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Ahstract: A vesident papulation of 13 black rbinoceros (Diceros bicarnis) persist in Ngorongore Crater, Tan-
zania. The effective population size (N} may be as few as 5 animals. Profected growth for this population
suggesis thal the effective population size will remain small for the near future, threatening this local popula-
tion with extinction due to the stochastic factors associated with small population size. A surmmary of historic
and recent demaographic data for this population reveals a population crash durving the period of heavy
poaching that affected this spectes throughout its range. Although poaching of this species bas been brought
under control, the population remains small, These data and models of projected population growth argue
Jov consideration of moveintensive management within the framework of the small population paradigm,
This case is an example of applied conservation vesulting from this pavadigm used in conjunction with rather
than competing with the declining population paradigie. We identify additional monitoring, particularly of
density-dependent behaviors, that will be necessary for designing a successful managenent program. Finally,
the use of molecitlar wmarkers for developing an accurate pedigree for this population is suggested in order to
maintain a genetically healthy population. These sivategies bave broad applicability to black vhinoceros con-
Sevvation throughout Africa,

Amenazas Genéticas y Demogrificas de la poblacién de Rinocerontes Negros en el Criter Ngorongoro

Resumen: [na poblacidon de 13 rinocerostes negros (Diceros bicornis) azin persisie en ¢ Crdter Ngovongoro,
Tanzania El tamasio poblacional efectivo (en) puede ser tan pequeiio conto 5 animales. Adicionalimente, el
crecimiento proyectado para esta poblacidn sugiere que el tamario efectivo de la poblacion se mantendra pe-
quefio en el futuro cevcano, amenazando de extincidn a esta poblacidn lfocal debido a factoves estocdsticos
asociados con el tamainio pequedio de la poblacion. Un vesumen de los datos demogrdficos bistdricos y ve-
cientes de ln poblacion revelan un colapso duvante el peviodo de intensa caza, mismo gue impacto a esta es-
pecie a lo lavgo de su vango. La caza de esta especie ba sido controlada, sin embargo la poblacion se ba man-
tenido pequedia. Estos datos asi como los niodelos de pablaciones provectadas argiiyen la consideracidn de un
manejo rads intensivo dentro del marco del pavadigma de una poblacion peqiesia. Este caso es un ejemplo
de conservacion aplicada resultado de su pavadigma en conjuncidn en lugay de conmpetir con el pavadigma
de {a poblacion en declive, ldentificamos monitoreo adicional, particularmente de condiictas densodependi-
entes, que serdn necesdarias para diseflar un progrania de manejo exitoso. Finalmente sugerimos el uso ma
cadares moleculares para desarvolar un pedigri preciso de esta poblacidn y asi manteneria gendticaimente
sana. Estas estrategias tienen una amplia aplicacidn en la conservacion de los vinocerontes negros a través
de Africa.
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Introduction

The black rhingceros (Diceros bicorvris) has declined
precipitously over the last 20 years from a population of
approximately 70,000 to less than 2500 (Gakahu 1993).
Hunting of rhinos for their commercially valuable horn
is the major cause of this decline (Milner-Gulland &
Leader-Williams 1992). Black rhinoceras occur as scat-
tered, disjunct, small populations in ateas of relatively in-
tense protection. Because poaching has spread south-
ward through sub-Saharan Africa, efforts to protect the
animals in situ have generally been ineffective cutside
fenced reserves. Rhinoceros also face threats to their ge-
netic and demographic health due to their small effec-
tive population size and isolation. These factors are
likely to have a major impact on the probability that
these populations will persist in the future.

In 1964-1966 Goddard (1967) individually identified
108 black rhinos in the Ngorongoro Crater. He consid-
ered this population resident in the crater and different
from individuals observed en or adjacent to the rim of
the crater. Poaching of black rhinoceros in the crater be-
gan in the early 1970s and was a major source of mortal-
ity until the Jate 1980s (Makacha et al. 1979; Kiwia
19894). By 1990 the resident pepulation had dropped to
10 animals. Although the population has grown over the
last 5 years to between 11 and 14 animals, this small and
apparently isolated population (Fig. 1) is exteemely vul-
nerable, especially considering that the effective popula-
tion size (V) may only be five.
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Figure 1. Resident population size aof black rhinoceros
i Ngovangovo Cratev, Tanzania (1967-1995).
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Caughley (1994) draws a distinction between what he
terms the “declining population paradigm” and the
“small population paradigm” as the current approaches
used by conservation biologists to address species-
driven conservation programs. He suggests that up until
now only the declining population paradigm has pro-
vided useful, applied conservation information. Caugh-
ley’'s assessment is that the paradigm developed to
address issues confronting the persistence of small pop-
ulations had not been applied successfully to a current
conservation issue. But the population of rhinoceros in
the Ngorongoro Crater is an example of a population
facing both an external threat—poaching for its com-
mercially valuable horn—and the internal threats-associ-
ated with small population size. Specifically, these fac-
tors include slow population growth due to density-
dependent social interactions, high levels of inbreeding,
and a variety of stachastic factors, including demo-
graphic shifts, disease, and the effects of even small in-
creases in mortality on population growth and recruit-
ment (Foose 1987, Conway 1989). These factors are
likely to be applicable to other populations of black
rhino that persist in scattered, small populations (e.g., in
Maasai Mara, Nairobi, Hwange). We examined the popu-
lation of black rhinoeceros in the Ngorongoro Conserva-
tion Area to assess current demographic and genetic
trends, and we discuss management eptions that may he
necessary to conserve this species here and elsewhere.

History of the Ngorongoro Crater Black
Rhinoceros Population

Although largely a self-contained ecological unit, Ngor-
angoro Crater is not entirely isolated. The crater is
linked to the adjacent Serengeti Plains and Ngorongoro
Highlands by the seasonal migration of several species of
herbivores (Estes & Small 1981) and the immigration
and emigration of predators (Kruuk 1972, Pusey &
Packer 1987). Kiwia studied the Ngorcongoro Crater
black rhine population from December 1980 to May
1982 and for brief periods in September 1982, May
1984, and May 1988 (Kiwia 19894, 1989d). From 1980
to 1982 he individually identified 14 resident and seven
tragsient rhinos. During this period two adule females
(one calf Jost) and two adult males were poached. In
1983-1986 two additional black rhino were poached,
and in 1988 another poached black rhino was found.
Since 1988 no poached animals have been reported. In
1988 the Ngorongoro Ecclogical Monitoring Program,
with the assistance of Kiwia, started to identify black rhi-
nos resident in the crater and to record their movements
and reproduction. Of five males present in‘the crater in
1981, anly “John,” born in 1977, was still present.
“Hamisi," a transient male in 1981, had become a resi-
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Table 1. Resident and transient black rhinoceros of Ngorongoro Crater (1973-6/1995).*

RBirth
date 198G 1981 1982 [983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 6/1995
Males
Leo pre-1973 R D
Mungaa pre-1973  R—F/D
Zakayo pre-1973 R—P/D
Saidi pre-1973 T—— D
Harnisi® pre-1973 T R R—T
Paolo® pre-1973 T T
Johne ¢Betty™ 1977 R R
Joseph 1978 R—— D
Ali (Mary®) 1981 R—D
Chabanga (Maggic®) 1984 R—— D
Rajabu (Anna® 1985 R E
Runyoro (Maggie?) 1990 R R
Mikidati (Bahati®) 1992 R— R
Females
Agnes pre-1973% R— P/D
Sada pre-1973 R———F/D
Filomina pre-1973 R D
Lina pre-1973 T D
Salima pre-1973 T D
Stela pre-1973 T —-D
Mary pre-1973 R——C 0
Salama? R/C/D
Kisura? R/C/D
Betty pre-1973 R—C D
Fausta pre-1973 T R C R
Anna pre-1973 R—C —C C R
Vicky® pre-1973 R C C C C R
Maggie® (Betty®) 1976 R - C C C C R
Bahati® R C C—R
Amina® (Vicky™) 1986 R C-—R
Stella (Vicky™) 1991 R D
Patricia (Maggie®) 1992 R R
Mtoto (Vicky?) 1993 R- R
Mdogo (Bahati®) 1994 R—R
Mpya (Amina?) 1994 R—R
“R, vesident; D, dead or disappeared, P, poached; T, transient; C, calf born.
b Reproductive transient.
“Reproductive resident,
‘Mother.
dent of the crater. “Paulo,” a transient in 1981, contin- Demographic Viability

ued to live outside the crater. Of eight adult and imma-
ture females identified in 1981, only three were still
resident in 1988 (Table ). Also, one 1981 transient fe-
male (Fausta) had become a resident.

Individuals were recoghized by means of photographs
and line drawings that showed scars and unique tail and
ear conditicns. Fullsized individuals were classified as
adult; individuals thac had left their mothers but were
not full-sized were classified as immature; an immature
individual still with its mother was considered a calf
(Goddard 1967). The Ngorongoro Ecological Monitating
Program, with Kiwia's assistance, identified some indi-
viduals that had heen resident in the crater in 1980. This
information made it possible to consteuct limited pedi-
grees based on observed mothers and calves.

Total population size has not increased since 1980 (Ta-
ble 2). These numbers are especially troubling in rela-
tion to the demaographic health of this small population.
But it is important to examine this period of time in
greater detajl. Between 1980 and 1988 mortality due to
poaching was responsible for the loss of at least seven
adults and one calf in the resident population (Kiwia
19894, Ngorongoro Ecological Monitoring Program
[INEMP] 1990). Since 1990 the resident population has
grown from 10 to 13 individuals, with seven calves
barn, one young adult male emigrating, one adult male
becoming transient, and one immature female disap-
pearing (A = 0.084, ¥ = 1.088). Thus, at a finer level of
resolution we see the decline of the rhino population

Coqservatian Biolagy
Volume 14, Mo, 4, August 1995



1110 Status of Ngorongore Black Rhinoceros

Table 2. Historical population size and sex/age compasition of black
rhinoceros resident in Ngorongoro Crater.*

Moeahiman af 4,

Table 3. A historical comparison of fecundity rates and inter-hirth
intervals in the resident black rhinoceros population of Ngorongoro
Crater.*

Totaf

Reference Year population M F IM [F CM CF?C C/F T Fecundity meastire 1963 1964 1965 1966
Goddard Goddard

(1967) 1964 108 3729 9 12 10 8 3 21/29 C/F 8729 8/29 6/29 7/29
Makacha Clyr 7.2

et al. Cryr/E 0.25

{1979y 1978 19 3 23 9 2 22 7 C/yr/Adult 011
Kiwia Clye/pop 0.07

(1989a) 1980 14 3 72 1 1 177 7
Kiwia 1990 1991 1992 1993 1994
K&LZ{S9Q) 1931 12 1 62 1 11 2/6 8 Nemp

(1989@) 1982 12 1 62 1 11 2/6 7 g;)[jf 14 13 13 2/6 1/6 2/6
NEiV[go 1990 10 251 1 1 15 1 CAye/E 0.25
NEN?P ) 19 3 /5 C/yr/aduic 0.18

(1990) 1991 11 251 1 1 1 2/5 1 Cryvpop 011
NEMP SCAF, calfffemale; Cfyr, calffpear; CAv/E, calf/vearsfemale; Cryr/

€1992) 1992 13 26 2 1 2 36 1 pop, calffyears/population. From 1963- 1906 the mean calving intey-
NEMP val wes 2.3 pears (= 3). From J990- 1994 the mean calving inter-

€1995) 1993 13 2 61 1 1 2 3/6 1 val was 2.0 pears (n = 3).
NEMP

(1993) 1994 15 262 1 1 3% 4/6 3
NEMP

(1995 1995 13 I 6 2 4 46 4 50

‘M, adult inale; F, adult feinale; IM, Gameatave male; [F, imntatitre
female, C calf; T, transient.

between 1980 and 1988 as part of the same precipitous,
continent-wide decline of black rhino due to poaching
for horn, and we see a positive growth period starting in
1989 and continuing to the present. Reproductive per-
formance (calves per female, p = 0.938, df = 1) of the
present population is not significantly different from the
mucly [arger population that Goddard studied (Table 3).
The current sex ratio of approximately thiree males to 10
females should previde a good stacting point for demo-
graphic recovery. But because five individuals are not
sexually macture and two fernales may be post-reproduc-
tive, the effective population size is much smaller than
the already alarmingly small total population size. A loss
of animals due to resumption of poaching, increased em-
igration, or other unidentified threats could cause rapid
deterioration of this situaticn.

To explore the likelihood of this population persisting
into the furure, we projected growtly curves by con-
structing a deterministic life table and by means of the
population viability model VORTEX (Lacy & Kreeger
1993). Parameter values for a post-breeding life tahle
were taken from a number of previous studies (Goddard
1967; Schenkel & Schenkel-FHullige 1969; Joubert & Eloff
1971; Hitchens & Anderson 1983; Hall-Martin 1986) as
well as the summaries described in Smith & Reed
€1992). We assumed a life span of 35 years, 5 years as
age of first reproduction, continued reproduction to age
30, an inter-birth interval of 26 months, and survival
probabilities of 0.90 for the first year, ¢.96 for year 2,
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Figure 2. Post-breeding deterministic life table for the
Ngovongoro black vhino population. Optimistic pa-
rametey valies assumed a life span of 35 years, 5
vears as age of first veproduction, continued vepradiic-
tion to age 30, an intev-bivth interval of 26 months,
and suvvival rates of 0.90 for year I, 0.96 for year 2,
Q.94 for year 3, 0.97 for year 4, and 0.93 for subse-
quent years (Foose et al. 1993). Three additional pro-
Jections wwere performed by decreasing survival proba-
bilities by 0.01, .05, and 0.1,
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Figure 3. Life-table profjection of population growth
Srom VORTEX (Lacy & Kreeger 1993) (same pavame-
tev values as in Fig 2). Included in the model is o mod-
est level of poaching, 5% of poprdation every thivd
year.

0.94 for year 3, 0.97 for vear 4, and 0.95 for subsequent
years (Foase et al. 1993). Under these assumptions the
population grew at an average annual rate (A) of 1.047.
After 25 years, life-table projections indicated that this
population would grow from 12 to 46 (Fig. 2). Many of
these parameter values, however, are unrealistically op-
timistic (especially the estimates of survivorship). If we
decrease survivorship by just 0.1, the population drops
to six animals by year seven, and three animals by year
21 (Fig. 2). With only a 0.05 decrease in survivorship the
population would consist of only 13 animals at the end
of 25 years. Even a 0.01 decrease in survivorship re-
sulted in a population of only 36 animals at the end of 25
yvears (Fig. 2).

These projections point to the likelihood of this popu-
laticn remaining small for an extended period of time.
What is not included in these projections are the large
number of other stochastic factors that endanger all
small populations. To address these stochastic factors to
some extent, we used the same parameter values in an
analyses with VORTEX (Lacy & Kreeger 1993) (Fig. 3).
Vortex also allowed us to compare results with inclusion
of a madest level of poaching (losing 5% of the popula-
tion every % vears; Foose et al. 1993). The result was a
population size of less than 20 after 40 years (Fig. 3).

Genetic Viability
Because of their small pcpulation size, the black rliinoc-

eros in the Ngorongoro Conservation Area face two ge-
netic threats: inbreeding depression and loss of genetic
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variation due to random genetic drift (Allendocf & Leary
198G). Jimenez et al. (1994) recently demonstrated that
inbreeding depression may be a more serious threat to
wild populations than to captive populations, in which
inbreeding depression has already been empirically dem-
onstrated (Ballou & Ralls 1982). Although the current fe-
cundity rate and inter-birth intervals of the Ngorongoro
black rhino are similar to those observed in the 1960s,
there is concern that future generations will display de-
creased fitness due to higli levels of inbreeding.

The current resident adults are the sucvivors of in-
tense poaching in the 19708 and 1980s that removed
large numbers of animals instantaneously and randomly.
Thus, the remaining adults are few but are no more
likely to be related than individuals in the original large
population. $o it is not surprising that there is currently
no detectable inbreeding depression. In Southern Africa,
Swart et al. (1994) demonstrated the persistence of ge-
netic variation in small populaticns of black rhinoceros
that approximates the levels likely to have occurred in
populations hefore the recent sharp decline. These lev-
els of variation are significantly greater than would be
expected based on current effective population sizes.
The relatively long generation time for black rhinos has
been suggested as the factor responsible for mitigating
the possible bottleneck effect on current levels of het-
erozygosity (Swart et al. 1994). But because rhinos are
difficult to census in swamp, brush, and woodland envi-
ronments, it is likely that in many instances rhino num-
bers were underestimated and that current protected
populations may not have passed through the severe re-
duction in populdtion size suggested by some authors.

In the Ngorongoro Crater, the resident population of
immature animals consists of a large number of half-sibs
(or possibly full-sibs) in addition to the resident males
that are likely to be the fathers of all young rhinos bhorn
in the last 5 years. Within the next few years the proba-
bility of father-daughter and full-sib matings will in-
crease. The extent of this problem could best be as-
sessed by determining a more accurate pedigree for the
population by means of molecular genetic markers (Jef-
ferys 1989, Chakraborty et al. 1988; Morin et al. 1994).
This could be accomplished. without immeobilizing ani-
mals, by DNA extraction from fecal material (Hoss et al.
1992).

Inbreeding depression is lilely if the effective popula-
tion size grows slowly, remains the same, or declines.
This threat could be greatly ameliorated by accurately
ascertaming the presence of transient breeding animals
living in the Northern Highland Forest adjacent to the
crater rim or by interactive management of animals se-
lected with the aid of molecular genetic markers (Amato
et al. 1993; Conway 1995). Such informatjon should be
gathered in the next 2-4 years before the current imma-
ture animals reach breeding age.

Altliough the genetic future of the population might
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he less threatened if there are four or five unrelated,
transient animals that are part of the gene pool residing
outside of the crater, it seems likely that such peripheral
animals are related and would not reduce the inbreeding
cancerns we have for the strictly resident population.
Also, if wansient animals are not part of the gene pool,
then immature animals that emigrate out of the crater
are essentially lost even if they are not peached. This in-
formation is extremely important because the greatest
threat to the genetic health of small black rhino popula-
tions is the length of time these populations persist at
low effective population levels. A rapid increase in pop-
ulation would insure the maintenance of current levels
of genetic diversity. Molecular genetic markers are pow-
erful tools for addressing these and other related conser-
vation questions for rhinoceros (Amato et al. 1993). In-
tensive management strategies based on empirical data
such as DNA profiling is clearly not the answer to pre-
serving maost of the world’s biodiversity, but these so-
phisticated methodclogies may be necessary in order to
conserve certain high-profile taxa.

Density-Dependent Behavior and
Management Implications

Another factor that compounds the genetic and demo-
graphic threats of small population size is the effect of
density on rhine behavior. In the 1960s Goddard (1967)
individually identified a resident population of aver 100
individuals and additional transient animals. This density
of rhinos within the crater is likely to have been influ-
enced by the density of rhinos outside of the crater.
Given the substantially larger number of adult males and
fermales (Goddard 1967; Kiwia 19898), subordinate males
would have had a better opportunity to breed with es-
trous females, with a possible concurrent effect on de-
mography and genetics resulting in higher heterozygos-
ity. Even though current densities are low and there
presumably is plenty of space to accommadate more rhi-
nos, individuals are [eaving. In 1993 when only three
adult males were resident in the crater, male aggressive-
ness may have been responsible for one individual (Ra-
jabu, aged 8 vears) emigrating out of the crater. Lower
densities may allow for more-persistent aggressive inter-
actions between resident and maturing or foreign males.
Also, areas of even lower density (essentially empty) out-
side of the crater may encourage emigration.

This has important implications for some proposed
mangagement steategies. Translocating animals from other
areas into the crater would he ineffective if the animals
emigrated to less secure areas. This would be an expen-
sive exercise if it resulted in the loss of the translocated
animals without positively affecting demographic and
genetic problems. Alternatively, to insure genetically
healthy pepulations it may be necessary to move resi-
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dent males and replace them with other males. To re-
duce the chances of introducing foreign parasites and
diseases, such 2 move should involve individuals from
neighboring ecosystems, as long as they were distant
enough to be clearly unrelated. Also, if offspring con-
tinue to emigrate out of the population into less secure
areas, it may be necessary to consider moving them inito
secure reserves. Otherwise, continued reproduction will
not have a substantial positive impact on the persistence
of rhines in Tanzania.

A better understanding of density-dependent factors
needs to be assessed through behavioral research on the
Ngorongore Crater rhings in comparison with fenced-in
populaticns. Such density-dependent factors may be re-
sponsible for the loss of certain species when they de-
cline to small numbers (e.g., passenger pigeons, Ecto-
Distes migvatorius) or explain why certain taxa do not
seem to recover from low population size even after the
causative factors for their decline have been identi-
fied and removed (e.g., northern right whale, Balaena
glacialis).

Discussion and Conclusions

The black rhinoceros population in Ngorangoro Crater
is a small, isolated relict of what was historically a com-
mon and widespread group distributed throughout many
habitat types in eastern and southern Africa. Although
the most important threeac ta the survival of this species
is hunting for its horn, the small, fragmented popula-
tions that persist face additional threats due to their size
and degree of isolation. It is necessary to cansider small-
population management options to increase their likeli-
hood of survival (Conway 1989).

Anecdotes concerning the rapid recovery of rhino
populations from small numbers have heen used to ar-
gue for the likely recovery of small populations if they
can be pratected from poaching. The primary examples
have heen the southern white rhinoceros (Ceratothe-
rivm simian) and the Indian rhinoceros (Rbhinoceris
unicornis). It is important to note that in both of these
cases the founding population numbers were probably
aver 100, and not less than 20 (Owen-Smith 1974; Laurie
1978; Lacy 1987), as is the case for many current black
rhinoceras populations.

A relevant example of a population of rhinoceros in-
creasing from a small number is provided by the Ga-
ramba population of white rhinos, which has grown
from 15 to over 28 in the last 10 years (Smith & Smith
1993). But it is premature to judge whether this popula-
tion is likely to escape the threats inherent in its small
size. We must carefully evaluate the likelihcod of the
leng-term persistence of rhine populations started from
very small numbers (Hall-Martin 1986, Foase 1987, Lacy
1987).
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The Ngorongoro Crater black rhino population has re-
mained small since 1980. The situation has been dy-
namic, with measurable improvement since 1988. It is
likely that the improved financial and law enforcement
capacity of the Ngorongoro Conservation Area, along
with individual monitoring, has contributed significantly
to this improvement. From 1988, the Ngorongoro Eco-
[ogical Monitoring Program individually identified black
thinas in the crater. The program provided the anti-
poaching patrol with identification books and trained
them to recognize individuals. Thus, it was possible to
record information on individual fecundity, inter-birth
intervals, and emigration. Such data suggest that the
population is not suffering inbreeding depression, isin a
positive growth period, but alse is very small, unlikely to
became demographically and genetically secure in the
near furure. These studies also point out that additional
information about density-dependent factors, and an ac-
curate pedigree, should be obtained before transloca-
tion project is proposed.

To further assess the appropriate management op-
tions, we must accurately determine the current popula-
tion of the Ngorongoro Crater and the adjacent North-
ern Highland Forest Reserve. If the current population
of 13 resident and 2 transient individuals is larger and re-
productively interactive, then the potential for demo-
graphic and genetic viability is greatly improved. Con-
currencly, data on individual degrees of relatedness,
obtainable with genetic fingerprinting, would allow a
more accurate projection of the potential for inbreeding
in this population. It would zls¢ provide a history of
breeding partners. This information could be incorpo-
rated into any plans to move rhinos hetween reserves
shauld that option be deemed necessary.

Thirty-three percent (# = 6) of the resident adult fe-
males have not produced observed calves in the last 7
years. Similar reproductive failure was observed over a
4-year period in the 1960s, but at a lower rate (28%, n =
29: Goddard 1967). It would he useful to determine if
the observed absence of calves in the two adult females
is due to ahortion, early calf mortality, or lack of estrus,
copulation, or fertilization. Such data are important for
determining effective population size and in evaluating
management oOptions.

Research on individual movement patterns, feeding
ecalogy, nutrition, and social interactions would provide
the data needed to determine how this black rhinoceros
population is utilizing resources at current densities ac-
cording to sex and age class. Such data would indicate
whether individuals resident in the crater use the adja-
cent Northern Highland Forest Reserve and whether for-
age availability plays a significant role in individual spac-
ing patterns and the potential for emigration. Individual
social histories would provide information on the devel-
aopment of breeding pairs and the role of aggression in
individual movement patterns.

Status of Ngorongoro Black Rhbinoceras 1113

This population can setve as an impeortant mode] for
designing management strategies for black rhinoceros
throughout their range. The long-term monitoring data
reported by Goddard (1967), Kiwia (1989a), and this pa-
per provide important background information for eval-
uating current trends and the effects of any proposed
new management initiatives. This program, which com-
hines ecclogical monitoring with proposed empirically
tested assessments of intrinsic and extrinsic factors affect-
ing the likely persistence of this species, is clearly neces-
sary if we are to conserve rhinos into the next century.

Note Added in Proof

In September, 1995, the adult female Amina was
poached and her male calf was lost to the population. By
December, 1995, rhino carcasses were found that may
have been the adult male Hamisi and the subadult fe-
male Stella.
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