
Predation, sensitivity, and sex:
why female black rhinoceroses
outlive males

Among sexually dimorphic, polygynoui mammals, adult females tend to outlive males and respond more
strongly to predators than males. We asked whether a monomorphic, polygynous species virtually immune
to predation due to large size (black rhinoceros, Diceros bicomis) conforms to this pattern. Data on 193
interactions with lions (Panthera Uo) and spotted hyenas (Crvcuta Croatia) in two nonhabituated populations
in Namibia studied from 1991 to 1993 revealed that: (1) females were more vigilant or aggressive than
males to either of the potential predators; and (2) whether solitary or with calves, females attacked more
often than males. Although solitary females tended to be more aggressive to lions than to hyenas, neither
females with calves or males seemed to discriminate between the two carnivores. We also simulated the
behavior of human predators (poachers) during 69 encounters with rhinoceroses. While both sexes aban-
doned local sites because of our presence, females ran farther than males, covering up to 40 km in a day.
These findings implicate a behavioral mechanism to explain why secondary sex ratios favor females—
males are more prone to human predation, a prediction consistent with data from 12 populations through-
out Africa. Black rhinoceroses appear to be an unanticipated exception to the well-established pattern of
male-biased mortality in polygynous mammals; in the absence of intense human predation (a recent event),
male mortality fails to exceed that of females, suggesting that intrasexual competition in a polygynous
mammal may not be the primary cause of unbalanced secondary sex ratios. Our results on the causes of
sex differences in mortality and in responsiveness to different predators reinforce the relevance of be-
havioral ecology to conservation; such information is necessary for planning how best to minimize negative
human influences on the few remaining wild African rhinos. Key xvords: conservation, endangered species,
lion, monomorphism, mortality, rhinoceros, sexual selection, spotted hyena. [Behav Ecol 6:57-64 (1995)]
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T A Thy males and females differ behaviorally has
V V been a topic of much interest (Clutton-

Brock, 1991). Among mammals, far less attention
has focused on how the sexes respond to potential
predation, especially because natural predators are
now absent from so many of the world's ecosystems.
Nevertheless, determining the extent to which males
and females vary behaviorally is essential for gain-
ing a better understanding of relationships among
sexual dimorphism, parental investment, and de-
mography. For instance, Darwin (1871) first noted
that exaggerated ornamentation may have survival
costs, and evidence from several mammalian or-
ders, including primates (Rajpurohit and Sommer,
1991), marsupials (Dickman and Braithwaite, 1992),
and ungulates and pinnipeds (Owen-Smith, 1993;
Rails, 1976; Rails et al., 1980), now suggests that
the males of dimorphic species experience greater
mortality than females. Nowhere is this pattern more
striking than for African elephants for whom males,
because their tusks are larger and more valuable
than those of females, are the preferred trophy of
poachers (Leader-Williams et al., 1990). What re-
mains unclear, however, is whether ornaments and/
or large body size per se have anything to do with
the general mammalian pattern of greater male
mortality particularly because sexual dimorphism
and polygyny covary (Outton-Brock, 1989).

Resolution of this problem has proved difficult
because: (1) effects of sexual dimorphism cannot

be separated from those polygyny without com-
parative data on species in which the sexes are ei-
ther similar in body size or monogamous, or both;
(2) the hoofed mammals that satisfy these criteria
are often small, nocturnal forest dwellers or en-
dangered, making study difficult; and (3) assess-
ment of what, if any, role predation plays neces-
sitates direct information on predator-prey
interactions. Nevertheless, the perissodactyls, which
include rhinoceroses, tapirs, and equids, may be
illustrative. Unlike elephants or the majority of ru-
minants in which males are adorned with horns,
antlers, or tusks (Qutton-Brock et al., 1982; Geist,
1966; Packer, 1983), perissodactyls lack conspic-
uous secondary sexual characteristics and are
monomorphic in body size even though they are
polygynous (Berger, 1986; Dinerstein, 1991; Ei-
senberg, 1981; Owen-Smith, 1988). Despite being
one of the earth's most endangered mammal*, black
rhinoceroses (Durrw bicornis) offer unusually good
opportunities to evaluate hypotheses about the
mechanisms and causes of sex differences in mam-
malian mortality. Neither males nor females differ
in armament or body size (see below), sex ratio data
for both living and extirpated subpopulations are
available, and interactions with predators can be
readily observed at night

Here, we present data on adult sex ratios in a
polygynous, monomorphic mammal and evaluate
possible causes for the observed variation. Specif-

Received 22 September 1992
Revised 13 September 1993
Second revision 25 January
1994
Accepted 29 January 1994
1045-2249/95/$5.00
O 1995 International Society
for Behavioral Ecology

Berger and Cunningham • Predation and sex ratios in rhinos 57



Figure 1
Percent of three increasingly
responsive behavior* directed
by adult black rhinos toward
hyenas and lions. Bars: open,
solitary males; cross-hatched,
solitary females; hatched,
females with calf. Asterisks
refer to contrasts between the
column bekxw the asterisks
and the one to its right C*p
< .01, *—p < - 0 0 1 ) -
Cumulative numbers of
interactions with hyenas and
lions are as indicated and the
numbers below each bar are
the sample sizes for
interactions with each of the
designated categories of
rhinos.
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ically, we: (1) first describe responses of males, fe-
males, and mothers with young to spotted hyenas
{Crocuta crocuta) and lions (Panthera leo), and then
to humans; (2) document patterns of mortality in
the presence and absence of poaching throughout
Africa; and (3) suggest how knowledge about the
behavioral responses of rhinoceroses to humans is
useful for understanding some aspects of spatial
distribution, information that has possible bearings
on conservation. Finally, we point out that although
black rhinoceroses are an anomaly to the well es-
tablished pattern of male-biased mortality in po-
lygynous mammals, the rhinos differ from other
perissodactyls; thus it is difficult to know whether
it is the rhinoceroses or the other perissodactyls
that are the exception.

METHODS

Study sites and populations

During 1991,1992, and 1993 we spent 23 months
observing black rhinos in two discrete regions of
Namibia, the Kaokoveld area of the Kunene Prov-
ince (latitudes 19°70'-20"80' S, longitudes 13*80'-
14°20' E) and Etosha National Park (19° S, 14*40'-
17* E), each comprising about 7,000 and 20,000
km*, respectively. The former is a rugged, moun-
tainous region bisected by open gravel plains and
dry rivers extending into the Namib Desert (Jou-
bert and Eloff, 1971; Viljoen, 1989). The area com-
prises the edge of the natural range of both African
rhinos and elephants with corresponding low rhino
densities (ca. 0.002/kmt) and enormous elephant
home ranges (5800-8700 km1; Lindeque and Lin-
deque, 1991). Our Kaokoveld study area is devoid
of people, has not more than 10 lions, and contains
an undetermined number of spotted hyenas. Eto-

sha is mixed thronveld and savanna with higher
densities of rhinos (about 0.02/km1) and lions (.016-
.020/kml; Stander, 1991). At both sites, the study
animals are unhabituated, seeing or smelling hu-
mans other than us about 6-10 times annually.
However, because 20 of our 36 known Kaokoveld
study animals had their horns removed (either in
1989 or 1991) to reduce the risk of poaching (Ber-
ger, 1993), we cannot discount the possibility that
such actions might have affected their behavior to-
ward humans. Nevertheless, nonimmobilized male
and female rhinoceroses consistently differed in
their responses to us, behaviors that were similar
to those of the immobilized Kaokoveld animals (see
below).

Sampling, data, and rationale

In Etosha, interactions between rhinoceroses and
spotted hyenas or lions were recorded during 153
evenings using night vision equipment, or oppor-
tunistically during the day. Data were gathered most
often near waterholes, where observations typically
lasted from dusk until from 0001-0430 h during
8 to 19 consecutive day sequences. In the Kaokov-
eld, the probability of witnessing interactions be-
tween rhinoceroses and dangerous carnivores is low;
during 16 all-night watches, rhinoceroses were seen
only twice and never in the presence of potential
carnivores. Because seeps and fountains are more
widespread in the Kaokoveld than in Etosha, fur-
ther night observations were not attempted in this
desert environment.

The responses of adult rhinos to hyenas or lions
at distances of less than 25 m were classified as
none (no detected change in behavior), vigilant
(head lifted, ears forward, nose movement evident),
or deter (horns lowered with movement directed
toward the potential predator). Eighteen of 211
interactions (8.59b) could not be categorized and
were omitted from analyses; these included five cases
in which calves charged predators (thus influencing
the behavior of their mothers), four times when
rhinos displaced cheetahs, and one instance when
a leopard was supplanted. Although rhinoceroses
are generally asocial (Owen-Smith, 1988), they may
occur in assemblages of up to 11 animals; there-
fore, data on interactions with potential predators
were used only when adult males or females were
solitary, or when a mother was solely in the pres-
ence of her calf.

We also recorded the immediate behavioral re-
actions of rhinoceroses to humans in two ways.
First, we noted the frequency that we were charged
separating the data into night and day episodes
because our methods of approach to rhinoceroses
differed. At night we stalked to within 25 m of
rhinoceroses to confirm individual identities by
noting the locations and sizes of ear tears and
notches, and horn shapes and sizes. We recorded
an interaction as possible any time we were within
about 50 m (measured by a Mitutoyo digital caliper
attached to a telefoto lens). During the day the same
criterion was used except that the distance was
greater, 75 m (assessed by a Lietz range finder)
because rhinoceroses appear eidier to see better
or are more aggressive. Fortunately, the obvious
difference in sampling between night and day (e.g.,
distance of separation between rhinoceroses and
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