jacht-en Dieren beschermimgsOrdonnantie's ons 
brengen? Koloniale Studien. Tijdschrift van de Vereeniging voor studie van Koloniaal
Maatschappelijke vraagstukken, 14, 458-473. 

Appelman, F.J. (1955) Natuurbescherming. Bosbouwkundig Tijdschrift, 43, 219-235. 

Appelman, F.J. (1956) Nature Protection. Mededelingen [van de] Nederlandsche Comrnissie 
voor Internationale N atuurbescherming, 17, 24-41. 

Balen, H. van (1914) De Dierenwereld van insulinde in woord en beeld. van den Burgh: 
Deventer pp 179-182. 

Bartholinus, T. (1654) Historiarum anatomicarum rariorum, Centuria I et II. P. Hauboldt: 
Hafniae pp 342-345. 

Basjarudin, H. (1971) Nature reserves and national parks in Indonesia- present situation and 
problems. IDCN publications (N.S.), 19, 27-33. 

Bemmel, A.C.V.van (1976) Zwijnen van de wereld. Artis, 21, 183-187. 

72 Babirusa PHVA Report 



Bewick, T. (1790) A general history of quadrupeds. S. Hodgson, R. Beilby, & T. Bewick: 
Newcastle upon Tyne, pp 136-137. 

Blouch, R. (1989) Report from the field. Conservation and Research Centre Newsletter, 1, 6-8. 

Blouch, R.A. & Oliver, W .L.R. (1993) Review of priorities for conservation action and future 
research on south and southeast Asian suids. In "Status survey and conservation action plan; 
pigs, peccaries and hippos" (ed. Oliver, W.L.R.), IUCN: Gland, Switzerland, pp 191-195. 

Blower, J. (1979) New look in Indonesia. Oryx, 15, 50-54. 

Boitard, P. (1842) Le Jardin des plantes description et moeurs des mammiferes de la Menagerie 
et du Museum d'Histoire Naturelle. J.J. Dubochet: Paris, pp 411. 

Bosma, A.A. (1980) The karyotype of the babirusa (Babyrousa babyrussa); karyotype evolution 
in the suidae. 4th European Colloquium of Cytogenetics in Domestic Animals. Utrecht, pp 238-
241. 

Bosma, A.A. & de Haan, N.A. (1981) The karyotype of Babyrousa babyrussa (Suidae, 
Mammalia). Acta Zoologica et Pathologica Antverpiensia, 76, 17-27. 

Bosma, A.A., de Haan, N.A. & Macdonald, A.A. (1991) The current status of cytogenetics of 
the suidae; a review. Bongo, Berlin. 18, 258-272. 

Bowles, D. (1986) Social behaviour and breeding of babirusa. Dodo, Journal of the Jersey 
Wildlife Preservaion Trust, 23, 86-94. 

Budiarso, Wilar, A.F., Tulung, B. , Kaligis, D. & Kaligis, W.A.A. (1991) The importance of 
Sulawesi wild pig (Sus celebensis) as a source of meat in north Sulawesi. Fakultas Peternakan 
Universitas Sam Ratulangi and World Wide Fund for Nature (WWF) Indonesia Programme: 
Manado, Sulawesi 

Chaudhuri, M., Carrasco, E., Kalk, P. & Thau, R.B. (1990) Urinary oestrogen excretion during 
oestrus and pregnancy in the Babirusa. International Zoo Yearbook, 29, 188-192. 

Clayton, L. ( 1994) Conservation biology of the babirusa, Babyrousa babyrussa, in Sulawesi, 
Indonesia. Unpublished reports. 

Clayton L.M. & Macdonald, D.W. (1992) Conservation biology of the babirusa, Babyrousa 
babyrussa, in Sulawesi, Indonesia. Unpublished proposal. 

Clayton, L.M., Muskita, Y., Lagarusu, Z.H., Tuturong, R. & Wode, T. (1991) A survey of the 
flora and fauna of the upper Paguyaman/Nantu forest area, North Sulawesi. Unpublished report, 
Universitas Sam Ratulangi, Manado, Indonesia. 

Babirusa P HV A Report 73 



Conklin, N.L., Dierenfeld, E.S. & MacLaughlin, K.A. (1994) Digestibility and passage of a zoo 
diet fed to babirusa (Babyrousa babyrussa). Der Zoologische Garten N.F. 6, 357-365. 

Convention on International Trade in Endangered Species (1991) Appendices I, II and ill to the 
Convention on International Trade in Endangered Species of Wild Fauna and Flora. September 1, 
1991. U.S. Government Printing Office, Washington, D.C. 

Coomans de Ruiter, L. (1928) Wildreservaten in Zuid-Sumatra en in de Minahassa, bijlage 
behoorende bij Mededeeling No 4. Medeelingen [van de] Nederlandsche Commissie voor 
Internationale Natuurbescherming, 4, 32-39. 
(Abstract: Babirusa were reported (in 1923) to be found in the area of the volcanoes Kalabat en 
Doea Saudara, in Minahassa, North Sulawesi. It is proposed that this area become an extension 
of the neighbouring nature conservation park.) 

Coomans de Ruiter, L. (1948) Natuurbescherrning in Nederlandisch-Indie. Indonesie, 2, 140-
162. 

Crandall, L.S. (1964) Management of wild mammals in captivity. The University of Chicago 
press: Chicago and London. 

Cubitt, G., Whitten, T. & Whitten, J. (1992) Wild Indonesia; the wildlife and scenery of the 
Indonesian archipelago. New Holland: London, pp 53-54, 58, 161. 
(Abstract: Babirusa are rare. Dozens of carcasses are brought to the markets of north Sulawesi 
each month. Babirusa are uncommon or absent from the east end of the Dumoga Bone park 
probably as a result of hunting, but are still found in the west.) 

Dammerman, K.W. (1926) Preservation of wildlife and nature reserves in the Dutch East-Indies. 
Proceedings of the Third Pan-Pacific Science Congress, Tokyo, 1, 1103-1111. 
(Abstract: Gunung Tongkoko Batoeangoes. Date of institution: February, 1919. 
Location: Northeastern part of the Minahassa, opposite the island of Lembeh. 
Characteristics: In this nature reserve two of Celebes' most remarkable mammals are still found, 
the hogdeer (Babirussa babyrussa) and the pigmy buffalo or anoang (Anoa depressicornis). It 
contains the volcanoes Gn. Tongkoko (1373 M.) and theGn. Batoeangoes (1173 M.), an 
exceptionally fine preserve of the wild plant and animal life of North Celebes.) 

Dammerman, K.W. (1929) Preservation of wildlife and nature reserves in the Netherlands 
Indies. The Proceedings of the Congress 4th Pacific Science Congress. Java. 1929 (99pp). 
(Abstract: Gunong Tongkoko Batoeangoes. Reserved: February 1919. 
Site: The area bounded on the north and the east by the Molluccan Sea, on the south by the 
imaginary line which connects the summit of the Mt. Tongkoko with Tanjoeng Batoeangoes, and 
on the west by the river Batoe Poetih and the imaginary line which connects the source of this 
river with the summit of the Tongkoko. Area: 446 hectares. Reason for protection: In the 
reserved areas two kinds of mammals, characteristic of Celebes, the hog-deer (Babirussa) and 
the dwarf buffalo (Anoa) still occur. Moreover this area with its interesting volcanoes, the still 
active Gn. Tongkoko (1373 m) and theGn. Batoeangoes (1173 m), reaching down to the sea, is 

74 Babirusa PHVA Report 
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has vanished from the whole of the South-western peninsula of the island (Sarasin, l.c. , p. 41). 
The occurrence of both species in the prehistoric collections from caves near Lamontjong in S. 
Bone (ca. 60 km ENE of Macassar) and from the neighbourhood of Tjani (Lamontjong), 
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~L'~IMARY 

Skins and skulls of /Jabyroum babyrussa have been stud ierl ; the species is divisible into 
three living subspecies: IJ. b. babyrussa (syn. frosli) from Bunt and Sula, B. b. /ogeal!ellsis 
from l\Jalenge, and /J. b. celcbe11si.r f rom the northern arm of Celebes. A skull from ncar 
Kulawi, central Celebes, tends towards babyrussa, and may represent a surviving popu
lat ion of the inadequately characteri sed /J. b. bolabalucnsis, known as a subfossil from the 
'Olllhcrn ann o f Celebes. Teeth of the latter fonn decreased in size through time. The 
1 x •~sib ility of the species having- been introduced into lluru and Sula is discussed. 

lNTROD UCTION 

The remarkable babirusa (genus BabirvHSa Perry, r8 r 1) attracted early 
niJticc in western scicnti fie ci rcles, despi te its restricted distribution (sec 

.\loh r, 1958 fur a brief pre-Lin naean hi story). lt cununandecl a ttention 

l.t-cause of the bizarre appearance o f the male, not only for Europeans but 
a l~u. perhap~ . for Indonesians (sec below). Modern zoology has conf irmed 
thal it is indeed no "ordinary pig", as shown by the anatomical study of 
!>avis ( 1940): alone among- the S uidae it retains four terminal tendons to 
\I. plantaris; the arrangement of tendons toM. extensor digitonun commtmis 
rl'~embles the peccar ies; M . coracobrachiali s has two heads, as is usual in 

nuninants; the stomach is complex , and the origin of M. omohyoideus again 
r,•,;cmbles the peccaries (Saban, 1<)68). Wh ile Dcninger's ( T<)O<)) claim that 
it had descended from a Miocene anthrac.:othcre can surely no longer be main
tained. Then ius ( 1970) cou ld sec 1W co111mon ancestor with the other Suidac 
!ll11 rc recen t th<m the O ligocene, justi fy ing its allocation to a separak sub
!.:uni ly. llabyruusinac. 

.1 



\() 

C1J 

ttl 
;;:, 
<:r 
q· 
&; 
;;:, 

~ 
~ 
:;:::J 
~ 
0 
;:t 

30 ZOOLOGISCIIE MEDEDELINGEN 55 ( 1980) 

HISTORY OF TAXONO~I Y 

Afte r a period when it was variously misassignecl to Borneo, Sumatra, 
Amboina and other places (as noted by Sody, 1949) its occurrence in Celebes 
and Buru was finally confirmed, and authors set about elucidating its 
variation from place to place. First, Deninger ( 1909), on the basis of remark
ably la rge samples for that period (r6 from Bu nt , ro from Celebes) disting
uished the Celebes babirusa - taking Duru as type locality of B. bobyrussa 
- as a separate species, Babinrsa (sic) cclebensis. The distinguishin!! 
characters of the Celebes species \\"ere the wrinkled, nearly hairless skin. 
contrasting markedly to the well-haired skin of the Guru species; the longer. 
narrO\\·er skull; the upper toothrow longer, above 73 mm, the nasals con
stricted between the canines of the males, and the longer, thicker upper 
canines with their alveoli upright instead of forwardly inclined. As a con
sequence of the difference in ini tial direction of the upper canines, in sitk 
view they are not overlapped by the backcurving lower canines as they ar<· 

in the Buru form. 
l .ater Dammerm<Jn ( 1929), comparing "a rather large series" (about 

seven ?) of skulls [rom Buru with four from Celebes, found the fol lowinJ.: 
differences: the Bunt skulls are shorter and broader, their profile less straight: 
the f rontals have deep sharp-edged furrows, instead of shallower with 
rounded edges as in Celebes specimens; and the supt·ao rbital foramen i; 
more o r less concealed from dorsal v iew. H owever, in only one of the four 
Celebes skulls were the nasals greatly const ricted. The upper canines in th~ 
Hunt skull s are paral lel to each other, or diverge, whet·eas in two of till" 
Celebes skulls they converge and nearly touch in the middle of lhci r cunT. 
:-;ome of these characters, he notes, are similar to those which distingui>h 
domesticated from wild pigs. Dammerman was aware of Deni nger's pap~o·r 
but had "no access" to it. 

As a matter of fact Lesson ( 1827), although referring to Bunt, had in 
effect described Celebes babirusas under the name Babimsso alfm·us; 1.!11i 

Dcninger, <tS well as Thomas (1920), Sody (1949), Laurie & Hill ( r9S·Il 
and others, showed that Lesson merely intended to rename Linnaeus's Su< 

ba.byntssa (even quoting the type locality as Hu ru) to avoid tautonymy. 
Thomas ( 1920) reported on eleven skulls from Taliabu, in the Sula island·. 

comparing them with the Buru fonn afte r first noting that in Denin!!..-r"· 
ra nine a nd nasal characters they followed the Burtt, not the Celebes pattern 
l ~ctaining the division into two species, he described the Sula form ~; 
/J. b. frosti, dif fering from 13. b. bab·yrussa in its ~lightly smaller >iz,·. 
conspicuously smaller canines, narrowe1· bullae, and more slender parocripit~l 
processes. However, it is unclear how many skulls from Bunt were available 
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fur comparison, only one being mentioned ( this one, however, being the one 
figured by Seba and so the chief basis for L innaeus's descri ption, is the 
lectotype of the species) : judging by the registra tion numbers, only one 
other .l.luru skull would seem to have been in the l3ritish Museum at that lime. 

Sody (1949) compared 10 skulls from Celebes, 4 f rom Malenge (Togean 
islands), 8 from l3uru, and 4 from Sanana (Sula Islands) . These last he 
referred to frosti with a query, as "judgi ng on the description, there seem to 
ex ist differences" from the type series f rom Taliabu. He went on to describe 
the 1vlalenge specimens (inclt-Hling 3 skins and one head-skin) as a new 
race, B. b. togeaneusis. T he new race was described as hairy like ba.b)ll'tts.m 
(and also j 1·osti, a fact not known to T homas) , with the underparts, as far 
as the sides of the uppe1· lip and insides of the limbs, much lighter than the 
rest of the body. The loothrow was said to be much sho t·tcr than in celcbeusis 
but rather longer then in frosti, though about the same as in babymssa; 

I\ [ 3 was narrower than in celebmsis, perhaps a little smaller than in the other 
two; the nasals, pinched in like in celebe11sis. By implication, Sody included 
the Celebes fo rm, too, in the single species B. babyntssa. 

One further subspecific name has been applietl to a babirusa. In r964, 
F. tie Beaufort, in a catalogue of type specimens of ungulates in the Paris 
musemn, drew attention to a mounted babirusa skin from an animal brought 
hack alive by Quoy and Gaimard and stated in the museum catalogue to be 
from Celebes. However, in the collecto r's manuscript catalogue the specimen 
is li sted as from "Moluques". This, according to De Beau fort, makes the 
specimen a novelty, as the babirusa appears not to have been recorded from 
there since then; so it would have fo rmed a geogra phic va riety (now perhaps 
extinct) , to be called Babyrousa. babymssa J11 erkusi ,(sic) , after M. Ivle rl..:us, 
!!Uvernor of the Moluccas, who presented the animal to Quoy and Gaimard. 
E\·erything about this name is inexplicable; the Moluccas, then as no\\", 
included J3uru, type local ity of the species; the specimen was already in 
~aptivi ty in Merkus' residence, and could as easily have been presented to him 
from Celebes as from anywhere else; the capitalisation of the trinomial; and 
<u rcly it was pointless to create a nomen nudum, which even if it represents 
a Yal id form will be displaced by any name (with description appended) 
which someone in the future cares to award. 

Hohr ( 1958) reviewed the subspecies described up to that time, and 
presented photos of li ving celebe11sis and [1·osti, showing clearly the naked 
wrinkletl skin of the former and the hairy covering of the latter. T he snout· 
nf frosti is , as she notes, markedly more pointed than that o f cclcbcnsis, 
and would seem to be more mobile in life. Other interesting photos include 
one of a female skull - perhaps the first published photo of the skull of 
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the rather unspectacular, tuskless female - and one (Abb. r8) o( a frusti 
skull said to be f cmale, \\'ith ~mall tusks in the upper jaw, and canines larger 

than usual for a female in the lower jaw. The ~pccimen, cYidcntly a youn!! 

adult, is a wild-shot one, collected by Rosenberg; ll'ithout supporting evidence, 
1 \\'Ould incline to consider it a male with rather short tusks, especially 

considering its evident youth. 
'1\1'0 extinct forms, one recent and one fossil, ha,·c been described by 

Hooijcr ( t948; 1950). Three M3 , one M2 and one M:1 from Bent and 

~ompoh, ncar Cabcngc in Sula\\·esi Selatan t South Celebes), a~sociatcd with 

the Pleistocene giant suid Celcbuclwcms hcckcrcui, were very much larger 

than most living homologucs (than all. in the rase of the J\1 2 and the two 
contpletc M:;), and \\'l'l'e described a~ a subspecies J?ahyrou.1·a babyrussa 
bcru.ensis ( liooijcr, 1948). N umerous teeth front the lloloccnc cave deposits 

at Uola l~atu, also on the southern peninsula, \\'ere assigned to the subspccie> 

!Jab')II'Onsa. bab')•rrtssa holabat1tesis by Hooijcr ( I C),SO) , as having "Teeth ... 

o [ less average size (than Celebes specimens). comparable to that found in 
J3abyrousa babynt.ua hab')•rHs.w. (1.) of J)oeroc and in Bab')II'Onsa bab')•n~s.w 
f1'osti (Thomas) of the S ula ls.". Jn other \Yords, the new subspecies \\'a~ 
distinguished from the other Cclebe!' race but not from the Bun1 and Sula 
ones. But as the Bola J:atu deposits seem fairly recent (t hey contain apparent 

dog remains, and 16th century Chi nese shenls), the implication ce rtainly 

is that if babirusa had survived on the southern peninsula up to the present 

they would be, in dental chara('tcrs at least, more like babincsa. than cclcbcusi.(. 

'filE PHESENT STUDY 

A study o( babirusa taxonomy was begun in J u~y 1975 at the Zoological 

Museum, Bogor, as a by-product of a study o( southeast Asian Suid;ll'. 

Further material was studied in various Eui'Opcan nmseums in November 

and December 197G and February 1977, and finally again in Dogor in July 
11)78. Standard measurements were taken on skulls and teeth, skin character> 

\\'ere recorded, and special attention was paid to those characters described 

in the literature (above) as diagnostic o f one form or another. Dr. G. G. 

J\lusser kindly sent measurements and descriptions of specimens in thr 

American \ luseum of Natural History (New York). and these have a lso bct'll 

uti lised in the present study. 

Skin 

The Bo~or JVI.useum ( J\ rZB) and American .Museum of Natural History 

(AMNI-1 ) have good collections of babintsa skins; other museums littlr 

or none. Altogether I could study personally ~ (4 ?) from Celebes, 3 from 
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Malcnge, 5 from the Sula Is. (of which 4 were from Sanana), 2 (3?) from 

Huru, and the type of mcrlmsi. In addition, 1 received descriptions of 9 skins 
from Celebes and 6 f rom Malenge in the AMNI-I. 

All J3uru and Sula skins have conspicuous long thick hair a ll over the 

head, body and legs. 0 f the 4 Sanana MZB specimens, 3293, a male, has hair 

that is mostly creamy gold with just a few black hairs intem1ingled, mostly 

towards the fo reparts, and a dorsal stripe of unmixed golden hairs; but the 

rump hairs, in a triangle with its apex in the lumbar region, are enti rely 

black, \\'ith the golden dorsal iltripe continuing through it. The head is like 

the body, but round each eye is a ring of black and the hairs on the back 

oi the ca1·s arc black. The cheeks and limbs a re pale . .M:ZB 329r, a female, 
i ~ simi lar, bu t the hairs arc s parser. MZD 3292, a female, has long dense 
hair uf the sallie colour, hut with nu black hairs at all except a few sparse 

ones on the rump, round the eyes, and on the back of the ears. MZB 2014, 
a juvenile female, on the other hand has the fairly dense long hairs entirely 

black all over the body. J'inally, a skin in the Amsterdam Museum, ZM/\ 

unreg., from "Sula Islands", has much sparser hair, especially on the hind 
parts, mainly white but \\'ith some black on the snout. 

Of the Buru skins one (MZB r871), a female, resembles MZD 3293 
from Sanana, but has black hairs on the rump only and a few round the eyes. 

T he other, ZMA unreg., f cmale, has pale fawn hairs a ll over, rather sparser 

than the J3ogor skin. Another skin, ZMA 9122, a juvenile said by Mohr 

( 1958: 57) to be from Buru, but with "Celebes" on the p resen t label, has 
thick black hairs all over. 

All these skins, therefore, have a conspicuous hai r-cover with both a light 

tiawn or gold) and a dark ( black) ha ir type, va rying in p redominance, but 

tending to be eli fferently distributed over the body. All skins, if complete 
in that region, show a well-developed tail tuft. The two unregiste red ZMA 

::kins (one from Sula, one from Burn) are noticeable paler on the under
parts, a fea ture sa id by So ely to distinguis h the Togean race. 

The three togea11ensis ski ns in Bogor, as Sody states, are variable in colour: 
mostly fawn, but some hairs in all skins are black, generally with fawn t ips; 

they arc paler fawn in the mid-dorsal region and black on the forehead, 
ll'h il c the underpa rts are pa le. The six AMNH Togean skins va ry from 

''hr0\\'11
11 

to ( in one case) black, which sounds in part similar to the Bogor 

<kins ancl implies the same range of variation as in Buru and Sub. As in 

the latter, there is a lways a well-developed tail tuft./\ di f fcrcncc, however
~ppa rently the only consistent diffe rence - i~ that the hairs, though still 
mnspicuous, are much less long and dense. 

The three Celebes skins in Bogor - two from Bumbulan, one from 
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G. Ile-Ile in the same region - are markedly different : the ha ir very spars~ 

and short, dark brown but lighter in the median dorsal region; the overall 

e[ feet is o f com plete nudity. 0 f the nine skins, all from Humbulan, in the 
AMNH collection, Musser (pers. comm.) describes 5 as " sparse", 2 as 
"medium dense", 2 "dense" and either black or "brown", a nd in the substantial 

breeding g roup in the Surabaya zoo, evidently from Celebes, some animals 
are indeed much more conspicuous ly hairy than others. A skin in A msterdam, 

ZMA 9121, from Celebes, al so has a conspicuous hairy coat. Gui llemard 
( 1886: 205) describes a male from Lembeh is land, off Bitung in Minahasa, 
as being " covered with a very fine yellowish down", and he also notes the 

colour polymorphism. 
If there is less difference in hairy com·cring between the Celebes babirusa 

ami the rest than has commonly been desct·ibed, one substantial di f f ere nee 
does remain : the small size and sparsi ty o f the tail tuft, in which all 
specimens from Celebes - AMN H material included - differ consistently 

from all those from other i stands. 

Skull: a. non-metrical comparisons 

Dammerman ( 1929) found that the dorsal pro files of his Uunt series were 

less straight than those f rom Celebes. ln the present study, two-thirds of the 
skulls from both Uunt and Celebes have a profile that is noticeably concave 

at the nasal root (as have 40o/r from Taliabu and all from Malenge). This 

distinction therefore cannot be maintained. 
The difference in degree of expression of the fron tal furrows is much 

more diagnostic. The furrows are not sharp-edged in any skull from M inahasa 

or Malenge, nor in 16 out of 18 from the Bumbulan region, but they arc 

in 12 out of 16 f rom the S ula I s. and in 23 out of 29 from Buru. Both males 
and females show this difference; in Buru and S ui a they seem to become 
sharper-edged with maturity . The associated feature o f the supraorbital 
foramen (which lies at the posterior end o f the furrows) being overhung, 
concealed from dorsal view, in Buru but not in Celebes skulls, is 1~ot quite as 
good : it is v isible ft·om above in r6 out of 17 from Minahasa, 17 out of 18 
from Bumbulan, and in a ll of 8 from Malenge, but al so in 6 out of IS from 

S ula and 17 out of 32 from B uru. 
The canines of males di £fer markedly between the various geographical 

g-roups . As Deninger ( 1909) found, they tend to be much longer a nd thicker 
in Celebes than in Btiru ; Sula skull s a lign with Hunt, and this time the 
Malenge skulls al so tend to align with Huru. I ]owevet·, a Huru skull ( Lei den, 
cat. ost. b) has the largest canines o f any seen in this study. A difference that 

seems to differentiate in every case bet11·een males from northern Celebes 
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and from S ula or Bunt is the forwat·d-rotated a lveolus of the maxi lla t·y 
canine in the latter, such that, as Mohr ( 19s8) stressed, the upper canine 

in S ula and B unt emerges much mo re closely behind the lower, and in side 
riew the lower canine crosses la teral to the upper (pl. r fig. a , b). In Celebes 

male skulls the upper canine emerges ve rtically and the lower is alwf!ys 
distinctly anterior o f it (pl. 3 fig. a) . In Malenge skulls the canine a lveoli 
arc rotated as in Buru, h ut less markedly in most cases (pl. 2 fig . b). 

As Dammerman ( 1929) noted, the maxillary canines usually diverge or nm 

parallel to each other in Hmu skulls; they do slightly converge, however, 
in 10 out of 26 skull s, and even cross in one (Leiden, cat. ost. b). In S ula, 

somewhat by contrast, they converge in 9 out o( 13, but in the restri cted 
series from Taliabu they converge in 8 out of 10. They converge in all 
Malcngc skull s, and in all but three of 22 skull s front northern Celebes 
( they cross in one of these). 

The eli fferences described by Thomas ( 1920 ) to distinguish frosti (Taliabu) 
from babymssa. ( Buru) are not very convincing. The skull s do average 

slightly narrower, but not significantly . The canines are small in both as a 
general rule: it merely happens that in the lectotype of babyrt~ssa they are 
rather large. Mohr ( r9s8: 6s) fig ures a Sula skull with unusually large 
canines. The bullae and pat·occipital processes are not el i fferent. 

Hooijer ( 19so) noted that, although most babirusa skulls lack P2 or DM2, 

this tooth ~s present on a t least one side in 7 out of T3 skulls from S ula, 
compared to one out of 17 (rom 13urtt and two out of IS from Celebes. O f the 

~pecimens not seen by Hooijer, one (MZB 2015) out of T4 from Buru has 

a P 2 , making a full total of 2 out of 3r, or 6.5%; 2 out of 4 from Sanana, 

making a fu ll total of 9 out of 17, or 53% for Sula as a whole; none from 
Malenge; and one out of 9 from Celebes, giving a total o f 3 out of 24, 
or 12.5 %. Thus it is confirmed that the frequency of this anomaly is much 
higher in the S ula islands than elsewhere. 

S kull: b. Metrical compari sons 

A number o f s tandard measurements were taken on skulls and teeth of a ll 
babirusa specimens studied, as well as two (distances between upper canines: 
( 1) at their roots, (2) in the middle of their length) desig ned to bring out 
the convergentjdivergcnt contrast. The results, population by population , are 
~i ven fo r males in Table r. 

T he two samples from the northern peninsula uf Celebes, Minahasa and 
Bumhuhin (the lattet· includes in addition one specimen each front Mona no 
and Muton) are very a like metrically, as they arc non-metrically. l3umbulan 
~kulls arc broader across the zygomata and ranine roots and have a longer 
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Total length 

Condylobasal 

Bizygomatic 

Palate l . 

Toothrov.• 1. 

Occipital br . 

Occipital ht . 

Canine roots 

Canine middle 

f13 leng t h 

Total length 

Condylobasal 1. 

Bizygomatic br . 

Palate 1. 

Toothrow 1 · 

Occipital hr . 

Occipi t al ht . 

Canine roots 

CanW e midd l e 

N3 ij;ngth 
~ 
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T ABL E I 

Skull measurements of geographical samples of male Babyrousa 

} tinahasa 

n mean s . d . 

16 293 . 9 9 . 90 

16 277 .0 13.25 

17 126.4 6 . 93 

17 I 8 1. 2 8 . 97 

9 75 . 3 I. 66 

8 70 . 6 9 . 90 

7 66 .6 5 .02 

9 57 . 8 1. 92 

6 24 . 7 11.52 

7 24 . 4 1.60 

Lembeh 

288 

(271) 

134 

183 

(76) 

80 

(73) 

6 1 

12 

23 

Bumbulan 

n mean 

13 296 . 9 

13 280 . I 

13 133 . 3 

12 184 . 5 

9 80.3 

13 67 . 7 

13 66 .0 

12 62 .3 

10 15 .4 

13 25 . 4 

(a) Groups 

Malenge 

s . d . n mean s . d . 

14 .78 

II . 03 

6 . 58 

8 . 06 

4 . 06 

7. 16 

4 . 03 

6 . 43 

16 . 30 

I . 98 

5 309 .0 6 . 75 

285 . 2 4. 44 

5 129.0 3 . 74 

5 185 .4 3.85 

71 . 7 I . 75 

s 68 .4 3 . 85 

62. 8 3 . 96 

6 1. 0 2 . 35 

0 .0 0 .00 

6 20 . 8 0 . 75 

("b) Single spe cimens 

Hoa 

252 

( 242) 

128 

( ISS) 

69 

54 

(46 ) 

5 1 

15 

23 .9 

Taliabu Buru 

n mean s . d . n mean 

10 280 . 2 I I . 9 1 26 281.8 

8 271 . 8 10 . 08 22 266 .8 

10 121 . 7 6 .20 26 127.5 

10 181 . 3 7 . 86 26 180.1 

68 .0 - 6 69.0 

10 6~ . 3 3.86 26 69.5 

57 .8 5 . 33 24 61.9 

10 50 .1 2. 69 26 56 . 1 

10 27 .8 20.25 18 53 .7 

10 22 .1 I. 10 15 22 .6 

San ana 

265 

254 

121 

169 

67 

6~ 

56 

47 

64 

21 

"' :;::, 

~ 
~ 
~ 
~ 

I 

toothrow, but not one of the d iffe rences exceeds the traditional subspecific 
limits, with the coefficien t of difference (C.D ., .i.e. clifference between the 
means divided by sum of the standard deviations) greater tha n 1.28. T he 
single specimen (Cambridge Zoology Museum, 13.002) from Lembeh, an 
island off the eastern ooast of Minahasa, divided from it by a channel about 

f 

0 ... ,..,. 

I-' 
0 
I-' 

half a kilometre wide, f<tlls within two standa rd deviations of the Minahasa 
sample for all measurements ; Deninger ( 1909) g ives measurements, many 
o f them comparable, fo r three more skull s from Lembeh, one of them '' 

(Dresden 2476) the type of celebcnsis. 
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T he Malenge skulls average larger than those from Minahasa or Bumbulan, 
and have a shorter tooth row and shorter M3, lower occiput, and the distance 
across the middle o f the upper canines (a metrical exp ression of their in
,·ariable convergence) is zero. The third molar difference is beyond the 
tradi tional subspecific level of distinction from both the Minahasa (1.53) 
and Bum bulan ( r.68) samples as is the tooth row length from the Bumbulan 
( 1.48), though not fronl the Minahasa (r.o6) sample. Taken in conjunction 
with the external differences, the Malcnge form should be allotted to a 
di fferent subspecies from the,northe rn peninsula fo rm. 

The Taliabu skulls are smaller in almost every measurement than a re the 
Celebes ones. T he toothrow length and breadth across canine roots are 
>i~n i ficantly smaller than in the two mainfand samples, a nd the latter and 
total skull length differ sig-nificantly from the Malenge material (C.D. above 
1.28) . Taken, again, in conjunction with the external differences, th is con
firms that the Taliabu form should be recognised as a subspecies distinct 
from the Celebes mainland and Malenge fo rms. 

The s ingle adult male skull f rom Sanana, the old name for the island o f 
Sulabesi southeast of Taliabu in the Sula group, is smaller than all but one 
of the Taliabu skulls, but does not fall beyond the two standard deviation 
limits in any of its measu rements. 

Bun 1 skulls are again small ; they differ signi fican tly from the Celebes 
mainland and Malenge samples in the smaller total length and condylobasal 
length, from the mainland samples also in the smaller toothrow length. But 
they do not differ significantly in any measurement from the Taliabu sample; 
and as it will be recalled that there are no external or visual skull differences 
either , there are no grounds for main taining a subspecific distinction. 

The female skulls a rc few in number. Thomas ( 1920) quotes F rost, the 
wllector of the T aliabu sample, to the effect that the males defend the 
females so cou rageously that females a re hard to kill. T he female samples 
(Table 2) dif fer from one another in just the same manner as do the males, 
with the sole exception of the Malenge skulls, which are not larger than the 
Celebes mainland ones, unlike the co rresponding males. Females are other
'risc some 30 mm shorter in total and condylobasal length than are the 
respective males. 

A most interesting specimen is the (slightly damaged) skull of a male 
from G. Malema, 1200 m, Moa, K ulawi dis trict, central Celebes (MZB 
121 15, pl. 3 fi g. a) . The skull was purchased in H)77 f rom vi llages by WWF 
and rPA·representatives, and is the first known specimen from Celebes that 
is not from the northern peninsula, although DL G. G. Musser (pers. comm.) 
saw live specimens several times in the same genera l a rea. The skull is 
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TABLE 2 

Cranial and dental measurements of female Babyrousa 

Hinahasa Bumbulan Malcnge San ana Buru 

n • I n • 5 n • 2 n • 2 n • 3 

mean •. d. mean •. d . 

Total length 257 262 . 6 5. 22 257.5 246.5 253.0 11.36 

Condylobasa1 249 250 .2 8.47 244.0 2)8.5 243.7 14.01 

Bizygomatic 122 117.0 3. 24 II J . 5 110.0 118.7 9.61 

Palate 1. 169 160.4 7 . 57 156 . 0 155 .0 164.0 11. 14 

Toothrow 1 . - 81.0 5 .)4 69 . 5 70.0 67.0 (I) 

Occipital br. 70 52.4 5.18 50.5 54 .0 60.7 7.09 

Occipit.:al ht. 55 50 .8 5.31 47 .5 48.5 52.) ) . 21 

Canine: roots 52 - - 36 (I) 35.0 40.7 4 .7) 

1'3 length II .0 0. 71 10.5 10.5 9.0 (2) 

p4 I. - 10.5 0 . 58 (4) 9. 5 9.0 9.3 1. 15 

HI I. - 13 . 8 0.84 13.0 12.5 II. 5 (2) 

~1 2 1. 17.0 18.0 I. 22 16.5 17.0 16 .0 1.00 

~13 1. - 23.8 I. 79 21 . 0 21 .0 20.3 o.ss 

p3 1. - 12.4 1.34 12.0 II .0 (I) 10.5 0 . 50 

p4 I. - 12.4 1.14 12.0 10 . 5 II .0 o.oo 

HJ 1. - 14 . 4 0.89 13.25 12.5 12.3 0.51 

112 1. - 17 .0 0 . 7 1 15.75 16.0 IS. 7 1.01 

HJ I. - 26.6 1.82 22.0 23 .5 22.7 1. 5l 

remarkably small - its total length being r r mm less than the next smallest 
male skull - but it is fully adult. Total length is about four standard devia
tions from the Minahasa sample, three from Bumbulan, eight from Malenge, 
2.~ from Taliabu and 2.3 from Uuru. Toothrow length is more than two 
standard deviations from Celebes and 1.5 from Malenge; and canine roots 
more than two from the Malenge and Minahasa samples, but not quite ( 1.76) 
from Bumbulan. Occipital breadth is nearly two standard deviations, usually 

more, from all other samples. 
T he canines in the Moa skull are short, and in the upper jaw the alveoli 

are rotated forward to about the same degree as in some of the Malenge 
skulls. The frontal furrows are shallow with rounded edges, and the supra
orbital foramen is visible from above, as is usual in Celebes and Malcnge 

7.0U LO\.ISC II E ~ I EDEDEI.l NCEN .'iS (3) 1'1.. I 

\ 

Fig. a (uppc•!) . JIM ( NH) 67.~ . 12.22;1, ad. ~, Burn. Lcclolypc of s,., babyr11.<.w l .innacus, 
1758. Formerly in the S~ha collection. Fig. b (lower). BM (Nil) IQ. 11.2,1.1, ad.~. Pulau 

Taliabu, Sula Islands. 1-lolotype of /Jabirmrsa lmbymssa frosti Thorn:~~. 1920 . 
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Fig. a. (upper). MZB .l2Q.I, young ad. ~, Sanana, Pulau Sulabesi, Sula I slands. l'ig. b 
(loll"er ). MZB 6899, yollllg" ad. ~ , Pulau Malcnge, Togian Islands. I [olotype of 13nbimusa 

bnb~•russn logeanensis Sody, 19-19-

ZOOLOGISCIIE ~IEDEDELIN<;EN 55 (3) 1' 1.. 3 

Fig. a (upper). MZll 6<"Jos,
1
ad. ~ •. Manado, Kah. Minahasa, N. Cclchcs. Fig-. h ( loll"t'r) . 

MZB 12115, ad. $", Moa, Gum111g 1\tfalema, 1200 m, Kulall"i, cenlral Celebes. 
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skulls; and the upper canines meet in the middle. There is no trace of P2. 
From a general survey of its features, therefore, the Moa skull resembles a 
tiny version of a Malenge skull . 

A simple way of comparing samples within a species is the Penrose multi
variate statistic. This has the advantage that it can be calculated without the 
need for a computer, a~d that tmlike the widely used Mahalanobis D2 the 
size component of the distance is separated out and does not distort the final 
result, which should depend on shape alone. On the other hand it does not 
take allometry into account. H can be used, in any case, as a general guide 
to overall shape resemblances. 

Table 3 shows the results of a Penrose sta!istic (on males only), calculated 
using a programme written for a Sharpe desk calculator by Dr R. V. S . 
Wright, of Sydney University. In Table 3(a) are the distances between the 
groups: size above the diagonals, shape below. The size statistics merely 
say what one already knew : Taliabu skulls (and those from lluru to a lesser 
extent) are very small compared to the rest. In the shape distances, Taliabu 
and Buru skulls are very close, Bumbulan and Minahasa are fairly close; 

TABLE 3 

Penrose size and shape statistics for Babyrot'-Sa skulls 

(a) Croups 

Hi nahas a Bumbulan Malcnge Taliobu Buru 

Minuhasa X -0. 10 0.03 0.69 0.12 SIZE 

Bumbul:m SHAPE 0.30 X 0 .25 1.32 0 . 45 

Malenge: 0.65 0.81 X 0.44 0.03 

Taliabu 0.34 0.91 0 . 86 X -0 . 23 

Buru 0.41 0.93 0 .96 0. 19 X 

(b) Single specimens 

SIZE SHAPE 

Lembch No a San.:~na Lembch Hoa Sanana 

Minahas a -0 . 08 1.90 I. 19 0.57 1.50 0. 96 

Bumbul•~. 0 .00 
j 

2.89 1.99 0.77 1.18 I. 71 

Halcngc -0.22 I ,1,4 0.83 0.98 2.56 1.91 

Taliabu -1.28 0 . 29 0 . 07 
.. 

1.1 9 I. 22 0.33 

Buru -o ,42 1.06 0.55 0.87 I . 15 0. 27 

\ 
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and these two pairs are closer to one another than either is to i\1alenge -
a somewhat curious result. Three single specimens can now be brought in 
and compared to the groups. The Lembeh skull is, predictably, nearest to 
those from Minahasa in shape, and identical to Bumbulan in size. The 
Sanana skull is very close in size to Taliabu, and in shape even slightly 
closer to Tiuru. The Moa skull, though not far from Taliabu in overall size, 
is not like any other in shape. 

Dentition 

Table 4 gives the means and standard deviations for cheekteeth in different 
samples, both living and fossil. The samples for the living are based on 
niales only; comparison with Table 2 shows that most of the cheekteeth in 
females are about the same size, only third molars being much smaller. 

Applying the coefficient of difference test to the modern samples, the 
only cases where the values rise above 1.28 are JVI3 for the Malenge sample in 
comparison with both Uumbalan and Minahasa -- which was discovered 
previously -and M 3 for the MalengejBumbulan comparison, but only just. 
Compared to JVIl (Table 4( c)) the Taliabu and Buru samples have small P3 
but unreduced P4, while JVI3 is rather large in the North Celebes samples 
and very small in Malenge. Tooth sizes do di Her between samples, but not 
at a level that bears on their taxonomic differentiation. 

Mention has already been made that Hooijer's ( 1950) sub fossi l South 
Celebes 1subspecies bolabaltteusis was distinguished from the living Celebes 
form btit not from the Buru and Sula ones. In Table 4(b), the means and 
standard deviations, calculated from Hooijer's raw data, are presented. As 
Hooijer noted, the figures are in most cases very close to those for Bunt 
and Sula, with the noteworthy exception of the first molars, both up[;er and 
lower, which a re disproportionately large compared especially to the other 
molars. The means also seem close to the Moa skull, without such marked 
disproportion. Whether this can be interpreted to mean that the Moa indi
vidual represents a living population of bolabatttensis must await the discovery 
of more complete material of the latter. '. 

Of the other fossil samples, Datu Ejaya teeth are mostly' smaller than Bola 
Batu, as are some of those from the upper level (A-U) of Panganrcang 
Tudca, though by a much smaller amount: it may be doubt~d whether, if 
larger samples were available, these latter would be any different at a ll from 
l:ola 13atu. On the other hand, the teeth from the lower levels (C-D) of Pan
g-anrcang Tutlea are uniformly larger than Bola Ratu, and compare well wi th 
those from Minahasa. 

Batu Ejaya has a C14 date reported as 920 ± 275 B.P. (Mulvaney & 
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TABLE 4 

Dental measurements ( n; X; s.d.) of recent and foss il Babyro!Wt 
(Anteroposterior diameters only) 

(a) Living 
Mi.nahasa Bumbulan \ Molcngc Taliabu 
n mean • . d 0 n mean s .d. n mean s .. d. n mean s.d . 

6 10 . 67 1.2 1 1211.00 1. 18 6 10 .67 0.82 10 9.90 0.74 
6 9.75 0.76 12 10.20 0.58 6 10.00 0.63 

' 
10 9.50 0 . 71 

3 13.30 0 . 58 12 13 . 25 0. 78 6 12.83 0.41 9 12.89 0.60 
9 17.22 0 .97 13 17.65 1.07 6 16.33 0 . 52 1016.700.82 
7 24.36 1.60 13 25.40 1.98 6 20 .83 0.75 10 22. 10 I . 10 
7 I !.43 0.53 13 I 1.90 1. 23 6 11.83 0.98 10 10.20 0.79 

7 11.70 0 . 76 \ IJ 11.70 0.83 6 12 .00 0 . 63 10 11.20 0.63 
7 13.7·1 0 . 49 13 14.40 0 . 96 6 12.83 0 . 75 9 12 . 78 0 .67 
7 16.30 0 . 49 13 16.90 0 .86 6 15.67 0.52 10 26 . 30 0.67 
7 25. 40 I . 62 13 27.20 2.31 6 23 .50 0 . 55 10 24.70 0.82 

(b) Fossil and subfossil 

Bola Batu Lompoa Panganrcang Tudca 

C- D A- B 
22 9 .95 0 . 5 1 I 10 .5 2 9.60 
27 9.64 0.37 I 10 .0 3 9.90 0 .35 
27 13.33 0.52 I I 3 . 4 I 13.6 I I 3 .4 
37 16 .69 o. 72 I 16.4 2 17.6 2 16 . 5 
43 22 . 32 I. 24 I 23.8 3 21.73 0 .96 

9 10.48 0.45 

12 11.55 0 .48 I II . 9 I 10 .9 
9 13.37 0.52 3 13.70 0 . 72 

15 16. 27 0.81 I 16.8 I 16 .B 
I 5 23 .80 1.11 2 23.20 

-· - (c) Ratio o f Maxi llay Tooth Lengths 

Minahasa Bumbul an Kalengc 

.80 . 83 .83 

0 73 0 77 0 78 

I. 29 I. 33 I, 27 

1.83 , 
\ 

I . 92 I .62 

to length of HI 

Ta liabu 

.77 

0 74 

1.30 

I. 72 

Buru 

0 79 

.80 

1.36 

1.83 

\ 

' 

Lembeh 

.82 

.82 

I .46 

2 .09 

Buru Lembeh Hoa 

n mean s . d 0 mean S .d. 

14 9.7 1 0 . 70 9.0 10 .6 

15 9 . 90 0 . 60 9 . 0 10 . 2 

14 12 . 32 1.03 11.0 13.4 

23 16.80 0.67 16.0 17 .1 

15 22.60 I • 50 23 .0 23 0 9 

16 10.60 0 . 73 11.0 13 .5 

16 11. 50 0.52 II .0 12.6 

15 12 . 70 0.88 13.0 14. I 

15 16.60 0.61 16.0 15 . 5 

15 24 . 50 0 .99 24 . 0 23. I 

Botu Ejaya Bcru & 

Sompoh 

I 12.8 

2 16.25 I 20.2 

I 19.8 I 25. 4 

I 17.8 

2 29.35 

~loa Bo labatu 

.. 79 0 75 

0 76 . 72 

1. 28 1.25 

I, 78 1.67 
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Soejono, 1970), that is to say around A.D. 1030. In that Bola Battt has what 
are said to be dog remains (Hooijer, 1950), it may also be fa irly late; but on 
the analogy of Timor (Glover, 1970) this could mean as much as 4000 B.P. 
Mulvaney & Soejono ( 1970) cast doubt on the reali ty of the claimed sequence 
at Panganreang Tudea, at least as far as the artefact associations are con
cerned, and mention Van Heekeren's opinion that the potshenls from the re 
are intrusive. T here are also no domestic or introduced animal remains at 
Panganreang Tudea, unlike Balu Ejaya. The implied sequence, Panganreang 
Tudea - Bola Batu - Batu Ejaya, is consistent with the hypothesis of a 
gradual dental size reduction in this species as in so many others in southeast 

A sia during the early Holocene (Hooijer, 1950). 
The P leistocene babi rusa f rom the same region ( Beru and Smnpoh), 

Ba.byrvltsa babyntssa bentcnsis H ooijer, 1948, was noticeably larger in dental 
dimensions than any modern form. This makes the size-reduction hypothesis 

all the more plausible. 

SunsPECIES AND SYNONYMS 

T he fallowing subspeci fie classification of the species is proposed: 

Babyrousa babyrussa babyrussa (L innaeus, 1758) 

Sus bab)li"II.SSa Linnaeus, 1758. "Borneo"; recte: l:lttru. 
A per orienta/is Brisson, 1762. Name unavailable. 
Babyrousa quadricor11is Perry, 1811. 
!Jabirussa alfurus Lesson, 1827. Bttru. 
Babirussa babyrussa frosti Thomas, 1920. Taliabu, Sttla Islands. 

Material studied from: - Sula I slands: Pulau Sulabesi, ca. 2.0J S, 125.59 E; Pulau 
Taliabu, 1.50 S, 124.40 E. Burtt: S. Yaltta, ca. 3-45 S, 126.50 E; V>la Kruma, NW. Buru; 
Lijotiking; Yttai Hi, NvV. Burtt; Lake \>\lakallo; Wai Hi. Localities mentioned in 
literature: Gunung Kapala Madang, 3.15 S, 126.15 E; Gttnung Katina, ca. 3.21 S, 126.25 
E ; Wai-Hotton; Upper River Bilkofan, ca. 3.22 S, 126.25 E (Deningcr, 1909) . Upper 
(River) \Va Ha, ca. J.22 S, 126.26 E; Kayeli, 3.25 S, 127.07 E; Wa'Kuma, SW. Bttru; 

\Vai Hi, NvV. Buru (Dammcrman, 1929). 
I 

Distribution: - Uuru ; Sula Islands (at least the islands of Taliabu and 

Sulabesi). 
Characters: - Uody hai r always long and thick; tail tuft well-developed. 

Skull with frontal furrows mostly deep, sharp-edged. Upper canines of males 
u~ually short, slender, with alveolus forwardly rotated, so that lower canine 
rro~ses upper in lateral v\ew; generally divergent o r parallel to each other, 
or weekly convergent. Size small, with small teeth. Skulls from the Sula 
Islands have more convergent upper canines in the male than those from 
Buru, and more commonly retain p2 (pl. 1 fi~. a, b; pl. 2 fig. a). 

GROVES, SYSTEMATICS OF BABYROUSA 

Babyrousa babyrussa togeanensis Sody, 1949 

Babirussa babyrussa togcmtcllsi.r Sody, 1949. Malcnge, Togcan Islands. 

Material studied from : - Pulau Malenge. 

Distribution: -Known only from Malenge. 

43 

Characters: - Body\ hair less long and dense than in the previous sub
species, paler on underparts; tail tuft well -developed. Skull with frontal 
furrows always shallow, with sloping edges. Upper canines of males usually 
short, slender, somewhat rota.ted forward, always converging. The largest 
race, but teeth small, especially the third molars (pl. 2 fig. b). 

Babyrousa babyrussa celebensis (Deninger, I9CXJ) 

flabimsa Ccfcbcllsis Dcningcr, 1909. P ulau Lcmbch, N. Celebes. 
1/abyrorrsa babyrlrssa. Mcrkusi De Bean fort, 1¢-J. Nomen nudum. "Les Moluques"; 

probably northern Celebes. 

Material studied from: - Minahasa: Manado, l.J2 N, 124.55 E; Lumpi:1S, 1.35 N, 
12-J-59 E; Saludaa, o.2o N, 123.27 E; Likupang, 1.40 N, 125.05 E; Kcti1a, 1.23 N, 
125.05 E; P ulau Lembeh, 1.25 N, 125.17 E. flumbulan: Bumbulan, 0.31 N, 122.04 £; 
Gorontalo, 0.33 N, 123.05 E ; Monano, o.s-J N, 122.42 E; Gunung Ile-Ile, o.ss N, 121.45 E; 
Sumalata, 0-59 N, 122.31 E; Muton, 0.27 N, 121.13 E. 

Dist ribution: - Northern peninsula o f Celebes, at least as far west as 
Jlumbulan, and including the offshore island of Lembeh. 

Characters: - Body hair generally short and sparse; tail tuft small and 
sparse. Skull with frontal furrows mostly shallow, with sloping edges. Upper 
canines of males generally long and thick, the alveoli vertically implanted, so 
that upper canine emerges vertically and js not crossed by lower in lateral 
view; converging in almost all cases. Size fairly large. Skulls from the 
llumbulan region are somewhat broader than those from Minahasa and have 
larger teeth (pl. 3 fig. a). 

Babyrousa babyrussa beruensis Hooijer, 1948 

/labyrousa babymssa beruensis Hooijer, 1948. Ben1, ncar Cabenge, S. Celebes; Pleistocene. 
.-· 

Distribution: - K nown from Pleistocene deposits at fleru and Sompoh. 
Characters: - Teeth as far as known noticeably larger _than in any living 

form. 

Incertae sedis: 

\ I 

Babyrousa babyrussa bolabatuensis Hooijer, 1950 

Babyrousa babyrussa bofabatucllsis H ooij er, 1950. Bola Batu caves near 
early ( ?) Holocene. 

\ 
\ 

Watamponc, 
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Characters: - Known parts not certainly distinguishable from B. b. baby
n~ssa, except perhaps by reduced size of first molars; but presumably distinct. 

Skull from Gunung Malema, Moa, near Kulawi, central Celebes: - Size 
very small, with especially narrow occipital crest; otherwise mainly a diminu
tive version of B. b. togeanensis, though dental proportions like bolabat1tensis. 
lt is conceivable that this skull could represent a living population of bolaba-

tuensis (pl. 3 fig. b). 

DISCUSSION 

The impoverished and unbalanced nature of the manmmlian fauna of Buru 
led Da.mmerman (1929) to suggest that all mammals except the bats had 
probably been introduced by human agency, including the babirusa. The 
anatomical characters which he attributes to the Buru habirusa in disting
uishing it from the Celebes form are, however, insubstantial, so that his 
claims that it has characters of domestication cannot be maintained. His 
statement that there is no iluruese name for the species would also seem to 
be in error, as Stresemann ( 1925) gives the names 'donit' (Maserete) and 
'gonit' (Lisela), although in the Lumara dialect it is called simply 'bodi' 
( = white). Interestingly, Deninger ( 1909) says that the general name is the 
Malay/Indonesian 'babi putih' ( = white pig), while in Masarete it is known 
in the local dialect as 'boui'. Whether this can be taken to mean that in the 
interval between the visits of Deninger and Stresemann a simple descriptive 
term in Masarete had given place to a genuine name introduced from else
where can perhaps be solved by field work in that region among the older 

residents. 
But Dammerman's hypothesis that the babirusa, along with other mammals, 

is a human introduction in Buru, seems plausible enough. At any rate, its 
near identity with the Sula Islands form indicates that it has spread very 
recently from the one to the other. It is even possible that it is not indigenous 
to the Sula Islands either, for it appears not to exist on Peleng, an island 
well-known from the collections of the Archbold Expeditions, and an .essential 

I 

stepping-stone from Celebes to the Sula group had babirusa extended their 
range without human help. The lack of material from east-central 'celebes 
makes it impossible to confirm or refute this hypothesis at the moment, but 
it is worth noting that the subspecies togeanensis is intermediate benveen 
celebeusis and babymssa, while the Moa skull is a further step towards the 

BurufSula form. 
Nor are linguistic studies much help here. The languages of the Sula 

group are entirely unknown C'vV. A. Foley, pers. comm.), while the names 
given by Mohr (1958) for various Celebes languages are all quite different 
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from the enigmatic iluruese 'donit'/'gonit'. Adriani's dictionary of Bare'e 
(a language centred on the Poso district) gives the same words as Mohr, 
variants of the stem word 'rari', also 'boibi' for the young. 

Certainly the babirusa attracted widespread attention among both Indo
nesians and E uropeans. Even if, with Mohr ( 1958: 67-68), we reject the 
notion that it was known to the Romans in the 1st century A.D., its first 
European description, b)\Piso in r6s8 (Mohr, 1958: 52) is still remarkably 
early. It was kept and even bred by petty rulers in Celebes as a potential 
diplomatic gift (Dammerman, "~929: 154). 

It is even plausible that it was incorporated into Balinese art. The 'Raksasa' 
- a demon, half-human, half-animal - is represented with a curly tusk 
cm~rging from either cheek (pl. 4 fig. a, b), a notion which seems rather 
difficult to account for unless the artists had a tradition of an animal which 
does actually have this disposition (Anthony Forge, pers. comm.). Bali was 
included in the Bugis (S. Celebes) trade network in the r8th ( ?) century 
(Tobing, I97T 44) and there was a Buginese colony there in r817 (Doon, 
1977: 25); one of the tangible results of such trade will have· been the 
introduction of Dali cattle into South Celebes, where they ren1ain to this day 
the only domestic breed. 

CONCLUSIONS 

The original distribution of the babirusa is difficult to reconstruct, but it 
seems likely that it was originally confined to Celebes (including the Togean 
Is.). It is less ecologically resilient than the anoa, for example, and has 
vanished from the extensively cultivated southern peninsula of Celebes; on the 
other hand, its range has evidently been extended by human agency to Buru; 
its apparent absence from Peleng suggests that it may be intrusive also in 
the Sula group. As a skull from central Celebes approaches the Buru and 
Sula subspecies, the origin of the latter may perhaps be sought here. Further 
specimens are needed to solve this problem, but as the babirusa is a rare 
animal, they should not be obtained not by traditional "collecting" but by 
purchasing, or soliciting as gifts, trophy skulls kept in locaL villages, which 
is how the Moa skull was obtained. 

Whether the hypothesis o f its introduction into Duru and Sula is valid or 
not, the babirusa has quite evidently long been regarded as an extraordinary 
beast, adopted into Balinese art as the acme of animality, and made known 
in Europ~ at an unexpectedly early date. 

\ I 
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THE KARYOTYPE OF BABYROUSA BABYRUSSA 
(SUID!E, MAMMALIA) 

by 

A.A. BOSMA and N.A. de HAAN * 

fReceived/iJr pub!icOfiOII Oil 25th Noremher /980) 

INTRODUCT ION 

The family Suidre includes fi ve living genera :_Babvrousa. Sus. Phacochoerus. 
Potamochoerus and H yloclzoerus. All these genera except for Sus comp ri se only 
one living species. 

C hromosome studies ha ve been performed on the do mestic pig and the wild 
boar (both Sus scrofa ), the wart hog Phacochoerus rRthiopicus. the African bush 
pig Potamochoerus porcus. and the giant forest hog 1-Jy/ochoerus meinen:hageni. 
revealing diploid chromosome numbers of38, 36-37-38,34,34 and 32, respecti
vely. G-banding patterns in the domestic pig have been described by Berger 
(1972), Hageltom and Gustavsson (1973), Hansen (1977), Hansen and Melander 
(1974), Miyake and Ishikawa (1978), Pace et a/. (197 5) and Watt (1977), 
Q-banding patterns by Gustavsson et a/. ( 1972) and Hansen ( 1972 and 1977). 
G-banding patterns in the wild boar and the wart hog have been studied by Bos
ma (1976) and Tikhonov and Troshina ( 1975), and by Bosma (1978), respective
ly. These authors demonstrated that the difTerences in karyotype between the 
domestic pig, the wild boar and the wart hog, as well as the vari ation in chro mo
some number in the wild boar, are du e to Robertsonian type rea rrangements. 

In this pape r we present the karyotype, including G- and Q-band ing patterns, 
of Babyro_usa babyrussa. The bab irusa is a pig with a weight as much as 90 kg, 
relati vely long legs and a rough skin that usually hangs in loose folds and is 
almost de·:oid of hair. Prominent in the male are the large upper canines, whic h 
do not grow from the side of the jaw, but in stead are directed upwa rd , and curve 

* Yakgroep Funktionele Morfologie. Fakulteit der Diergeneeskunde. State University, Yalelaan I. 
Utrecht, The Netherlands. 
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backward and downward, ofte n touc hi ng the fore head (Fig. I). T he species is 
indigenous to parts o f Indonesia: North Celebes, the T ogian Isla nds, the Sula 
Islands, and the isla nd o f Buru (Fig. 2). 

Fig. I - MalcQ!.t_\?ii.usa. 

MA T E RI A LS AN D METHO DS 

We exa min ed meta phase ch romosomes fro m a male and a fema le babi rusa, 
kept in A ntwerp Zoo (Belgi um). 

The chromosome preparatio ns were made from lymphocytes cul tu red by 
placing I ml of whole b lood in a medium composed of 5 ml TC-Medium 199 , 
0.5 ml TC-Fetal Ca lf Serum , T C-Pen icillin-Streptomyci n (a ll Difco) and 0.3 ml 
of p hytohemaggl utinin (PHA). T he PH A had been prepared accord ing to the 
method described by Van Heme! ( 1971). T he blood was incubated for 3 days at 
37" C. C ol ch icine (Sandoz) (fin a l concentration 0.5 J.Lg/ m1 medium) was added 
3 hours be fore ha rvesting. The p repa rative proced ure incl uded treatment of the 
cell suspensions with 0 .075 M potassiu m c hloride fo r 5 mi nutes at 37" C, fi xation 
in a mixture of acetic acid and metha no l (I : 3, v/ v), and ai r-drying. 
Conventional staining was carried out with aceto-orcein. 

G-bands we re produced according to the method of Hagel to rn an d G ustavsson 
( 1973), whic h is a modificatio n of that int roduced by Seabright ( 1971). T he 
meth od req uires p re pa ration s to be inc ubated in a trypsin solution and sta ined 
with a bu ffe red Giemsa solutio n. 
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Fig. 2- Sketch-map showing the geographical distribution of the hahirusa ( I - C.:kh~,. 2 - Togian 
Islands. 3- Sula Islands. 4- Bu ru). 

To obtain Q-bands, preparations were stai ned for 20 minutes" it h an aqeous 
sol uti on of quinacrine mustard (Sigma) (0.5 mg/ ml distilled water). rinsed brielly 
in running tap water, and rinsed and mounted in Mc il vaine's butTer at pH 5.5 
(method personally comm unicated by Schnedl). O nly the female specimen was 
examined with this techn ique. 

The chromosomes were arranged and numbered according to the positi on of 
th e cent ro mere, and in order of decreasing length. The chromosomes of the 
domestic pig we re nu mbered following the Reading Conference recommenda
tions (Ford ·el a/., 1980), those of th e wild boa r a nd the wa rt hog 
fo ll owing Bosma (1976 and 1978). T he nomenclature used to describe the 
chromosome morphology in relation to th e centromeric posit ion is also that 
recom mended at the Reading Conference (Ford e1 a/ .. 1980). 
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Fig. 3- Karyogram showing orcein-stained chromosomes of a male babirusa. 

RESULTS 

T he two investigated spec imens of ~ab i rusa have a diploid chromosome 
nu mber of 38. Karyograms of orcein -sta in ed , G -banded and Q-banded 

chromosomes are presented in Figu res 3-5. 
Figure 3 shows that the autosomes inc lude six pairs of submetacentrics (Nos. 

1-6), one pair of subte locentrics (No.7), seven pairs ofmetacentrics (Nos. 8- 14), 
and four pairs of telocentrics (Nos . 15- 18). T he X and Y chromosomes are 
metacentric and subtelocentric, respectively. Chromosomes No. I 0 have a 

distinct secondary constriction. 

DISCUSSION AND CONCLUSION 

Comparison of the G- and Q-banding patterns in the - ~ab irusa with those in 
the domestic p ig reveals tha t eleven pa irs of autosomes, and the X chromosomes 
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look a lmost ident ical. In addi tion , there is a close similarity in the distribu tion of 
these bands between : the long arm of babi rusa chromosome I and chromosome 
13 of the do mestic pig, the short a rm of _babirusa chromosome I and 
ch romosome 16 of the domestic pig, the long arm of~abirusa chromosome 2 and 
chromosome 15 of the domestic p ig, and the short arm of babiru sa chromosome 
2 a nd chromosome 17 of the domestic pig. Apparently, these chromosomes have 
been involved in Robertsonian translocations. 

A complete list of corresponding chromosomes and parts of ch romosomes of 
the _babirusa, the domestic pig, the wi ld boa r and the wart hog is given in Table I. 
In th is table the wild boar occurs twice, due to the differences in ka ryotype 
between the European and Asian populations of this species (Tikhonov and 
Trosh ina, 1975; Bosma, 1976 ). 

Table I shows that fi ve pairs of babi rusa autosomes (Nos. 6, 12, 14, 15 and 17) 
have no direct equi valents in domestic or wild Sus scrofa, or in Phacochoerus 

/a] 
2 3 4 5 6 

·: "\ 1ttl I 
7 XV 

•12: _.a - I 
lf1 I .., .. 

8 9 10 11 12 13 14 

' J 10 pm 

16 17 18 

15 

Fig. 4- Karyogram showing G-banded chromosomes of a male babirusa. 
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Fig. 5- Karyogram showing Q-bandcd chromosomes of a femal e babirusa. 

rerhiopicus. G-banded chromosomes belonging to these a utosomal pairs. and 
taken from six di ffere nt ce lls (A- F) arc prese nted sepa rately in Figure 6. 

Chromosome 15 of the _babi rusa has two prominent da rk bands, sepa rated by a 
distinct light ba nd. at approximately one third from its distal end. A simila r 
a rrangement of bands is foun d in the centre of the long a rm s of c hromosome I of 
the domestic pig and the wi ld boar. and chromosome 2 of the wart hog. This 
suggests that these chro mosomes may be related to one a noth er. 

T he Y chromosome of the _\)abiru sa is subtcloccntric, unlike th e Y 
chromoso mes of the domestic pi g, the wild boar and the wa rt hog, which are 
metacentric , and that of the African bush pig, wh ich is submetacent:·ic (cf. 
Melander and Hansen, 1980). Howeve r, using the G-banding procedure, the long 
and short arms of the babirusa Y chromosome sta in pa le and dark . respecti vely, 
which is a patte rn seen al so in domestic and wild Sus scrofa and in Phacoclwem s 
tl'f h io pic tts. 
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Fig. 6-G-banded chromosomes of pairs Nos. 6. 12. 14 . 15 and 17. and G-banded Y chromosomes 
from diflerent cells (A-F). Ce lls B. C and E arc from a male. cells A. D and F from a femal e 
babi rusa. 
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24 THE KARYOTYPE OF BABYROUSA BABYRUSSA (SUIDAE, MAMMALIA) 

In previous work (Bosma, 1978) it has been shown that the karyotypes of Sus 
scrofa and Phacochoerus athiopicus are largely similar (see a lso Table 1). On the 
contrary, the chromosome complements of Babyrousa babyrussa, Sus scrofa and 
Phacochoerus athiopicus are only partially equivalent. This might suggest a 
considerable phylogenetic distance between the genus Babyrousa and the genera 
Sus and Phacochoerus. 

Table I Corresponding chromosomes and parts of chromosomes of the babirusa (Babvrv usa 
babyrussa). the domestic pig (Sus scroja). the wi ld boar (Sus scro]bJ and the wart hog 
-(Pizacoclzoerus a:lhiopicu.\J 
Data on the wild boar arc confined to specimens with 36 chromosomes. Type I applies to 
animals from the Netherlands (Bosma. 1976) and Li thuania (Tikhonov and T roshina, 1975). 
Type II applies to an imals from certain parts of Asia (Tikhonov and Troshina, 1975). T he 
«extra» submetacentric chromosome found in type II of wild Sus scrojc1 is given the 
number lb. 

3 

4 
5 

7 
8 
9 

10 
II 
13 

Babyrousa 
babyrussa 

I (long arm) 
16 
2 (long arm) 
I (short arm) 
2 (short arm) 

18 
6 

12 
14 
15 
17 
X 

y 
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I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 

X 
y 

dom"stic 
Sus scro.fa 

TABLE I 

wild 
S us scrofa 
r7~vpe I) 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
Ia (long arm) 
16 
I a (short arm) 
18 

X 
y 

wild 
Sus scn!fa 
(7}pe II) 

2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
I b (long ann) 
I b (short arm) 
18 

X 
y 

. 
·~ 

Phacochoen1s 
rl'thiopicus 

2 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 

I (long arm) 
15 
3 (long arm) 
I (short arm) 
3 (short arm) 

16 

X 
y 
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Babyrousa babyrussa is generally considered to be in an isolated position with 
regard to the other living su ids, because it has a number of specialized 
morphological and anatomical c ha racters, and has a very lim ited geographical 
distribution. A lthough the fossil record is limited to Pleistocene material from 
Celebes a nd Buru, the hypothesis has been put forward that Bab vrousa has 
developed si nce Oligocene times a long a separate evolutionary line (Stehl in, 
1899 and 1900; Then ius, 1970). This concept is fully supported by our data. 
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SUMMARY 

The karyotype of the babirusa Babyrousa babvrussa, including G- and 
Q-banding patterns, is presented , and compared with those of th e domestic pig, 
the wild boar (both Sus scrofa) and the wart hog PhacochoC'rus ce!hiopicus. It is 
shown that these karyotypes are onl y partially equ ivalent This might suggest a 
considerable phylogenetic d istance between the genu s ~abyrou.1Q and the ge nera 
Sus a nd PhacochoC'rus. 

SAMENVA TTING 

In dit artikel worden de resulta ten van cytogenetisch onderzoek aan het 
_bertezwij_!!_ Babyrousa babyrussa beschreven. Gebrui k is gemaakt van een 
conventionele kleuringstechniek, en van een G- en een Q-banderingsmethode. 
Het d iploYde chromosoomaantal b lijkt 38 te bed ragen. Zes paa r a utosomen zijn 
submetacentrisch, e~n paar subte locentrisch, zeven paar metacentrisch, en vier 
paa r telocentrisch. Het X chromosoom is metacentrj_sc~ en het Y chromosoom 
subtelocentrisch. · 

De G- en Q-bandpatronen van het hertez~ijn worden vergeleken met die va n 
het gedomest iceerde varken, het wilde zwijn (beide Sus scrofa) en het 
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26 THE KARYOTYPE OF BABYROUSA BABYRUSSA (SUIDAE. MAMMALIA) 

wrattenzwijn Phacochoerus cethiopicus. Het blijkt dat het karyotype vim het 
h ertezwijn meer verschilt van dat van de overige genoemde varkensachtigen, dan 
de karyotypes van het gedomesticeerde varken , het wilde zwijn en het 
wrattenzwijn onderling van elkaar verschillen. Hieruit zou geconcl udeerd 
kunnen worden dat de fylogenetische verwantschap tussen het geslacht 
Babyrousa enerzijds, en de geslachten Sus en Phacochoerus anderzijds, geri nger 
is dan de fylogenetische verwan tschap tussen Sus en Phacpchoerus onderling. 

J 
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NOTE: 

In the interest of brevity, the following paper by K. Leus does not include the lengthy Appendix 
entitled "Annotated list of trees and palms of Sulawesi forest with special reference to the 
fruiting trees". For a complete copy of this paper including the Appendix, please contact Dr. Leus 
at her current address noted at the bottom of page 121. 
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The habitat and diet of the Sulawesi babirusa 
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Edinburgh: Edinburgh. 302pp. 

Prepared for the Population and Habitat Viability Assessment of the bClbirusa and 

anoa, Bogor, Indonesia, 22-26 Jul y 1996. 

1. Introduction 

Information on the diet of babirusa in the wild is scarce and anecdotal in nature. 

Va lentijn wrote in 1726: 

"De spijs van dit dier is niet dezelve, als die van de andere Bosch verkens, die 

canari (een soort van lndiaanse amandelen) eeten; maar aileen, of gras, of wei 

bladeren van de waringin en andere w ilde bomen. Men heeft van't zelve 

ook niet te vrezen, dat het, gelijk andere verkens, de thuinen verwoesten, de 

heiningen doorwroeten, en't gezaaide, of geplantende verderven zal, alzoo't 

zich meest met boombladeren behelpt, en geen quaad ter wereld doet." 

(The food of these animals is not the same as that of the other forest pigs, 

which eat canari, a sort of Indian almond; but they only ea t grass or leaves of 

the waringi and other wild trees. One should also not fear that they, like 

other pigs, will ravage gardens, uproot fences and destroy that which is 

planted, whilst they only feed themselves with tree leaves and don't do any 

harm at all.) 

He also added that an imals kept in captivity in local gardens were generally fed on 

rice, batata (= sweet potato), leaves, canari, padi and fish, including the intestines. It 

later appeared that Valentijn's d escriptions were not based on his personal 

* Current address: The Royal Zoological Society of Antwerp, Koningin Astridplein 26, 

2018 Antwerp, Belgium. 
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observations but were a summary of an unpublished and now missing manuscript by 

Rumphius (1628-1702) entitled "Amboinsch Dierboek" (Polman, 1983). 

During the following centuries, basically the same information, with a few additions 

here and there, has been repeated over and over again in encyclopaedic works by Halle 

(1757), Batsch (1788), Desmarest (1820), Goldsmith (1822), Schreber and Wagner (1835), 

Tjeenk Willink (1905), Haltenorth (1963), Morris (1965) and others. Some crf these 

additions, such as the inclusion of water plants, fruit and invertebrates in the diet, 

appear to be extrapolated from first hand reports by Lesson and G,arnot (1825), Wallace 

(1870), Sarasin and Sarasin (1905) and Deninger (1910). Other additions, however, 

appear to be based on reports of food items fed to babirusa in captivity such as fish 

(Valentijn, 1726) and roots (Geoffroy Saint-Hillaire and Cuvier, 1842). 

More recently, new information was obtained by Selmier (1978, 1983) who \)isited 

Sulawesi and the Togian islands in search of babirusa. Residents of Lo re Kalamanta 

(Sulawesi) reported to her that babirusa and Sus celebensis ate the same greens and 

acorns, but that they had different preferences. Both in Lore Kalan1anta and on the 

Togian islands Elatoste111a (Urti.*) was reported as a favourite bab irusa food. The 

babirusa on Pangempan, one of the Togian islands, were observed to eat fruits (e.g. 

mango and coconuts) and various fungi. They would also visit the small village 

gardens in search of maize, millet, sweet potatoes, sugar cane and small herb-trees 

among others. 

Since Selmier (1983), the only first hand information to be p ublished on the diet of 

babirusa in the wild was a note by Whitten et al. (1987a) stating that the major frui t 

eaten by the babirusa in the west of the Dumoga-Bone National Park was said to be the 

pangi fruit Pangium edule Reinw. (Flac.) . 

The above information represen ts all that is available on the composi tion of the diet 

of babirusa in the wild. However, from the results of the work by Leus (1994), Conklin 

et a l. (1994) and Leus and Morgan (1996) the following assumption can be made: 

Babirusa are likely to be non-ruminant foregu t fermenters specialised in the 

fermentation of the more easily digestible cell wall fractions and cell solubles. These 

substances are most abundant in fruits and dicotyledonous plant parts rather than 

some monocotyledonous plants such as grasses. We can therefore assum~ that fruit 

* All genus and species names of the plants of Sulawesi mentioned in this paper will 

be followed by a 4-letter abbreviation of the family they belong to. More information 

about these plants can be found in Appendix 1 which is organised in alphabetical order 

according to the p lant families. 
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and leaves will form important ingredients in the babirusa diet, supplemented with 

smaller quantities of herbs, grass, roots and animal matter. 

This paper will investigate some of the trees and plants available to the babirusa of 

Sulawesi (B. b. celebensis) with special reference being paid to the fruiting trees and the 

type of fruits they produce. The nature of the plants available to the babirusa will of 

course depend on the habitats and forest types frequented by them. For this reason, a 

short description of the forest types of Sulawesi will be presented first together with 

notes on the likelihood of babirusa being found, in these forests. 

2. The forest types of Sulawesi 

2.1. Lowland evergreen rain forest: 

Lowland evergreen rain forest occurs in ever-wet, well drained inland location·s up to 

about 1200m altitude. It is characterised by a very dense, lofty green vegetation with 

very high trees (up to 45m) (van Steenis, 1950). The Sulawesi lowland rain forest is 

ma rkedly different from tha t of Borneo and other islands on the Sunda She lf. 

Lowland rain forests on the Sunda Shelf are often don1inated by trees of the 

Dipterocarpaceae family (Lack and Kevan, 1984; Whitmore, 1984a; Whitmore and 

Sidiyasa, 1986). East of the Wallace Line this fami ly is not so common, and there is a 

much more diverse floral compos ition (Whitten et al., 1987a). More information 

with respect to the plants of lowland evergreen rain forest in Sulawesi may be fo und 

in the papers by Hickson (1889), Steup (1931, 1932, 1933, 1935, 1939a, b), Verhoef (1938), 

Bloembergen (1940), Meijer (1974), Lack and Kevan (1984, 1987), Soewanda et al. (1984), 

Whitmore (1984b), Whitmore and Sidiyasa (1986), Whitten et al. (1987a) and 

Whitmore et al. (1989). There have been several reports of the presence of babirusa in 

the low land evergreen rainforest (Macdona ld, pers. comm.; Se lmier, 1978, 1983; Patry 

and Capiod, 1989; Patry, 1990; Patry et al., 1995) although recent reports suggest that the 

babirusa may have now largely moved from the lower lyi ng coastal areas to the more 

inland, higher and less accessible regions (Macdonald, 1993). 

2.2. Fresh water swamp forest: 

Fresh water swamp forest occurs on land subjected to occasiona l flooding with 

mineral rich fresh water (2: pH6) (Whitmore, 1984a). The flora l composition of fresh 

water swamps can vary w ith the local soil and drainage conditions but travelling from 

the edge of the open water to the drier areas one typically finds grassy vegetation 

followed by palms and pandans followed by a forest very n1.uch like dryland lowland 

forest w ith shrubs and trees (Whitmore, 1984a; Whitten et al., 1987a). Further 

information about fresh water swamp forest plants in Sulawesi may be found in the 

papers by Bloembergen (1940), Whitten et al. (1987a) and Whitmore et al. (1989). In 
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1825 inhabitants of Buru reported to Lesson and Garnot that the babirusa in the 

interior of the island "se plait au milieu des jones et des plantes aquatiques" (amuse 

themselves in the middle of rushes (or rattans) and water plants). Since then there 

have been several reports, mostly in encyclopaedic works, stating that babirusa tend to 

live in swampy and marshy areas and along rivers (Lesson and Garnot, 1826; 

Jennison, 1927; Temminck, 1835; Boitard, 1851; Haltenorth, 1963). 

2.3. Pea t swamp forest: 

The only major peat swa,mp in Sulawesi is the Rawa Aopa swan1p, 100km west of 

Kendari (Whitten et al., 1987a; Zwahlen, 1992). The vegetation in the swamp itself 

includes water plants in various forms and shapes. Swamp forest can be found 

towards the edges of the swamp where, although the soil is still flooded fo r a large part 

of the year, the water is less deep (Zwahlen, 1992). Information additional to that 

found in the papers by Whitten et al. (1987a) and Zwahlen (1992) may be obtained in 

Whitmore et al. (1989). The presence of the babirusa in the Rawa Aopa peat swamp 

forest has recently been veri fied (Zwahlen, 1992). 

2.4. Mangrove forest: 

The typical tropical coastl ine mangrove fo rests ha ve become rare in Sulawesi. 

Mangrove trees are tolerant of saline conditions but can also grow in fresh water and 

can therefore sometimes be found more inland along rivers. A typica l mangrove 

forest contains practically no understorey vegetation and contains trees p rovided with 

specially developed root systems to cope with the regular flooding of sa line sea water 

(Whitten et al., 1987a). Babirusa have been reported to swim and dive in the sea 

(Valentijn, 1726; Selmier, 1983) but it is more likely that they, like rats, macaques, 

other pigs and lizards, visit the edges of the mangrove forest to forage for fruits and 

various animal products (Whitten et al., 1987a). Further information about the 

mangrove forests of Sulawesi may be found in the paper by Whitmore et al. (1989) 

2.5. Riverine forest: 

The riverine forest is usually not very distinct from the surrounding lowland forest 

and not many of the trees recorded in riverine forest are restricted to it (W hitten eta!., 

1987a). Additional information on riverine forest plants in Sulawesi may be found in 

the papers by Steup (1933) and Whitmore and Sadiayasa (1986). Video recordings have 

been made of babirusa visiting salt licks alongside a river in the north of Sulawesi 

(Patry and Capiod, 1989; Patry, 1990; Patry et aL, 1995) 

2.6. Forest on ultrabasic soils: 

When considering the exceptiona l soil conditions formed over ultrabasic rocks (low 

silica and a high iron and magnesium content), it can be expected that most of the 
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plants found in these areas are more or less restricted to them (Whitmore, 1984a; 

Whitten et al., 1987a). It is generally agreed that low densities of vertebrate animals 

are found living in regions with ultrabasic soils in Sulawesi. Whether this is related 

to low productivity, high levels of defence compounds in the leaves, or imbalanced 

nutrient and mineral concentrations in the plant parts is not yet known (Whitten et 

al., 1987a). There is no information on the presence of babirusa in the forests on 

ultrabasic soils of Sulawesi. 

2.7. Forest on limestone: 

A lim~stone landscape is very rugged with steep slopes, vertical walls, crevices, 

overhanging precipices and only very few gentle sloping surfaces (Whitmore, 1984a; 

Whitten et al., 1987a). Soils on limestone are particularly rich in calcium and 

magnesium (Whitten et al., 1987a). The plant species found in limestone areas must 

be tolerant of high levels of calcium and have been selected by their ability to cope 

with both this and the physical nature of the landscape. The result is a very specific 

community of trees which are found mainly in the gentler sloping areas. The steep 

cliffs and rock faces are colonised with a distinctive, more herbaceous flora 

(Whitmore, 1984a; Whitten et al., 1987a). More information for Sulawesi may be 

found in Bloembergen (1940). The babirusa are hunted by the people of Toradja land, 

a limestone rich area in Centra l Sulawesi (Bloembergen, 1940). Babirusa are therefore 

certainly present in this area but their presence on particular sites is likely to be related 

to the accessibility of the terrain (steepness of slopes etc.). 

2.8. Monsoon forest: 

Tropical rain forests are replaced by monsoon or seasonal forests in those regions 

where water is periodically seriously limiting to the vegetation (Whitmore, 1984b ). 

Most monsoon forests are largely deciduous. Little monsoon forest remains in 

Sulawesi because of its susceptibility to fire. Repeated burning of a monsoon forest 

eventually turns the vegetation into grassland (Whitten et al., 1987a). Additional 

information on the monsoon forest plants of Sulawesi m ay be found in the papers by 

Sarasin and Sarasin (1905), Steup (1929, 1939a, b), Bloembergen (1940) and Whitten et 

al. (1987a). It is conceivable that the babirusa will venture into the monsoon forests, if 

only during the wetter months. Since recent investigations have indicated that 

babirusa tend to disappear from a region as soon as the forest disappears (Whitten et 

al, 1987), it is unlikely that they will frequent the dry grassy savannahs. 

2.9. Montane forest: 

Above the lowland forest the lower montane forest is found with shorter, less 

massive trees, epiphytes and orchids. At higher altitudes the trees become even 

shorter with small, relatively thick leaves. This is called the upper montane forest. 
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At even higher altitude, the trees are shorter still, w ith smaller leaves, epiphytic 

lichens but practically no orchids. This is the subalpine forest. In valleys and water

logged places in this zone there are virtually no trees but a covering of shrubs, herbs 

and tough grasses (Robbins and Wyatt-Smith, 1964; Whitmore, 1984a; Whitten et al., 

1987a). The altitudes at which the different montane forest types occur are mainly 

governed by temperature and cloud level. A useful altitude scheme suggested by 

Whitten et al. (1987a) for Sulawesi is: 

lowland and hill forest 

lower montane forest 

upper montane forest 

subalp ine forest 

0 - 1500m 

1500- 2400m 

2400 - 3000m 

>3000m 

Additional information on montane fo rest composition on Sulawesi is contained 

within the papers by Steup (1931, 1939a, b), Bloembergen (1940), Wemmer ai1d · 

Watling (1986) and Whitten et al. (1987a). According to Deninger (1910) the babirusa 

on Buru were mainly confined to the mountainous regions and are present at 

al titudes of at least 1000m. On Sulawesi, Bloembergen (1940) visited the forests in the 

region of the Lindu-lake at 1000n1 altitude and reported that the local people hunt 

wi ld pigs, babirusa, deer and anoa in this region. Babirusa are definitely presen t in the 

Central Sulawesi Lore Lindu reserve and the latter now even has a picture of the 

babirusa as its logo. More recent studies indica ted that only 10'X, of the land in the 

reserve lies below 1000m whereas about 70% lies between 1000-lSOOm (Wemmer and 

Watling, 1986). The babirusa are there fore likely to be present at these heights. No 

further information on the al titudinal zonation of the babirusa is available in the 

literature. It can be expected that they will frequen t the lower montane forest if only 

because of the important food source represented by the fruits of the Fagaceae trees 

which often d ominate this forest type (Wemmer and Watling, 1986; Whitten et al., 

1987a). From the lower montane forest upwards, their occurrence remains an open 

question. 

For more detailed information on the nature and composition of the vegetation in 

these regions the reader is referred to the references linked w ith each forest type and to 

Appendix 1. The latter gives a detailed annotated list of most of the tree species 

reported from the Sulawesi forests, together with information on the appea rance, 

habitat, fruits and local use of some of the trees. A lot of the more recently gathered 

information on the composition of the Sulawesi forests is to be found in unpublished 

reports, mostly to Institutions of the Indonesian Government, and are not readily 

accessible. Nevertheless, some of the informa tion from these reports has been 

assembled and discussed by Whitmore (1984b), Whitten et al. (1987a), Whitmore et al. 
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(1989) and Zwahlen (1992) and it is these references that have been consulted for the 

purposes of this paper. 

3. The diet of wild babirusa 

The diet of babirusa in the wild can be summarised as consisting of herbs, leaves, 

roots, fruits, cultivated plants from gardens and animal material(Valentijn, 1726; 

Lesson and Garnot, 1825; Wallace, 1870; Sarasin and Sarasin, 1905; Deninger, 1910; 

Selmier, 1978, 1983). 

3.1. Herbs: 

In the herbal category, grass, water plants and Elntostemn (Urti.) were mentioned. 

Relatively few herbs tend to be found on the floor of mature rain forests. However, 

herbs do appear in forest gaps during the younger phases of forest development · 

(Whitmore, 1984a; Whitten et al., 1987a). Grasses are especially dominant in those 

regions which are frequently subjected to fires (Whitten et al., 1987a). The grassy 

patches in the enclosures of captive babirusa tend not to show signs of extensive 

grazing, but animals have been observed eating from the grass in their enclosure and 

will eat fresh grass that is offered to them (Leus, 1994; Leus and Morgan, 1996; Leus and 

Vercammen, 1996). When given the opportunity, captive babirusa include grass and 

herbs in their diet, but not to such an extent that they can be described as grazers. 

Babirusa also appear Jess able to digest cellulose and lignin of grass origin than the 

domestic pigs (Leus, 1994). Grass is therefore unlikely to be one of the main 

constituents of the babirusa diet. 

The herb Elatostemn is a non-stinging member of the nettle family (Urticaceae) and 

generally grows on rocks, in streams or under shrubs (Ridley, 1924). It is said to be one 

of the favourite foods of the babirusa in Lore Kalamanta (Sulawesi) as well as on the 

Togian islands (Selmier, 1978). In most of the European zoos that were visited for this 

study, the common nettle Urtica di,aica L. (Urti.) was found to grow untouched inside 

the enclosures of the animals. Only once was a young female in Antwerp Zoo 

observed to eat some leaves of this plant. Since the common nettle has the stinging 

hairs typical of the nettle family, this character may be an important deterrent against 

the selection of this plant as a source of food in Europe. 

A well known water plant which is consumed as a vegetable by man Ipomoea nquatica 

Forsk. (Conv.), is better known in Indonesia as "kangkung" (Oosts troom, 1948; 

Hanerwald, 1991). There are four reasons why kangkung is likely to be consumed by 

the wild babirusa: 
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1) it can form very dense masses in marshy areas such as at the delta of the 

Djenemaedja river, south of Palopo in Sulawesi (Ooststroom, 1948) 

2) babirusa are known to frequent swampy habitats 

3) it is a regular food of wild pigs in Malaya (Ooststroom, 1948) and 

4) it forms an important part of the diet of the babirusa in Jakarta and Surabaya Zoo, 

Indonesia, where is readily eaten by those animals. 

Considering the affinity of babirusa for mud and water, as well as their ability to swim 

(Valentijn, 1726; Selmier, 1983; Melish, 1994), it seems likely that they will frequent 

marshes and swamps of various types and will consume water plants growing in these 

areas. 

3.2. Leaves: 

According to Valentijn (1726) and Desmarest (1820) wild bab irusa eat leaves of trees 

such as those of the "waringi" and banana trees (Musa). The consumption of a variety 

of tree leaves by the w ild babirusa would not be surprising cons idering the enthusiasm 

w ith which babirusa in cap tivity eat the leaves, buds and twigs of trees and branches 

(Leus 1994; Leus and Vercammen 1996). Female babirusa in Surabaya Zoo would go to 

grea t lengths to reach the leaves of the few trees in their enclosure. They would raise 

themselves off the ground and ba lance on their hind legs without support w hile 

s tretching out to reach the leaves with their mouths (Macdonald et aL, 1993). 

Valentijn (1726) reported that wild babirusa would stand on their hind legs with their 

front legs leaning agains t a tree, even though the function given to this behaviour by 

him w as "the sampling of smells of approaching enemies". Captive babirusa have 

often been observed standing on their hind legs while leaning against uprights of their 

enclosures in order to reach the leaves of suspended branches, o r food items offered 

over the fence by the public. This seems a more likely explanation for the behaviour 

of the animals in the w ild than that mentioned by Valentijn (1726). 

3.3. Roots: 

The babirusa's inability to root in compact g round has been confirmed several times 

in recent years: both in captivity and in the wild babirusa were only seen to turn over 

soil in areas where it comprised loose sand or wet mud (Selmier, 1978; Leus et al., 1992; 

Patry et al., 1995; Leus et al., 1996; Leus and Vercammen, 1996). These observations 

make subterranean plant parts less likely food items for the w ild babirusa, perhaps 

w ith the exception of roots from plants growing in loose, m uddy or sandy soils . 

Hunters and guides of Lore Kalamanta even claim to be able to d istinguish between 

furrows made by Sus celebensis and those produced by babirusa. Babirusa are said to 

make shallow, straight-lined furrows whereas Sus celebensis dig deeper and thrust 

their snouts in lines that radiate from one spot (Selmier, 1978). 
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3.4. Fruits: 

Wild babirusa are said to eat fruit, but the only fruits specified were "canari, a sort of 

Indian almond" (Valentijn, 1726), acorns (Selmier, 1978), "pangi" (Pangium edule 

Reinw. (Flac.)) (Whitten et al., 1987a), mangos (Selmier, 1983) and coconuts (Sarasin 

and Sarasin, 1905; Selmier, 1978, 1983). 

3.4.1. .Cc;~.n9,r.i 

The name "canari" most likely refers to the seeds of the fruits produced by trees of the 

genus Canarium (Burs.); possibly Canarium vulgare Leenh. (Burs.) or Canarium 

indicum L. (Burs.), the almond-like seeds of which are edible to man. There are 

approximately 11 species of Canarium (Burs.) on Sulawesi (see Appendix 1). The 

plum-shaped fruits are reasonably large (often about 3 by 2 em ) and usually have a 

fleshy pericarp w hich encloses a hard woody shell in which the seed is found 

(Leenhouts, 1956). Dried canari fruits offered to babirusa in Jakarta zoo could -only be 

cracked open by the adult-sized animals. The younger animals would rush towards 

the adults as soon as they noticed a nut had been cracked and would try to obtain some 

of the pieces. Although the almond like seed was eaten ta·st, the hard shell was also 

easily crushed and eaten (Leus and Macdonald, unpubl. obs.). Canarium (Burs.) trees 

can become locally abundant (Leenhouts, 1956) and are therefore a potentially 

important food source for the babirusa, especially since the seeds are very oily 

(Leenhouts, 1956) and therefore energy rich. 

3.4.2. A~oms.i:nJd . dJe.stnu.ts 

Oaks (Lithocarpus (Faga.)) and chestnuts (Castanopsis (Faga.)) are ilnportant 

components of especially the lower montane forest of Sulawesi, where they can come 

to dominate the forest (Steup, 1931; Bloembergen, 1940; Wemmer and Watling, 1986; 

Whitten et al., 1987a). For example, the dominant forest type in the Lore Lindu 

reserve is the lower montane forest (between 1000 and 2650m) with especially 

Castanopsis (Faga.) and Lithocarpus (Faga.) as the dominant tree species (Wemmer 

and Watling, 1986). Because of the high nutritional contents of the starch and/or oil

rich fruits and because of their long or frequent fruiting seasons, the Fagaceae often 

represent an important part of the diet of many vertebrates living in Fagaceae 

containing forests around the world. For example, they are thought to be of great 

importance to the Sundaic bearded pigs (Sus barbatus barbatus and Sus barbatus oi ) 

(Caldecott, 1991a, b). Acorns are also one of the favourite food items of the European 

wild boar (Sus scroja) (Briedermann, 1990). During good fruiting years, between the 

months of October and February, acorns and beechnuts can come to represent around 

80% of the food components in the diet of this species. Considering the dominance of 

Fagaceae trees in the Lore Lindu reserve, it is very likely that oaks and chestnuts will 

also be part of the staple diet of the babirusa in the reserve. Babirusa in captivity are 
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often offered small quantities of acorns (Quercus (Faga.)) and chestnuts (sweet 

chestnut Castanea sativa Miller (Faga.)) which are readily eaten (Leus, 1994). 

3.4.3 .. P.angi 

The major fruit eaten by babirusa in the west of the Dumoga-Bone National Park is 

said to be the large pangi fruit, Pangium edule Reinw. (Flac.) (Whitten et al., 1987a). It 

grows in a wide variety of habitats mainly below 300m but sometimes reacning up to 

lOOOm (Sleumer, 1954; Appendix 1). It is not known whether the babirusa eat just the 

soft and mushy pericarp, or the entire fruit including the seeds with their arils. The 

seeds contain high concentrations of the potentially toxic substance gynocardin, a 

cyanogenic glucoside. Many fruits employ chemical defence compounds in order to 

avoid predation of seeds (Whitten et al., 1987a). Some animals demonstrate an ab ility 

to avoid toxic foods behaviourally. Also, whether or not a potentially toxic compound 

will have an adverse effect on a certain animal depends on a wide range of factors. 

These include: the amount of the toxin ingested; whether o r not there was previous 

experience with the toxin; the energy content of the food item; the nature and amount 

of the other nutritional components of the food item and the abilities and efficiency of 

the animal's detoxification system (Freeland and Janzen, 1974; Kl aassen et al., 1986). It 

is therefore not possible to reject a certain fruit as a potential food item for the babirusa 

based solely on the presence of a potentially hazardous substance. For example, the 

babirusa in Antwerp Zoo ea t the horse-chestnuts (Aesculus hippocnstnnum L. 

Hippocastanaceae) that fall into their enclosure from the tree alongside the fence. The 

horse-chestnut contains a saponin glucoside called aesculin. Ingestion of large 

amounts of the fruits has been known to cause illness in cattle, horses, pigs and man 

(Cooper and Johnson, 1984). So far, no negative effects following ingestion of the 

horse-chestnuts were observed in the Antwerp babirusa. 

3.4.4. _Mc;~_ngo 

The mango tree (Mnngifera indica L. (Anac.) was native to South Asia but is now 

extensively cultivated in the tropical regions of Asia, Africa and America (Hill, 1952). 

Although it is mostly found in cultivation or as a village tree, it can become 

naturalised in lowland forests (Ding Hou, 1978). Young mangos are astringent, acidic 

and rich in vitamin C. As the fruit grows, starch is accumulated in both peel and pulp. 

During the ripening process, this starch is converted into sucrose so that ripe mangos 

taste sweet (Nagy and Shaw, 1980). Mangos, together with fruits produced by trees of 

the same genus, or indeed the same family (Anacardiaceae), are well known to 

provide a source of food for many animals such as birds, squirrels, monkeys, pigs and 

elephants (Ding Hou, 1954; Appendix 1). It is highly likely that babirusa will eat the 

fruits produced by the wild Anacardiaceae trees. They may also visit village borders 

and plantations to feed on the fruits of the cultivated trees. 
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3.4.5 .. CQ(Qn:t,t.t 

The babirusa are not able to break open intact coconuts and will only feed on coconut 

pieces or germinating nuts. They are therefore not regarded as pests, and their 

presence in the plantations is reported to be tolerated by the (Muslim) coconut farmers 

(Selmier, 1978, 1983). Because of the continuous flowering and fruiting of the cocos 

palm (Hill, 1952) and the high oil content (and therefore energy value) of the nut 

endosperm, the coconut is a potentially important item in the diet of the wild

babirusa. It may also form an important "backup food" during times when wild forest 

fruits and greens are scarce. Inhabitants of the Togian islands believe that babirusa 

prefer to eat wild forest foods and will only come to the coconut groves when the wild' 

food is in limited supply (Selmier, 1978). 

3.4.6 .. Othex .. 6:.vjt~ 

The literature does not provide any further information on specific fruits eaten- by' the 

babirusa. From Appendix 1 it becomes clear that there is still an enormous array of 

other fruits being produced in the Sulawesi forest, all of which could potentially be 

consumed by the baoirusa. However, each fruit is not ea ten by the same range of 

animals. Whether or not a certa in fruit is consumed by a certain animal will depend 

on its nutritional composition, accessibility and morphological characteristics among 

other factors. The three specified factors will be discussed briefly below. 

3.4.6.1. Nutritional composition 

Fruits tend to be divisible into two groups, "cheap" fruits and "expensive" fruits, 

according to the seed dispersal strategy used by the plant (Howe and Smallwood, 1982). 

Most plants employ the first strategy which is to produce large numbers of "cheap" 

fruits which will attract a wide variety of animals many of which are seed predators. 

These "cheap" fruits generally contain a lot of carbohydrates (typ ically sugar) but often 

contain less than 0.5% protein in their wet weight (Thomas, 1984). Figs (Ficus 

(Mora.)) are often considered as examples of cheap fruits (Whitten e t al., 1987a). They 

are said to be abundant, rich in sugar, containing no secondary compounds in their 

fruits and they are fed upon by practically every fruit-consuming vertebrate in the 

tropical forest (Janzen, 1979). Recent studies have however indicated that the 

nutritional composition of figs is not as uniform as was once thought. For example, 

figs are not necessarily sugary, a number of them having quite a low sugar and 

metabolisable energy content and a relatively high fibre content (Conklin and 

Wrangham, 1994). Only a limited number of plants employ the second seed dispersal 

stra tegy which is to produce a limited number of "expensive" fruits which are 

searched for by obligate frugivore seed dispersers. These expensive fruits generally 

have a high lipid content and offer up to 6%-7% protein in their wet weight (Thomas, 

1984). Examples of expensive fruits include nutmegs (Myristiceae) and laurels 
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(Lauraceae) (Whitten et al., 1987a). One Sulawesi tree which produces particularly 

protein rich fruits is the introduced pioneer tree Piper aduncum L. (Pipe.) which 

produces fruit with up to 10% protein (Whitten et al., 1987a). 

Obligate frugivores need to find fruits that will provide them with an adequate diet 

balanced in protein, lipids and carbohydrates and they therefore need to specialise in 

selecting the so-called expensive fruits (Thomas, 1984; Whitten et al., 1987a). As was 

discussed above, babirusa are known to ingest plant material other than fruits. They 

also include invertebrates in their diet (Deninger, 1910; Selmier, 1983) and captive 

babirusa have proved to be efficient hunters of small mammals and birds (Leus et al., 

1992). Because of this ability to supplement their diet with other plant material as well 

as animal products, it is likely that babirusa will exploit both "cheap" and "expensive" 

fruits and will not to be limited to the latter. 

3.4.6.2. Accessibility 

An animal can only feed on a particular fruit if the latter is accessible to it both in time 

and space. For example, one of the most important food items for the Sundaic bearded 

pigs (Sus barbatus barbatus of Borneo and Sus barbatus oi of Malaya and Su!Ttatra) are 

the oil rich seeds of the Dipterocarpaceae (Caldecott, 199la, b). The dipterocarps 

strongly influence food availability because they dominate the lowland rain forest of 

islands on the Sunda shelf and they all tend to fruit together at long but irregular 

intervals of five to seven years (Whitten et al., 1987a; Caldecott, 1991b). The Sundaic 

bearded pigs have adapted to this scarce and unpredictable food supply in a number of 

ways among which the ability to travel (large body, long legs, swimming ability), 

flexible foraging behaviour (variable group size and the use of predictable food sources 

through migrations) and a vigorous response to food supply opportunities (potentially 

high growth rates, early maturation, relatively large litter size and short gestation 

length) (Caldecott, 1991a). None of the dipterocarp trees contributing to the diet of the 

bearded pigs (Caldecott, 1991b) are present on Sulawesi. In their stead are seven 

species all of which produce rather small, long winged nuts adapted for w ind dispersal 

(Appendix 1) (Symington, 1943-1974; Ashton, 1984; Whitmore and Sidiyasa, 1986; 

Whitmore et al., 1989). The seeds of these Dipterocarp species are therefore unlikely to 

be a staple food for the babirusa. 

The place of the dipterocarps in Sulawesi is taken by trees that do not appear to fruit 

gregariously (Whitten et al., 1987a). We can therefore expect fruit supply to be less 

scarce and more continuous. The smaller litter size and longer ges tation length of the 

babirusa seem to fit w ithin this schema. It is not clear when and how often babirusa in 

the w ild tend to give birth and it is therefore not known whether this is related to food 

supply. Recent studies suggest that babirusa live in groups of up to eight individuals, 
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usually composed of a few adult females with their offspring, while the large adult 

males appear to be more solitary (Patry et al., 1995). However, there is no information 

on the stability and movements of these groups and the relation of these factors to 

food supply. There are no reports of babirusa mass migrations such as those known 

for the bearded pigs. Should fruit shortages occur, then migration is not the only 

possible solution to this problem. Another strategy which is typical for animals with a 

fixed home range, comprises a change in diet composition whereby fruits are replaced 

by other food items such as animal matter (Whitten et al., 1987a) . The omnivorous 

nature of the babirusa suggests the latter strategy as .the more likely solu tion to a 

limited fruit supply. O ther "backup foods" for the bkbirusa could include cultivated 

fruit and vegetables collected from local village gardens and plantations. 

3.4.6.3. Morphological characteristics 

Although some fruits, such as the rather fleshy fruits of the Moraceae (figs) and 

Rubiaceae, are consumed by most fruit eating vertebrates (Janzen, 1979; Gautier-Hion 

et al., 1985), studies investiga ting the dispersal of seeds by tropical forest animals have 

indicated that certain categories. of frugivores tend to select fruits wi th specific 

morphological characteristics (Ridley, 1930; van d er Pijl, 1957, 1969; Gautier-Hion eta!., 

1985; Dubost, 1984). None of these studies, however, included pigs and a syndrome of 

"pig-fruits" is as yet undescribed. "Bird and Monkey fruits" (=brightly coloured, often 

sweet tasting fruits with succulent flesh containing ari llate seeds e.g. Apocynaceae, 

Anacardiaceae, Lauraceae, Lecythidaceae, Meliaceae, Myristicaceae and Sapotaceae 

(Appendix 1)) are known to be eaten by ground dwelling animals such as pigs after 

they have been partially ea ten and discarded by the birds and mon keys (Ridley, 1930; 

Ng, 1972; Whitmore, 1973; Gautier-Hion et al., 1985; Corner, 1988; Kochummen, 1989; 

Durrell, 1993; Appendix 1). Those parts of the fruits available to the terrestrial animals 

are usually the skins and seeds with some remaining pieces of flesh (Ng, 1972; 

Whitmore, 1973; Corner, 1988; Kochummen, 1989). Recent video recordings of 

babirusa in Northern Sulawesi showed babirusa and Sulawesi macaques in close 

proximity to one another (Patry and Capiod, 1989; Patry, 1990; Florence 1995; Patry, 

pers. comm.). Since fruits are an important component in the diet of the Sulawesi 

macaques,.--the possibility exists that the babirusa will feed on fruit remains discarded 

by these foraging primates. Fruit species eaten by the macaques include figs (Fiws 

(Mora.)), Dracontomelum (Anac.), Syzygium. (Myrt.), Spondins pinnata (L. f.) Kurz 

(Anac.) and Pangium edule (Flac.) (Whitten et al. , 1987a; Watanabe & Brotoisworo, 

1982). Other arboreal fruit eaters making fruits and seeds available to terrestrial 

mammals are squirrels (Sciuridae), fruit bats (Pteropodidae) and civets (Viverridae). 

For example, bearded pigs in Sarawak, Borneo, have been observed feeding on the 

remains of Dracontomelum (Anac.) fruits that were dropped by squ irrels after they 

had eaten part of the pulp (Ding Hou, 1978). 
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Fruits falling off the trees without the interference of arboreal animals tend to be 

either young, unripe aborted fruits or very ripe fruits. Many of the ripe fruits that fall 

to the ground have already lost, or will quickly loose, their bright colours, turn brown 

and start to rot (Gautier-Hion et al., 1985). Fallen fruits nevertheless form an 

important part of the diet of many terrestrial animals. 

4. Concluding summary 
A study of the available literature suggested that babirusa may be present in most of 

the forest types of Sulawesi. Based on the results of p revious studies it was 

hypothesised that the main items in the diet of wild babirusa a re likely to be fruits and 

leaves supplemented with smaller amounts of herbs, grass, roots and an imal matte r. 

A large number of specific trees and p lants available to the babirusa of Sulawesi were 

investigated. Specia l reference was paid to the fruiting trees, the type of fruits they 

produce, and the suitabi lity of these fruits as food fo r the babirusa. The hypothes·es · 

formulated in this paper now need to be tested in the field. A detail ed stud y of the diet 

of the babirusa in the wild is urgently required, not in the least in order to improve 

the diet fed to the captive babirusa which form part of the conservation breeding 

program. The babirusa in northern Sulawesi cou ld be observed fairly easily as they 

came to drink at a salt lick, but they were never observed to eat in tha t area (Patry and 

Capiod, 1989; Patry, 1990; Patry, pers . comm.; Florence, 1995). Both the vigilant nature 

of the babirusa (they will run into cover at the least sound (Patry, pers. comm.)) and 

the dense vegetation in the jungle will make it extremely difficult to follow the 

animals closely enough to allow detailed observations of what exactly they are eatirlg. 

Analyses of faecal material could be complicated by the fact tha t the habitat of the 

babirusa is shared with that of the other wild pig species on Sulawesi, Sus celebensis. 

Nevertheless, faeces of even relatively closely related species can often be 

distinguished by smell, differences in diets, the presence of protozoa, differences in 

body size of the producer etc. The detailed list (Appendix 1) of the species of trees of 

Sulawesi, the habitat in which they occur and the type of fruit they produce will form 

an important basis for this type of study. 
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Abstract 

Aust. J. Zeal., 1995, 43, 643-55 

Studies were carried out at two 'salt-licks' in lowland tropical forest on North Sulawesi, Indonesia. During • 
60 days of observation 586 sighti ngs of babirusa were made, comprising 161 adult males, 155 adult 
fema les, I I adults of unknown sex, 78 , ubadult males, 53 subad ult females and 34 subadults of 
indeterminate sex; juveniles were observed 94 times, 19 males, 12 females and 63 of unknown sex. We saw 
226 groups ranging in size from one to eight animals (median = 2). Almost half the sightings were of 
solitary animals, usually adult males. Bachelor groups of four or more babirusa were never seen. Adult 
fe males were rarely seen without company, often both juveniles and subadults being sighted together with 
them. There were never more than three adult females in a group. There were about twice as many family 
groups without adult males as there were with males. Agonistic behaviour between males was confined to 
' threat at a distance', 'nose in the air', 'head under jaw submission' and ' front half supported' behaviours. 
Incidents of female-female agonistic behaviour were fewer, but in two, the dominant female chased her 
inferior off the ' salt-lick'. 

Introduction 

The babirusa (Babyrousa babyrussa) is a wild pig endemic to the Indones ian island of 
Sulawesi, some of the Togian and Sula islands, and the island of Buru (Fig. I). The available 
geological and fragmentary paleontological evidence indicates an early evolutionary separation 
from the other Suidae (Romer 1966; Audley-Charles 198 1) and analys is of its karyotype 
concurs with this view (Bosma et a/. 199 1 ). Recent studies in the field have shown the species 
to be directly vulnerable to hunting, and indirectly to logging and mining pressures, which are 
threatening its position in the wild (Smiet 1982; Blouch 1989; Oliver 1993). One consequence 
is that there is now an international capti ve breeding programme (Piasa 1994) based in 
zoological gardens in Asia, Europe and North America. 

The earliest fragments of information about the behaviour of the babirusa in the wild were 
collected from the island ofBuru by Rumphius and subsequently publ ished by Valentijn (1726). 
O ther comments may be found in the 'hunting' reports of Guillemard ( 1886) and Stresemann 
( 1925). More recently, some behavioural studies were conducted on the Togian Islands by 
Selmier (1978, 1983). Despite the sum of these efforts, no information on the group structure of 
the babirusa in the wild exists. Studies of babirusa in zoological collections suggest that the 
animals may be gregarious (Macdonald et al. 1989). There is also some evidence of close 
bonding between the adult female and her young which may extend beyond the first year of life. 
Other studies of the babirusa in captivity have indicated the nature of activity patterns during 
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the day, agonistic and marking behaviour, courtship and reproduction (Bowles 1986; Leus et al. 
1992, 1995; Leus 1993, 1994; Macdonald et al. 1993). The results reported in the present paper 
comprise· the most extensive documentation of a population of babirusa in the wild, and the first 
description of group sizes, group structure, agonistic and reproductive behaviour. 111e 
taxonomic nomenclature used throughout the paper is that presented in Oliver (1993). 

Study Area 
The study area was situated south of the Pale leh mountain range in the northern watershed draining into 

the Paguyaman river on the Minahasa peninsula of North Sulawesi (Sulawesi Utara) (Fig. I). The altitude is 
approximately 100 m, and the average annual rainfall is approximately 2000 mm and is slightly seasonal, 
the months between August and October tending to be somewhat dryer (Whitten el a/. 1987). The 
observations were carried out at two 'salt-lick' sites about 15 km apart, named 'Marisa' and 'Lantolo' . The 
'Marisa' site had a surface area of about 4800 m2 and was approximately rectangular in shape (Fig. 2). The 
'Lantolo' site was smaller, with a surface area of about 900m2 (Fig. 2). Both sites were located in dense 
lowland tropical forest. 

Materials a11d Methods 
The detailed background to the videotaped observations reported in this paper have been published 

elsewhere (Patry 1990; Poulard and Patry 1990; Collet 1995). Observations were made from about 0700 or 
0800 hours in the morning until 1700 or 1800 hours in the late afternoon between 18 and 19 March 1988, 2 
and 5 October 1988, 4 and 13 May 1989, 18 and 30 July 1990, and 10 August and 9 November 1990. This 
represented a total of 60 days and approximately 600 h of observation. The periphery of the study sites was 
checked each morning for traces of animals that may have visited in the hours of darkness. Additional 
observations were carried out within the fores t on three groups of babirusa. Videotape recordings 
commenced when one or more babirusa was seen to enter the study site and continued for the duration of 
the ti me that ilfthey were in view. A total of 8 h, 37 min of tape containing images of babirusa was obtained 
in this manner. 

The age of each animal was c lassified according to the following scheme, which was based upon 
personal observations and the accumulated knowledge of staff responsible for babirusa care in zoological 

Fig. 1. The group of Indonesian islands upon which babirusa are found. The region of 
the study sites is indicated by the shaded area on the Minahasa peninsula of Sulawesi. 
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Marisa 

3 

2 

Lantolo 

tree 
trunk 

Fig. 2. Schematic diagrams to illustrate the layout of the 'Marisa' and 'Lantolo' study 
sites with the positions of the observation hides (I, 2, 3, 4) and the prominent 'tree', 
'spring' and fallen 'tree trunk' landmarks indi cated. The si tes were si tuated 
approximately 15 km apart. 

~ -·· ' 

Fig. 3. A solitary adult male babirusa beside the tree at the 'Marisa' study site. A water 
source existed between the tree's roots where many babirusa came to drink. 

645 

collections. Adult males were designated as animals with maxillary canines that had pierced the skin and 
had formed a semicircular curve of tooth through which daylight could be clearly seen (Fig. 3). Subadult 
males were animals that showed short maxillary canine teeth that either formed a very tight semicircular 
curve through which very little or no daylight could be seen, or had just protruded through the skin, or 
showed no teeth through the skin but the developed bony alveolus under the skin of the nose. Juvenile 
males were smaller animals without sign of growth of the maxillary canines or their alveoli. Adult females 
were identified from subadult females by means of their size. 

The animals were identified according to sex, age class, group size, and, where possible, individuals 
were identified. This was relatively easy to undertake in the case of males because of the shape of their 
canines. Some individual males were seen to visit the 'salt-licks' more than once. However, babirusa teeth 
are susceptible to breakage and over the time span of the study the same male may have had a changed 
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appearance. It was impossible to identify females one from another. Additionally, in a number of instances 
the animals were recorded on tape for a very short time, and their sex or identity may not have been clear if 
the angle of view was inappropriate. For these reasons the ~esults were not adjusted for recurring visits. 

The behaviour expressed by the babirusa was classifi~d into agonistic, 'ploughing', reproductive and 
mother-infant behaviours. The agonistic behaviours were further categorised with reference to the 
classifications "threat at a distance' , 'nose in the air', ' head under jaw submission' and "front half 
supported" used to describe the agonistic behaviour of babirusa in zoos (Macdonald er a/. 1993). The 
' ploughi ng' behaviour has likewise been described in detail from zoo-based studies by Leus eta/. (1995). 

Results 

Group Structure 

The total number of babirusa sightings recorded on videotape was 586, comprising 161 adult 
males, 155 adult females and 1-l adults of unknown sex; 78 subadult males, 53 subadult fema les 
and a fu rther 34 cases where it was not possible to determine the sex of the subadult animal; and 
94 juveniles of which 19 could be identified as males and 12 as fema les, the sex of the other 63 
re maining unclear. T he babirusa were present in groups that ranged in size from one to eight 
anima ls, w ith 160 groups observed at the 'Marisa ' site and 66 groups at the ' Lanto lo' site 
(T able I). The median g roup s ize (includ ing sol itary a nimals) was two babirusa for both 
' Marisa' and 'Lantolo'. There was no difference between the two sites in the frequency with 
which each group size was seen cl = 2·964, d.f. = 7, p > 0·9), and a lso no s ignificant difference 
in the proportions of ma le, female, subadult or juvenile animals observed at the two s ites. The 
observations made at each s ite have therefore been combined and the percentage of times that 
each group s ize was seen calculated (Table I ). Almost half the s ightings were of s ingle animals, 
whereas groups of five o r more animals represented less than 20% of the groups recorded. No 
groups larger than eight animals were observed; when two groups were present at the 'salt- lick ' 
at any one time they moved about the open area as separate en tities. The animals filmed "in the 
fores t were excluded from the analyses because the group size and composition could not be 
determined with certainty. 

Most sightings of solitary animals were of adult ma les (Fig. 3) (84% of all so litary animals), 
with pairs or trios of ma les rarely seen (Table 2). S ing le adult males were seen with sing le adult 
females, but never with two or more females unless young animals were present. Bachelo r 
groups of four or more adult babirusa were never seen. Very few adult males (6) were seen 
together with young animals without adult fe males a lso being in the g roup (28). Adult females 
were rarely seen w ithout company, sometimes together with other adult animals, but most often 
w ith young babirusa (Figs 4 and 5, Table 2). Groups containing adu lt females and young 
numbered 84, of which two-thirds (56) had no adult ma les present (Table 2). 

Table I. The numbers of groups of babirusa of d ifferent size recorded at 
the 'Marisa' and 'Lantolo' s tudy sites and the percentage of the total 

represented by each group size 

Group size 'Marisa' 'Lantolo' Total Total(%) 

74 30 104 46·0 
2 21 6 27 11·9 
3 26 9 35 15·5 
4 14 6 20 8·9 
5 10 5 15 6·6 
6 8 4 12 5·3 
7 4 3 7 3·1 
8 3 3 6 2·7 

Totals 160 66 226 100 
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Single adult females with young and no adult male (38 sightings) comprised the second most 
frequently observed grouping of babirusa; the group size ranged from two to six animals 
(fables 2 and 3). The largest number of 'female' groups (17) contained one adult female and 
two young (fable 3). There were never more than three adult females in a group and no group 
had more than five young. On 12 occasions adult female(s) were seen with only juveniles. On 
20 occassions adult female(s) were seen with only subadult animals. On another 24 occasions 
both juveniles and subadults were sighted together with the adult female(s). 

No group of adult females and young were seen with more than two adult males present 
(Tables 2 and 4). There were about twice as many family groups without adult males (56) as 
there were with males (28). Of those, 21 were with one adult male and only 7 were with two 
adult males (Tables 2 and 3). In 18 of 28 cases where one or two adult males were present in the 
family group, juvenile animals were also present (Table 4). 

Fig. 4. A group of four babirusa, comprising two adult females and two juveni les, by the edge · 
of the forest near the spring at the 'Marisa' study site. 

Fig. 5. A group of eight babirusa, comprising adult, subadult and juvenile ani males, sampling the 'salt-
lick' just in front of the shadow cast by the large fallen tree trunk at the 'Lantolo' study site. 
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Table 2. Numbers of groups of babirusa arranged according to the number of 
adult males and females present and according to the presence or absence of 

youngsters 
Groups containing adults of unknown sex ~re not included 

Adult males 
0 2 3 

Adult females 
0 female only 87 5 2 
0 female+ young 6 0 0 
Total 93 '5 2 

I female only 6 7 2 I 
I female+ young 38 II 2 0 
Total 44 18 4 

2 females only 3 0 0 0 
2 females + young 13 7 4 0 
Total 16 7 4 0 

3 females only I 0 0 
3 females +young 5 2 
Total 6 2 

4 females only 0 0 
4 females + young 0 
Total 0 

Table 3. The number of groups with young of both sexes seen together with adult 
female, but not adult male, babirusa 

The young animals arc subdivided into Subadult and Juvenile classes 

Adult females 

Young animals 2 3 
I Subadult 5 0 0 
I Juvenile 4 0 

2 Subadults 5 2 0 
I Subadult + I Juvenile 10 0 0 
2 Juveniles 2 4 

3 Subadults 3 3 I 
I Subadult + 2 Juveniles 0 0 
2 Subadults +I Juvenile 3 0 0 

4 Subadults 0 0 I 
3 Subadults + I Juvenile 3 0 0 
2 Subadults + 2 Juveniles 3 0 

3 Subadults + 2 Juveniles I 0 0 
2 Subadults + 3 Juveniles 0 0 
I Subadult + 4 Juveniles 0 0 
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Table 4. The number of groups with young of both sexes seen together with adult female and male 
babirusa 

The young animals are subdivided into Subadult and Juvenile classes 

Adult females 
3 4 

One adult male+ 
I subadult I 0 0 0 
I juvenile 3 0 0 0 

2 subadults 2 0 0 0 
I subadult + I juvenile 0 2 0 0 
2 juveni les 0 0 0 

3 subadults 0 I 0 0 
2 subadults + I juvenile 2 0 0 0 
I subadult + 2 juveniles I 0 I 0 
3 juveniles 0 0 

4 subadu lts 0 I 0 
I subadult + 3 juveni les I 0 I 
3 subadults + I juvenile 0 0 

4 subadults + I juvenile 0 

Two adult males+ 
I subadult 0 0 0 

2 subadults I I 0 
I subadult + I juveni le 0 0 0 

3 juveniles 0 0 0 

3 subadults + I j uveni le 0 

Agonistic Behaviour 

Twelve groups of animals demonstrated some form of identifiable agonistic behaviour on 
video. Usually these interactions were between male animals in which one male glanced over at 
another (' threat at a distance') and the other lowered his head, or animals when approaching one 
another would li ft their heads and put their noses in the air ('nose in the air' ), or one male would 
place his ears tight back against his head which he then lowered below the mandible of the 
other, often older adult male whose head was held higher and whose ears were are held upright 
('head under jaw submission'). The lower, submissive male would sometimes utter a long 
rattli ng screech; no sound was recorded from the dominant male. 

On four occasions the behaviour known as 'front half supported' was observed. In one of 
these, because of partia l forest obstruction, it was not clear whether it was like the second 
occasion, which was partly play behaviour between younger animals. Of the other two incidents 
the following is illustrative of the behaviour. An old male babirusa (Male A) walked in the 
direction of two other males on the 'salt-lick', but was temporarily diverted from them by the 
presence of a female. She placed her snout under his mandible. He continued walking in the 
direction of the other males. Male B, with his head held high and his ears pointed forward 
walked towards Male A. Old Male A lowered his head in response. Male B then diverted his 
attention to the other older MaleC which did not have his head lower. Male B climbed with his 
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fore limbs onto the head and shoulder of Male C who screamed throughout this procedure. The 
scream went down in pitch and intensity during the confrontation. Male B ended the 
confrontation by dismounting. He then walked in the direction of Male A with his ears.beld 
forward. Meanwhile, Male C kept his head down and moved the rear of his body round so that 
his lowered head always pointed towards Male B. The latter approached Male A which by now 
had also raised his head. The approach of Male B was made side-ways on with the left shoulder 
leading, head and ears raised. Male A had lowered his head; meanwhile, Male B put his weight 
onto hi s back legs and c limbed onto the head and shoulders of Male A. Male A lifted one fore 
leg off the g round but never got both fore limbs into the air. Male A screamed as Male B 
dismounted w ith his head raised. Male A again faced his attacker with a lowered head and 
started to retreat. As he was retreating, MaleC was approaching him with its ears forward. Male 
A spun around to face the new potential danger. He then lowered his head to Male C and the 
two did not fight. Male B walked off the s ite. 

Two female-female inte ractions were observed. In one, Female A closest to the camera 
lowered her head and the other female (Female B) reached high. Female A lunged forward with • 
her head down. Both females then attempted to go onto their hind legs with heads raised. 
Female A was pushed over by Female B. Female A then immediately lunged back for the feel 
of Female B on two occasions, one quickly followed by the other. The animals ended up side by 
side, with their heads pointing in opposite directions. The head of Female A was thumped into 
the thorax and abdomen of Female B, and Female B was thrown a short distance. Female A 
immediately thumped her again on the same part of the body, this time with even more force, 
and Female B was thrown at least 2 m away. Female B then rapid ly ran towards the forest, 
pursued for a distance of 5-6 m by Female A. Two juvenile babirusa that were present du ring 
the fight showed no signs of anxiety, and only moved out of the way if there was a suggestion 
that the figh t was coming towards the m. After Female B had left the scene, one of the juveniles 
came to nose the snout of Female A, and then ran off after Female B. A deep-throated growling 
was recorded during the fight and a short 'woh' sound was heard at the end. It was not clear 
which an ima ls were vocal is ing. In a n encounter between two o ther female babi rusa, the 
departing female uttered a long scream as she was chased. 

'Ploughing' Behaviour 

This be haviour was observed at the 'salt-lick' on six occasions, three times by adult males, 
once by a subadult male and twice by juvenile animals. In the clearest example, a n adult male 
stood in the mud which he li fted w ith his nose for a few seconds. He then pus hed the mud 
forward with his nose, kne lt down and, using his hind limbs for propulsion, s lid forward onto 
his chest with his nose in the mud for a couple of seconds. He then rolled to the right and to the 
left on his belly with his feet under him. After rolling to the left or • .:e more he lay s traight for a 
short time before getting to his feet. 

Reproductive Behaviour 

Three short periods of reproductive behaviour were observed. In each an adult male was seen 
fo llowing an adult female and appeared to be sni ffing and mouthing her perineal region. In one 
this behaviour was interrupted by the arri val of a juvenile animal. · 

Mother-Piglet Behaviour 

Three sequences of video fi lm were shot of singleton infants suckling, and one sequence of 
twins suckling. In the former the young piglets appeared to be obtaining milk for a long period 
of time despite their mothers moving about the 'salt-lick'. Despite this movement repeatedly 
breaking the physical contact between sow and piglets, the youngsters also sometimes managed 
to retain the teat in their mouths and conti nued suckling as the sow moved. This maintenance of 
contact was most often seen when piglets suckled from behind the mother, alternating between 
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the two hind teats. One piglet seemed to obtain milk from both fore and hind teats by moving in 
front of or behind the hind limb of its mother. However, in this very small sample, the hind teats 
appeared to be suckled most often. The piglet occasionally nudged its nose lightly into the udder 
(a gentle fluent movement rather than a banging movement), used tongue movements with the 
teat, and occasionally pulled on the teat. 

It is interesting to note a single sequence where two similarly sized piglets approached the 
udder of a sow at the same time, and the animal that had been s uckling chased the other piglet 
away. In the sequence where twin piglets were suckling, one approached the udder from the rear 
of the standing sow, and the other from her left side. The piglet from the rear suckled the right 
hind teat and the one from the left suckled both of the fore teats. 

Discussion 

This study represents the first description of group structure in a large population of babirusa 
in the wild. The largest proportion of sightings of babirusa was of a soli tary animal, a finding 
that is comparable to observations made on other species of pig (Table 5). Groups of 2-5 
animals were also relatively frequently observed in other pig species; approximately the same 
range of group s izes seems to apply to t;.e pigmy hog (Sus salvanius) and the Javan warty pig 
(Sus verrucosus) although no detailed studies have yet been carried out on these threatened pig 
species (Oliver 1980; Oliver and Deb Roy 1993; Blouch 1988, 1993). The main difference the 
babirusa shows with respect to the other pig species is in the maximum group size observed 
(Table 5). Groups of the Eurasian wild pig (Sus scrofa) in the Camargue, France, occasionally 
reached sizes of 23 an imals (Dardai llon 1988), and about 9% of all observations made during a 
study in Germany were represented by groups of more than 20 individuals (Briedermann 1990). 
Common warthog (Phacochoerus africanus) groups can occasionally contain up to 16 
individuals (Cumming 1975). Two other pig species appear to travel in much bigger groups. 
The only detailed field study carried out on the Red River hog (Potamochoerus porcus) reported 
an average group size of 10·56 animals (Oduro 1989, reported by Vercammen et al. 1993). The 
sundaic bearded pig (Sus barbatus barbatus) of Borneo is well known to aggregate in groups of 
hundreds of individuals that migrate together (Caldecou 1991a, 1991 b). No published records 
of such large gatherings of babirusa ex ist, the largest group size recorded during the present 
study being of eight individuals. 

Pig group size can be influenced by cli matic cond itions, food availability, hunting and 
deforestation pressure, the timing of the reproductive cycle, the numbers of young born, 
predation and so on (Cumming 1975; d'Huart 1978; Dardaillo n 1988; Briedermann 1990; 
Caldecott 1991 a, 199 1 b). It is important to bear in mind, therefore, that most of the recordings 
of babirusa were made during August-November, towards the end of the 'dry' season. Th~ 
abundance of larger groups of common warthog is said to increase during the rainy season 
(Cumming 1975). We do not have comparable year-round information on babirusa group size 
from north Sulawesi to be able to carry out this type of analysis. 

The information available on the digestion of food by the babirusa suggests that fruits may 
be an important component of the diet (Leus 1994). Unfortunately, no information is available 
on the fruiting pattern of the trees in the forests of the Minahasa peninsula, nor on the precise 
nature of the diet in the wi ld. The bearded pig demonstrates the most dramatic relationship 
between large increases in group size and the increases in the avai lability of fruit within the 
forests of Borneo (Caldecott 1991 a, 1991 b). Other studies of the diet in the wild and the fruiting 
patterns of the forest are also required to help explain how diet avai lability may influence group 
size, structure and home range. 

Recent reports presented not only evidence of deforestation, but also of hunting and mining 
pressure in the broad valley where the video fi lming of babirusa took place (Florence 1995; 
Collet 1995). Studies of the Eurasian wild pig in Europe have indicated that larger associations 
of animals will split up into smaller groups as hunting pressure increases (Briedermann 1990). 
Whether group fragmentation of the babirusa has taken place in a similar way is unclear. Our 
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Table 5. Relative abu nd ance(%) of diffe rent gro up s izes in four species of wild pig 

Relat ive abundance(%) 
Species Babyrousa Potamochoerus Sus Phacochoerus -

babyms.<a larvaw.!"' scrofa8 africatwsc 

Sample size (11=226) (11 = 153) (11 = 872) (11 = 1332) 

Group size 
I 46·0 : 33·3 34·3 20·0 
2 11 ·9 28·9 11·7 19·0 
3 15·5 16·3 10·6 15·3 
4 8·9 13·1 8·7 11·7 
5 6·6 3·9 8-7 12·7 
6 5·3 2·0 5-5 9·0 

3· 1 1·3 4-6 7·0 
8 2·7 0 3·6 2·3 
9 0 0·7 3-3 2·3 

10 0 0·7 2·2 0·7 
11- 15 0 0 4 ·9 1-4 
16-20 0 0 1-4 0·2 

>20 0 0 0· 1 0 

A Seydack ( 1990). 0 Dardaillon (1988). C Cumming ( 1975). 

results suggest that furthe r studies of babirusa in less d isturbed areas of Sulawesi may be 
necessary in order to reveal whether their group size is larger as the amount of disturbance is 
reduced. 

There is no information from the wild relating the t ime of birth of babirusa to climatic 
change. Studies in zoological col lections demonstrate that babirusa have oestrus cycle lengths 
of 28-42 days and are able to breed all the year (Macdonald 1993; Piasa 1994 ). Gestation length 
is usually 155-158 days, although up to 171 days has been reported (Reinhard and Fradrich 
1983; Macdonald 1993). The normal litter size is one or two, although a low incidence of triplet 
births has been recorded both in captivity and in the wild, and four fetuses have been reported in 
utero in a wild female (Patry 1990). The present study indicated the presence of singletons and 
twins, but there was no clear evidence of triplets (Table 3). The smaH size of the litter, 
therefore, contributes directly to the small size of the groups of babirusa when compared with 
groups of Sus species. The close bonding between female babirusa and her young, seen in 
zoological collections, seemed to be reflected in the sow plus two litter structure of a number of 
the family groups reported in the present study (Table 3 and Fig. 5). The precise role played by 
young from the previous litter is not clear. 

Although the ope n nature of the study sites and the faetthatthe proceedings were videotaped 
permitted detailed analyses of the composition of the groups, care must be exercised in the 
interpretation of observations made on animals in the open at a 'salt-lick' during daytime. 
Li kewise, care must be taken in the extrapolation o f behaviour so observed to the type of 
behaviour that the same animals may express within the forest and at night. The few glimpses of 
male babirusa in the fores't lent support to the notion that they are mainly sol itary. Our only 
observations of night-time behaviour of animals in the wild was that babirusa did not come to 
the 'salt- lick' after dark. Studies in zoos suggest that in the late afternoon and at night-fall they 
may sleep together in groups (Macdonald eta/. 1989; Leus et al. 1992; Macdonald 1993). The 
gathering of groups of Red River hog to sleep together has been observed in West Africa (Ben 
Voysey, personal communication). Babirusa nests on the Togian Islands, however, have been 
described as single-animal-sized structures (Selmier 1978, 1983). Further studies in the forest 
are required to resolve these apparent contradictions. 
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D uring the present study solitary adult males (Fig. 3) were obser ved most frequently 
(38·5%). The only times that adult male Eurasian wild pig associate with matriarchal groups 
were when the females were in oestrus; at other t imes they were solitary (Dardaillon 1988; 
Briedermann 1990). Adult male common warthog either live a lone or in bachelor groups and 
are found with females a lmost exclusively during the mating season (Cumming 1975; Mason 
1982; Yercammen and Mason 1993). Adult male bushpigs (Potamochoerus larva/us) associate 
with the female :and her offspring for a much longer time, the association often continuing even 
after the young 'are weaned (Seydack 1991). This type of relationship seems to be taken a step 
further by adult male forest hogs (Hylochoerus meinertzhageni) which live with the family 
group at all times, and usually become solitary only after they have been expelled from the 
group by another male (d'Huart 1978, 199J). In case of the babirusa, matriarchal groups seemed 
to occur more frequently, and family groups (groups including one or more adult males) less 
frequently than was the case for the bush pig and the forest hog (d'Huart 1978, I 991; Scydack 
1990, 1991 ). The babirusa exhibited almost no reproducti ve behaviour on the 'salt-lick' 
throughout the period of the present study. Seasonal differences in the degree of association 
between adult male and female babirusa remain to be studied. 

Observation of the babirusa in zoological collections has revealed a series of behaviours that 
male animals appear to use in order to establish rank with respect to other males (Macdonald et 
a/. 1993). The increasing level s of threat behaviour, 'threat at a distance', 'nose in the air' and 
'front half supported' that were described from the agonistic behaviour of groups of captive 
male babirusa, were a ll observed at the 'salt-lick' in the course of the present study. Subadult 
and smaller males appeared to defer to larger adult males. However, as in the zoos, where the 
animals were more even ly matched for size, the dominant animal seemed to possess other 
characteristics (willingness to promote the threat, perhaps) from which he derived that status. 
T he detai ls of each behaviour were indistinguishable from those observed under captive 
conditions. Only about 5% of the interactions between zoo males resulted in the next level of 
threat, 'boxing' behaviour. This behaviour is often a progression from ' front half supported ' in 
which both animals raise their front legs off the ground, and while s tanding on their hind legs 
facing one another, paddle for some minutes against the chest and shoulders of their opponent. 
The reason we did not observe this behaviour may be due to differences in the relative benefits 
individuals derived from sampling the 'salt-l ick ', as opposed to exerting dominance . Not 
infrequently the sounds of strenuous agonistic behaviour were heard ncar the ' salt-lick' but out 
of sight in the forest, but it was never clear which species of pig, Babyrousa babymssa, or the 
more common Sulawesi warty pig (Sus celebensis), was responsible for this. The re lative 
infrequency with which males demonstrated 'ploughing' behaviour on the 'salt-l ick' may 
simi larly be re lated to some, currently unclear, lac k of need to mark this piece of la nd. 
'Ploughing' behaviour in zoological collections has been associated with the deposition of 
pheromones on the soi l by mature males when introduced to a fresh e nclos ure, or to one 
previously occupied by another adult male (Leus eta/. I 995). Other unpublished studies suggest 
that this marking behaviour may take place elsewhere in the forest. 

The majority of groups with females tended to have a s ingle adult female w ith young, 
a lthough more than one female babirusa w ith young may be found together (Fig. 4). This 
relative preponderance of single females with young may be an adaptation to safeguard against 
opportunistic cannibalism by adult babirusa of the newborn young of other babirusa, which has 
been observed in zoological gardens (Bowles I 986; Macdonald et a/. I 989; Leus et a/. I 992). 
These observations on group structure may be related to the attacks we observed being made by 
one female on another. It was not c lear whether either of the combatants was pregnant. 
Immediate ly prior to parturit ion the babirusa sow tends to be much more aggressive (Leus eta/. 
1992). 

In conclusion, babirusa in North Sulawesi were diurnal in their use of the 'salt-licks'. They 
travelled in small groups, the adult males tending to be solitary whereas the adul t females 
tended to be accompanied by young animals of one or two generations. Large bachelor groups 
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were not seen. Groups rarely con tained three or more adult females. The range of agonistic and 

ploughing behaviours observed were indistinguishable from those exhibited by babirusa in 

zoological collections. 
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Notes on the distribution and status of Babirusa babyrousa babyrussa in Buru, Maluku 
Province, Indonesia. 

Y an Perulessy and Michael K. Poulsen 
Birdlife International-Indonesia Programme 
Maluku Field Office 
P.O. Box 1097 
97000 Ambon, Indonesia 

The status and distribution of Babirusa Babyrousa babyrussa on Buru island is little known. Teams from 
PHP A/Bird Life International has conducted field surveys in Buru for a total of 80 days in the period 
October 1995 to June 1996. The purpose of the surveys was to collect data on vertebrate fauna and 
vegetation in order to establish the biodiversity value of different habitats and to evaluate the boundaries 
for the proposed protected Gunung Kepalat Made area. Although the teams spent more than 50 days in the 
forest, all information on babirusa was obtained by interviewing local residents. 

Babirusa were reported to be rather common in forested hills and mountains in western Buru, present in 
forested hills and mountains in south-eastern Buru, but absent from the Wai Apu folld plain and monsoon 
forest of central and north-eastern Buru. It was reported to be uncommon close to the coast and said not to 
enter cultivated areas. These reports are supported by good descriptions. 

Skulls or lower jaws of babirusa have been shown to the team (and photographed) in three places. A hunter 
had kept remains of pigs, including a lower jaw of babirusa, in his hut inland from Fogi (S 03 o 12'24", 
El26 °04'37"). This hut was at 700m altitude within selectively-logged forest. Judging from these remains, 
Sus sp. (presumably S. scrofa) is the most numerous pig in this area. Skulls of babirusa (adult males) was 
shown to the teams in the villages of Selwadu (S 03 °05'28", E126°07'28") and Waihotong (S 03 °05'52", 
El26°07'28"). 

Residents of 10 villages visited in the western part of Buru all reported that babirusa could be found inland 
from their villages. None of the informants suspected that the population had been declining. However, 
babirusa' s preference for remote areas was believed to be a result of hunting pressure. Babirusa is hunted 
for meat for personal consumption. A man from Leksula reported that babirusa are known from forests in 
south-east Buru and that he had seen a dead male on the beach near Lena in 1994. Local hunters from the 
village Metar in central Buru reported that wild pigs were common within the monsoon forest above the 
village, but that they never had found babirusa there. They also told that they never had heard about from 
the Kayu Putih Melaleuca leucadendron dominated monsoon forest which covers most of central and 
north-west Buru. Babirusa were not known to residents of the Wai Apu flood plain. 

Anecdotal information on ecology and behavior of babirusa was collected from local people in villages in 
the Bara Bay area (Desa Bara, Desa Wairuba, Desa Waihotong, Desa Waikase and Desa Selwadu). 
Informants reported that babirusa prefer rocky areas, steep slopes, ridges and other areas where they are 
difficult to reach. They usually occur as solitary individuals or in small family groups. The number of 
piglets was said to be one or two. They do not bathe in mud but prefer clean rivers. Babirusa were said to 
feed on fruits or leaves fallen from Meranti Shorea spp., "Kayu Kuning" and "Gondal". 
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THE IUCN POLICY STATEMENT ON CAPTIVE BREEDING 

Prepared by the 
SSC Captive Breeding Specialist Group 

As approved by the 22nd Meeting of the IUCN Council Gland, Switzerland 

4 September 1987 

SUMMARY: Habitat protection alone is not sufficient if the expressed goal of the World 
Conservation Strategy the maintenance of biotic diversity, is to be achieved. Establishment of 
self-sustaining captive populations and other supportive intervention will be needed to avoid the 
loss of many species, especially those at high risk in greatly reduced, highly fragmented, and 
disturbed habitats captive breeding programmes need to be established before specks are reduced 
to critically low numbers, and thereafter need to be coordinated Internationally according to 
sound biological principles, with a view to the maintaining or re establishment of viable 
populations in the wild. 

PROBLEM STATEMENT 

IUCN data indicate that about 3 per cent of terrestrial earth is gazetted for protection. Some of 
this and much of the other 97 per cent is becoming untenable for many species, and remaining 
populations are being greatly reduced and fragmented. From modern population biology one can 
predict that many species will be lost under these conditions. On average more than one 
mammal, bird, or reptile species has been bst in each year this century. Since extinctions of most 
taxa outside these groups are not recorded, the loss rate for all species is much higher. 

Certain groups of species are at particularly high risk, especially forms with restricted 
distribution, those of large body size, those of high economic value, those at the top of food 
chains, and those which occur only in climax habitats. Species in these categories are likely to be 
bst first, but a wide range of other 1 Orms are also at risk. Conservation over the bng term will 
require management to reduce risk, including ex situ populations which could support and 
interact demographically and genetically with wild populations. 

FEASIBILITY 

Over 3,000 vertebrate species are being bred in zoos and other captive animal facilities. When a 
serious attempt is made, most species breed in captivity, and viable populations can be 
maintained over the long term. A wealth of experience is available in these institutions, including 
husbandry, veterinary medicine, reproductive biology, behaviour, and genetics. They offer space 
for supporting populations of many threatened taxa, using resources not competitive with those 
for in situ conservation. Such captive stocks have in the past provided critical support for some 
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wild populations (e.g. American bison, Bison bison), and have been the sole escape from 
extinction for others which have since been re-introduced to the wild (e.g. Arabian oryx, Otyx 
leucoryx). 

RECOMMENDATION 

IUCN urges that those national and international organizations and those individual institutions 
concerned with maintaining wild animals in captivity commit themselves to a general policy of 
developing demographically self-sustaining captive populations of endangered species wherever 
necessary. 

SUGGESTED PROTOCOL 

WHAT: The specific problems of the species concerned need to be considered, and appropriate 
aims for a captive breeding programme made explicit. 

WHEN: The vulnerability of small populations has been consistently under estimated. This has 
erroneously shifted the timing of establishment of captive populations to the last moment, when 
the crisis is enormous and when extinction is probable. Therefore, timely recognition of such 
situations is critical, and is dependent on information on wild population status, particularly that 
provided by the IUCN Conservation Monitoring Centre. Management to best reduce the risk of 
extinction requires the establishment of supporting captive populations much earlier, preferably 
when the wild population is still in the thousands. Vertebrate taxa with a current census below 
one thousand individuals in the wild require close and swift cooperation between field 
conservationists and captive breeding specialists, to make their effort complementary and 
minimize the likelihood of the extinction of these taxa. 

HOW: Captive populations need to be founded and managed according to sound scientific 
principles for the primary purpose of securing the survival of species through stable, 
self-sustaining captive populations. Stable captive populations preserve the options of 
reintroduction and/or supplementation of wild populations. 

A framework of international cooperation and coordination between captive - breeding 
institutions holding species at risk must be based upon agreement to cooperatively manage such 
species for demographic security and genetic diversity. The IUCN/SSC Captive Breeding 
Specialist Group is an appropriate advisory body concerning captive breeding science and 
resources. 

Captive programmes involving species at risk should be conducted primarily for the benefit of 
the species and without commercial transactions. Acquisition of animals for such programmes 
should not encourage commercial ventures or trade. Whenever possible, captive programmes 
should be carried out in parallel with field studies and conservation efforts aimed at the species 
in its natural environment. 
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IUCN GUIDELINES FOR THE 
PLACEMENT OF CONFISCATED LIVE ANIMALS1 

Statement of Principle: 

When live animals are confiscated by government authorities, these authorities have a 
responsibility to dispose of them appropriately. Within the confines of national and international 
law, the ultimate on disposition of confiscated animals must achieve three goals: 1) to maximise 
conservation value of the specimens without in any way endangering the health, behavioral 
repertoire, genetic characteristics, or conservation status of wild or captive populations of the 
species'; 2) to discourage further illegal or irregular2 trade in the species; and 3) to provide a 
humane solution, whether this involves maintaining the animals in captivity, returning them to 
the wild, or employing euthanasia to destroy them. 

Statement of Need: 

Increased regulation of trade in wild plants and animals and enforcement of these regulations has 
resulted in an increase in the number of wildlife shipments intercepted by government authorities 
as a result of non-compliance with these regulations. In some instances, the interception is a 
result of patently illegal trade; in others, it is in response to other irregularities. While in some 
cases the number of animals in a confiscated shipment is small, in many others the number is in 
the hundreds. Although in many countries confiscated animals have usually been donated to 
zoos and aquaria, this option is proving less viable with large numbers of animals and, 
increasingly, for common species. The international zoo community has recognized that placing 
animals of low conservation priority in limited cage space may benefit those individuals but may 
also detract from conservation efforts as a whole. They are, therefore, setting conservation 
priorities for cage space (IUDZG/CBSG 1993). 

With improved interdiction of the illegal trade in animals there is an increasing demand for 
information to guide confiscating agencies in the disposal of specimens. This need has been 
reflected in the formulation of specific guidelines for several groups of organisms such as parrots 
(Birdlife International in prep) and primates (Harcou~t in litt.). However, no general guidelines 
exists. 

In light of these trends, there is an increasing demand - and urgent need - for information and 
advice to guide confiscating authorities in the disposition of live animals. Although specific 
guidelines have been formulated for certain groups of organisms, such as parrots (Birdlife 
International in prep.) and primates (Harcourt 1987), no general guidelines exist. 

1 Although this document refers to species, in the case of species with well-defined 
subspecies and races, the issues addressed will apply to lower taxonomic units. 



When disposing of confiscated animals, authorities must adhere to both national and 
international law. The Convention on International Trade in Endangered Species of Wild Fauna 
and Flora (CITES) requires that confiscated individuals of species listed on the treaty' s 
Appendices be returned to the "state of export ... or to a rescue centre or such other place as the 
Management Authority deems appropriate and consistent with the purpose of the Convention." 
(Article Vill). However the treaty does not elaborate on this requirement, and CITES 
Management Authorities must act according to their own interpretation, not only with respect to 
repatriation but also as regards what constitutes disposition that is "appropriate and consistent" 
with the treaty. Although the present guidelines are intended to assist CITES Management 
Authorities in making this assessment, they are designed to be of general applicability to all 
confiscated live animals. 

The lack of specific guidelines has resulted in confiscated animals being disposed of in a variety 
of ways. In some cases, release of confiscated animals into existing wild populations has been 
made after careful evaluation and with due regard for existing guidelines (IUCN 1987, IUCN 
1995). In other cases, such releases have not been well planned and have been inconsistent with 
general conservation objectives and humane considerations, such as releasing animals in 
inappropriate habitat, dooming these individuals to starvation or certain death from other causes 
against which the animals are not equipped or adapted. Such releases may also have strong 
negative conservation value by threatening existing wild populations as a result of: 1) diseases 
and parasites acquired by the released animals while in captivity spreading into existing wild 
populations; 2) individuals released into existing populations, ro in areas near to existing 
populations, not being of the same race or sub-species as those in the wild population, resulting 
in mixing of distinct genetic lineages; 3) animals held in captivity, particularly juveniles and 
immatures, acquiring an inappropriate behavioral repertoire from individuals of other species, 
and/or either losing certain behaviors, or not developing the full behavioral repertoire, necessary 
for survival in the wild. Also, it is possible that release of these animals could result in inter
specific hybridisation. 

Disposition of confiscated animals is not a simple process. Only on rare occasions will the 
optimum course to take be clear-cut or result in an action of conservation value. Options for the 
disposition of confiscated animals have thus far been influenced by the public's perception that 
returning animals to the wild is the optimal solution in terms of both animals welfare and 
conservation. A growing body of scientific study of re-introduction of captive animals suggests 
that such actions may be among the least appropriate options for many reasons. This recognition 
requires that the options available to confiscating authorities for disposition be carefully 
reviewed. 

Management Options: 

In deciding on the disposition of confiscated animals, priority must be given to the well-being 
and conservation of existing wild populations of the species involved, with all efforts made to 
ensure the humane treatment of the confiscated individuals. Options for disposition fall into three 
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principal categories: 1) maintenance of the individual(s) in captivity; 2) returning the 
individual(s) in question to the wild; and 3) euthanasia. 
Within a conservation perspective, by far the most important consideration in reviewing the 
options for disposition is the conservation status of the species concerned. Where the confiscated 
animals represent an endangered or threatened species, particular effort should be directed 
towards evaluating whether and how these animals might contribute to a conservation 
programme for the species. The decision as to which option to employ in the disposition of 
confiscated animals will depend on various legal, social, economic and biological factors. The 
"Decision Tree"1 provided in the present guidelines is intended to facilitate consideration of these 
options. The tree has been written so that it may be used for both threatened and common 
species. However, it recognizes that the conservation status of the species will be the primary 
consideration affecting the options available for placement, particularly as the expense and 
difficulty of returning animals to the wild (see below) will often only be justified for threatened 
species. International networks of experts, such as the IUCN-Species Survival Commission 
Specialist Groups, should be able to assist confiscating authorities, and CITES Scientific and 
Management Authorities, in their deliberations as to the appropriate disposition of confiscated 
specimens. 

Sending animals back automatically to the country from which they were shipped, the country in 
which they originated (if different), or another country m which the species exists, does not solve 
any problems. Repatriation to avoid addressing the question of disposition of confiscated animals 
is irresponsible as the authorities in these countries will face the same issues concerning 
placement as the authorities in the original confiscating country. 

OPTION 1-- CAPTIVITY 

Confiscated animals are already in captivity; there are numerous options for maintaining them in 
captivity. Depending on the circumstances, animals can be donated, loaned, or sold. Placement may 
be in zoos or other facilities, or with private individuals. Finally, placement may be either in the 
country of origin, the country of export (if different), the country of confiscation. or in a country with 
adequate and/or specialised facilities for the species in question. If animals are maintained in 
captivity, in preference to either being returned to the wild or euthanized, they must be afforded 
humane conditions and ensured proper care for their natural lives. 

Zoos and aquaria are the captive facilities most commonly considered for disposition of animals, but 
a variety of captive situations exist where the primary aim of the institution or individuals involved 
is not the propagation and resale of wildlife. These include: 

Rescue centres, established specifically to treat injured or confiscated animals, are 
sponsored by a number of humane organisations in many countries. 

Life-time care facilities devoted to the care of confiscated animals have been built in a few 
countries. 
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Specialist societies or clubs devoted to the study and care of single taxa or species(e.g., 
reptiles, amphibians, birds) have, in some instances, provided an avenue for the disposition 
of confiscated animals without involving sale through intermediaries. Placement may be 
made directly to these organisations or to individuals who are members. 

Humane Societies may be willing to ensure placement of confiscated specimens with private 
individuals who can provide humane life-time care. 

Research laboratories (either commercial or non-commercial, e.g. universities) 
maintain collections of exotic animals for many kinds of research (e.g. behavioural, 
ecological, physiological, psychological, medical). Attitudes towards vivisection, or even 
towards the non-invasive use of animals in research laboratories as captive study 
populations, vary widely from country to country. Whether transfer of confiscated animals 
to research institutions is appropriate will therefore engender some debate. However, it 
should be noted that transfer to facilities involved in research conducted under humane 
conditions may offer an alternative -- and one which may eventually contribute information 
relevant to the species' conservation. In many cases, the lack of known provenance and the 
risk that the animal in question has been exposed to unknown pathogens will make transfer 
to a research institution an option that will be rarely exercised or desired. 

CAPTIVITY - Sale, Loan or Donation 

Animals can be placed with an institution or individual in a number of ways. It is critical, however. 
that two issues be separated: the ownership of the animals and/or their progeny, and the payment of 
a fee by the institution/individual receiving the animals. Paying the confiscating authority, or the 
country of origin, does not necessarily give the person or institution making the payment any rights 
(these may rest with the confiscating authority). Similarly, ownership of an animal can be transferred 
without payment. Confiscating authorities and individuals or organizations participating in the 
placement of confiscated specimens must clarify ownership. both of the specimens being transferred 
and their progeny. Laws dictating right of ownership of wildlife differ between nations, in some 
countries ownership remains with the government, in others the owner of the land inhabited by the 
wildlife has automatic rights over the animals. 

When drawing up the terms of transfer many items must be considered, including: 

-- ownership of both the animals involved and their offspring (dictated by national law) must be 
specified as one of the terms and conditions of the transfer (it may be necessary to insist there is no 
breeding for particular species, e.g. primates). Either the country of origin or the country of 
confiscation may wish to retain ownership of the animals and/or their progeny. Unless specific legal 
provisions apply, it is impossible to assure the welfare of the animals following a sale which includes 
a transfer of ownership. 

-- sale or payment of a fee to obtain certain rights (e.g. ownership of offspring) can provide a means 
of placement that helps offset the costs of confiscation. 
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--sale and transfer of ownership should only be considered in certain circumstances, such as where 
the animals in question are not threatened and not subject to a legal proscription on trade (e.g. , 
CITES Appendix I) and there is no risk of stimulating further illegal or irregular trade. 

--sale to commercial captive breeders may contribute to reducing the demand for wild-caught 
individuals. 

--sale may risk creating a public perception of the confiscating State perpetuating or benefitting from 
illegal or irregular trade. 

--if ownership is transferred to an organization to achieve a welfare or conservation goal, the 
confiscating authority should stipulate what will happen to the specimens should the organization 
wish to sell/transfer the specimens to another organization or individual. 

--confiscating authorities should be prepared to make public the conditions under which confiscated 
animals have been transferred and, where applicable, the basis for any payments involved. 

CAPTIVITY-- Benefits 

The benefits of placing confiscated animals in a facility that will provide life-time care under humane 
conditions include; 

a) educational value; 
b) potential for captive breeding for eventual re-introduction; 
c) possibility for the confiscating authority to recoup from sale costs of confiscation; 
d) potential for captive bred individuals to replace wild-caught animals as a source for trade. 

CAPTIVITY- Concerns 

The concerns raised by placing animals in captivity include: 

A) Disease. Confiscated animals may serve as vectors for disease. The potential 
consequences of the introduction of alien disease to a captive facility are more serious 
than those of introducing disease to wild populations (see discussion page 9); captive 
conditions might encourage disease spread to not only conspecifics. As many diseases can 
not be screened for, even the strictest quarantine and most extensive screening for disease 
can not ensure that an animal is disease free. Where quarantine cannot adequately ensure 
that an individual is disease free, isolation for an indefinite period, or euthanasia, must be 
carried out. 

B) Escape. Captive animals maintained outside their range can escape from captivity 
and become pests. Accidental introduction of exotic species can cause tremendous 
damage and in certain cases, such as the escape of mink from fur farms in the United 
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Kingdom, the introduction of exotics can result from importation of animals for captive 
reanng. 

C) Cost of Placement. While any payment wi 11 place a value on an animal, there is 
little evidence that trade would be encouraged if the institution receiving a donation of 
confiscated animals were to reimburse the confiscating authority for costs of care and 
transportation. However, payments should be explicitly for reimbursement of costs of 
confiscation and care, and, where possible, the facility receiving the animals should bear 
all such costs directly. 

D) Potential to Encourage Undesired Trade. Some (e.g., Harcourt 1987) have 
maintained that any transfer - whether commercial or non-commercial - of confiscated 
animals risks promoting a market for these species aud creating a perception of the 
confiscating state being involved in illegal or irregular trade. 

Birdlife International (in prep.) suggests that in certain circumstances sale of confiscated 
animals does not necessarily promote undesired trade. They offer the following 
requirements that must be met for permissible sale by the confiscating authority: I) the 
species to be sold is already available for sale legally in the confiscating country in 
commercial quantities; and 2) wildlife traders under indictment for; or convicted of, 
crimes related to import of wildlife are prevented from purchasing the animals in 
question. However, experience in selling confiscated animals in the USA suggests that 
it is virtually impossible to ensure that commercial dealers suspected or implicated in 
illegal or irregular trade are excluded, directly or indirectly, in purchasing confiscated 
animals. 

In certain circumstances sale or loan to commercial captive breeders may have a clearer 
potential for the conservation of the species, or welfare of the individuals, than non
commercial disposition or euthanasia. However, such breeding programmes must be 
carefully assessed as it may be difficult to determine the effects of these programmes on 
wild populations. 

OPTION 2-- RETURN TO THE WILD 

These guidelines suggest that return to the wild would be a desirable option in only a very 
small number of instances and under very specific circumstances. The rationale behind 
many of the decision options iii this section are discussed in greater detail in the IUCN 
Re-introduction Guidelines (IUCN/SSC RSG 1995) which, it is important to note, make 
a clear distinction between the different options for returning animals to the wild. These 
are elaborated below. 

I ) Re-introduction: an attempt to establish a population in an area that was once part of 
the range of the species but from which it has become extirpated. 
Some of the best known re-introductions have been of species that had become extinct in 
the wild. Examples include: Pere David's deer (Elaphurus davidanus) and the Arabian 
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oryx (Oryx leucoryx.). Other re-introduction programmes have involved species that exist 
in some parts of their historical range but have been eliminated from other areas; the aim 
of these programmes is to re-establish a population in all area, or region, from which the 
species has disappeared. An example of this type of r-introduction is the recent re
introduction of the swift fox (Vulpes velox) in Canada. 

2) Reinforcement of an Existing Population: the addition of individuals to all existing 
population of the same taxon. 

Reinforcement can be a powerful conservation tool when natural populations are 
diminished by a process which, at least in theory, can be reversed. An example of a 
successful reinforcement project is the golden lion tamarin (Leontopithecus rosalia) 
project in Brazil. Habitat loss, coupled with capture of live animals for pets, resulted in 
a rapid decline of the golden lion tamarin. when reserves were expanded, and capture for 
the pet trade curbed, captive-bred golden lion tamarins were then used to supplement 
depleted wild populations. 

Reinforcement has been most commonly pursued when individual animals injured by 
human activity have been provided with veterinary care and released. Such activities are 
common in many western countries, and specific programmes exist for species as diverse 
as hedgehogs and birds of prey. However common an activity, reinforcement carries with 
it the very grave risk that individuals held in captivity, even temporarily, are potential 
vectors for the introduction of disease into wild populations. 

Because of inherent disease risks and potential behavioural abnormalities, reinforcement 
should only be employed in instances where there is a direct and measurable conservation 
benefit (demographically and/or genetically, and/or to enhance conservation in the 
public's eye), for example when reinforcement will significantly add to the viability of the 
wild population into which an individual is being placed. 

3) Conservation Introductions: (also referred to as Beneficial or Benign Introductions 
- IUCN 1995): an attempt to establish a species, for the purpose of conservation, outside 
its recorded distribution but within a suitable habitat in which a population can be 
established without predicted detriment to native species. 

Extensive use of conservation introductions has been made in New Zealand, where 
endangered birds have been transferred to off-shore islands that were adjacent to, but not 
part of the animals' original range. Conservation introductions can also be a component 
of a larger programme of re-introduction, an example being the breeding of red wolves on 
islands outside their natural range and subsequent transfer to mainland range areas (Smith 
1990). 
RETURN To THE WILD - CONCERNS 

Before return to the wild of confiscated animals is considered, several issues of concern 
must be considered in general terms; welfare, conservation value, cost, and disease. 
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a) Welfare. While some consider return to the wild to be humane, ill-conceived projects 
may return animals to the wild which then die from starvation or suffer an inability to 
adapt to an unfamiliar or inappropriate environment. This is not humane. Humane 
considerations require that each effort to return confiscated animals to the wild be 
thoroughly researched and carefully planned. Such returns also require long-term 
commitment in terms of monitoring the fate of released individuals. Some (e.g., 
International Academy of Animal Welfare Sciences 1992) have advocated that the 
survival prospects for released animals must at least approximate those of wild animals 
of the same sex and age class in order for return to the wild to be seriously considered. 
While such demographic data on wild populations are, unfortunately, rarely available, the 
spirit of this suggestion should be respected -- there must be humane treatment of 
confiscated animals when attempting to return them to the wild. 

b) Conservation Value And Cost. In cases where returning confiscated animals to the 
wild appears to be the most humane option, such action can only be undertaken if it does 
not threaten existing populations of conspecifics or populations of other interacting 
species, or the ecological integrity of the area in which they live. The conservation of the 
species as a whole, and of other animals already living free, must take precedent over the 
welfare of individual animals that are already in captivity. 

Before animals are used in programmes in which existing populations are reinforced, or 
new populations are established, it must be determined that returning these individuals to 
the wild will make a significant contribution to the conservation of the species, or 
populations of other interacting species. Based solely on demographic considerations, 
large populations are less likely to go extinct, and therefore reinforcing existing very 
small wild populations may reduce the probability of extinction. In very small 
populations a lack of males or females may result in reduced population growth or 
population decline and, therefore, reinforcing a very small population lacking animals of 
a particular sex may also improve prospects for survival of that population. However, 
genetic and behavioural considerations, as well as the possibility of disease introduction, 
also play a fundamental role in determining the long term survival of a population. 

The cost of returning animals to the wild in an appropriate manner can be prohibitive for 
all but the most endangered species (Stanley Price 1989; Seal et al. 1989). The species for 
which the conservation benefits clearly outweigh these costs represent a tiny proportion 
of the species which might, potentially, be confiscated In the majority of cases, the costs 
of appropriate, responsible (re)introduction will preclude return to the wild. Poorly 
planned or executed (re)introduction programmes are no better than dumping animals in 
the wild and should be vigorously opposed on both conservation and humane grounds. 

c) Founders And Numbers Required. Most re-introductions require large numbers of 
founders, usually released in smaller groups over a period of time. Hence, small groups of 
confiscated animals may be inappropriate for re-introduction programmes, and even 
larger groups will require careful management if they are to have any conservation value 
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for re-introduction programmes. In reality, confiscated specimens will most often only be 
of potential value for reinforcing an existing population, despite the many potential 
problems this will entail. 

c) Source of Individuals. If the precise provenance of the animals is not known (they 
may be from several different provenances), or if there is any question of the source of 
animals, supplementation may lead to inadvertent pollution of distinct genetic races or 
sub-species. If particular local races or sub-species show specific adaptation to their local 
environments mixing in individuals from other races or sub-species may be damaging to 
the local population. Introducing an individual or individuals into the wrong habitat type 
may also doom that individual to death. 

a) Disease. Animals held in captivity and/or transported, even for a very short time, may 
be exposed to a variety of pathogens. Release of these animals to the wild may result in 
introduction of disease to con-specifics or unrelated species with potentially catastrophic 
effects. Even if there is a very small risk that confiscated animals have been infected by 
exotic pathogens, the potential effects of introduced diseases on wild populations are so 
great that this will often prevent returning confiscated animals to the wild (Woodford and 
Rossiter 1993, papers in J Zoo and Wildlife Medicine 24(3), 1993). 

Release of any animal into the wild which has been held in captivity is risky. Animals 
held in captivity are more likely to acquire diseases and parasites. While some of these 
diseases can be tested for, tests do not exist for many animal diseases. Furthermore, 
animals held in captivity are frequently exposed to diseases not usually encountered in 
their natural habitat. Veterinarians and quarantine officers, taking that the species in 
question is only susceptible to certain diseases, may not test for the diseases picked up in 
captivity. It should be assumed that all diseases are potentially contagious. 

Given that any release incurs some risk, the following "precautionary principle" must be 
adopted: if there is no conservation value in releasing confiscated specimens, the 
possibility of accidentally introducing a disease, or behavioural and genetic aberrations 
into the environment which are not already present, however unlikely, may rule out 
returning confiscated specimens to the wild as a placement option. 

RETURN TO THE WILD: BENEFITS 

There are several benefits of returning animals to the wild, either through re-introduction 
for the establishment of a new population or reinforcement of an existing population. 

a) Threatened Populations: In situations where the existing population is severely 
threatened, such an action might improve the long-term conservation potential of the 
species as a whole, or of a local population of the species (e.g., golden lion tamarins). 
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b) Public Statement: Returning animals to the wild makes a strong 
political/educational statement concerning the fate of animals (e.g., orangutans (Pongo 
pygmaeus) and chimpanzees (Pan troglodytes)- Aveling & Mitchell 1982, but see 
Rijksen & Rijksen-Graatsma 1979) and may serve to promote local conservation values. 
However, as part of any education or public awareness programmes, the costs and 
difficulties associated with the return to the wild must be emphasized. 

OPTION 3- EUTHANASIA 

Euthanasia: the killing of animals carried out according to humane guidelines-- is unlikely 
to be a popular option amongst confiscating authorities for disposition of confiscated 
animals. However, it cannot be over-stressed that euthanasia may frequently be the most 
feasible option available for economic, conservation and humane reasons. hi many cases, 
authorities confiscating live animals will encounter the following situations: 

a) Return to the wild in some manner is either unnecessary (e.g., in the case of a very 
common species), impossible, or prohibitively expensive as a result of the need to conform to 
biological (IUCN/SSC RSG -995) and animal welfare guidelines (International Academy of 
Welfare Sciences 1992). 

b) Placement in a captive facility is impossible, or there are serious concerns that sale will 
be problematic or controversial. 

c) During transport, or while held in captivity, the animals have contracted a chronic disease 
that is incurable and, therefore, are a risk to any captive or wild population. hi such situations, 
there may be no practical alternative to euthanasia. 

EUTHANASIA -ADVANTAGES: 

a) From the point of view of conservation of the species involved, and of protection of 
existing captive and wild populations of animals, euthanasia carries far fewer risks (e.g. loss 
of any unique behavioural/genetic/ecological variations within an individual representing 
variation within the species) when compared to returning animals to the wild. 

b) Euthanasia will also act to discourage the activities that gave rise to confiscation, be it 
smuggling or other patently illegal trade, incomplete or irregular paperwork, poor packing, or 
other problems, as the animals in question are removed entirely from trade. 

c) Euthanasia may be in the best interest of the welfare of the confiscated animals. Release 
to the wild will carry enormous risks for existing wild populations and may pose severe 
challenges to the survival prospects of the individual animals, who may, as a result, die of 
starvation, disease or predation. 
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d) Cost: euthanasia is cheap compared to other options. There is potential for diverting 
resources which might have been used for re-introduction or lifetime care to conservation of 
the species in the wild. 

When animals are euthanized, or when they die a natural death while in captivity, the 
dead specimen should be placed in the collection of a natural history museum, or another 
reference collection in a university or research institute. Such reference collections are of great 
importance to studies of biodiversity. if such placement is impossible, carcasses should be 
incinerated to avoid illegal trade in animal parts or derivatives. 

EUTHANASIA- RISKS 

a) There is a risk of losing unique behavioural, genetic and ecological material within an 
individual or group of individuals that represents variation within a species. 
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DECISION TREE ANALYSIS 

For decision trees dealing with "Return to the Wild" and "Captive Options" the confiscating 
party must first ask the question: 

Question 1: Will "Return to the Wild" make a significant contribution to the conservation of 
the species? 

The most important consideration in deciding on placement of confiscated specimens is the 
conservation of the species in question. Conservation interests are best served by ensuring the 
survival of as many individuals as possible. The release of confiscated animals therefore must 
improve the prospects for survival of the existing wild population. Returning an individual to the 
wild that has benn held in captivity will always involve some level of risk to existing populations 
of the same or other species in the ecosystem to which the animal is returned because there can 
never be absolute certainty that a confiscated animal is disease- and parasite-free. In most 
instances, the benefits of return to the wild will be outweighed by the costs and risks of such an 
action. If returning animals to the wild is not of conservation value, captive options pose fewer 
risks and may offer more humane alternatives. 

Ql Answer: No: Investigate "Captive Options" 
Yes: Investigate "Return to the Wild Options" 

DECISION TREE ANALYSIS: CAPTIVITY 

The decision to maintain confiscated animals in captivity involves a simpler set of considerations 
than that involving attempts to return confiscated animals to the wild. 

Question 2: Have animals been subjected to a comprehensive veterinary screening and 
quarantine? 

Animals that may be transferred to captive facilities must have a clean bill of health because of 
the risk of introducing disease to captive populations. 

Theses animals must be placed in quarantine to determine if they are disease-free before being 
transferred to a captive-breeding facility. 

Q2 Answer: Yes: Proceed to Question 3. 
No: Quarantine and screen and move to Question 3. 
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Question 3: Have animals been found to be disease-free by comprehensive veterinary 
screening and quarantine or can they be treated for any infection discovered? 

If; during quarantine animals are found to harbour diseases that cannot reasonably be cured, they 
must be euthanized to prevent infection of other animals. If the animals are suspected to have 
come into contact with diseases for which screening is impossible, extended quarantine, donation 
to a research facility, or euthanasia must be considered. 

Q3 Answer: Yes: 
No: 

Proceed to Question 4 
If chronic and incurable infection, first offer animals to research 
institutions. impossible to place in such institutions, euthanize. 

Question 4: Are there grounds for concern that sale will stimulate further illegal or irregular 
trade? 

Commercial sale of Appendix I species is not permitted under the Convention as it is undesirable 
to stimulate trade in these species. Species not listed in any CITES appendix, but which are 
nonetheless seriously threatened with extinction, should be afforded the same caution. 

Sale of confiscated animals, where legally permitted, is a difficult option to consider. while the 
benefits of sale-- income and quick disposition-- are clear, there are many problems that may arise 
as a result of further commercial transactions of the specimens involved. Equally, it should be noted 
that there may be circumstances where such problems arise as a result of a non-commercial 
transaction or that, conversely, sale to commercial captive breeders may contribute to production of 
young offsetting the capture from the wild. 

More often than not, sale of threatened species should not take place. Such sales or trade in 
threatened species may be legally proscribed in some countries, or by CITES. There may be rare 
cases where a commercial captive breeding operation may purchase or receive individuals for 
breeding, which may reduce pressure on wild populations subject to trade. In all circumstances, the 
confiscating authority should be satisfied that: 

1) those involved in the illegal or irregular transaction that gave rise to confiscation cannot obtain 
the animals; 
2) the sale does not compromise the objective of confiscation; and, finally, 
3) the sale will not increase illegal, irregular or otherwise undesired trade in the species. 

Previous experience with sale in some countries (e.g., the USA) has indicated that selling confiscated 
animals is beset by both logistic and political problems and that, in addition to being controversial, 
it may also be counter-productive to conservation objectives. 

Q4 Answer: Yes: 
No: 

Proceed to Question 5a. 
Proceed to Question 5b. 
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Question Sa: Is space available in a non-commercial captive facility (e.g., life-time care 
facility, zoo, rescue centre, specialist society, their members or private 
individuals)? 

Question 5b: Is space available in a non-commercial captive facility (e.g., life-time care 
facility, zoo, rescue centre, specialist society, their members or private 
individuals) or is there a commercial facility breeding this species, and is the 
facility interested in the animals? 

Transfer of animals to non-commercial captive-breeding facilities, if sale may stimulate further 
illegal or irregular trade, or commercial captive breeding facilities, an option only if sale will not 
stimulate further illegal or irregular trade, should generally provide a safe and acceptable means of 
disposition of confiscated animals. when a choice must be made between several such institutions, 
the paramount consideration should be which facility can: 

1) offer the opportunity for the animals to participate in a captive breeding programme; 
2) provide the most consistent care; and 
3) ensure the welfare of the animals. 

The terms and conditions of the transfer should be agreed between the confiscating authority and the 
recipient institution. Terms and conditions for such agreements should include: 

I) a clear commitment to ensure life-time care or, in the event that this becomes impossible, transfer 
to another facility that can ensure life-time care, or euthanasia; 
2) clear specification of ownership of the specimens concerned (as determined by national 
law) and, where breeding may occur, the offspring. Depending on the circumstances, ownership may 
be vested with the confiscating authority, the country of origin or export, or with the recipient 
facility. 
3) clear specification of conditions under which the animal(s) or their progeny may be sold. 

In the majority of instances, there will be no facilities or zoo or aquarium space available in the 
country in which animals are confiscated. Where this is the case other captive options should be 
investigated. This could include transfer to a captive facility outside the country of confiscation 
particularly in the country of origin, or, if transfer will not stimulate further illegal trade, placement 
in a commercial captive breeding facility. However, these breeding programmes must be carefully 
assessed and approached with caution. It may be difficult to monitor these programmes and such 
programmes may unintentionally, or intentionally, stimulate trade in wild animals. The conservation 
potential of this transfer, or breeding loan, must be carefully weighed against even the smallest risk 
of stimulating trade which would further endanger the wild population of the species. 

In many countries, there are active specialist societies or clubs of individuals with considerable 
expertise in the husbandry and breeding of individual Species or groups of Species. Such 
societies can assist in finding homes for confiscated animals without involving sale through 
intermediaries. In this case, individuals receiving confiscated animals must have demonstrated 
expertise in the husbandry of the species concerned and must be provided with adequate 
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information and advice by the club or society concerned. Transfer to specialist societies or 
individual members must be made according to terms and conditions agreed with the 
confiscating authority. Such agreements may be the same or similar to those executed with 
Lifetime Care facilities or zoos. Placement with these societies or members is an option if sale of 
the confiscated animals may or may not stimulate trade. 

QS Answer: Yes: 
No: 

Execute agreement and Sell 
Proceed to Question 6. 

Question 6: Are institutions interested in animals for research under humane conditions? 

Many research laboratories maintain collections of exotic animals for research conducted under 
humane conditions. If these animals are kept in conditions that ensure their welfare, transfer to 
such institutions may provide an acceptable alterative to other options, such as sale or euthanasia. 
As in the preceding instances, such transfer should be subject to terms arid conditions agreed 
with the confiscating authority; in addition to those already suggested, it may be advisable to 
include terms that stipulate the types of research the confiscating authority considers permissible. 
If no placement is possible, the animals should be euthanized. 

Q6 Answer: Yes: 
No: 

Execute Agreement and Transfer. 
Euthanize. 

DECISION TREE ANALYSIS -- RETURN TO THE WILD 

Question 2: Have animals been subjected to a comprehensive veterinary screening and 
quarantine? 

Because of the risk of introducing disease to wild populations, animals that may be released must 
have a clean bill of health. These animals must be placed in quarantine to determine if they are 
disease free before being considered for released. 

Q2 Answer: Yes: Proceed to Question 3. 
No: Quarantine and screen and move to Question 3 

Question 3: Have animals been found to be disease free by comprehensive veterinary 
screening and quarantine or can they be treated for any infection discovered? 

1. If during quarantine, the animals are found to harbour diseases that cannot reasonably be 
cured, unless any institutions are interested in the animals for research under humane conditions, 
they must be euthanized to prevent infection of other animals. If the animals are suspected to 
have come into contact with diseases for which screening is impossible, extended quarantine, 
donation to a research facility, or euthanasia must be considered. 
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Q3 Answer: Yes: Proceed to Question 4 
No: if chronic and incurable infection, first offer animals to research 
institutions. if impossible to place in such institutions, euthanize. 

Question 4: Can country of origin and site of capture be confirmed? 

The geographical location from which confiscated individuals have been removed from the wild 
must be determined if these individuals are to be re-introduced or used to supplement existing 
populations. In most cases, animals should only be returned to the population from which they 
were taken, or from populations which are known to have natural exchange of individuals with 
this population. 

If provenance of the animals is not known, release for reinforcement may lead to inadvertent 
hybridisation of distinct genetic races or sub-species. Related species of animals that may live in 
sympatry in the wild and never hybridise have been known to hybridise when held in captivity or 
shipped in multi-Species groups. This· type of generalisation of species recognition under 
abnormal conditions can result in behavioural problems compromising the success of any future 
release and can also pose a threat to wild populations by artificially destroying reproductive 
isolation that is behaviourally mediated. 

Q4 Answer: Yes: 
No: 

Proceed to Question 5. 
Pursue 'Captive Options'. 

Question 5: Do the animals exhibit behavioural abnormalities which might make them 
unsuitable for return to the wild? 

Behavioural abnormalities as a result of captivity can result in animals which are not suitable for 
release into the wild. A wide variety of behavioural traits and specific behavioural skills are 
necessary for survival, in the short-term for the individual, and in the long-term for the 
population. Skills for hunting, avoiding predators, food selectivity etc. are necessary to ensure 
survival. 

QS Answer: Yes: 
No; 

Pursue 'Captive Options'. 
Proceed to Question 6. 

Question 6:Can individuals be returned expeditiously to origin (specific location), and will benefits 
to conservation of the species outweigh any risks of such action? 

Repatriation of the individual and reinforcement of the population will only be options under certain 
conditions and following the IUCN/RSG 1995 guidelines: 

1) Appropriate habitat for such an operation still exists in the specific location that the individual was 
removed from; and 
2) sufficient funds are available, or can be made available. 
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Q6 Answer: Yes: Repatriate and reinforce at origin (specific location) following IUCN 
guidelines. 
No: Proceed to Question 7. 

Question 7: For the species in question, does a generally recognized programme exist whose 
aim is conservation of the species and eventual return to the wild of confiscated individuals 
and or their progeny? Contact IUCN/SSC, IUDZG, Studbook Keeper, or Breeding 
Programme Coordinator. 

In the case of Species for which active captive breeding and or re-introduction programmes exist, 
and for which further breeding stock/founders are required, confiscated animals should be transferred 
to such programmes after consultation with the appropriate scientific authorities. If the Species in 
question is part of a captive breeding programme, but the taxon (sub-species or race) is not part of 
this programme (e.g. Maguire & Lacy 1990), other methods of disposition must be considered. 
Particular attention should be paid to genetic screening to avoid jeopardizing captive breeding 
programmes through inadvertent hybridisation. 

Q7 Answer: Yes: 
No: 

Executer agreement and transfer to existing programme. 
Proceed to Question 8. 

Question 8: Is there a need and is it feasible to establish a new r-introduction programme 
following IUCN Guidelines? 

In cases where individuals cannot be transferred to existing r-introduction programmes, return to 
the wild, following appropriate guidelines, will only be possible under the following circumstances: 
1) appropriate habitat exists for such an operation; 2) sufficient funds are available, or can be made 
available, to support a programme over the many years that (re)introduction will require; and 3) 
either sufficient numbers of animals are available so that re-introduction efforts are potentially 
viable, or only reinforcement of existing populations is considered. In the majority of cases, at least 
one, if not all, of these requirements will fail to be met. In this instance, either conservation 
introductions outside the historical range of the Species or other options for disposition of the 
animals must be considered. 

It should be emphasized that if a particular species or taxon is confiscated with some frequency, 
consideration should be made as to whether to establish a re-introduction, reinforcement, or 
introduction programme. Animals should not be held by the confiscating authority indefinitely while 
such programmes are planned, but should be transferred to a holding facility after consultation with 
the organization which is establishing the new programme. 
QS Answer: Yes: Execute agreement and transfer to holding facility or new programme. 

No: Pursue 'Captive Options'. 
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DRAFT GillDELINES FOR RE-INTRODUCTIONS 

Introduction 

These policy guidelines have been drafted by the Re-introduction Specialist Group of the IUCN's 
Species Survival Commission (Guidelines for determining procedures for disposal of species 
confiscated in trade are being developed separately by IUCN for CITES.) in response to the 
increasing occurrence of reintroduction projects world-wide, and consequently, to the growing 
need for specific policy guidelines to help ensure that the re-introductions achieve their intended 
conservation benefit, and do not cause adverse side-effects of greater impact. Although the IUCN 
developed a Position Statement on the Translocation of Living Organisms in 1987, more detailed 
guidelines were felt to be essential in providing more comprehensive coverage of the various 
factors involved in re-introduction exercises. 

These guidelines are intended to act as a guide for procedures useful to re-introduction 
programmes and do not represent an inflexible code of conduct. Many of the points are more 
relevant to re-introductions using captive-bred individuals than to translocation of wild species. 
Others are especially relevant to globally endangered species with limited numbers of founders. 
Each re-introduction proposal should be rigorously reviewed on its individual merits. On the 
whole, it should be noted that re-introduction is a very lengthy and complex process. 

This document is very general, and worded so that it covers the full range of plant and animal 
taxa. It will be regularly revised. Handbooks for re-introducing individual groups of animals and 
plants will be developed in future. 

1. Definition of Terms 

a. "Re-introduction": 

An attempt to establish a species (The taxonomic unit referred to throughout the document is 
species: it may be a lower taxonomic unit [e.g. sub-species or race] as long as it can be 
unambiguously defined.) in an area which was once part of its historical range, but from which it 
has become extinct (CITES criterion of "extinct": species not definitely located in the wild during 
the past 50 years of conspecifics.). ("Re-establishment" is a synonym, but implies that the 
re-introduction has been successful) . 

b. Translocation": 

Deliberate and mediated movement of wild individuals or populations from one part of their 
range to another. 
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c. "Reinforcement/Supplementation: 

Addition of individuals to an existing population. 

d. Conservation/Benign Introductions: 

An attempt to establish a species, for the purpose of conservation, outside its recorded 
distribution but within an appropriate habitat and eco-geographical area. 

2. Aims and Objectives of the Re-Introduction 

a. Aims: 

A re-introduction should aim to establish a viable, free-ranging population in the wild, of a 
species or subspecies which was formerly globally or locally extinct (extirpated). In some 
circumstances, a re-introduction may have to be made into an area which is fenced or otherwise 
delimited, but it should be within the species' former natural habitat and range, and require 
minimal long-term management. 

b. Objectives: 

The objectives of a re-introduction will include: to enhance the long-term survival of a species; 
to re-establish a keystone species (in the ecological or cultural sense) in an ecosystem; to 
maintain natural biodiversity; to provide long-term economic benefits to the local and/or national 
economy; to promote conservation awareness; or a combination of these. 

Re-introductions or translocation of species for short-term, sporting or commercial purposes 
where there is no intention to establish a viable population - are a different issue, beyond the 
scope of these guidelines. These include fishing an(I hunting activities. 

3. Multi disciplinary Approach 

A re-introduction requires a Multi disciplinary approach involving a team of persons drawn from 
a variety of backgrounds. They may include persons from: governmental natural resource 
management agencies; non-governmental organizations; funding bodies; universities; veterinary 
institutions; zoos (and private animal breeders) and/or botanic gardens, with a full range of 
suitable expertise. Team leaders should be responsible for coordination between the various 
bodies and provision should be made for publicity and public education about the project. 
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4. Pre-Project Activities 

a. Biological: 

(I) Feasibility study and background research 
• An assessment should be made of the taxonomic status of individuals to be re-introduced. 
They must be of the same subspecies as those which were extirpated, unless adequate numbers 
are not available. An investigation of historical information about the loss and fate of individuals 
from the re-introduction area, as well as molecular genetic studies, should be undertaken in case 
of doubt. A study of genetic variation within and between populations of this and related taxa can 
also be helpful. Special care is needed when the population has long been extinct. 

• Detailed studies should be made of the status and biology of wild populations (if they exist) to 
determine the species' critical needs; for animals, this would include descriptions of habitat 
preferences, intra specific variation and adaptations to local ecological conditions, social 
behavior, group composition, horne range size, shelter and food requirements, foraging and 
feeding behavior, predators and diseases. For plants it would include biotic and abiotic habitat 
requirements, dispersal mechanisms, reproductive biology, symbiotic relationships (e.g. with 
rnycorrhizae, pollinators), insect pests and diseases. Overall, a firm knowledge ofthe natural 
history of the species in question is crucial to the entire re-introduction scheme. 

• The build-up of the released population should be modeled under various sets of conditions, in 
order to specify the optimal number and composition of individuals to be released per year and 
the numbers of years necessary to promote establishment of a viable population. 

• A Population and Habitat Viability Analysis will aid in identifying significant environmental 
and population variables and assessing their potential interactions, which would guide long-term 
population management. 

(ii) Previous Re-introductions 
• Thorough research into previous re-introductions of the same or similar species and 
wide-ranging contacts with persons having relevant expertise should be conducted prior to and 
while developing re-introduction protocol. 

(iii) Choice of release site 
• Site should be within the historic range of species and for an initial reinforcement or 
re-introduction have very few, or no, remnant wild individuals (to prevent disease spread, social 
disruption and introduction of alien genes). A conservation/ benign introduction should be 
undertaken only as a last resort when no opportunities for re-introduction into the original site or 
range exist. 
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• The re-introduction area should have assured, long-term protection (whether formal or 
otherwise). 

(iv) Evaluation of re-introduction site 
• Availability of suitable habitat: re-introductions should only take place where the habitat and 
landscape requirements of the species are satisfied, and likely to be sustained for the for-seeable 
future. The possibility of natural habitat change since extirpation must be considered. The area 
should have sufficient carrying capacity to sustain growth of the re-introduced population and 
support a viable (self-sustaining) population in the long run. 

• Identification and elimination of previous causes of decline: could include disease; 
over-hunting; over-collection; pollution; poisoning; competition with or predation by introduced 
species; habitat loss; adverse effects of earlier research or management programmes; competition 
with domestic livestock, which may be seasonal. 

• Where the release site has undergone substantial degradation caused by human activity, a 
habitat restoration programme should be initiated before the reintroduction is carried out. 

( v) Availability of suitable release stock 
• Release stock should be ideally closely-related genetically to the original native stock. 

• If captive or artificially propagated stock is to be used, it must be from a population which has 
been soundly managed both demographically and genetically, according to the principles of 
contemporary conservation biology. 

• Re-introductions should not be carried out merely because captive stocks exist, nor should they 
be a means of disposing of surplus stock. 

• Removal of individuals for re-introduction must not endanger the captive stock population or 
the wild source population. Stock must be guaranteed available on a regular and predictable 
basis, meeting specifications of the project protocol. 

• Prospective release stock must be subjected to a thorough veterinary screening process before 
shipment from original source. Any animals found to be infected or which test positive for 
selected pathogens must be removed from the consignment, and the uninfected, negative 
remainder must be placed in strict quarantine for a suitable period before retest. If clear after 
retesting, the animals may be placed for shipment. 

• Since infection with serious disease can be acquired during shipment, especially if this is 
intercontinental, great care must be taken to minimize this risk. 

• Stock must meet all health regulations prescribed by the veterinary authorities of the recipient 
country and adequate provisions must be made for quarantine if necessary. 
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• Individuals should only be removed from a wild population after the effects of translocation on 
the donor population have been assessed, and after it is guaranteed that these effects will not be 
negative. 

b. Socio-Economic and Legal Activities 

• Re-introductions are generally long-term projects that require the commitment of long-term 
financial and political support. 

• Socio-economic studies should be made to assess costs and benefits of thee-introduction 
programme to local human populations. 

• A thorough assessment of attitudes of local people to the proposed project is necessary to 
ensure long term protection of the re-introduced population, especially if the cause of species' 
decline was due to human factors (e.g. over-hunting, over-collection, loss of habitat). The 
programme should be fully understood, accepted and supported by local communities. 

• Where the security of the re-introduced population is at risk from human activities, measures 
should be taken to minimize these in the re-introduction area. If these measures are inadequate, 
the re-introduction should be abandoned or alternative release areas sought. 

• The policy of the country to re-introductions and to the species concerned should be assessed. 
This might include checking existing national and international legislation and regulations, and 
provision of new measures as necessary. Re-introduction must take place with the full permission 
and involvement of all relevant government agencies of the recipient or host country. This is 
particularly important in re-introductions in border areas, or involving more than one state. 

• If the species poses potential risk to life or property, these risks should be minimized and 
adequate provision made for compensation where necessary; where all other solutions fail, 
removal or destruction of the released individual should be considered. 

In the case of migratory/mobile species, provisions should be made for crossing of 
international/state boundaries. 

5. Planning. Preparation and Release Stages 

• Construction of a Multi disciplinary team with access to expert technical advice for all phases 
of the programme. 

• Approval of all relevant government agencies and land owners, and coordination with national 
and international conservation organizations. 
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• Development of transport plans for delivery of stock to the country and site of re-introduction, 
with special emphasis on ways to minimize stress on the individuals during transport. 

• Identification of short-and long-term success indicators and prediction of programme duration, 
in context of agreed aims and objectives. 

• Securing adequate funding for all programme phases. 

• Design of pre- and post- release monitoring programme so that each re-introduction is a 
carefully designed experiment, with the capability to test methodology with scientifically 
collected data. 

• Appropriate health and genetic screening of release stock. Health screening of closely related 
species in re-introduction area. 

• If release stock is wild-caught, care must be taken to ensure that: a) the stock is free from 
infectious or contagious pathogens and parasites before shipment and b) the stock will not be 
exposed to vectors of disease agents which may be present at the release site (and absent at the 
source site) and to which it may have no acquired immunity. 

• If vaccination prior to release, against local endemic or epidemic diseases of wild stock or 
domestic livestock at the release site, is deemed appropriate, this must be carried out during the 
"Preparation Stage" so as to allow sufficient time for the development of the required immunity. 

• Appropriate veterinary or horticultural measures to ensure health of released stock throughout 
programme. This is to include adequate quarantine arrangements, especially where founder stock 
travels far or crosses international boundaries to release site. 

• Determination of release strategy (acclimatization of release stock to release area; behavioral 
training - including hunting and feeding; group composition, number, release patterns and 
techniques; timing). 

• Establishment of policies on interventions (see below). 

• Development of conservation education for long-term support; professional training of 
individuals involved in long-term programme; public relations through the mass media and in 
local community; involvement where possible of local people in the programme. 

• The welfare of animals for release is of paramount concern through all these stages. 

6. Post-Release Activities 

• Post release monitoring of all (or sample of) individuals. This most vital aspect may be by 
direct (e.g. tagging, telemetry) or indirect (e.g. spoor, informants) method.s as suitable. 
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• Demographic, ecological and behavioral studies of released stock. 

• Study of processes of long-term adaptation by individuals and the population. 

• Collection and investigation of mortalities. 

• Interventions (e.g. supplemental feeding; veterinary aid; horticultural aid) when necessary. 

• Decisions for revision rescheduling, or discontinuation of programme where necessary. 

• Habitat protection or restoration to continue where necessary. 

• Continuing public relations activities, including education and mass media coverage. 

• Evaluation of cost-effectiveness and success of re-introduction techniques. 

• Regular publications in scientific and popular literature. 
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Abstract 

VORTEX Technical Reference 

Wildt. Res., 1993, 20, 45-65 

Population Viability Analysis (PVA) is the estimation of extinction probabilities by analyses that 
incorporate identifiable threats to population survival into models of the extinction process. Extrinsic 
forces, such as habitat loss, over-harvesting, and competition or predation by introduced species, often 
lead to population decline. Although the traditional methods of wildlife ecology can reveal such 
deterministic trends, random fluctuations that increase as populations become smaller can lead to 
extinction even of populations that have, on average, positive population growth when below carrying 
capacity . Computer simulation modelling provides a tool for exploring the viability of popula tions 
subjected to many complex, interacting deterministic and random processes. One such simulation 
model , VORTEX, has been used extensively by the Captive Breeding Specialist Group (Species Survival 
Commission, lUCN), by wildlife agencies, and by university classes . The a lgorithms, structu re, 
assumptions and applications of VORTEX arc described in this paper. 

VORTEX models population processes as discrete, sequential events, with probabilistic outcomes. 
VORTEX simulates birth and death processes and the transmission of genes through the generations by 
generating random numbers to determine whether each animal lives or dies, to determine the number 
of progeny produced by each female each year, and to determine which of the two alleles at a genetic 
locus are transmitted from each parent to each offspring. Fecundity is assumed to be independent 
of age after an animal reaches reproductive age. Mortality rates arc specified for each pre-reproductive 
age-sex class and for reproductive-age animals. Inbreeding depression is modelled as a decrease in 
viability in inbred animals. 

The user has the option of modelling density dependence in reproductive rates. As a simple model 
of density dependence in survival, a carrying capacity is imposed by a probabilistic truncation of each 
age class if the population size exceeds the specified carrying capacity. VORTEX can model linear trends 
in the carrying capacity. VORTEX models environmental variation by sampling birth rates, death rates, 
and the carrying capacity from binomial or normal distributions. Catastrophes are modelled as sporadic 
random events that reduce survival and reproduction for one year. VORTEX also allows the user to 
supplement or harvest the population, and multiple subpopulations can be tracked, with user-specified 
migration among the units . 

VORTEX outputs summary statistics on population growth rates, the probability of population 
extinction, the time to extinction, and the mean size and genetic variation in extant populations. 

VoRTEX necessarily makes many assumptions. The model it incorporates is most applicable to species 
with low fecundity and long lifespans, such as mammals, birds and reptiles. It integrates the interacting 
effects of many of the deterministic and stochastic processes that have an impact on the viability 
of small populations, providing opportunity for more complete analysis than is possible by other 
techniques. PVA by simulation modelling is an important tool for identifying populations at risk of 
extinction, determining the urgency of action, and evaluating options for management. 

Introduction 

Many wildlife populations that were once widespread, numerous, and occupying con
tiguous habitat, have been reduced to one or more small, isolated populations. The causes 
of the original decline are often obvious, deterministic forces, such as over-harvesting, 
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habitat destruction, and competition or predation from invasive introduced species. Even if 
the original causes of decline are removed, a small isolated population is vulnerable to 
additional forces, intrinsic to the dynamics of small populations, which may drive the 
population to extinction (Shaffer 1981; Soule 1987; Clark and Seebeck 1990). Of particular 
impact on small populations are stochastic processes. With the exception of aging, virtually 
all events in the life of an organism are stochastic. Mating, reproduction, gene transmission 
between generations, migration, disease and predation can be described by probability 
distributions, with individual occurrences being sampled from these distributions. Small 
samples display high variance around the mean, so the fates of small wildlife populations 
are often determined more by random chance than by the mean birth and death rates that 
reflect adaptations to their environment. 

Although many processes affecting small populations are intrinsically indeterminate, the 
average long-term fate of a population and the variance around the expectation can be 
studied with computer simulation models. The use of simulation modelling, often in con
junction with other technioues, to explore the dynamics of small populations has been 
termed Population Viability Analysis (PYA). PYA has been increasingly used to help 
guide management of threatened species. The Resource Assessment Commission of Australia 
( 1991) recently recommended that 'estimates of the size of viable populations and the risks 
of extinction under multiple-use forestry practices be an essential part of conservation 
planning'. Lindenmayer et a/. (1993) describe the use of computer modelling for PYA, and 
discuss the strengths and weaknesses of the approach as a tool for wildlife management. 

In this paper, I present the PV A program VORTEX and describe its structur~. assumptions 
and capabilities. VORTEX is perhaps the most widely used PYA simulation program , and 
there are numerous examples of its application in Australia, the United States of America 
and elsewhere. 

The Dynamics of Small Populations 

The stochastic processes that have an impact on populations have been usefully categor
ised into demographic stochasticity, environmental variation, catastrophic events and genetic 
drift (Shaffer 1981). Demographic stochasticity is the random fluctuation in the observed 
birth rate, death rate and sex ratio of a population even if the probabilities of birth and 
death remain constant. On the assumption that births and deaths and sex determination are 
stochastic sampling processes, the annual variations in numbers that are born, die, and are 
of each sex can be specified from statistical theory and would follow binomial distributions. 
Such demographic stoc;hasticity will be important to population viability only in populations 
that are smaller: than a few tens of animals (Goodman 1987), in which cases the annual 
frequencies of birth and death events and the sex ratios can deviate far from the means. 
The distribution of annual adult survival rates observed in the remnant population of 
whooping cranes (Grus americana) (Mirande eta!. 1993) is shown in Fig. I. The innermost 
curve approximates the binomial distribution that describes the demographic stochasticity 
expected when the probability of survival is 92 · 7% (mean of 45 non-outlier years). 

Environmental variation is the fluctuation in the probabilities of birth and death that 
results from fluctuations in the environment. Weather, the prevalence of enzootic disease, 
the abundances of prey and predators, and the availability of nest sites or other required 
microhabitats can all vary, randomly or cyclically, over time. The second narrowest curve 
on Fig. 1 shows a normal distribution that statistically fits the observed frequency histogram 
of crane survival in non-outlier years. The difference between this curve and the narrower 
distribution describing demographic variation must be accounted for by environmental 
variation in the probability of adult survival. 

Catastrophic variation is the extreme of environmental variation, but for both method
ological and conceptual reasons rare catastrophic events are analysed separately from the 
more typical annual or seasonal fluctuations. Catastrophes such as epidemic disease, 
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Fig. 1. Frequency histogram of the proportion of whooping cranes 
surviving each year, 1938-90. The broadest curve is the normal 
distribution that most closely fits the overall histogram. Statistically, 
this curve fits the data poorly. The second highest and second 
broadest curve is the normal distribution that most closely fits the 
histogram, excluding the five leftmost bars (7 outlier 'catastrophe' 
years). The narrowest and tallest curve is the normal approximation 
to the binomial distribution expected from demographic stochasticity. 
The difference between the tallest and second tallest curves is the 
variation in annual survival due to environmental variation. 

hurricanes, large-scale fires, and Ooods are outliers in the distribution of environmental 
variation (e.g. five leftmost bars on Fig. 1). As a result, they have quantitatively a nd 
sometimes qualitat ively different impacts on wildlife populations. (A forest fire is not just 
a very hot day.) Such events often precipitate the final decline to extinction (Simberloff 
1986, 1988). For example, one of two populations of whooping crane was decimated by 
a hurricane in 1940 and soon after went extinct (Doughty 1989). The only remaining 
population of the black-footed ferret (Mustela nigripes) was being eliminated by an outbreak 
of distemper when the last 18 ferrets were captured (Clark 1989). 

Genetic drift is the cumulative and non-adaptive fluctuation in allele frequencies resulting 
from the random sampling of genes in each generation. This can impede the recovery or 
accelerate the decline of wildlife populations for several reasons (Lacy 1993). Inbreeding, not 
strictly a component of genetic drift but correlated with it in small populations, has been 
documented to cause loss of fitness in a wide variety of species, including virtually all 
sexually reproducing animals in which the effects of inbreeding have been carefully studied 
(Wright 1977; Falconer 1981; O'Brien and Evermann 1988; Ralls et a/. 1988; Lacy et at. 
1993). Even if the immediate loss of fitness of inbred individuals is not large, the loss of 
genetic variation that results from genetic drift may reduce the ability of a population to 
adapt to future changes in the environment (Fisher 1958; Robertson 1960; Selander 1983). 

Thus, the effects of genetic drift and consequent loss of genetic variation in individuals 
and populations have a negative impact on demographic rates and increase susceptibility 
to environmental perturbations and catastrophes. Reduced population growth and greater 
fluctuations in numbers in turn accelerate genetic drift (Crow and Kimura 1970). These 
synergistic destabilising effects of stochastic process on small populations of wildlife have 
been described as an 'extinction vortex' (Gilpin and Soule 1986). The size below which a 
population is likely to be drawn into an extinction vortex can be considered a 'minimum 
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viable population' (MYP) (Seal and Lacy 1989), although Shaffer (1981) first defined a 
MYP more stringently as a population that has a 99% probability of persistence for 
1000 years. The estimation of MYPs or, more generally, the investigation (lf the probability 
of extinction constitutes PYA (Gilpin and Soule 1986; Gilpin 1989; Shaffer 1990). 

Methods for Analysing Population Viability 

An understanding of the multiple, interacting forces that contribute to extinction vortices 
is a. prerequisite for the study of extinction-recolonisation dynamics in natural populations 
inhabiting patchy environments (Gilpin 1987), the management of small populations 
(Clark and Seebeck 1990), and the conservation of threatened wildlife (Shaffer 198 1, 1990; 
Soule 1987; Mace and Lande 1991). Because demographic and genetic processes in small 
populations are inherently unpredictable, the expected fates of wildlife populations can be 
described in terms of probability distributions of population size, time to extinction, and 
genetic variation. These distributions can be obtained in any of three ways: from analytical 

. models, from empirical observation of the fates of populations of varying size, or from 
simulation models. 

As the processes determining the dynamics of populations arc multiple and complex, there 
are few analytical formulae for describing the probability distributions (e.g. Goodman 1987; 
Lande 1988; Burgmann and Gerard 1990). These models have incorporated only few of the 
threatening processes. No analytical model exists, for example, to describe the combined 
effect of demographic stochasticity and loss of genetic variation on the probability of 
population persistence. 

A few studies of wildlife populations have provided empirical data on the relationship 
between population size and probability of extinction (e.g. Belovsky 1987; Berger 1990; 
Thomas 1990), but presently only order-of-magnitude estimates can be provided for 
MYPs of vertebrates (Shaffer 1987). Threatened species are, by their rarity, unavailable 
and inappropriate for the experimental manipulation of population sizes and long-term 
monitoring of undisturbed fates that would be necessary for precise empirical measurement 
of MYPs. Retrospective analyses will be possible in some cases, but the function relating 
extinction probability to population size will differ among species, localities and times 
(Lindenmayer et at. 1993). 

Modelling the Dynamics of Small Populations 

Because of the lack of adequate empirical data or theoretical and a nalytical models to· 
allow prediction of the dynamics of populations of threatened species, various biologists 
have turned to Monte Carlo computer simulation techniques for PYA. By randomly 
sampling from defined probability distributions, computer programs can simulate the 
multiple, interacting events that occur during the lives of organisms and that cumulatively 
determine the fates of populations. The focus is on detailed and explicit modelling of 
the forces impinging on a given population, place, and time of interest, rather than on 
delineation of rules (which may not exist) that apply generally to most wildlife populations. 
Computer programs available to PYA include SPGPC (Grier 1980a, 1980b), GAPPS (Harris 
et at. 1986), RAMAS (Ferson and Ak<;akaya 1989; Akyakaya and Ferson 1990; Ferson 1990), 
FORPOP (Possingham eta/. 1991), ALEX (Possingham eta/. 1992), and SIMPOP (Lacy eta/. 
1989; Lacy and Clark 1990) and its descendant VORTEX. 

StMPOP was developed in 1989 by converting the algorithms of the program SPGPC 
(written by James W. Grier of North Dakota State University) from BASIC to the c 
programming language. StMPOP was used first in a PYA workshop organised by the Species 
Survival Commission's Captive Breeding Specialist Group (IUCN), the United States Fish 
and Wildlife Service, and the Puerto Rico Department of Natural Resources to assist in 
planning and assessing recovery efforts for the Puerto Rican crested toad (Peltophryne 
lemur). SiMPOP was subsequently used in PYA modelling of other species threatened 
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with extinction, undergoing modification with each a pplication to allow incorporation 
of additional threatening processes. The simulation program was renamed VORTEX (in 
re ference to the extinction vortex) when the capability of modelling genetic processes was 
implemented in 1989. In 1990,,a version allowing modelling of multiple populations was 
briefly named VORTICES. T he pnly version still supported, with all capabilities of each 
previous version, is VORTEX Version 5.1. 

VORTEX has been used in PYA to help guide conservation and management of many 
species, including the Puerto Rican parrot (Amazona vittata) (Lacy eta/. 1989), the Javan 
rhinoceros (Rhinoceros sondaicus) (Seal and Foose 1989), the Florida panther (Felis concolor 
coryi) (Seal and Lacy 1989), the eastern barred bandicoot (Perameles gunnii) (Lacy and 
Clark 1990; Maguire et a/. 1990), the lion tamarins (Leontopithecus rosalia ssp.) (Seal 
et a/. 1990), the brush-tailed rock-wallaby (Petrogale penicillata penicillata) (Hill 1991), 
the mountain pygmy-possum (Burramys parvus), Leadbeater's possum (Gymnobelideus 
/eadbeateri), the long-footed potoroo (Potorous longipes), the orange-bellied parrot 
(Neophema chrysogaster) a nd the helmeted honeyeater (Lichenostomus melanops cassidix) 
(Clark et a/. 1991), the whooping cra ne (Crus americana) (Mirande eta!. 1993), the Tana 
River crested mangabey (Cercocebus ga/eritus ga/eritus) and the Tana River red colobus 
(Colobus badius rufomitrat us) (Seal eta/. 1991), and the black rhinoceros (Diceros bicornis) 
(Foose et a/. 1992). In some of these PYAs, modelling with VORTEX has made clear the 
insufficiency of past management plans to secure the future of the species, and alternative 
strategies were proposed, assessed and implemented. For example, the multiple threats to the 
Florida panther in its existing habitat were recognised as probably insurmountab!P., and a 
captive breeding effort has been initiated for the purpose of securing the gene poo l and 
providing animals for release in areas of former habitat. PYA modelling with VORTEX has 
often identified a single threat to which a species is particularly vulnerable. The small but 
growing population of Puerto Rican parrots was assessed to be secure, except for the risk 
o f population decimatio n by hurricane. Recommendatio ns were made to make available 
secure shelter for captive parrots and to move some of the bi rds to a site dista nt from the 
wild flock, in order to minimise the damage that could occur in a catastrophic storm. 
T hese recommended actions were only partly implemented when, in late 1989, a hu rricane 
killed many of the wi ld parrots. The remaining population o f about 350 Tana River red 
colobus were determined by PYA to be so fragmented that demographic and genetic 
processes within the 10 subpopulations destabilised population dynamics. Creation of 
habitat corridors may be necessary to prevent extinction of the taxon. In some cases, PV A 
modelling has been reassuring to managers: a nalysis of black rhinos in Kenya indicated that 
many of the populations within sanctuaries were recovering steadily. Some could soon be 
used to provide animals fo-r· re-establishment or supplementation of populations previously 
eliminated by poaching. For some species, available data were insufficient to a llow definitive 
PYA with VORTEX. In such cases, the attempt at PYA modelling has made apparent the 
need fo r more data on population trends and processes, thereby helping to justify and guide 
research efforts. 

Description of VORTEX 

Overview 

The VORTEX computer simulation· model is a Monte Carlo simulation of the effects of 
deterministic forces, as well as demographic, environmental and genetic stochastic events, 
on wildlife populations. VORTEX models population dynamics as discrete, sequential events 
that occur according to probabilities that are random variables, following user-specified 
distributions. The input parameters used by VORTEX are summarised in the first part of the 
sample output given in t he Appendix. 

VoRTEX simulates a population by stepping through a series of events that describe 
an annual cycle of a typical sexually reproducing, diploid o rganism: mate selection, 
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reproduction, mortality, increment of age by one year, migration among populations, 
removals, supplementation, and then truncation (if necessary) to the carrying capacity. 
The program was designed to model long-lived species with low fecundity, such as mammals, 
birds and reptiles. Although it could and has been used in modelling highly fecund 
vertebrates and invertebrates, it is awkward to use in such cases as it requires complete 
specification of the percentage of females producing each possible clutch size. Moreover, 
computer memory ·limitations often hamper such analyses. Although VORTEX iterates 
life events on an annual cycle, a user could model 'years' that are other than 12 months' 
duration. The simulation of the population is itself iterated to reveal the distribution of 
fates that the population might experience. 

Demographic Stochasticity 

VORTEX models demographic stochasticity by determining the occurrence of probabilistic 
events such as reproduction, litter size, sex determination and death with a pseudo-random 
number generator. The probabilities of mortality and reproduction are sex-specific and 
pre-determined for each age class up to the age of breeding. It is assumed that reproduction 
and survival probabilities remain constant from the age of first breeding until a specified 
upper limit to age is reached. Sex ratio at birth is modelled with a user-specified constant 
probability of an offspring being male. For each life event, if the random value sampled 
from the uniform 0-1 distribution falls below the probability for that year, the event is 
df'emed to have occurred, thereby simulating a binomial process. 

The source code used to generate random numbers uniformly distributed between 0 and 
I was obtained from Maier (1991), according to the algorithm of Kirkpatrick and Stoll 
(1981). Random deviates from binomial distributions, with mean p and standard deviation 
s, are obtained by first determining the integral number o f binomial trials, N, that would 
produce the value of s closest to the specified value, according to 

N=p(l-p)ls2
. 

N binomial trials are then simulated by sampling from the uniform 0- I distribution to 
obtain the desired result, the frequency or proportion of successes. If the value of N 
determined for a desired binomial distribution is larger than 25, a normal approximation is 
used in place of the binomial distribution. This normal approximation must be truncated 
at 0 and at I to allow use in defining probabilities, although, with such large values of 
N, s is small relative to p and the truncation would be invoked only rarely. To avoid 
introducing bias with this truncation, the normal approximation to the binomial (when used) 
is truncated symmetrically around the mean. The algorithm for generating random numbers 
from a unit normal distribution follows Latour (1986). 

VORTEX can model monogamous or polygamous mating systems. In a monogamous 
system, a relative scarcity of breeding males may limit reproduction by females. In poly
gamous or monogamous models, the user can specify the proportion of the adult males in 
the breeding pool. Males are randomly reassigned to the breeding pool each year of the 
simulation, and all males in the breeding pool have an equal chance of siring offspring. 

The 'carrying capacity', or the upper limit for population size within a habitat, must be 
specified by the user. VORTEX imposes the carrying capacity via a probabilistic truncation 
whenever the population exceeds the carrying capacity. Each animal in the population has 
an equal probability of being removed by this truncation. 

Environmental Variation 
VORTEX can model annual fluctuations in birth and death rates and in carrying capacity 

as might result from environmental variation. To model environmental variation, each 
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demographic parameter is assigned a distribution with a mean and standard deviation that . 
is specified by the user. Annual fluctuations in probabilities of reproduction and mortality 
are modelled as binomial distributions. Environmental variation in carrying capacity is 
modelled as a normal distribution. The variance across years in the frequencies of births 
and <jeaths resulting from the simulation model (and in real populations) will have two 
components: the demographic variation resulting from a binomial sampling around the mean 
for each year, and additional fluctuations due to environmental variation and catastrophes 
(see Fig. I and section on The Dynamics of Small Populations, above). 

Data on annua l variations in birth and death rates are important in determining the 
probability of extinction, as they influence population stability (Goodman 1987). Unfor
tunately, such field information is rarely available (but see Fig. 1). Sensitivity testing, the 
examination of a range of values when the precise value of a parameter is unknown, 
can help to identify whether the unknown parameter is important in the dynamics of a 
population. 

Catastrophes 

Catastrophes are modelled in VORTEX as random events that occur with specified 
probabilities. Any number of types of catastrophes can be modelled. A catastrophe will 
occur if a randomly generated number between zero and one is less than the probability of 
occurrence. Following a catastrophic event, the chances of survival and successful breeding 
for that simulated year are multiplied by severity factors. For example, forest fires might 
occur o nce in 50 years, on average, killing 25% of animals, and reduci ng breeding by 
survivors by 50% for the year. Such a catastrophe would be modelled as a random event 
with 0·02 probability of occurrence each year, and severity factors of 0 ·75 for survival 
and 0 ·50 for reproduction. 

Genetic Processes 
Genetic drift is modelled in VORTEX by simulation of the transmission of alleles at a 

hypothetical locus. At the beginning of the simulation, each animal is assigned two unique 
alleles. Each offspring is randomly assigned one of the a lleles from each parent. Inbreeding 
depression is modelled as a loss of viability during the first year of inbred animals. The 
impacts of inbreeding are determined by using one of two models available within VORTEX: 

··.a Recessive Lethals model or a Heterosis model. 
In the Recessive Lethals model, each founder starts with one unique recessive lethal allele 

and a unique, dominant non-lethal allele. This model approximates the effect of inbreeding 
if each individual in the starting population had one recessive lethal allele in its genome. 
The fact that the simulation program assumes that all the lethal alleles are at the same 
locus has a very minor impact on the probability that an individual will die because of 
homozygosity for one of the lethal alleles. In the model, homozygosity for different lethal 
alleles are mutually exclusive events, whereas in a multilocus model an individual could be 
homozygous for several lethal alleles simultaneously. By virtue of the death of individuals 
that are homozygous for lethal alleles, such alleles would be removed slowly by natural 
selection during the generations of a simulation. This reduces the genetic variation present 
in the population relative to the case with no inbreeding depression, but also diminishes 
the subsequent probability that inbred individuals will be homozygous for a lethal allele. 
This model gives an optimistic reflection of the impacts of inbreeding on many species, 
as the median number of lethal equivalents per diploid genome observed for mammalian 
populations is about three (Ralls et a/. 1988). 

The expression of fully recessive deleterious alleles in inbred organisms is not the only 
genetic mechanism that has been proposed as a cause of inbreeding depression. Some or 
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most of the effects of inbreeding may be a consequence of superior fitness of heterozygotes 
(heterozygote advantage or 'heterosis'). In the Heterosis model, all homozygotes have 
reduced fitness compared with heterozygotes. Juvenile survival is modelled according to the 
kig'lrithmic model developed by Morton et at. (1956): 

lnS=A -BF 

in which S is survival, F is the inbreeding coefficient, A is the logarithm of survival in the 
absence of inbreeding, and B is a measure of the rate at which survival decreases with 
inbreeding. B is termed the number of 'lethal equivalents' per haploid genome. The number 
of lethal equivalents per diploid genome, 2B, estimates the number of lethal alleles per 
individual in the population if all deleterious effects of inbreeding were due to recessive 
lethal a lleles. A population in which inbreeding depression is one lethal equivalent per 
diploid genome may have one recessive lethal allele per individual (as in the Recessive 
Lethals model, above), it may have two recessive alleles per individual, each of which confer 
a 50% decrease in survival, or it may hu.vr some other combination of recessive deleterious 
alleles that equate in effect with one lethal allele per individua l. Unlike the situation with 
fully recessive deleterious alleles, natural selection does not remove deleterious alleles at 
heterotic loci because all alleles are deleterious when homozygous and beneficial when 
present in heterozygous combination with other alleles. Thus, under the Heterosis model, 
the impact of inbreeding on survival does not diminish during repeated generations of 
inbreeding. 

Unfortunately, for relatively few species are data available to allow estimation o f the 
effects of inbreeding, and the magnitude of these effects varies considerably among species 
(Falconer 1981; Ralls et at. 1988; Lacy et at. 1993). Moreover, whether a Recessive Lethals 
model o r a Heterosis model better describes the underlying mechanism of inbreeding 
depression and therefore the response to repeated generations of inbreeding is not well
known (Brewer et at. 1990), and could be determined empirically only from breeding studies 
that span many generations. Even without detailed pedigree data from which to estimate the 
number of lethal equivalents in a population and the underlying nature of the genetic load 
(recessive a lleles or heterosis), applications of PV A must make assumptions about the 
effects of inbreeding on the population being studied. In some cases, it might be considered 
appropriate to assume that an inadequately studied species would respond to inbreeding in 
accord with the median (3 · 14 lethal equivalents per diploid) reported in the survey by Ralls 
et at. (1988). In other cases, there might be reason to make more optimistic assumptions 
(perhaps the lower quartile, 0 · 90 lethal equivalents), or more pessimistic assumptions 
(perhaps the upper quartile, 5 · 62 lethal equivalents). 

Deterministic Processes 

VORTEX can incorporate several deterministic processes. Reproduction can be specified 
to be density-dependent. The function relating the proportion of adult females breeding 
each year to the total population size is modelled as a fourth-order polynomial, which 
can provide a close fit to most plausible density-dependence curves. Thus, either positive 
population responses to low-density or negative responses (e.g. Allee e ffects), or more 
complex relationships, can be modelled. 

Populations can be supplemented or harvested for any number of years in each 
simulation. Harvest may be culling or removal of animals for translocation to another 
(unmodelled) population. The numbers of additions and removals are specified according 
to the age and sex of animals. Trends in the carrying capacity can a lso be modelled in 
VORTEX, specified as an annual percentage change. These changes are modelled as linear, 
rather than geometric, increases or decreases. 
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Migration among Populations 

VORTEX can model up to 20 populations, with possibly distinct population parameters. 
Each pairwise migration rate is specified as the probability of an individual moving from 
one population to another. This probability is independent of the age and sex. ~ecause 
of between-population migration and managed supplementation, populations ~an be 
recolonised. VORTEX tracks the dynamics of local extinctions and recolonisations through 
the simulation. 

Output 

VORTEX outputs (I) probability of extinction at specified intervals (e.g. , every 10 years 
during a 100-year simulation), (2) median time to extinction if the population went extinct 
in at least 50% of the simulations, (3) mean time to extinction of those simulated popu
lations that became extinct, and (4) mean size of, and genetic variation within, extant 
populations (see Appendix and Lindenmayer et at. 1993). 

Standard deviations across simulations and standard errors of the mean are reported for 
population size and the measures of genetic variation. Under the assumption that extinct ion 
of independently replicated populations is a binomial process, the standard error of the 
probability of extinction (S£) is reported by VORTEX as 

SE(p)=.J[px(l-p) l n], 

in which the frequency o f extinction was p over n simulated populations. Demographic 
and genetic statistics are calculated and reporLed for each subpopulation and for the 
metapopulation. 

Availability of the VORTEX Simulation Program 

VORTEX Version 5. 1 is written in the C programming language and compiled with the 
Lattice 80286C Development System (Lattice Inc.) for use on microcomputers using the 
MS-DOS (Microsoft Corp.) operating system. Copies o f the compiled program and a manual 
fo r its use are available for nominal distribution costs from the Captive Breeding Specialist 
Group (Species Survival Commission, lUCN), 12101 Johnny Cake Ridge Road, Apple 
Valley, Minnesota 55124, U.S.A. The program has been tested by many workers , but cannot 
be guaranteed to be error-free. Each user retains responsibility for ensuring that the program 
does what is intended for each analysis. 

Sequence of Program Flow 

(l) The seed for the random number generator is initialised with the number of seconds 
elapsed since the beginning of the 20th century. 

(2) The user is prompted for input and output devices, population parameters, duration 
of simulation, and number of interations. 

(3) The maximum allowable population size (necessary for preventing memory over
flow) is calculated as 

Nmax= (K + 3s) X (I + L) 

in which K is the maximum carrying capacity (carrying capacity can be specified to change 
linearly for a number of years in a simulation, so the maximum carrying capacity can be 
greater than the initial carrying capacity), s is the annual environmental variation in the 
carrying capacity expressed as a standard deviation, and L is the specified maximum litter 
size. It is theoretically possible, but very unlikely, that a simulated population will exceed 
the calculated Nmax· If this occurs then t he program will give an error message and abort. 
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(4) Memory is allocated for data arrays. If insufficient memory is available for data 
arrays then Nmax is adjusted downward to the size that can be accommodated within the 
available memory and a warning message is given. In this case it is possible that the analysis 
may have to be terminated beca,use ~he simulated population exceeds Nmax· Because Nmax 

is often several-fold greater than the likely maximum population size in a simulation, a 
warning it has been adjusted downward because of limiting memory often will not hamper 
the a nalyses. Except for limitations imposed by the size of the computer memory (VORTEX 

can use extended memory, if available), the only limit to the size of the analysis is that no 
more than 20 populations exchanging migrants can be simulated. 

(5) The expected mean growth rate of the population is calculated from mean birth 
.and death rates that have been entered. Algorithms follow cohort life-table analyses (Ricklefs 
1979). Generation time and the expected stable age distribution are also estimated. Life
table estimations assume no limitation by carrying capacity, no limitation of mates, and no 
loss of fitness due to inbreeding depression, and the estimated intrinsic growth rate assumes 
that the population is at the stable age distribution. The effects of catastrophes are 
incorporated into the life-table analysis by using birth and death rates that are weighted 
averages of the values in years with a nd without catastrophes, weighted by the probabil ity 
o f a catastrophe occurring or not occurring. 

(6) Iterat ive simulation of the population proceeds via steps 7-26 below. For exploratory 
modelling, 100 iterations are usually sufficient to reveal gross trends among sets of simu
lations with different input parameters. For more precise examination o f population 
behaviour under various scenarios, 1000 or more simulations should be used to minimise 
standard errors around mean results. 

(7) The starting population is assigned an age and sex structure. The user can specify 
the exact age-sex structure of the starting population, or can specify an initial population 
size and request that the population be distributed according to the stable age distribution 
calculated from the life table. Individuals in the starting population are assumed to be 
unrelated. Thus, inbreeding can occur only in second and later generations. 

(8) Two unique alleles at a hypothetical genetic locus are assigned to each individual 
in the starting population and to each individual supplemented to the population during 
the simulation. VORTEX therefore uses an infinite alleles model of genetic variation. The 
subsequent fate of genetic variation is tracked by reporting the number of extant alleles 
each year, the expected heterozygosity or gene d iversity, and the observed heterozygosity. 
The expected heterozygosity, derived from the Hardy-Weinberg equilibrium, is given by 

in which P; is the frequency of allele i in the population. The observed heterozygosity is 
simply the proportion of the individuals in the simulated population that are heterozygous. 
Because of the starting assumption of two unique alleles per founder, the initia l population 
has an observed heterozygosity of 1 · 0 at the hypothetical locus and only inbred animals can 
become homozygous. Proportional loss o f heterozygosity by means of random genetic drift 
is independent of the initial heterozygosity and allele frequencies of a population (assuming 
that the initial value was not zero) (Crow and Kimura 1970), so the expected heterozygosity 
remaining in a simulated population is a useful metric of genetic decay for comparison 
across scenarios and populations. T he mean observed heterozygosity reported by VORTEX is 
the mean inbreeding coefficient of the population. 

(9) The user specifies one of three options for modelling the effect of inbreeding: 
(a) no effect of inbreeding on fitness, that is, all alleles are selectively neutral, (b) each 
founder individual has one unique lethal and one unique non-lethal allele (Recessive Letha ls 
option), or (c) first-year survival of each individual is exponentially related to its inbreeding 
coefficient (Heterosis option). The first case is clearly an optimistic one, as almost all diploid 
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populations studied intensively have shown deleterious effects of inbreeding on a variety of 
fitness components (Wright 1977; Falconer 1981). Each of the two models of inbreeding 
depression may also be optimistic, in that inbreeding is assumed to have an impact only on 
first-year survival. The Heterosis option allows, however, for the user to specify the severity 
of inbreeding depression on juvenile survival. 

(10) Years are iterated via steps 11-25 below. 

(I I) The probabilities of females producing each possible litter size are adjusted to 
account for density dependence of reproduction (if any). 

(12) Birth rate, survival rates and carrying capacity for the year are adjusted to model 
environmental variation. Environmental variation is assumed to follow binomial distributions 
for birth and death rates and a normal distribution for carrying capacity, with mean rates 
and standard deviations specified by the user. At the outset of each year a random number 
is drawn from the specified binomial distribution to determine the percentage of females 
producing litters. The distribution of litter sizes among those females that do breed is main
tained constant. Another random number is d;·awn from a specified binomial distribution 
to model the environmental variation in mortality rates. If environmental variations in 
reproduction and mortality are chosen to be correlated, the random number used to speci fy 
mortality rates for the year is chosen to be the same percentile of its binomial distribution 
as was the number used to specify reproductive rate. Otherwise, a new random number is 
drawn to specify the deviation of age- and sex-specific mortality rates for their means. 
Environmental variation across years in mortality rates is always forced to be correlated 
among age and sex classes. 

The carrying capacity (K) of the year is determined by first increasing or decreasing the 
carrying capacity at year I by an amount specified by the user to account for linear changes 
over time. Environmental variation in K is then imposed by drawing a random number> 
from a normal distribution with the specified values for mean and standard deviation. 

(13) Birth rates and survival rates for the year are adjusted to model any catastrophes 
determined to have occurred in that year. 

(14) Breeding males are selected for the year. A male of breeding age is placed into the 
pool of potential breeders for that year if a random number drawn for that male is less than 
the proportion of breeding-age males specified to be breeding. 

(15) For each female of breeding age, a mate is drawn at random from the pool of 
breeding males for that year. The size of the litter produced by that pair is determined 
by comparing the probabilities of each potential litter size (including litter size of 0, no 
breeding) to a randomly drawn number. The off~pring are produced and assigned a sex by 
comparison of a random number to the specified sex ratio at birth. Offspring are assigned, 
at random, one allele at the hypothetical genetic locus from each parent. 

(16) If the Heterosis option is chosen for modelling inbreeding depression, the genetic 
kinship of each new offspring to each other living animal in the population is determined. 
The kinship between a new animal , A, and another existing animal, B is 

in which fu is the kinship between animals i and j, M is the mother of A, and Pis the 
father of A . The inbreeding coefficient of each animal is equal to the kinship between its 
parents, F = f MP• and the kinship of an animal to itself is fAA = 0 · 5 x (1 +F). [See Ballou 
(1983) for a detailed description of this method for calculating inbreeding coefficients.] 

(17) The survival of each animal is determined by comparing a random number to the 
survival probability for that animal. In the absence of inbreeding depression, the survival 
probability is given by the age and sex-specific survival rate for that year. If the Heterosis 
model of inbreeding depression is used and an individual is inbred, the survival probability 
is multiplied by e - bF in which b is the number of lethal equivalents per haploid genome. 
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If the Recessive Lethals model is used, a ll offspring that arc homozygous for a lethal allele 
are killed. 

(18) The age of each animal is incremented by 1, and any animal exceeding the 
maximum age is killed. 

(19) If more than one population is being modelled, migration among populations 
occurs stochastica lly with specified probabilities. 

(20) If population harvest is to occur that year , the number of harvested individuals of 
each age and sex class a re chosen at random from those available and removed. If the 
number to be removed do not exist for an age-sex class , VORTEX continues but reports that 
harvest was incomplete. 

(21) Dead animals are removed from the computer memory to make space for future 
generations. 

(22) If population supplementation is to occur in a particular year, new individuals of 
the specified age class are created. Each immigrant is assigned two unique alleles, one of 
which will be a recessive lethal in the Recessive Lcthals model of inbreed ing depression . 
Each immigrant is assumed to be genetically unrelated to a ll other individuals in the 
population. 

(23) The population growth rate is calculated as the ratio o f the population size in the 
current year to the previous year. 

(24) If the population size (N) exceeds the carrying capacity (K) for that year, additional 
mortality i ~ imposed across a ll age and sex classes. The probability of each animal dying 
during this carrying capacity truncation is set to (N- K)! N, so that the expected population 
size after the additional mortality is K. 

(25) Summa ry statistics on population size and genetic variation arc tallied and reported. 
A simulated population is determined to be extinct if one of the sexes has no representatives. 

(26) Final population size and genetic variation are determined for the simulation. 

(27) Summary statistics on population size, genetic variation, probabili ty of extinction, 
a nd mean population growth rate, arc calculated across iterations and printed o ut. 

Assumptions Underpinning VORTEX 

It is impossible to simulate the complete range of complex processes that can have an 
impact on wild populations. As a result there are necessarily a range of mathematical and 
biological assumptions that underpin any PYA program. Some of the more importa nt 
assumptions in VORTEX include the following. 

(I) Survival probabilities are density independent when population size is less than 
carrying capacity. Additional mortality imposed when the population exceeds K affects all 
age and sex classes equally. 

(2) The relationship between changes in population size and genetic variability arc 
examined for only one locus. Thus, potentially complex interactions between genes located 
on the same chromosome (linkage disequilibrium) arc ignored . Such interactions are typically 
associated with genetic drift in very small populations, but it is unknown if, or how, they 
would affect population viability. 

(3) All animals of reproductive age have an equal probabi lity of breeding. This ignores 
the likelihood that some animals within a population may have a greater probability of 
breeding successfully, and breeding more often, than other individuals. If breeding is not 
at random among those in the breeding pool, then decay of genetic variation and inbreeding 
will occur more rapidly than in the model. 
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(4) The life-history attributes of a population (birth, death, migration, harvesting, 
supplementation) are modelled as a sequence of discrete and therefore seasonal events. How
ever, such events are often continuous through time and the model ignores the possibility 
that they may be aseasonal or only partly seasonal. 

(5) The genetic effects of inbreeding on a population are determined in VORTEX by 
using one of two possible models: the Recessive Lethals model and the Heterosis model. 
Both models have attributes likely to be typical of some populations, but these may vary 
within and between species (Brewer et at. 1990). Given this, it is probable that the impacts 
of inbreeding will fall between the effects of these two models. Inbreeding is assumed to 
depress only one component of fitness: first-year survival. Effects on reproduction could 
be incorporated into this component, but longer-term impacts such as increased disease 
susceptibility or decreased ability to adapt to environmental change are not modelled. 

(6) The probabilities of reproduction and mortality are constant from the age of first 
breeding until an animal reaches the maximum longevity. This assumes that animals cont inue 
to breed until they die. 

(7) A simulated catastrophe will have an effect on a population only in the year that 
the event occurs. 

(8) Migration rates among populations are independent of age and sex. 

(9) Complex, interspecies interactions are not modelled, except in that such community 
dynamics might contribute to random environmental variation in demographic parameters. 
For example, cyclical fluctuations caused by predator-prey interactions cannot be modelled 
by VORTEX. 

Discussion 

Uses and Abuses of Simulation Modeffing for PVA 

Computer simulation modelling is a tool that can allow crude estimation of the prob
ability of population extinction, and the mean population size and amount of genetic 
diversity, from data on diverse interacting processes. These processes are too complex to 
be integrated intuitively and no analytic solutions presently, or are likely to soon, exist. 
PYA modelling focuses on the specifics of a population, considering the particular habitat, 
threats, trends, and time frame of interest, and can only be as good as the data and the 
assumptions input to the model (Lindenmayer et at. 1993). Some aspects of population 
dynamics are not modelled by VORTEX nor by any other pr"gram now available. In 
particular, models of single-species dynamics, such as VORTEX, are inappropriate for use 
on species whose fates are strongly determined by interactions with other species that are 
in turn undergoing complex (and perhaps synergistic) population dynamics. Moreover, 
VORTEX does not model many conceivable and perhaps important interactions among 
variables. For example, loss of habitat might cause secondary changes in reproduction, 
mortality, and migration rates , but ongoing trends in these parameters cannot be simulated 
with VORTEX. It is important to stress that PYA does not predict in general what will 
happen to a population; PYA forecasts the likely effects only of those factors incorporated 
into the model. 

Yet, the use of even simplified computer models for PYA can provide more accurate 
predictions about population dynamics than the even more crude techniques available 
previously, such as calculation of expected population growth rates from life tables. For the 
purpose of estimating extinction probabilities, methods that assess only deterministic factors 
are almost certain to be inappropriate, because populations near extinction will commonly 
be so small that random processes dominate deterministic ones. The suggestion by Mace and 
Lande (1991) that population viability be assessed by the application of simple rules (e.g., 
a taxon be considered Endangered if the total effective population size is below 50 or the 
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total census size below 250) should be followed only if knowledge is insufficient to allow 
more accurate quantitative analysis. Moreover, such preliminary judgments, while often 
important in stimulating appropriate corrective measures, should signal, not obviate, the 
need for more extensive investigation and analysis of population processes, trends and 
threats. 

Several good population simulation models are available for PYA. They differ in 
capabilities, assumptions and ease of application. The ease of application is related to the 
number of simplifying assumptions and inversely related to the flexibility and power of 
the model. It is unlikely that a single or even a few simulation models will be appropriate 
for all PYAs. The VORTEX program has some capabilities not found in many other 
population simulation programs, but is not as flexible as are some others (e.g., GAPPS; 

Harris et a/. 1986). VORTEX is user-friendly and can be used by those with relatively little 
understanding of population biology and extinction processes, which is both an advantage 
and a disadvantage. 

Testing Simulation Models 

Because many population processes are stochastic, a PYA can never specify what will 
happen to a population. Rather, PYA can provide estimates of probability distributions 
describing possible fates of a population. The fate of a given population may happen to fall 
at the extreme tail of such a distribution even if the processes and probabilities arc assessed 
precisely. Therefore, it will often be impossible to test empirically the accuracy of PYA 
results by monitoring of one or a few threatened populations of interest. Presumably, if a 
population followed a course that was well outside of the range of possibilities predicted by 
a model, that model could be rejected as inadequate. Often, however, the range of plausible 
fates generated by PYA is quite broad. 

Simulation programs can be checked for internal consistency. For example, in the absence 
of inbreeding depression and other confounding effects, does the simulation model predict 
an average long-term growth rate similar to that determined from a life-table calculation? 
Beyond this, some confidence in the accuracy of a simulation model can be obtained by 
comparing observed fluctuations in population numbers to those generated by the model, 
thereby comparing a data set consisting of tens to hundreds of data points to the results 
of the model. For example, from 1938 to 1991, the wild population of whooping cranes 
had grown at a mean exponential rate, r, of 0·040, with annual fluctuations in the growth 
rate, SD (r), of 0·141 (Mirande et a/. 1993). Life-table analysis predicted an r of 0·052. 
Simulations using VORTEX predicted an r of·O · 046 int<' the future, with a SO (r) of 0 · 081. 
The lower growth rate projected by the stochastic model reflects the effects of inbreeding 
and perhaps imbalanced sex ratios among breeders in the simulation, factors that are not 
considered in deterministic life-table calculations. Moreover, life-table analyses use mean 
birth and death rates to calculate a single estimate of the population growth rate. When 
birth and death rates are fluctuating, it is more appropriate to average the population 
growth rates calculated separately from birth and death rates for each year. This mean 
growth rate would be lower than the growth rate estimated from mean life-table values. 

When the simulation model was started with the 18 cranes present in 1938, it projected 
a population size in 1991 (N±SO = 151 ± 123) almost exactly the same as that observed 
(N= 146). The large variation in population size across simulations, however, indicates that 
very different fates (including extinction) were almost equally likely. The model slightly 
underestimated the annual fluctuations in population growth [model SO (r) = 0·112 v. 
actual SO (r) = 0· 141]. This may reflect a lack of full incorporation of all aspects of 
stochasticity into the model, or it may simply reflect the sampling error inherent in stochastic 
phenomena. Because the data input to the model necessarily derive from analysis of past 
trends, such retrospective analysis should be viewed as a check of consistency, not as proof 
that the model correctly describes current population dynamics. Providing another confir-
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mation of consistency, both deterministic calculations and the simulation model project an 
over-wintering population of whooping cranes consisting of 12% juveniles (less than I year 
of age), while the observed frequency of juveniles at the wintering grounds in Texas has 
averaged 13%. , 

Convincing evidence of the accuracy, precision and ~sefulness of PYA simulation models 
would require comparison of model predictions to the distribution of fates of many replicate 
populations. Such a test probably cannot be conducted on any endangered species, but could 
and should be examined in experimental non-endangered populations. Once simulation 
models are determined to be sufficiently descriptive of population processes, they can guide 
management of threatened and endangered species (see above and Lindenmayer et at. 1993). 
The use of PYA modelling as a tool in an adaptive management framework (Clark et at. 
1990) can lead to increasingly effective species recovery efforts as better data and better 
models allow more thorough analyses. 

Directions for Future Development of P VA Models 

The PYA simulation programs presently available model life histories as a series of 
discrete (seasonal) events, yet many species breed and die throughout much of the year. 
Continuous-time models would be more realistic and could be developed by simulating the 
time between life-history events as a random variable. Whether continuous-time models 
would significantly improve the precision o f population viabi lity estimates is unknown. 
Even more realistic models might treat some life-history events (e.g., gestation, lactation) as 
stages of specified duration, rather than as instantaneous events. 

Most PYA simulation programs were designed to model long-lived , low fecundity 
(K-selected) species such as mammals, birds and reptiles. Relatively little work has been 
devoted to developing models for short-lived, high-fecundity (r-selected) species such as 
many amphibians a nd insects. Yet, the viabili ty of populations of r-selected species may be 
highly affected by stochastic phenomena, and r-selected species may have much greater 
minimum viable populations than do most K-selected species. Assuring viability of K-selected 
species in a community may also afford adequate protection for r-selected species, however, 
because of the often greater habitat-area requirements of large vertebrates. Populations of 
r-selected species are probably less affected by intrinsic demographic stochasticity because 
large numbers of progeny will minimise random fluctuations, but they are more affected by 
environmental variations across space and time. PYA models designed for r-selected species 
would probably model fecundity as a continuous distribution, rather than as a completely 
specified discrete distribution of litter or clutch sizes; they might be based on life-history 
stages rather than time-increment ages; and they would require more detailed and accurate 
description of environmental fluctuations than might be required for modelling K-selected 
species. 

The range of PYA computer simulation models becoming available is important because 
the different assumptions of the models provide capabilities for modelling diverse life 
histories . Because PYA models always simplify the life history of a species, and because the 
assumptions of no model are likely to match exactly our best understanding of the dynamics 
of a population of interest, it will o ften be valuable to conduct PYA modelling with several 
simulation programs and to compare the results. Moreover, no computer program can be 
guaranteed to be free of errors. There is a need for researchers to compare results from 
different PYA models when applied to the same analysis, to determine how the different 
assumptions affect conclusions and to cross-validate algorithms and computer code. 
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Appendix. Sample Output from VORTEX 

Explanatory comments are added in italics 

VORTEX-simulation of genetic and demographic sLOchasticity 

TEST 

Fri Dec 20 09:2 1:18 1991 
2 population(s) simulated for 100 years, 100 runs 

Simulation label and output fife name 

VORTEX first fists the input parameters used in the simulation: 
HETEROSIS model of inbreeding depressio n 

with 3 · 14 lethal equivalents per diploid genome 

Migration matrix: 

I 2 
1 0·9900 0·0100 
2 0 ·0100 0·9900 

i.e. I% probability of migratior. from 
Population I to 2, and from Population 2 to I 

First age of reproduction for females: 2 for males: 2 
Age of senescence (death): 10 
Sex ratio at birth (proportion males): 0 · 5000 

Population 1: 

Polygynous mating; 50·00 per cent of adult males in the breeding pool. 
Reproduction is assumed to be density independent. 

50·00 (EV= 12·50 SD) per cent of adult females produce litters of size 0 
25 ·00 per cent of adult females produce litters of size I 
25 · 00 per cent of adult females produce litters of size 2 

EV is environmental variation 
50·00 (EV =20·41 SD) per cent mortality of females between ages 0 and 
10·00 (EV =3·00 SD) per cent mortality of females between ages I and 2 
10·00 '(EV = 3 ·00 SD) per cent annual mortality of adult females (2 < = age<= 10) 
50·00 (EV =20·41 SD) per cent mortality of males between ages 0 and I 
10 · 00 (EV = 3 · 00 SD) per cent mortality of males between ages I and 2 
10·00 (EV = 3·00 SD) per cent annual mortality o f adult males (2<= age< = IO) 
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EVs have been adjusted to closest valueS possible for binomial distribution. 
EV in reproduction and mortality will be correlated. 

Frequency of type I catastrophes: 1·000 per cent 
with 0· 500 multiplicative effect on reproduction 
and 0 · 750 multiplicative effect on ·survival 

Frequency of type 2 catastrophes: I· 000 per cent 
with 0· 500 multiplicative effect on reproduction 
and 0· 750 multiplicative effect on survival 

Initial size of Population I: (set to reflect stable age distribution) 

Age 2 3 4 5 6 7 8 9 I 0 Total 
0 I 0 0 0 0 5 Males 
0 0 0 0 0 5 Females 

Carrying capacity= 50 (EV = 0 · 00 SO) 
with a 10 ·000 per cent decrease for 5 years. 

Animals harvested from population I, year I to year 10 at 2 year intervals: 
I females I years o ld 

female adults (2 <= age <= 10) 
males I years old 
male adults (2< =age< = 10) 

Animals added to population I , year I 0 through year 50 at 4 year intervals: 
I females I years old 

females 2 years old 
males I years o ld 
males 2 years old 

Input values are summarised above, results follow. 

VORTEX now reports life-table calculations of expected population growth rate. 

Deterministic popula tion growth rate (based on females, with assumptions of no limitation of mates 
and no inbreeding depression): 

r = - 0·001 lambda=0·999 R0=0·997 

Generation time for: females= 5 · 28 males= 5 · 28 

Note that the deterministic life-table calculations project approximately zero population growth for 
this population. 

Stable age distribution: Age class females males 

0 0·1 19 0 · 119 
I 0·059 0·059 
2 0·053 0 ·053 
3 0·048 0·048 
4 0·043 0·043 
5 0·038 0 ·038 
6 0·034 0 ·034 
7 0 ·031 0·03 1 
8 0·028 0·028 
9 0·025 0·025 

10 0·022 0·022 

Ratio of adult (>=2) males to adult (>=2) females: 1·000 

Population 2: 

Input parameters for Population 2 were identical to those for Population 1. 
Output would repeat this information from above. 

Simulation results follow. 

Population I 
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Year 10 

N[Extinct] = 0, P[E) =0·000 
N[Surviving) = 100, P[S) = 1·000 
Population size= 4·3? (0·10 SE, 1·01 SD) 
Expected heterozygosity = 0 · 880 (0 · 00 I SE, 0 · 012 SD) 
Observed heterozygosity= 1·000 (0 ·000 SE, 0·000 SD) 
Number of extant a lleles= 8·57 (0 · 15 SE, 1·50 SD) 

Population summaries given, as requested by user, at 10-year intervals. 

Year 100 

N[Extinct) = 86, P[E) = 0· 860 
N[Surviving] = 14, P[S) = 0· 140 
Population size = 8· 14 ( 1·27 SE, 4·74 SD) 
Expected heterozygosity= 0·577 (0 ·035 SE, 0·130 SD) 
Observed heterozygosity = 0·753 (0·07 1 SE, 0·266 SD) 
Number of extant alleles= 3 · 14 (0· 35 SE, I· 29 SD) 

In 100 simulations of 100 years of Population I: 
86 went extinct and 14 survived. 

This gives a probability of extinction of 0 ·8600 (0·0347 SE), 
or a probability of success of 0 · 1400 (0·0347 SE). 

99 simulations went extinct at least once. 
Median time to first extinction was 5 years. 
Of those going extinct , 

mean time to fi rst ext inction was 7 ·84 years (1·36 SE, 13·52 SD). 
123 recolonisations occurred . 
Mean time to rccolonisation was 4·22 years (0·23 SE, 2·55 SD). 
110 re-exti nctions occurred. 
Mean time to rc-extinction was 54· 05 years (2 · 81 SE, 29 ·52 SD). 

Mean final population 

Age I Adults 

for successful cases was 8·14 (1·27 SE, 4·74 SD) 

Total 
0· 14 3 ·86 4·00 Males 
0·36 3·79 4 · 14 Females 

During years of harvest and/ o r supplementation 
mean growth rate (r) was 0·0889 (0·0121 SE, 0·4352 SD) 

Without harvest/supplementation, prior to carrying capacity truncation, 
mean growth rate (r) was - 0·0267 (0·0026 SE, 0 ·2130 SD) 

Population growth in the simulation (r=- 0·0267) was depressed relative to the projected growth rate 
calculated from the life table (r = - 0· 001) because of inbreeding_ ~epression a;:d occasional lack of 
available mates. 

Note: 497 of 1000-harvests of males and 530 of 1000 harvests o f females could not be completed 
because of insufficient animals. 

Final expected heterozygosity was 
Final observed heterozygosity was 
Final number of alleles was 

Population2 

0·5768 (0·0349 SE, 0·1305 SD) 
0·7529 (0·0712 SE, 0·2664 SD) 
3· 14 (0·35 SE, I · 29 SD) 

Similar results for Population 2, omilled from this Appendix, ll'ould follow. 

Metapopulation Summary 
Year 10 

N[Extinct) = 0, P [E) =0·000 
N[Surviving] = 100, P[S) = 1 ·000 

******** 

Population size = 8 · 65 (0 · 16 SE, I ·59 SD) 
Expected heterozygosity = 0·939 (0·000 SE, 0 ·004 SD) 
Observed heterozygosity= I · 000 (0 · 000 SE, 0 · 000 SD) 
Number of extant a lleles= 16·92 (0·20 SE, 1·96 SD) 



Metapopulation summaries are given at 10-year intervals. 

Year 100 

N[Extinct] = 79, P [E] = 0 · 790 
N[Surviving] = 21 , P[S] = 0· 210 
Population size= 10·38 ( 1·37 SE, 6 ·f8 SO) 
Expected heterozygosity= 0·600 (0·025 SE, 0·115 SO) 
Observed heterozygosity = 0·701 (0·050 SE, 0·229 SO) 
Number of extant alleles = 3·57 (0·30 SE, 1·36 SO) 

In tOO simulations of 100 years of Metapopulation: 
79 went extinct and 21 survived. 

This gives a probability of extinction of 
or a probability of success of 

0·7900 (0·0407 SE), 
0·2100 (0·0407 SE). 

97 simulations went extinct at least once. 
Median time to first extinction was 7 years. 
Of those going extinct, 
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mean time to first extinction was 11 ·40 years (2·05 SE, 20·23 SO). 
91 recolonisations occurred. 
Mean time to recolonisation was 3·75 years (0·15 SE, 1·45 SO). 
73 re-extinctions occurred. 
Mean time to re-extinction was 76·15 years (1·06 SE, 9·05 SO). 

Mean final population for successful cases was 10·38 (1·37 SE, 6·28 SO) 

Age I Adults Total 
0·48 4 ·71 5· 19 Males 
0· 48 4·71 5 · 19 Females 

During years of harvest and/or supplementation 
mean growth rate (r) was 0·0545 (0·0128 SE, 0·47 11 SO) 

Without harvest/supplementation, prior to carrying capacity tr uncat ion, 
mean growth rate (r) was - 0·0314 (0·0021 SE, 0·1743 SO) 

Final expected heterozygosity was 
Final observed heterozygosity was 
Final number of alleles was 

0 ·5997 (0·0251 SE, 0 · 11 51 SD) 
0·7009 (0·0499 SE, 0·2288 SO) 
3·57 (0 ·30SE, 1·36SO) 
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