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ABSTRACT

We contrasted calf survivorship of horned and
dehorned black rhino (Diceros bicornis) females in
the Namib Desert, and have reported elsewhere that
calf mortality was higher in a dehorned population
sympatric with spotted hyaenas (Crocuta crocuta)
than it was in a hyaena-free area or where mothers
were horned. Our findings have been controversial
because sample sizes are small and data on some
ecological variables were not offered. Here, we clarify
our research protocols and substantiate prior findings
with comparative data on potentially confounding
variables such as horn size similarities, hyaena
abundance, patterns of precipitation, herbivore
biomass, the location of domestic stock, and adult
rhino mortalities. We suggest that management
decisions based on empirically-derived data might be
better than those based on no data at all.

INTRODUCTION

Over the last three decades, populations of black
rhinos (Diceros bicornis) have dropped nearly 97%,
so strategies aimed at preventing extinction have
required emergency action (Western, 1987; Leader-
Williams, 1993). One such tactic has been dehorning,
a programme debated in Kenya nearly 15 years ago
(Western, 1982) and first tried in Namibia in 1989
because funds for anti-poaching patrols were limited
(Lindeque, 1990).

Previously, we suggested that when dehorned mothers
were sympatric with spotted hyaenas (Crocuta crocuta)
in the Namib Desert, fewer calves were recruited than
in the absence of hyaenas. We also pointed out that
drought was likely to have exacerbated these effects
and that our sample of 10 calves was small (Berger &
Cunningham, 1994a,b). Our findings have been
challenged by government and non-government
officials in Namibia (Loutit & Montgomery, 1994a,b;

Lindeque & Erb, 1995). Here we present new data and
summarise previous findings to clarify and substantiate
our position. As before (Berger et al., 1994), we do not
take issue with the possibility that government horn
harvesting might reduce poaching pressure on rhinos.
What we are concerned with are biological issues
concerning dehorning and data as they relate to
management decisions. Lindeque and Erb (1995) raised
issues ranging from statistics and data interpretation,
topics critical to any scientific assessment. We address
their claims in three sections: research methodology
and hyaena abundance; factual errors; and evaluation
of confounding variables. We close by addressing the
public interest and suggesting why independent
research is in the best interest of conservation.

RESEARCH METHODOLOGY AND
HYAENA ABUNDANCE

Study design

Our research was aimed at assessing components of
rhino social biology, including calf survival, and
involved a three-way comparison of contiguously-
distributed rhinos in the northern Namib Desert with
contrasts among: 1) horned rhinos in the presence of
dangerous predators (lions, Panthera leo, and spotted
hyaenas); 2) dehorned rhinos in the absence of
dangerous predators; and 3) dehorned rhinos in the
presence of spotted hyaenas. The fourth category,
horned rhinos in the absence of predators, does not
presently occur in the Namib Desert. Of course,
having a fourth study area fulfills the requirements
of a balanced study design because calf survival may
vary randomly and knowledge of calf mortality under
all conditions is clearly relevant. Nevertheless, it
seemed reasonable to forgo information from sites
where predators are absent and rhinos horned because
of the presumption that without predators calf survival
should not change.
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Abundance of spotted hyaenas

Lindeque and Erb (1995) suggest that our study design
was flawed because spotted hyaenas occur throughout
the study region. Support for their claim is
unbalanced. They fail to cite Skinner and van Aarde
(1981) who surveyed the Namib Desert for brown
(Hyaena brunnea) and spotted hyaenas and reported
“we still have no idea what numbers occur in the area
or. ... range”. Instead, they cite Skinner & Smithers
(1990) although these authors provide range maps
only and not data of the resolution needed to
distinguish among our three respective study regions.
Additionally, the use of unpublished records to bolster
their argument is questionable because it is impossible
to decide how credible the records are.

Lindeque and Erb (1995) reported spotted hyaenas at
a rhino carcass in the Doros Crater (DC) area. They
were fortunate in their observation because, on
average, spotted hyaenas in the northern Kalahari
spent less than six minutes on a carcass (Cooper,
1990), yet the Namib Desert rhino in question had
been dead for about three weeks when discovered
(Morkel, 1992). Lindeque and Erb (1995) also imply
that it is difficult to distinguish between the tracks of

spotted and brown hyaenas. However, both Damara
herdsmen in the Namib Desert and !Xo trackers in
the Kalahari can distinguish between the species
because of “the relative difference in size between
the front and back feet. In the brown hyaena the back
feet are much smaller than the front feet, while in the
spotted hyaena the difference is not nearly so marked”
(Mills, pers.comm.; Liebenberg, 1990).

We evaluated hyaena abundance using standard
methods employed in southern Africa, using counts of
tracks crossing roads (Mills et a!., 1984). We recorded
every possible hyaena spoor on roads and elsewhere. If
Lindeque and Erb (1995) are correct that both species
of hyaenas are widespread, then our inclusion of all
hyaena signs would inflate the number of hyaenas
irrespective of species. We also used more direct
methods to distinguish between brown and spotted
hyaenas. VVocalisations of spotted hyaenas were recorded
nightly as either existing or absent. This approach is
conservative because it discounts the possibility that
more than one animal may be present or calling. We
also recorded how many brown and spotted hyaenas
were seen per day spent in the field (and by accounting
for km/transect; see Table 1 and below for details) but,
as above, groups were recorded as single observations.

Table 1. Mean length (km + SE,) of 126 transects and herbivore biomass (kg/km 2) during wet and dry seasons in three

census areas of the northern Namib Desert.

North of the veterinary fence Doros Crater Springbok
Transect Biomass Transect Biomass Transect  Biomass
Length Length Length
1991
Wet 20+3(10) 65+20 4445 (5) 44+8 36+10(4) 29+12
Dry 51+7 (5) 5+ 3 55+5(15) 35+8 30+ 3(5) 20+12
1992
Wet 15+22(4) 64+30 48+ 4(3) 56+ 6 45+10(9) 57+41
Dry 57+15(5) 4625 49+11 (4)  30x16 35+ 4(4) 15+ 8
1993
wet 67+17(5) 106+78 35+5 (3) 114+80 39+13(13) 62+23
Dry 55+8(14) 25+ 9 16+2(12) 16+10 26+ 4(6) 12+4

Sample size in parentheses. Area sizes are NVF: 1,858km?,’ DC: 3,418km?; SR: 1,710km?
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At no site were brown hyaenas seen. Spotted hyaenas
were noted at only two of our three study regions (see
Figure). Irrespective of species, there was not a single
track, vocalisation, or sighting in the DC area although
transects there totalled more than 1,675km (Table 1).
Similarly, there was no evidence of lions in the DC
area. We therefore designated the site as predator-free.
DC differed from the other two areas (vocalisations:
G-Test for Independence, Gadj=1 .01, p<0.001; a test
for Homogeneity of Variance reveals that neither site
with hyaenas differs from each other but both differ
from the DC area; p<0.00I). The frequency with which
tracks were detected also varied among sites (Figure
1) (Kruskal Wallis Test, H = 10.89, p<0.004) with
the DC area differing from the other two area (p<0.0I).

FREQUENCY OF HYAENAS
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Why spotted hyaenas were not seen at the Springbok
River (SR) site although tracks and vocalisations were
noted is easy to explain. We made no effort to observe
them there. When hyaena-like calls emanated on
multiple occasions next to our SR camps, we made
no effort to verify that they were indeed made by
hyaenas. We believe that we can discriminate the calls
of spotted hyaenas from those of other mammals.
Nevertheless, our other data, shown in the Figure,
make clear that hyaena presence varied regionally and
consistently during the period of our study and that
one area was free of hyaenas and lions.

FACTUAL ERRORS

Drought

Lindeque and Erb (1995) suggest “the alleged rhino
calf deaths coincided with the worst drought in human
memory in Namibia”. We evaluated their claim in two
ways using data on rainfall inside the study area
(Wereldsend: =72 mm/yr; Owen-Smith, unpublished,;
N=12 years) and to the north (Sesfontein: x=95 mm/
yr; Namibia Weather Bureau Statistics, Windhoek;
N=24 years). First, we described the proportion of
years in which less precipitation occurred than during
the 1992-1993 wet season. Next, we asked what
proportion of successive years received less rain than
that recorded during the 1991-1992 and 1992-1993
period combined. Irrespective of the method used,
we found no support for the claim that the drought
when the calves disappeared was the worst. Data from
Wereldsend and Sesfontein, respectively, indicate that
on a per year basis, 33% and 21% of the years had
less rainfall. On a multiple year basis, the proportions
of periods with less rain were 25% and 17%. So,
although conditions at our sites were drier than
average, Lindeque and Erb (1995) cannot accurately
state that “this” drought really was the worst in human
memory.

Rhino mortalities

Lindeque and Erb (1995) purport that the SR site was
drier than others. They cite a Normalised Difference
Vegetation Index (unpublished data) and point to
animals at that site being in poor condition. They also
refer to the starvation of a sub-adult rhino. None of
these is prime evidence for the SR animals being
differentially affected than desert rhinos elsewhere.

If SR animals were in poorer condition, Lindeque and
Erb (1995) might have a case. However, a previously
published analysis shows otherwise (Berger et al.,
1994). Briefly, we used a one-way analysis of variance
to determine whether mean body condition scores
(pelvic, spinal, and rib prominence; as suggested for
rhinos by Keep [1971]) varied among desert regions.
If the SR rhinos were in the worst condition, their
hypothesis would be supported. However, body
condition did not differ among sites (F,9=1
.80)(Berger etal., 1994). Furthermore, Lindeque and
Erb’s (1995) table incorrectly lists the site of the sub-
adult mortality as SR. It was the DC region, correctly
stated by Lindeque and Erb (1995) in the text.
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Two adults died during 1992-1993 north of SR, our
site with horned rhinos. Similarly, an adult male and
calf died in the DC region in 1990. None of the deaths
were included in Lindeque and Erb’s (1995) table.
Except for the calf mortality which involved poaching,
the other three were apparently natural as horns were
recovered at the site and there were no signs of bullets.
Thus, mortalities were not confined to the SR site as
implied by Lindeque and Erb (1995) but occurred in
all study regions.

Lindeque and Erb (1995) rely on the data of Loutit to
estimate calf births and deaths. However, Loutit’s
reports are contradictory, sometimes claiming one calf
death or two (Loutit & Montgomery, 1994a,b).
Furthermore, although Loutit and Montgomery claim
that their records are continually updated, there was
a three year period after the 1989 dehorning operation
in which half of the remaining eight dehorned rhinos
were identified incorrectly (Berger et al., 1994). Thus,
reliance on the unpublished records of Save the Rhino
Trust (SRT) or those supplied by SRT to the Ministry
appears imprudent if the goal is to understand local
population structure and distribution.

Had Lindeque and Erb been aware of results of
surveys carried out by their own Ministry biologists
(DuPreez, unpublished), they would have confirmed
our evidence of two births in the SR. Our subsequent
report of two missing neonates stemmed from
observations of mothers without young calves (Berger
& Cunningham, 1994b). The third missing calf was
surmised from further observations of a cow with an
enlarged udder. In mammals as varied as cheetahs
and caribou, the presence of swollen udders and
absence of young has been used to gauge mortality
(Laurenson, 1994; Cameron & Ver Hoef, 1994). We
see no reason why rhinos should be different.

In support of this idea, we point out that the calfless
female observed with a swollen udder in early 1993
gave birth in mid-1994 (Lindeque & Erb, 1995).
Given a 16-month gestation period of a rhino and our
observation of her, approximately 17 months before
the estimated 1994 birth date, it seems likely that just
after the calf was lost the mother recycled, was
impregnated, and gave birth in mid-1994.

Number of dehorned rhinos

We believe Lindeque and Erb (1995) are mistaken
about the number of dehorned rhinos. In 1989 there
were 12, eight more in 1991, for a total of 20, not 28
as reported in their table.

Horn size, missing and maimed
calves, and evolution

Lindeque and Erb (1995) argue that “horn dimensions
per se are not that important for the protection of
calves... (because).. .these parameters would have
evolved toward an optimal shape and length rather
than varying to the degree seen in all populations”
and suggest rhino horns show “extreme” variation
under natural conditions. We have presented data
elsewhere from four populations in which Lindeque
was a co-author (Berger et al., 1993) showing that
coefficients of variation in horn size range from 31 to
62%. However, since horn length is significantly
related to age in both sexes (Berger & Cunningham,
1995), it makes little sense to argue about the
functional significance and optimal design of horns
without controlling for age. It is incorrect to imply
that just because a trait is variable the possibility of
selection is relaxed (Barnard, 1991). With respect to
the size of anterior horns of mothers, the fact remains
that in areas with spotted hyaenas, mothers with
surviving calves had anterior horns that were
significantly longer (X=40cm, N=4) than mothers
with regrowing horns whose calves disappeared
(X=23cm; N=3)(Wilcoxon Test; W = 22; p<0.029).

Itis also important to ask what, if any, evidence from
other sites may suggest that horns are associated with
calf protection. Lindeque (1990) made such an attempt
and suggested a null hypothesis, that negative
biological effects are not expected from dehorning, a
decision “taken in the absence of strong evidence of
likely detrimental effects” (Lindeque, 1990). Is the a
priori assumption that predation may not affect
horned rhinos or their calves reasonable? We believe
a more thorough search of the literature and discussion
with other researchers would have raised the
alternative possibility - that predation affects calves -
to a higher level of scrutiny.

The maiming of calves, defined here as ear or tail loss,
was apparently not considered, nor was the possibility
that calves that have died might not be detected. In
support of dehorning, Lindeque (1990) claimed an
association between calf recruitment and spotted hyaena
density in Etosha, the implication (we presume) being
that hyaenas do not affect calf survival. However, there
are problems with this assertion. First, the rhino mothers
are horned. If horns are a deterrent to potential predators,
then one might not expect heightened calf mortality.
Second, data are not offered on either hyaena densities
or calf survival. If the alleged association exists, little
may be concluded since calf mortality rates are
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unknown as is potential prey biomass. Hyaenas may
simply be feeding on more abundant and less
formidable prey.

Nevertheless, maimed calves are known from the
Aberdares (Kenya), Umfolozi (South Africa) and
Etosha and the Kaokoveld (Namibia) (Berger &
Cunningham, 1994c). At Namibia’s Waterberg
Plateau Park, where spotted hyaenas do not occur,
maimed calves were not reported as of late 1993 (Erb,
pers. comm.). It is now clear that spotted hyaenas have
the potential to maim calves: a regression analysis of
the association between the proportion of maimed
calves to spotted hyaena density explains 92% of the
maiming variance (p<0.002; Berger & Cunningham,
1994c). While cause and effect cannot be
distinguished, such relationships should lead to the
supposition that hyaenas may affect calves when
mothers are horned and therefore, that when mothers
are dehorned, predation-related effects may result.
However, it is still not known what proportion of
calves are lost to predators. In Etosha for example,
over the three-year period during which our study was
conducted, one of 10 newborn calves died before
reaching six months of age. These data, while not
suitable as a control for our horned desert population,
offer a glimpse of the natural mortality in a horned
population with potential predators.

EVALUATION OF CONFOUNDING
VARIABLES

Lindeque and Erb (1995) raise issues ranging from
statistics and data interpretation to ecology and
researcher disturbance. After addressing each point,
we summarise our findings with respect to dehorning
in the Namib Desert.

Ecological differences among areas

Lindeque and Erb (1995) argue that our study regions,
namely DC (hyaena-free), SR (dehorned mothers with
spotted hyaenas), and north of the veterinary fence
(NVF; spotted hyaenas and occasional lions with
horned mothers), differ, and therefore our contrasts
are ill-conceived. However, if the areas differ strongly,
then estimates of herbivore biomass also should differ.
We evaluated ecological variation among study areas
by contrasts of large herbivore biomass, data gathered
during 126 driving transects that varied in mean length
from 15.1 to 67.4km and covered a total of 5,106km
(Table 1). Crude (as opposed to ecological) density
(Eisenberg & Seidensticker, 1976) was the number
seen per km? with sightings recorded to within one

kilometre on each side of a vehicle. Because data were
not normally distributed (means and variance were
correlated), data were log transformed with Y=log(x+
1) to avoid the problem of having zeros in which the
log is negative infinity (Zar, 1984).

Using the biomass data presented in Table 1, neither
study region nor year produced significant influences
(F,72=0.09; F,,7,=1.40); only season did (F, 72=9.74
p<0.01) These data suggest similarities among areas,
not the striking differences alleged by Lindeque and
Erb (1995). Furthermore, in an attempt to show that
the SR was overgrazed, Lindeque and Erb reported
“some 500 small stock (goats and sheep) and cattle
were moved into the SR rhino concentration area”.
They cited Loutit and Montgomery (1994b) who had
misinterpreted Morkel’s (1992) report of a rhino
mortality in the DC region when 408 head of cattle
and 85 goats had been counted. Thus, the site where
a young rhino apparently starved to death was not
the actual site that Lindeque and Erb (1995) claimed
to be the one where domestic stock had overgrazed
the area.

In sum, our measures of rhino body condition and
changes in patterns of herbivore biomass across three
contiguously distributed study areas lead us to believe
that the regions were ecologically similar. Lindeque
and Erb (1995) should demonstrate that the
geographic variation they purport is responsible for
differences in rhino performances.

Prudence and statistics in
conservation biology

Lindeque and Erb (1995) point out that Martin (in
press) used the same statistical procedures as we, but
reached a different conclusion. Unable to address this
issue without seeing the Martin paper (which had no
record of being accepted for publication in
Conservation Bio'ogy [E. Main, managing editor,
pers. comm.]), it is worthwhile examining why we
reported differences in calf survivorship among our
three study regions.

We previously used the Fisher’s Exact Test (FET)
which, in analyses of these sorts, has been criticised
because it requires that both marginal totals be fixed
(Berger & Kock, 1989). However, the number of
possible calf deaths is not fixed. A more appropriate
analytical technique is the conditional binomial exact
test (CBET; Rice, 1988), more powerful and
appropriate for small samples (Jenkins, 1995).
Although our prior analyses using the FET revealed
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statistical differences (p<0.05), with the CRET
differences are even more substantive (DC vs SR,
p=0.01 17; DC vs NVF, p=0.0062; both one-tailed).
Thus, given the existing data, we must initially reject
the hypothesis that dehorning does not decrease calf
survival.

Additional data must, of course, be gathered to address
the issue more fully and, as we have pointed out
elsewhere (Berger & Cunningham, 1994a,b), the
results were collected under a specified set of
conditions in the Namib Desert. Calf mortalities could
have been exacerbated by the migration of herbivores
promoted by low rainfall. Rhinos did not migrate and
predator-prey ratios changed (Cunningham & Berger,
in press). Where spotted hyaenas utilise both
migratory and sedentary herbivores, predation is more
intense on local prey during the dry season (Cooper,
1990). There is no reason to expect that hyaenas were
incapable of killing the calves of mothers who had
been dehorned, particularly because prey switching
in carnivores is common (Hamlineta!., 1984; Karanth
& Sunquist, 1995).

Despite our finding of differences in calf survival
among sites, there is a broader issue. Had the
differences not been significant at the p<0.05 level,
should we have been complacent to accept the null
hypothesis (Toft & Shea, 1983), in this case that
dehorning does not decrease calf survival? The risk
of wrongly accepting the null hypothesis (a Type 1l
error) appears much greater than that of accepting
the alternative - that dehorning affects calf survival.
If we are wrong and dehorning does not affect calf
survival, calves will still be recruited into populations.
Given that sample sizes are small and, therefore, the
power to detect differences low, we believe that any
acceptance of the null is imprudent. Erring on the side
of conservative strategies would seem to be in the
better interest of rhinos, at least until greater statistical
power can be gained.

Data interpretation and experimental
design

While Lindeque and Erb (1995) have taken issue with
our comparative analyses, they did not report calf
survival of known females pre-and post horn removal.
Prior to dehorning, at least two and more likely three
SR cows gave birth to calves that survived until at
least one year of age. After dehorning none survived
(Berger & Cunningham, 1994b). Using the CBET,
the differences are significant, even with the more

conservative sample of only two births (p=0.026).
Thus, irrespective of whether we either contrast areas
or use pre- vs post-dehorning comparisons, the
evidence supports our contention that calf survival
of dehorned mothers was lower in areas with spotted
hyaenas.

Researcher disturbance and hidden calves

Lindeque and Erb (1995) questioned whether our
presence affected the period of separation between
mothers and young. Because young calves often do
not accompany their mothers to water, they may be
preyed upon during their mother’s absence. Is it
possible that our presence caused calf abandonment?
Yes, but we think not and offer three arguments why.
First, after spending two weeks with a Ministry and
SRT dehorning team in 1991 that made use of six to
15 trackers, four to eight vehicles, and a helicopter,
there was massive disturbance to rhinos in the DC
area. Calf abandonment did not occur but calves were
more than six months of age.

Second, we adopted methods used by both Ministry
biologists and SRT trackers for finding and
photographing rhinos. These included following
tracks, moving to within 70m of animals to
photograph horns so that size could later be estimated
(Berger et al., 1993), and more distant observations
with spotting scopes. In five cases, we discovered
mothers had been separated from young calves by
finding spoor near water and following it back to sites
where the two animals re-united. To our knowledge,
calf abandonment has not occurred although the
relationship between humans and mother-young
periods of separation has not been studied
systematically. Third, in no case where animals fled
from us did we discover that mothers and calves
separated. Thus, the only study region from which
calves disappeared was that where dehorned mothers
were sympatric with spotted hyaenas.

THE PUBLIC INTEREST

While the public, NGOs and many governments
remain committed to the protection of rhinos,
viewpoints differ with respect to the most appropriate
methods. Clearly, rhinos will not survive in situ
without substantial funding (Leader-Williams, 1990).
Whether dehorning can be used effectively remains
an open question and our results from the Namib
Desert have been used and debated from different
perspectives.
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Table 2 summarises our major hypotheses and
possible effects of different variables on calf survival.
Do our data prove that the missing calves were killed
by spotted hyaenas? No, but they suggest that other
factors are less likely to have played the prominent
roles claimed by Lindeque and Erb (1995).

It is important to explain our decision to publish our
findings despite the small sample. First, numerous
claims have been made in host countries about the

wisdom of dehorning. Second, despite claims of
effective monitoring programmes, the fact is that calves
were missing. Third, we felt that the scientific and
conservation communities as well as the public had a
right to know. Because inter-birth intervals of desert
rhinos may average three years or longer, the time
required to bolster our sample would have been several
more years. We attempted to circumvent this problem
by continuing to monitor and evaluate pregnancies.
Meanwhile, we filed reports with the Namibian

Table 2. Summary of major hypotheses, tests and potentially confounding variables conceming calf recruitment in

dehomed rhinos in the Namib Desert.

Construct Tests and Evidence Comment Source
dehorning does not affect 1) between-site contrasts of horned and three sites only 1,2
calf survival dehorned mothers (p<0.006)
2) individual contrasts, pre-and
post-dehorning (p<0.012)
sample size subdivided among three sites 10 calves 2
hyaenas evenly distributed | between-site contrasts of spoor, detected at two sites only 1
calls, and observations
areas differ ecologically 1) sites contiguously distributed
2 )contrast rhino body condition -differences not detected 23
3) contrast herbivore biomass -differences not detected
maternal age age estimation by horns primiparity unlikely 2,4
drought 1) compare 1992-1993 with prior years not the “worst drought in 1
2)compare 1991 -1 992 and 1992-1993 human memory in Namibia”
combined with prior years
overlap of maternal contrast mothers with surviving and p<0.029(N=7) 1
horn sizes non-surviving calves in areas with
and without hyaenas
calf presence small tracks of female lactating 97% accuracy 2
human disturbance same methods used at all sites calf separation has not 1.
occurred

Sources: 1- this paper, 2-Berger & Cunningham (1994b), 3-Bergeret al. (1994), 4-Berger(1994).
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government and met with top ranking officials over the
issue of missing calves and poor records.

Our study to evaluate biological consequences of horn
removal had received official approval by the Namibian
government. Despite a research programme that
included more than 100 individually-known rhinos,
horn size data on more than 95% of these, and more
than 1,030 hours of observation during 197 night
watches, because of our results our research permits
were not renewed.

Still, the real issue is not whether our study should have
been continued but what is in the best interests of rhinos
(Cunningham & Berger, in press). In the long term, the
Namibian government will have to decide whether it is
better to operate in a data-less vacuum than to sanction
research when it is unclear whether the a priori outcome
will support policy. This is precisely why conflicts of
interest must be avoided, so that scientifically-based
research is truly independent.
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