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Preliminary analyses of the free-release and 

scent-broadcasting strategies for Black 

Rhinoceros reintroduction

Introduction
Meta-population management by translocation has been 
key to the conservation of Black Rhinoceros Diceros 
bicornis. Translocations for reintroduction and population 
supplementation (IUCN, 1998) are used in range-expansion 
and to support populations not large enough to be 
genetically or demographically self-sustaining. By initially 
stabilising and then beginning the recovery of the species, 
translocation has largely been applied successfully to 
black rhino meta-population management (Linklater, 
2003). However, the performance of individual rhino after 
translocation and release varies tremendously (Hofmeyr 
et al, 1975; Hall-Martin & Penzhorn, 1977; Hitchins, 1984; 
Adcock et al, 1998; Brett, 1998). Survival and post-release 
breeding after some translocations is poor in ways that 
might relate to the characteristics of the rhino involved, 
how they were translocated and released, or the context 
into which they were released. Improving rhino survival 
and breeding after release depends on choosing correctly 
between potential reserves to receive rhino and the rhino 

to capture for translocation as well as how and where 
to release them. Making decisions in this context where 
many factors infl uence the success of a translocation 
might be improved by a better understanding of how 
rhinoceros behave after release, particularly how much 
they move relative to their release site and their pattern 
of movement about the landscape during the early stages 
of establishing a home-range, what factors infl uence that 
behaviour, and experimental trials of ways to modify that 
behaviour if necessary.

Although translocation has been a common tool in black 
rhino conservation for several decades (Emslie, 2001), 
there are surprisingly few reports that describe the daily 
movements of black rhino after their release. Monitoring 
by Hillman (1982-84, unpubl. data) and Hansen and 
Lindemann (1989-95, unpubl. data) provided early home-
ranges in Pilanesberg National Park (Adcock et al, 1998) 
and others have reported on the behaviour of individual 
rhino as they leave the enclosure (boma) or crate at the 
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Abstract
Translocation has been key to Black Rhinoceros (Diceros bicornis) meta-population recovery. However, translocation can in 
some instances result in poor post-release survival and reproduction. The post-release behaviour of rhinoceros is little studied 
but might provide insights with utility for improving translocation success. We examined the infl uence of sex, age (young- or 
full-adult), time and physiological state in captivity, and the drugs regime administered for transport and release on the fi rst 
6 days of post-release movements by 15 black rhino (D. b. minor) translocated to Mun-ya-Wana Game Reserve (GR). We also 
conducted an experimental trial on the effect of scent broadcasting on their post-release behaviour. Rhino were captured at 
Ezemvelo KwaZulu-Natal Wildlife reserves, held in individual iMfolozi GR enclosures (bomas) for from 31 to 61 days, fi tted 
with horn-implant radio transmitters, and released near-simultaneously over 3 days at different individual locations spaced 
throughout Mun-ya-Wana GR. This release strategy appeared to have benefi ts compared with translocation techniques that 
instead release rhinoceros from boma at the same site but separately over many days. Before release the dung and urine 
soaked substrate from the boma of 7 rhinos (treatment group) was collected and spread within 2km of their future release 
site. The control group, comprising 8 rhinos, did not have scent broadcast about their release site. We hypothesised that the 
presence of a rhino’s scent would reduce its post-release movement and that they would settle around or near their own scent. 
Contrary to our hypothesis, individuals in the treatment group moved signifi cantly farther than those from the control group. 
Although we attempted to hold all factors constant between the two groups, retrospective hormone analyses showed that the 
control rhinos had higher levels of reproductive hormones; faecal androgens for males and progestins for females. Despite 
this potential confound, we discuss the possible meaning of these results towards understanding black rhino behavioural 
ecology and improving translocation strategies.
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release site and before they disappear from view (Hitchins 
et al, 1972; Hall-Martin & Penzhorn, 1977) but detailed 
daily movements after release have not been reported.

Reintroductions of black rhino have largely adopted 
two release methods; boma- or free-releases. In boma-
releases the rhino are transported to, and held in a group of 
individual bomas at the release site. They are subsequently 
released one at a time during a sequence of evenings 
from those bomas. Boma-releases are more common and 
currently regarded ‘best practice’. Free-releases, on the 
other hand, involve the transport of individual rhino to their 
own separate release sites that are spaced throughout 
the new reserve. The key difference between boma- and 
free-releases is that the rhino are either released at the 
same site or different sites respectively. While boma-
releases have become more common in recent years our 
concern is that when releasing large numbers of rhino 
their release at the same place increases encounter rates 
between them and therefore the potential for confl ict. 
Fighting is one of the leading causes of injury and death in 
black rhinoceros after release (see: Brett, 1998). In larger 
reserves the release of individual rhino at different sites 
spaced throughout the reserve might reduce post-release 
encounter rates and confl ict.

Olfactory communication via dung and urine appear 
to have an important role in black rhino social, mating 
and spatial relationships (Goddard, 1967; Schenkel & 
Schenkel-Hulliger, 1969; Joubert & Eloff, 1971; Kiyasu 
& Kohshima, 2002) thus infl uencing where and in what 
associations rhino live. Moreover, of the senses, scent 
is the one that is easiest to collect and it persists in the 
environment making it more amenable to manipulation. 
For this reason we identifi ed the use of dung and urine to 
manipulate the post-release behaviour of black rhino and 
the potential to develop broadcasting scent via dung and 
urine as a behavioural management technique (Linklater 
et al, 2003; Linklater, 2004). Others have considered 
the idea that dung broadcasting might modify a rhino’s 
behaviour after release, and even spread dung at release 
sites (see: Hitchins et al, 1972), but have not designed and 
monitored their efforts as scientifi c experiments to test 
hypotheses about the infl uence that scent might have or 
to test its potential utility as a management tool. Other 
infl uences on the post-release behaviour of black rhino 
include their age, sex and physiological and reproductive 
state at release. Here we describe a preliminary trial 
of scent broadcasting to modify black rhino behaviour 
after release and investigate the infl uence of those other 
factors on the post-release behaviour of black rhino. We 
hypothesised that the presence of a rhino’s own scent 
about a release site might encourage it to move less and 
settle at or near their release site.

Methods
Capture, transmitter installation, translocation and 
release

The capture, transportation, veterinary care and husbandry 
of black rhino by Ezemvelo KwaZulu-Natal Wildlife 
(EKZNW) Game Capture have been described previously 
(Hitchins et al, 1972; Hitchins, 1984; Galli & Flamand, 
1995) and conformed to standard procedures (Rogers & 
McKenzie, 2001) similarly applied elsewhere (Hofmeyr et 
al, 1975; Kock, 1992; Morkel, 1994). All rhino received a 
MOD-80 or the larger MOD-125 horn-implant transmitter 
(Telonics, Inc., 932 E. Impala Avenue, Mesa, AZ, 85204-
6699. www.telonics.com) depending on the size of their 
horn. We were able to install the larger transmitter in 
larger horns. The installation of horn-implant transmitters 
occurred either while the rhino was immobilised at the 
capture site or while in the boma, and conformed to 
procedures described previously (Pienaar & Hall-Martin, 
1991; Schrader & Beauchamp, 2001).

The 15 black rhinos for translocation (Table 1) were 
captured from EKZNW Reserves, transported and housed 
in individual boma (approximately 80m2) at iMfolozi 
Game Reserve (GR) for from 31 to 61 days depending 
on the timing of their capture and release. Before and 
during their loading into transport crates for release, each 
rhino was administered with 0.35 to 0.6mg etorphine 
hydrochloride (M99, Novartis, Isando, South Africa), 250 
to 550mg zuclopenthixol acetate (Acuphase, Clopixol 
Acuphase, H. Lundbeck, North Riding, South Africa) and 
80 or 100mg azaperone (Stresnil, Janssen Pharmaceutica, 
Halfway House, South Africa). Quantities varied between 
individuals depending on their size and behaviour during 
captivity and translocation. One individual (Rhino 300, 
Umkhandi wensimbi, Table 1) received 2.5mg etorphine 
hydrochloride to completely immobilise it for installing 
an horn-implant transmitter prior to loading and was 
loaded into its transport crate as it recovered. Mun-ya-
Wana GR, the reserve where the rhino were released, is 
approximately 150km from the boma in iMfolozi GR and 
the journey between boma to each release site within the 
reserve took around 2 hours. A further dose of between 
80 and 220mg azaperone was administered to most, but 
not all, rhino at the release site before each rhino’s crate 
door was opened to allow them to leave. Releases were 
conducted mid-morning or late afternoon.

Scent broadcasting experimental design
The 15 rhino were separated into two groups; treatment (7 
rhino) and control (8 rhino). Care was taken to ensure that 
treatment and control groups were representative of age 
and sex classes (Table 1). Each rhino’s boma was cleaned 
daily by EKZNW staff and the dung and urine-wetted 
substrate (largely sand) removed. For treatment rhino we 
gathered this material containing the rhinos scent, into 
individual black polyethylene drums and transported them 
to Mun-ya-Wana GR for spreading (i.e. scent broadcasting). 
Each rhino was assigned their own drums and a different 
release site. Release sites were located in a clearing that 
allowed the positioning of release equipment (i.e. truck 
and rhino transport crate) near dams or waterholes with 
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thick vegetation nearby to ensure that released rhino 
located cover and drinking water soon after release. The 
clearings near dams and waterholes that served as release 
sites were spaced across the reserve, in so much as road 
access and transport time would allow, to maximise the 
distance between them, particularly for the adult males 
who posed the greatest risk to other rhino (Figure 1). For 
each treatment rhino, between 10 and 15 approximately 

110 litre drums of its scent rich boma substrate were spread 
up to 2 km from its release site in the 4 weeks before their 
release (Figure 1). The scent material was spread by shovel 
from the back of a truck along and beside the roads around 
each release site. Piles of material were spaced 50 or 100 
metres apart and consisted of from 2 shovels to one-third 
of each 110l drum.

Ecological Journal, Volume 7, 2006: Linklater et al

Table 1: Summary of black rhino released in the Mun-ya-Wana Game Reserve, October 2004

Figure 1: Topographical map showing Mun-ya-Wana Game Reserve (delineated by the thick grey and dashed boundary line). 
The location of release sites and the individual rhino released at each are shown by the + symbol with associated individual ID 
number (refer Table 1, ID#). The spread of treatment rhino scent about their release sites is shown by the clump of grey dots 
with a dot at the location that each pile of dung and urine soaked boma substrate was placed.
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Faecal sampling and corticoid, progestin and androgen 
assays
Samples of fresh and still wet faeces from each rhino were 
collected at least twice weekly during their captivity in 
screw-top plastic bottles (80ml). Samples were collected 
from the middle of faecal boli while each rhino’s boma 
was being cleaned. Samples were stored by freezing 
soon after and shipped on ice to the Conservation and 
Research for Endangered Species centre of the San 
Diego Zoo for quantitative assay of their corticoid and 
reproductive hormone concentrations; progestins for 
females and androgens for males. Laboratory techniques 
and procedures for these assays are described elsewhere 
(Patton et al, 1996; Schwarzewnberger et al, 1996; 
Schwarzenberger, 2000; Brown et al, 2001). Average 
values of corticoid and reproductive hormones in faeces 
were used as a measure of physiological stress and 
reproductive status, respectively (Linklater & Swaisgood, 
2005; Linklater et al, 2005).

Post-release monitoring
Each rhino was located daily after release to determine 
their post-release movements. We present here just 
the fi rst 6 days of movement after release. Movements 
during the fi rst 6 days after release are more likely to be 
infl uenced by the rhinos’ physiological state at release 
and early analyses of movement data indicate that rhino 
entered the area defi ned by their subsequent home range 
within 3 days of release and variance in daily movement 
declined substantially after the 6th day (unpubl. data).

The locations of rhino during the fi rst six days after 
release were determined by triangulation rather than by 
visual sighting to limit the infl uence of observers on the 
rhinos movements (i.e. to reduce disturbance). Rhinos’ 
triangulated locations were estimated using Locate II 
software (version 1.82, Nams, 2000). Some locations 
derived by triangulations were immediately outside of the 
reserve due to measurement errors in the technique. In 
these cases the true position was estimated as the closest 
point within the reserves boundary to the estimated 
location.

Average daily displacement was the average of the 6 
distances between the 7 sequential locations, including 
the release site, over the fi rst 6 days post-release. 
Cumulative 6-day displacement was estimated from the 
shortest distance between the sequence of points and 
constrained by movement within the reserves fence.

Statistical analyses
We used the non-parametric Mann Whitney-U (2 
independent samples, SPSS Inc., Version 12.0, 4 September 
2003) to test for the differences in the movements of rhino 
between the control and treatment groups, and between 
young adult and fully adult rhino. Mann Whitney-U tests 
were also conducted to test whether the rhino in treatment 
and control groups differed in their levels of stress-related 

and reproductive hormones. Spearman rank correlations 
were used to test for the relationship between faecal 
reproductive hormone concentrations (androgens for male 
and progestins for females) and the movement of rhino 
after release. Non-parametric tests were used because 
the small sample size does not provide certainty about the 
normal distribution of group data. Small sample sizes but 
multiple factors also make it important to set up a priori 
criteria for judging the biological signifi cance of effects. 
We considered test statistics that generated P values >0.1 
as not signifi cant and P<0.05 as signifi cant tests. Where 
the P-values fell between 0.05 and 0.1 we consider the 
possibility that sample size, and therefore poor statistical 
power, may be masking a biologically signifi cant result.

Results
Rhinos whose dung was spread at their release site 
(treatment group) moved more than those whose dung 
was not spread (control group) during the fi rst 6 days 
after their release (Figure 2A: Mann Whitney-U test; 
Average daily displacement, P<0.005; Cumulative 6-day 
displacement, P<0.01; for examples see Figure 3).

Treatment and control groups consisted of similar 
rhino also treated similarly. Dosages of etorphine, 
zuclopenthixol, and azaperone during translocation from 
boma to the release sites were not different between 
treatment and control groups (Figure 4). The higher average 
dose of etorphine hydrochloride for the control group is 
attributable to one individual (i.e. Rhino 300, Umkhandi 
wensimbi, Table 1) who was immobilised prior to loading 
for transport in order to install a horn-implant transmitter. 
All other rhino received between 0.35 and 0.6mg etorphine 
hydrochloride. Nevertheless, the movements of Rhino 
300 after release (i.e. an average daily displacement of 
2.7km and cumulative 6-day displacement of 21.0km) 
were within the range (i.e. 1.5 – 2.9km and 10.3 – 24.4km, 
respectively) of other rhino in the control group. The 
rhinos in each group also spent a similar time in boma 
between capture and release (Average ± 1SE: control, 48.5 
± 3.4 days; treatment, 50.6 ± 2.6). The concentrations 
of corticoids in faeces taken weekly from individuals 
during captivity were slightly higher in the control group 
(Average ± 1SE: control, 18.7 ± 1.7 days; treatment 15.9 ± 
0.7) but not statistically different (Mann Whitney-U test, 
P>0.1). The small difference between the two fi gures can 
be attributed to one individual in the control group (i.e. 
Rhino 136, Tembe, Table 1) whose corticoid levels were 
10 and 11 ng.g-1 higher than other rhinos of the control 
and treatment groups respectively. However, Rhino 136’s 
movements after release (i.e. average daily displacement 
of 2.1km and cumulative 6-day displacement of 14.8km) 
were typical, if not slightly more conservative, than others 
in the control group (range 1.6 – 2.9km and 10.3 – 24.4km, 
respectively).

Two characteristics of individual rhinoceros appeared to 
infl uence the distance they travelled during the fi rst 6-

Ecological Journal, Volume 7, 2006: Linklater et al
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days after release; age and reproductive hormone levels. 
No juvenile rhino were released (Table 1) but individuals 
classifi ed as young adults (age class E; Hitchins, 1978) 
tended to travel more than mature adults (age class F, 
Figure 2B). However, the difference in distances travelled 
by the two age classes was not statistically signifi cant 
(Mann Whitney-U test: average daily displacement, 
P>0.1; cumulative 6-day displacement, P>0.1). The 
levels of reproductive hormones in males and females, 
as judged from the concentration of androgens and 
progestins respectively in their faeces during captivity, 
varied considerably. Males and females with low levels 
of reproductive hormone moved greater distances after 
release than those with high reproductive hormone levels 
(Figure 5; Spearman rank correlation: females, r

s
 = -0.82, 

P<0.05; males, r
s
 = -0.79, P<0.05). The sexes did not differ 

signifi cantly in their mobility after release (Average ± 1SE: 
average daily displacement, male 3.9 ± 0.9, female 3.6 
± 0.5; cumulative 6-day displacement, male 24.3 ± 4.7, 
female 23.0 ± 2.8, Mann Whitney-U test, P>0.1). Of the 
two factors, age and reproductive hormone levels, only 
reproductive hormone levels has the potential to also 
explain the difference in movements between the control 
and treatment groups because the groups were evenly 
balanced for young and mature adults (Table 1). Although 
treatment and control groups were also balanced for 
their number of males and females, individuals of both 
sexes with higher levels of reproductive hormones were 
retrospectively found to contribute disproportionately to 
the control group (Figure 5).

Figure 2. Movement during the fi rst 6 days after release by 
black rhino that were in (A) treatment (scent broadcast) 
and control (scent not broadcast) groups and (B) young 
adult (i.e., E; Hitchins, 1978) compared with fully-adult 
(i.e., F) age classes. Mobility is expressed as the average 
daily displacement and cumulative displacement during 
the fi rst 6 days post-release (Average ± 1SE).

Figure 3. Examples of the movements during the fi rst 6 days after release by four of the 15 released rhino; (A) female 1, (B) 
male 72, (C) male 10, and (D) female 7 (refer Table 1, ID#). Daily locations are shown by black dots and their sequence by 
associated dates and connecting lines. Topographical map features are as in Figure 1. Note the tendency for centrality in the 
movements of rhino towards the end of the fi rst 6 days.

Ecological Journal, Volume 7, 2006: Linklater et al
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Figure 4. The average  (± 1SE) drugs regime during 
transportation and release for rhino in the treatment (scent 
broadcast) and control (scent not broadcast) groups.

Figure 5. The relationship between average faecal (A) 
progestin concentration in females and (B) androgen 
concentration in males and their cumulative 6-day 
displacement after release. Each dot represents 1 rhino of 
the 15 released and the associated letter indicates whether 
they were part of the treatment (T) of control (C) group of 
the scent broadcasting experiment.

Discussion
Free- versus boma-release
This is the fi rst time that detailed daily movements have 
been reported for black rhinos after their translocation 
and release for reintroduction. For this reason we do 
not know how the movements reported here after ‘free-
releasing’ 15 black rhino at individual sites compare with 
similar releases from boma. However, Raath and Hall-
Martin (1989) remark that after a boma release on Vaalbos 
National Park individuals walked up to 24km on the fi rst 

day before resting. This distance exceeds any of the values 
reported here after the Mun-ya-Wana GR release where the 
largest fi rst-day distances travelled from the release site 
was 6.7km, although Vaalbos National Park at 18 120ha 
was a similar size to Mun-ya-Wana GR (18 626ha).

The rationale for free-releasing black rhinos at individual 
sites that are spaced across the reserve for reintroductions 
(IUCN, 1998) is based on the expectation that this release 
structure reduces the encounter rates between rhinos after 
release, therefore reducing the probability of potentially 
aggressive interactions and the injuries and mortalities 
that have been associated with other translocations (Hall-
Martin & Penzhorn, 1977; Brett, 1998). Free-releasing 
rhino achieves this in 2 ways: 

(1) It allows many more rhino to be released each day 
and for the entire cohort to be released over a shorter 
period (in this case 15 rhino over 3 days) than would be 
possible if the rhino were released from a boma complex. 
This is because boma releases require that the rhino are 
released at different times and that there be suffi cient 
time between each release to prevent interactions that 
might result in confl ict. Therefore, the common procedure 
is to release one rhino at dusk on subsequent days until all 
have left the boma. On Mun-ya-Wana GR a boma release 
would have required 15 days. Even if 2 rhino a day were 
released from boma the release period would have been 
over twice as long as the 3 days required for a free-release 
scheme. The time that it takes to release all individuals 
is a potentially important consideration because our 
expectation from rhinoceros home range or territorial 
behaviour (Goddard, 1967; Conway & Goodman, 1989; 
Kiwia, 1989; Tatman et al, 2000; Lent & Fike, 2003) is that 
once having established themselves a rhino is more likely 
to respond to a newcomer aggressively. Thus, shortening 
the time from the fi rst to the last release means that 
the rhino are more equally uncertain about their home 
and thus less inclined to defend it. On Mun-ya-Wana GR 
rhinos began to demonstrate site loyalty through central 
tendency in their movements with the fi rst 6 days. The 
entire release occurring over just 3 days ensured that the 
rhino released fi rst had not established themselves before 
the last rhino was released.

(2) Free-releasing allows rhino release sites to be spaced 
across the reserve thus further limiting the probability of 
rhino encountering one-another during the critical period 
when they are recovering from the drugs and experience 
of boma, transportation and release. Boma releasing, 
on-the-other-hand, means that each subsequent rhino 
that is released is likely to encounter the rhino released 
earlier and the rates of encounter might increase as the 
release schedule proceeds. The problem is exacerbated 
if rhino initially do not move far from the boma after 
release. Some rhino are reluctant to leave bomas, do 
not travel far in the initial few days and may return to 
boma after release (Linklater & Swaisgood, 2004). For 
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the largely solitary-living black rhinos these interactions 
may stimulate greater movement as they try to avoid one 
another and establish their own relatively independent 
home ranges. It is possible that boma-release may result 
in a domino effect every time another rhino is released as 
rhino encounter, interact and displace one another away 
from their release site and about the reserve.

The higher maximum distance travelled during the 
fi rst day after release by rhino reintroduced to Vaalbos 
National Park (Raath & Hall-Martin, 1989) compared with 
Mun-ya-Wana GR might indicate that this domino effect 
was occurring on Vaalbos. Certainly, multiple releases 
at single sites for other re-introductions have resulted 
in signifi cant confl ict between the released rhino during 
the fi rst few days (Hall-Martin & Penzhorn, 1977). In the 
reintroduction described here, although the distances 
travelled by the rhino after release were large relative to 
the space between release sites and they had the occasion 
and opportunity to encounter and interact with each other 
(Figures 1 & 3), there was no evidence of aggression or 
fi ghting during the fi rst few days after release. Indeed the 
rhinos’ movements appear to indicate that they actively 
and successfully avoided each other, or at least confl ict 
with each other, during this critical period. Free-releasing, 
such that the release occurs over as short a time period as 
possible and the rhino are spaced throughout the reserve 
appears to have facilitated this process.

This is not the fi rst time that the free-release of a large 
number of rhino for reintroduction has been successfully 
conducted. Although Hillman (unpublished report quoted 
in: Adcock et al, 1998) thought that free-releasing black 
rhinos on Pilanesberg National Park meant that they 
were highly disturbed (these rhino were transported 
and released immediately after capture and without a 
period in boma at the donor reserve) the fi rst Pilanesberg 
release of 19 black rhinoceros stands out as one of the 
most successful reintroductions with no mortalities while 
releases from boma at several different sites over the 
subsequent 20 years have resulted in average mortalities 
ranging from 6 to 16% (Hitchins, 1984; Adcock et al, 1998; 
Brett, 1998). Although, boma-releases are recommended 
best practice, it is conceivable that the suitability of either 
the boma- versus free-release strategy depends on the 
context. Where the release cohort is large and the reserve 
is large enough to support individual release sites spaced 
several kilometres apart, free-releasing might be the more 
successful strategy. Free-releasing also probably reduces 
additional stress to the rhinoceros of acclimating to 
another captive environment that inevitably includes new 
staff and routines, and reduces the infrastructure costs 
and disturbance of building boma at release sites. Building 
bomas adds considerably to the cost of translocation.

Scent broadcasting experiment
The rhino moved about the landscape immediately 
after release and individuals varied considerably in the 

distances they moved (Figure 3). The discussion above 
notwithstanding, such movements are a concern where 
they might increase encounter rates after release. The 
spreading of a rhino’s own dung at and around its release 
site appeared to stimulate greater movement by those 
rhinoceros and the tendency for them to leave the release 
area. This effect was contrary to our a priori hypothesis 
that a rhino would choose to settle where its own scent 
was broadcast and that this might prove a useful tool in 
controlling movements or encouraging local settlement 
after release. However, the effect is confounded by the 
control group being dominated by males with higher 
androgen levels and females with higher progestin levels. 
Thus, we are not sure at this stage whether the effect 
we observed was a consequence of scent broadcasting 
or some other, as yet unknown, effect on behaviour of 
elevated hormone levels.

The potential effect of reproductive hormone levels is 
an interesting one. Rhino that were older (Figure 2B) 
and had higher reproductive hormone levels (Figure 5) 
moved less. Perhaps males with higher androgen levels 
are reproductively ready mates and more quickly identify 
opportunities to defend females, territories or home-
ranges and thus were inclined to move less? The effect for 
females is less easy to rationalise since the effect could be 
in different directions depending on whether her elevated 
progestin levels were due to pregnancy or oestrus. 
Perhaps during oestrous or pregnancy a female is more 
selective of habitat as an aid to attracting or avoiding 
males, respectively? Currently our understanding of black 
rhino behavioural ecology is not well enough developed 
to understand this result. Future studies of individuals 
in different reproductive states, such as those in white 
rhinoceros (Rachlow, 1997), would be an important 
contribution.

If reproductive status was not a confounding infl uence on 
rhino movements after release then there are two possible 
explanations for the effect observed. Either:
(1) when a rhino encounters its own scent while moving 
around and away from the release site it is encouraged to 
move and explore further afi eld. This might be because its 
scent imparts confi dence; that is the rhino is fooled into 
believing it has ‘territorial’ precedence, or
(2) the rhino is avoiding the broadcast scent because it 
associates the smell with its largely negative experience 
in boma over the previous few weeks of captivity after 
capture. Indeed, when gathering rhino dung and urine 
from the boma we inevitably collect the scent of that 
environment that will likely include the smells of the 
teams that cleaned the boma each day, the chemicals and 
detergents used, vehicles and artifi cial foods. Moreover, 
during capture and captivity the physiological status of 
the rhino changes (Kock et al, 1999; Linklater et al, 2005). 
Changes in rhino physiology will be refl ected in their dung 
and urine. Those changes might even act like an alarm 
signal if metabolites resulting from the activation of the 
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stress-response system alter dung and urine chemistry.
We suspect that it is the former (i.e. 1) that is true because 
ongoing, but as yet unpublished analysis of the longer 
term dataset, show that although rhino moved away 
from their own scent (e.g. Figure 3), 13 of the 15 rhino 
established initial home ranges that included or were 
immediately adjacent to areas that had been spread with 
the scent of another rhino. If rhino were avoiding their 
dung and urine because it also included smells that they 
associated with their negative experience of the boma 
then one might expect them to avoid all the other rhinos’ 
dung as well because it too would incorporate boma 
scents. That rhino did not avoid the dung from other rhino, 
and appear to have even been attracted by it, indicates 
that conspecifi c scent might play a role in black rhinoceros 
movements after release and be a tool for managing home 
range establishment. Improving our understanding of this 
effect will depend on studies of black rhinoceros olfactory 
behaviour, scent chemistry, and further experimental trials 
of the scent broadcasting technique.

Acknowledgements
Our thanks to the landowners of Mun-ya-Wana GR, the 
Conservation Manager (Mr. Kevin Pretorius), and game 
guards (Mr. Daniel Tuli and Mr. Thomas Khumalo); WWF for 
funding the Black Rhino Range Expansion Project, under 
whose auspices these black rhino were re-introduced to 
Mun-ya-Wana Game Reserve; and Ezemvelo KZN Wildlife 
for supplying the 15 black rhino to the project. The 
research was made possible through the fi nancial support 
of the Ammerman Foundation, and a Millennium Post-
doctoral Fellowship to WLL at Conservation & Research for 
Endangered Species (CRES) of the Zoological Society of 
San Diego (Institutional Animal Care and Use Committee 
approval number 169), and granted funds to WLL & 
RRS from the U.S. Fish & Wildlife Service administered 
Rhinoceros and Tiger Conservation Act of 1994 (grant 
agreement numbers 98210-2-G363 and 98210-4-G920).

References
ADCOCK, K, HANSEN, HB & LINDEMANN, H. 1998. Lessons from 

the introduced black rhino population in Pilanesburg National 

Park. Pachyderm 26: 40-51.

BRETT, RA. 1998. Mortality factors and breeding performance of 

translocated black rhinos in Kenya: 1984-1995. Pachyderm 26: 

69-82.

BROWN, J, BELLEM, A, FOURAKER, M, WILDT, D & ROTH, T. 2001. 

Comparative analysis of gonadal and adrenal activity in the black 

and white rhinoceros in North America by  noninvasive endocrine 

monitoring. Zoo Biology 20: 463-486.

CONWAY, A J & GOODMAN, PS. 1989. Population Characteristics 

and Management of Black Rhinoceros Diceros bicornis minor and 

White Rhinoceros Ceratotherium simum simum in Ndumu Game 

Reserve South Africa. Biological Conservation 47: 109-122.

EMSLIE, R. 2001. Proceedings of a SADC rhino management group 

(RMG) workshop on biological management to meet continental 

and national black rhino conservation goals. SADC Regional 

Programme for Rhino Conservation, Giants Castle, South Africa.

GALLI, NS & FLAMAND, JRB. 1995. Darting and marking black 

rhinoceros on foot: Part of a monitoring and population estimation 

technique in Hluhluwe-Umfolozi Park, South Africa. Pachyderm 

20: 33-38.

GODDARD, J. 1967. Home range, behaviour, and recruitment rates 

of two black rhinoceros populations. East African Wildlife Journal 

5: 133-150.

HALL-MARTIN, AJ & PENZHORN, BL. 1977. Behaviour and 

recruitment of translocated black rhinoceros Diceros bicornis. 

Koedoe 20: 147-162.

HITCHINS, P. 1984. Translocations of black rhinoceros (Diceros 

bicornis minor) from Natal game reserves (1962-83). The 

Lammergeyer 33: 45-48.

HITCHINS, PM. 1978. Age determination of the black rhinoceros, 

Diceros bicornis Linn. in Zululand. South African Journal of Wildlife 

Research 8: 71-80.

HITCHINS, PM, KEEP, M & ROCHAT, K. 1972. The capture of black 

rhinoceros in Hluhluwe Game Reserve and their translocation to 

the Kruger National Park. Lammergeyer 17: 18-30.

HOFMEYR, J, EBEDES, H, FRYER, R & DE BRUINE, J. 1975. The 

capture and translocation of the black rhinoceros  Diceros bicornis 

Linn. in South West Africa. Madoqua  9: 35-44.

IUCN. 1998. Guidelines for re-introductions. (Ed. by International 

Union for the Conservation of Nature and Natural Resources 

/ Species Survival Commission, R. S. G.). IUCN, The World 

Conservation Union, Gland.

JOUBERT, E & ELOFF, FC. 1971. Notes on the ecology and behaviour 

of the black rhinoceros Diceros bicornis Linn. 1758 in South West 

Africa. Madoqua 1: 5-53.

KIWIA, H. 1989. Ranging patterns of the black rhinoceros Diceros 

bicornis L. in Ngorongoro Crater Tanzania. African Journal of 

Ecology 27: 305-312.

KIYASU, K & KOHSHIMA, S. 2002. Behaviour of captive black 

rhinoceros (Diceros bicornis): Behaviours related to olfactory 

communication. Unpublished abstract in: Proceedings of the 4th 

International Symposium on Physiology and Behaviour of Wild 

and Zoo Animals, Berlin, Germany, September 29-October, 2002.

Ecological Journal, Volume 7, 2006: Linklater et al



34

KOCK, M. 1992. Use of hyaluronidase and increased etorphine 

(M99) doses to improve induction times and reduce capture-

related stress in the chemical immobilization of the free-ranging 

black rhinoceros (Diceros bicornis) in Zimbabwe. Journal of Zoo 

and Wildlife Medicine 23: 181-188.

KOCK, RA, MIHOK, SRO, WAMBUA, J, MWANZIA, J & SAIGAWA, K. 

1999. Effects of translocation on hematologic parameters of free-

ranging black rhinoceros (Diceros bicornis michaeli) in Kenya. 

Journal of Zoo and Wildlife Medicine 30: 389-396.

LENT, PC & FIKE, B. 2003. Home ranges, movements and spatial 

relationships in an expanding population of black rhinoceros in 

the Great Fish River Reserve, South Africa. South African Journal 

of Wildlife Research 33: 109-118.

LINKLATER, WL. 2003. Science and management in a conservation 

crisis: a case study with rhinoceros. Conservation Biology 17: 

968-976.

LINKLATER, WL. 2004. Messing with the minds of rhino. Africa 

Geographic 12(2): 76-79.

LINKLATER, WL & SWAISGOOD, RR. 2004. Managing black rhino 

dispersal, range-use and confl ict escalation after translocation 

for meta-population management. Center for Reproduction of 

Endangered Species, Zoological Society of San Diego & Terrestrial 

Ecology Research Unit, University of Port Elizabeth. Unpublished 

external report. Grant agreement number 98210-2-G363.

LINKLATER, WL & SWAISGOOD, RR. 2005. Towards more 

effective meta-population management: is black rhino decline 

in strategic donor reserves caused by ecological or social 

constraints or competitor substitution? - capacity building and 

research extensions within an existing program. Conservation 

and Research for Endangered Species, Zoological Society of 

San Diego & Terrestrial Ecology Research Unit, Nelson Mandela 

Metropolitan University. Unpublished external report. Grant 

agreement number 98210-4-G920.

LINKLATER, WL, SWAISGOOD, RR & CZEKALA, NM. 2005. (1) 

Managing rhino reproductive health, dispersal, range-use and 

confl ict during translocation for meta-population management: 

experiments in olfactory communication. (2) The impact of 

removals on the performance and habitat of donor black rhino 

populations and a trial of signal broadcasting to increase black 

rhino utilisation of historical removal areas.  Conservation & 

research for Endangered Species, Zoological society of San Diego 

& Terrestrial Ecology Research Unit, Nelson Mandela Metropolitan 

University. Unpublished external report.

LINKLATER, WL, SWAISGOOD, RR & HANNON, RL. 2003. Match-

fi xing rhino fi ghts: Improving the odds on successful black rhino 

transfer to game reserves. Game & Hunt 9: 47-49.

MORKEL, P. 1994. Chemical immobilisation of the black rhinoceros 

(Diceros bicornis). In: Penzhorn, BL & NPJ Kriek, NPJ. (eds.). 

Proceedings of a South African Veterinary Association Symposium 

on rhinos as game ranch animals. Onderstepoort, South Africa. 

pp. 128-135.

NAMS, V. 2000. Locate II. Truro, Canada: Vilis Nams (Copyright 

1990-2000).

PATTON, ML, CZEKALA, N, LANCE, VA & HAGEY, LR. 1996. 

Progesterone metabolites in the feces of free ranging female 

southern African black rhinoceroses (Diceros bicornis minor). 

Biology of Reproduction 54: 305-305.

PIENAAR, D & HALL-MARTIN, A. 1991. Radio transmitter implants 

in the horns of both the white and the black rhinoceros in the 

Kruger National Park. Koedoe 34: 89-96.

RAATH, JP & HALL-MARTIN, AJ. 1989. Transport and boma 

management techniques for black rhinoceros Diceros bicornis as 

used in Etosha/Vaalbos operation. Koedoe 32: 69-76.

RACHLOW, JL. 1997. Demography, Behavior, and Conservation of 

White Rhinos. Unpublished PhD Thesis, University of Nevada. 

ROGERS, P  & MCKENZIE, A. 2001. Chemical capture of the black 

rhinoceros Diceros bicornis. Available at: www.wildnetafrica.com/

estate/capturecare/sectionb/b4_blackrhino/01_rogers.html 

SCHENKEL, R & SCHENKEL-HULLIGER, L. 1969. Ecology and 

behaviour of the black rhinoceros (Diceros bicornis L.): A fi eld 

study. Verlag Paul Harvey, Hamburg.

SCHWARZENBERGER, F, RIETSCHEL, W, VAHALA, J, HOLECKOVA, 

D, THOMAS, P, MALTZAN, J & BAUMGARTNER, K. 2000. Fecal 

progesterone, estrogen and androgen metabolites in the female 

Indian rhinoceros, Rhinoceros unicornis. Biology of Reproduction 

62: 342.

SCHWARZENBERGER, F, TOMASOVA, K, HOLECKOVA, D, MATERN, 

B & MOSTL, E. 1996. Measurement of fecal steroids in the black 

rhinoceros (Diceros bicornis) using group-specifi c enzyme 

immunoassays for 20-oxo- pregnanes. Zoo Biology 15: 159-171.

SHRADER, A & BEAUCHAMP, B. 2001. A new method for implanting 

radio transmitters into the horns of black and white rhinoceros. 

Pachyderm 30: 81-86.

TATMAN, SC, STEVENS-WOOD, B & SMITH, VBT. 2000. Ranging 

behaviour and habitat usage in black rhinoceros, Diceros bicornis, 

in a Kenyan sanctuary. African Journal of Ecology 38: 163-172.

Ecological Journal, Volume 7, 2006: Linklater et al


	COVER CCAfrica Ecological Journal Cover.pdf
	Linklater et al CCAfrica Ecological Journal.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




