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Introduction

The importance of behavioral ecology to evolutionary
theory, zoo biology, and animal husbandsy is well recog-
nized (Caro 1994; Krebs & Davies 1984), but, despite
the prevalence of global biadiversity issues, its contribu-
tion to in situ conservation has been limited (Soulé
1986: Ulfstrand 1996; Clemmons & Buchholz 1997).
Populations of the world’'s elephants and thinoceros
have been decimated by poaching; in Africa, rhino con-
servation measures increasingly rely on protection in
heavily guarded reserves (Brett 1990). Extreme mea-
sures have included dehorning and shooting poachers.
Although the case has been made that social status in
black rhinos (Diceros bicornis) is unaffected by horn re-
moval (Lindeque 1990), it is less than convincing because
neither the inter- nor intrasexual consequences of asym-
metries in homn size on dominance have been studied.

Ta understand horn function, models of sexual selec-
tion have been applied ta dimorphic ungulates (Jarman
1983; Packer 1986; Clutton-Brock 1988), but predictions
do not fit black rhinoceros because (1) the sexes are
similar in horn and body size, (2) seconddry sex ratios
are equal, and (3) mortal fighting, the highest recorded
for any mammal, results in about 50% of the males and
30% of the females dying from combatrelated wounds
(Berger 1994). We report field data on 52 black rhinocetos
of known horn and body size and 442 dyadic encounters
from three sites in northern Namibia. Our results sug-
gest that intersexual dominance is female-biased, that in-
trasexual dominance is related to horn mass in males but
not in females, and that where asymmetries between
horned participants exceed 10 cm, larger homs confer
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dominance advantages. These findings are relevant be-
cause they (1) fail to refute the possibility that female
horns function interspecifically in neonatal protection
from predators and (2) illustrate that nonexperimental
and even limited data sets predicated on knowledge of a
species’ behavioral ecology contribute to conservation—
in this case, why dehorning programs may inadvertently
affect intrasexual relations in one gender (males) more
than the other.

Background and Methods

Qur analyses are based on data gathered during 1030
hours of direct ohservation aided by night vision systems
during 197 nights (1991-1993) on three discrete sub-
populations in Etosha National Park, Namibia. The sites
(separated by about 70 and 200 km) are designated A, B,
and C, each having 10, 26, and 16 adult rhinos, respec-
tively. Social rank was determined by calculating the fre-
quency of individuals displacing or being supplanted in
dyadic encounters and by subsequent rankings checked
by comparing results of two methods: standard matrices
with the proportion of winners and losers ranked and
absolute differences in dyadic outcomes (Wilson 1975;
Appleby 1982); both were highly correlated (Table 1).
Individuals not abserved in at least 2 consecutive years
and young animals were excluded. Although intraspe-
cific interactions can result in play (Owen-8mith 1988),
of the 614 witnessed, dominance was evident in 442
(72%). To evaluate the effects of horns, we estimated
horn and head size photogrammetrically, which yields
greater than 95% accuracy (Rachlow & Berger 1997),
and removed potential age effects by partial correlation
(Table 2) because age and head size are corvelated (God-
dard 1970).
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Table 1.  Descriptive summary of study areas, antetior horn and head (£ SE), and the Spearman rank (r,) correlation coefficients and
probability values (in parentheses} between two methods of rank-assessed dominance.?

Study avea®

A B C
Trait females (5) males (5) females (12} males (14) females (8) males (8)
Anterior horn length (cm) 25.7 (3.47 28.5¢(3.17) 28.3 (1.84) 28.4 (1.80) 36.9 (2.80) 28.6 (2.85)
Basal width (cm) 10.8¢0.37) 13.0 {0.87) 12.1 (0.51) 11.8 (0.28) 12.7 (0.48) 13.2 (1.24)
Head size (ecm)© 16.4 €0.24) 16.6 (0.69) 16.9 (0.41) 16.5 ().24) 19.8 (0.88) 19.7 {1.09)
Dominance 0.90{0.10 0.97 (0.02) 0.77 (0.01) 0.98 (0.001) .70 (0.10) 0.66 €0.10)

“Rank-assessed dominance (bottom row) was determined by comparing standard matrices with the proportion of winners and losers ranked

and absolute differences in dyadic outcomes (Wilson 1975; Appleby 1982).

YN is in parentheses after sex.

“Distance from eye to nostril, The velationship betiveen head size (occipital condple to tip of nose) and distance of eye to nostvil isy = 2722x +

2,458 p < 0.0001; ¢ = 0.98 (0 = 46).

A problem in working with large-bodied species is
that sample sizes will be low. For instance, a majority of
the world’s rhinos are confined to areas with fewer than
50 individuals (Ryder 1993). S0, despite our sample of
52 individually known adults, irrespective of gender the
number of adults in any of our study areas varied from
10 to 26, limiting statistical power. To reduce the possi-
bility of a Type Il error (that is, failing to reject the null
hypothesis when false; Cohen 1988), we raised the al-
pha level to 0.10. We also used three discrete study ar-
eas and checked whether the effects of horns and gen-
der on dominance were similar across sites.

Results and Discussion

If horns play equally important roles in females and
males, with other factors equal, larger horns should con-
fer social advantages. The data fail to support this pre-
diction. At all sites, females dominated males (Fig. 1).
Despite the similarity of female and male horn masses
(Berger et al. 1993; Berger & Cunningham 1995), inter-
sexual dominance might arise because females with
young are more aggressive. This explanation is untena-

ble, however, because even nonparous females were

dominant to males. If horn. size were importaat, females
should dominate in encounters when their hotns are
larger, not the canverse. This was not the case. Indepen-
dent of horn size, nonparous females dominated inter-
sexudl encounters, displacing males 81% of the time
when horns were larger and 74% when smaller (z2 = 16,
23, respectively). The lack of difference (p = 0.447)
suggests that gender affects intersexual dominance
more than horn size.

Intrasexually, two lines of evidence indicate that
horns dre associated with dominance for one gender but
not the other. First, in 128 male-male interactions, indi-
viduals with larger horns dominated 65% of the encoun-
ters, but among females, bigger-horned individuals won
in only 20% of 46 interactions; the effects of hotn asym-
metries on outcomes of dyadic encounters were greater
in males than in females (¢ = 29.16; p < 0.001). Sec-
ond, with the effects of age removed, male horn mass
and rank were positively associated at all sites (Table 2).
Although statistical power at study site A is low because
only five males were resident, the existing partial rank
order coefficient (xp.z = 0.52) would achieve signifi-
cance with one mare male. In contrast, for females a
positive relationship between horns and rank existed in

Table 2. Relationships berween dominance in adult female and male bEack rhinoceros at three sites in Etasha National Park and anterior horn

mass, head size (age), and effects of head size removed (partial correlation, T%)."
Site n® Horn mass Head size Ty Minimun®
Females

A 5 0.000 (0.50) 0.359 (0.19) 0.459 {0.20<) +3

B 12 —0.349 (0.06) —0.114 (0.30) —0.372 (0,10<) nene

C 8 —0.077 (0.39) —0.039 (0-45) 0.067 (<0.50) 100
Males

A 5 0.527 (0.10) 0.222 (0.29) 0.519 (0.20=") +1

B 14 0.379 {0.03) 0.068 (0.37) 0.384 (0.05) none

C 8 0.692 (0.01) 0.593 (0.02) 0.451 (0.10<3) none

Al values are for Kendall's tau, with probability in parentheses.
S Sample size per site.

“The requived sample size to achieve p < (.10, given the existing partial correlation and the assumption that borns are associated with dominance,
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Figure 1. Proportion of contact encounters in which
adult black vbino females dominated males at three
sites within Etosha National Park. The p values are
based on binomial distribution to determine the prob-
ability of deviation from an expected 50:50 outcome.
Sample sizes as indicated within the bars.

only one area. At site C a sample of at least 100 addi-
tional females would be required to detect statistical sig-
nificance given the existing partial -correlation, vet,
given the small size of most remaining populations, hav-
ing this many rhinoceros interacting at the same site is
highly improbable. At site B an inverse relationship be-
tween dominance and anterior horn existed (xp.z =
—0.37; p < 0.05; Table 2).

Hence, whereas horns were consistently related to
dominance in males, our analyses failed to discern a sim-
ilar pattern among females. These findings suggest, in
this sexually monomorphic species, that horns either
play a greater intrasexual role in males than in females,
or that female horns and dominance are not related in
obvious ways. It is also possible that female horns, al-
though intrasexually unimportant, function interspecifi-
cally in neonate defense against predators (Berger &
Cunningham 1994, 1996), as they may in sexually dimor-
phic horned bovids (Packer 1986). Or, as others have
suggested, female horns may simply be nonadaptive
(Lindeque & Erb 1995).

Although explanation of the evolution of traits such as
horns is fundamental in behavioral ecology, from a con-
servation perspective what is essential is the prediction
of consequences of horn size asymmetries because three
African countries have employed dehorning programs
for black rhinoceros (Milner-Gulland et al. 1992; Cun-
ningham & Berger 1997). Our data on inter- and intea-
sexual differences in dominance raise a question about
the degree of variation in horn size necessary to praduce
consistent outcomes. Where dyads differed in homn size
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by less than 10 ¢m, winners with larger homs did not devi-
ate from a 50:30 win-toloss ratio (Fig. 2). But, with asym-
metries from 12 to 28 cm, smallerhomed individuals were
regularly put at a disadvantage (p = 0.0004; Fig. 2).

These findings have direct relevance to how the study
of behavioral ecology can contribute to conservation. In
dehomed black rhinoceras, anterior horn regrowth aver-
ages about 6 cm/year (cumulative total for both homs =
8.7 cmyyear; Berger et al. 1993). Because most black thi-
noceros populations are small (Ryder 1993), extinction
risks have been minimized both by developing satellite
populations and by the induced migration of new indi-
viduals. A fundamental dilemma concerns the timing of
adding new rhinoceros to existing populations. If all
members are dehorned simultaneously but new individ-
uals with intact horns are added 2 years later, asymme-
tries in hom size between dehorned residents and
horned immigrants will, on average, exceed 10 em (Ta-
ble 1), so social disparities should be great (Fig. 2). Alter-
natively, if immigrants are dehorned but residents have
been dehorned for longer than 2 yvears, asymmetries will
still be large and immigrants are likely to be socially dis-
advantaged. In either case, intact black rhinoceros have
the highest rate of fatal fighting known for any mamanal
(Berger 1994), so a potential consequence of increasing
horn size asymmetries is an incredse in mortal wound-
ing. Therefore, frequent horn pruning may be necessary
ro minimize socidl disparities, fight-related mortality, and
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Figure 2. Relationships between asymmetries in nean
anterior born size during agonistic encouwnters and
the proportion dominated by lavgev-borned individu-
als. Sample sizes are of events for all individuals in a
single year. The probability that differences in mean
anterior born size duving agonistic encounters deuvi-
ates from 50:50 (dotted line} with horn size asymme-
tries at 5 and 10 cm isp = 024 and p = 0.19, respec-
tively. Other probability values ave in the figure.
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perhaps poaching risks (Milner-Gulland et al. 1992; Cun-
ningham & Berger 1997).

If interventive management via horn size manipula-
tions is an achievable goal in the conservation of black

rhinoceros, then the maintenance of minimal intrapopu- -

lation variation. is likely to alter patterns of intrasexual
dominance among males and to decrease fightrelated
mortality in both sexes of black rhinoceros. Neverthe-
less, to achieve maximal success, this strategy will also
require intense monitoring of bath individual behavior
and horn regrowth, and it will necessitate risks associated
with frequent imumobilization. For our findings to have
relevance for the conservation of the world's other rhi-
noceratids, an enhanced understanding of their behav-
ioral ecology is needed. For instance, substantial sexual
dimorphism exists in both greater one-horned rhinoc-
eros (Rbinaceros unicornis) and white rhinoceros (Cer-
atotberivm simunt), with males having either tusk-like
incisors (Dinerstein 1991} or larger horns and bodies
than females (Owen-Smith 19588; Rachlow & Berger
1997). Thus, unlike in black rhinoceros, horn size in
white rhinoceros is likely a product of sexual selection
(Berger 1994), and the intrasexual outcome of horn size
asymmetrics, whether occurring naturally or through
dehorning programs, may differ among species.

Qur prior efforts to understand the cansequences of
dehorning were primarily concerned with interspecific
encounters because intraspecific interactions among
hornless black rhinoceros in the Namib Desert were not
witnessed (Berger & Cunningham 1994, 1995, 1996).
The data from this paper, however, allow empirically-
based assessments of some of the expected social conse-
quences of variation in hotn size. Although the study of
behavioral ecology continues to be guided by evolution-
ary theory, its use in conservation can be improved by
asking direct questions about short-term consequernces of
anthropogenic perturbation on the biology of a species.
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