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Abstract The translocation of predators believed to be prey-
ing on livestock is often perceived as a more humane and
desirable method of removal than lethal control. However,
the survival of translocated predators and the effectiveness
of translocation in reducing conflict at the removal site are
often not documented. We assessed farmers’ perceptions of
the efficacy of translocation at reducing livestock and game-
stock losses in Botswana, and determined the post-release
survival of translocated cheetahs Acinonyx jubatus, the
most threatened large felid in Africa. Eighteen percent of
translocated cheetahs survived  year (n = ). The low sur-
vival rate was thought to be related to homing behaviour and
wide-ranging movements post release. The majority of
farmers who had translocated a problem predator from
their farm within the months prior to the study perceived
that the translocationwas ineffective at reducing stock losses,
both in the short (.%) and long term (.%, n = ). At
least one of the monitored cheetahs continued to predate
livestock after release. In light of the low survival, significant
financial costs and failure to reduce stock losses, we conclude
that the translocation of problem cheetahs in Botswana
should no longer be conducted, and that conflict mitigation
methods should focus on techniques that promote coexist-
ence of predators and humans.
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Introduction

An increasing human population and the conversion of
land for anthropogenic activities have resulted in wide-

spread conflict between humans and wildlife, and this is

predicted to increase (Hutton & Leader-Williams, ;
Madden, ). Actual or perceived depredation of live-
stock by carnivores is the most common cause of conflict be-
tween humans and predators (Sillero-Zubiri & Laurenson,
), and human intolerance and lethal removal of preda-
tors constitute one of the primary threats to the survival of
nearly all large carnivore species (Woodroffe et al., ).
The capture and translocation of problem individuals
from the conflict site to another area within the species’
range (IUCN, ) is thought to reduce livestock losses.
Translocation is considered a humane method (Massei
et al., ), and therefore conservation organizations may
be under pressure to translocate problem individuals to pre-
vent them being killed.

The majority of large carnivore species have been trans-
located to mitigate human–predator conflict (Linnell et al.,
; Fontúrbel & Simonetti, ), including the successful
reintroduction and establishment of healthy populations of
grey wolf Canis lupus, cheetah Acinonyx jubatus and lion
Panthera leo (Bradley et al., ; Purchase et al., ;
Hayward et al., ). However, high mortality rates, and
incidences of homing behaviour and of reverting to livestock
predation have also been reported (Linnell et al., ).

The reduction of conflict at the capture site should be
considered the primary indicator of success for transloca-
tions to mitigate human–predator conflict but often the
effect of translocations on conflict resolution is not docu-
mented (Linnell et al., ; Massei et al., ).
Translocated individuals should have an acceptable chance
of survival, defined by Fontúrbel & Simonetti () as
surviving  year post release. Translocation should be cost-
effective relative to other available conflict mitigation meth-
ods (Massei et al., ); however, the costs of translocation
are rarely reported (Fischer & Lindenmayer, ). We dis-
cuss the success of a cheetah translocation programme in
Botswana in the context of the aforementioned criteria.
Questionnaire surveys were used to investigate farmers’ per-
ceptions of the efficacy of translocation at reducing stock
losses to carnivore depredation, and this information was
considered alongside information on the survival of translo-
cated cheetahs. The cheetah is the most threatened large felid
in Africa, and Botswana is geographically at the centre of the
southern African cheetah population, the largest remaining
population (IUCN/SSC, ).
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Study area

Botswana is a landlocked country in southern Africa (,
km; Fig. ), with mean temperatures of °C in summer and
°C in winter, and annual rainfall of c. – mm, during
October–March (Central Statistics Office, ). The vegeta-
tion varies from scrub savannah and small trees in the drier
south-west to tree savannah and woodland in the north-east,
where there is more precipitation (Burgess, ).

Land use is divided into livestock/game-stock farmland,
arable and pastoral land (.%), wildlife management areas
(.%; designed primarily for wildlife conservation but also
contain livestock), nationally protected parks and reserves
(.%), and city land and government ranches (.%;
Fig. ; Central Statistics Office, ). Protected areas do not
have predator-proof fencing (with the exception of the south-
western boundary of the Makgadikgadi National Park), and
therefore movement of predators is largely unrestricted.

Questionnaire surveys of farmers were conducted
primarily in the Central, Ghanzi, Ngamiland and North-
East regional districts. Translocated problem cheetahs origi-
nated from the Ghanzi, Southern or Kgalagadi districts, in
western Botswana, where a local conservation organization,
Cheetah Conservation Botswana, has an active presence.
Cheetahs were translocated to protected areas, wildlife man-
agement areas or farmland in this western region (Fig. ).

Methods

Questionnaires

Questionnaires were administered as face-to-face interviews
with game-stock and livestock farmers (n = ; refusal rate
.%) during –. Farmers were asked if they had
ever translocated a predator from their property and, if so,
how effective (very effective, effective, ineffective, very inef-
fective, do not know) they perceived the translocation had
been at reducing stock losses to carnivore depredation in
the short (#  months) and long term (.  months).
They were also asked how likely they would be to translocate
a predator in the future (very likely, likely, unlikely, very un-
likely, do not know) and to explain why. Any additional
comments farmers made regarding predator translocations
were recorded, as were details of the most recent transloca-
tion event. If a farmer was unable to remember the year the
translocation took place it was assumed to have occurred
.  months prior to the survey.

All Department of Wildlife and National Parks offices in
Botswana (n = ) were contacted and asked to provide re-
cords of predator translocations conducted during –
, including the contact details of the farmers involved.
These farmers were contacted by telephone and asked the
same questions regarding predator translocations.

Capture and translocation of cheetahs

Cheetahs were captured during January –May , and a
physical health check was carried out on adult individuals, as
described in Houser et al. () and Boast et al. (). The
majority of cheetahs were caught by farmers using their own
traps. Cheetahs were transported to Cheetah Conservation
Botswana research bases and held for a median of  days be-
fore release (range – days, n = ).

Cheetahs were rated as being in excellent, good, fair or poor
health; superficial trap-cage injuries were noted but were not
considered in the assessment of health status (Marker &
Dickman, ). A global positioning system (GPS) cell collar
(Africa Wildlife Tracking cc, Pretoria, South Africa;  g) or
GPS satellite collar (Sirtrack Limited, Havelock North, New
Zealand;  g) was fitted to cheetahs during the physical
health check. GPS locations were recorded – times per
day, and visual follow-up was not conducted.

Release sites were selected through discussion between
Department of Wildlife and National Parks and Cheetah
Conservation Botswana staff at the time of capture; selections
were based on vegetation, the availability of water and prey,
the presence or absence of larger competitors (lion and spot-
ted hyaena Crocuta crocuta), the cheetahs’ social grouping,
and the threat the cheetahs were thought to pose to livestock.
Cheetahs were hard-released at the chosen site.

Survival and post-release movements of translocated
cheetahs

Survival time of collared cheetahs was calculated as the num-
ber of days between their release (day ) and death or collar
failure (day χ). The success rate was defined as the proportion
of individuals that survived  year (Fontúrbel & Simonetti,
). Spatial analyses were performed in ArcView GIS .
(ESRI, Redlands, USA). Daily movements were monitored
and, if applicable, the time taken for individuals to return
to their capture site was recorded. A cheetah was considered
to have returned to the capture site if a GPS location was re-
corded within . km of the site at which it was trapped. This
is equivalent to the radius of themean cheetah home range on
farmland in Namibia, calculated based on  individuals
(Marker et al., ). The Namibian home range was chosen
because the home range calculated for Botswana (radius .
km; Houser et al., ) was based on a sample of only five
individuals. Release-site fidelity was defined as an individual
utilizing an area within . km of the release site more than
once, .  days after release.

Statistical analyses

Questionnaire data were coded for use in SPSS v. .. (IBM
Corporation, Armonk, USA). Statistical tests included the
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Mann–Whitney U test, Wilcoxon signed-rank test and
χ tests (using Yates’s correction factor). Content analysis
was used to identify consistent themes in the additional
comments farmers made regarding translocation. Signifi-
cance was determined at P = ..

Results

Questionnaires

In the questionnaire survey .% (n = ) of farmers indi-
cated they had been involved in the translocation of a prob-
lem predator. Predators were equally likely to have been
translocated from ranches farming only game-stock (.%
of ranches had translocated a predator, n = ), livestock
farms (.%, n = ) or farms stocking both livestock and
game-stock (.%, n = ; χ = ., df = , P = .). An
additional  questionnaires were conducted with farmers
identified from Department of Wildlife and National Parks
records as having participated in translocation of a predator;
in total,  people who had experience of translocations were
questioned. The median time between translocation and
interview was  years (n = , range .–. years); an
additional six farmers could not remember the year the
translocation took place. Farmers had translocated leopards
Panthera pardus (.%), lions (.%), cheetahs (.%),
brown hyaenas Hyaena brunnea (.%), black-backed jack-
als Canis mesomelas (.%), African wild dogs Lycaon pictus
(.%) and spotted hyaenas (.%).

Fifty-seven percent of farmers perceived that translocation
was effective at reducing their stock losses in the short term
(.%; n = ), compared to .% (n = ) in the long term
(U(), z =−., P = .; Table ). Farmers’ perceptions of
efficacy did not vary with the species farmed, the reason for
translocation or the species translocated. However, farmers
who had translocated a predator within the  months
prior to the study were up to . times less likely to rate the
translocation as very effective or effective at reducing stock
losses (short term: .%of farmers; long term: .%; n = )
than farmers who had translocated a predator .  months
prior to the study (short term: .%, n = ;U(), z =−.,
P = .; long term: .%, n = ; U(), z =−.,
P = .; Table ). Five farmers responded that they did
not know how effective the translocation was.

Eighty-five percent (.%) of farmers who had translo-
cated a predator indicated they were very likely or likely to
consider translocating predators in the future (n = ), com-
pared to .% of farmers who had never been involved in
predator translocation (n = ; χ = ., df = , P, .).
Twenty percent (.%) of farmers who commented on
predator translocation did not want to translocate predators
in the future, as they wanted to have predators on the farm
(n = ; Supplementary Table S). Other reasons farmers
stated as to why they would not translocate a predator in
the future or why they thought translocation was ineffective
were that predators are not moved far enough away (.%),
they return to the farm (.%) or they do not survive after
release (.%). Farmers also reported that other predator
species (.%) or new individuals moved into the area

FIG. 1 Major land uses in
Botswana. The circle indicates
the location of the study area,
where cheetahs Acinonyx
jubatus were translocated by
Cheetah Conservation
Botswana. Data source:
Department of Wildlife and
National Parks (undated).
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(.%) and killed livestock or game-stock, and that in some
cases stock losses to predators increased after translocation
(.%; Supplementary Table S). Farmers were also con-
cerned that there was nowhere to move the predators to be-
cause protected areas were unsuitable or at full capacity
(.%), and that the Department of Wildlife and National
Parks and conservation NGOs were slow to respond and
did not treat animals humanely (.%) or were unwilling
to assist in translocating predators (.%).

Translocation of cheetahs

Cheetah Conservation Botswana took part in the transloca-
tion of  social groups of cheetahs ( individuals) during
–. Male coalitions were the most commonly trans-
located group (.%), followed by single males (.%),
females with cubs (.%), and single females (.%). Of
the cheetahs that underwent a physical health check %
(n = ) were deemed to be in excellent or good health;
the remaining cheetahs were in fair health. Minor to mod-
erate trap-cage injuries, including abrasions to paws, face,
shoulders, base of tail and hips, were recorded in % (n =
) of adults. The costs of translocation varied depending
on how and where the cheetah was captured, the social
grouping, veterinarian fees, the release point, and the
follow-up conducted. The estimated cost to translocate a
single problem cheetah was USD ,, .% of which re-
lated to post-release monitoring and the physical health
check (Table ). The mean linear distance between capture
and release sites was  ± SD  km (n = ).

Survival and post-release movements of translocated
cheetahs

GPS cell (n = ) or satellite collars (n = ) were fitted to 

adult cheetahs. Median survival time was  days (range
–) for males and  days (range –) for females
(Table ). Only two individuals survived for longer than 

year, yielding a success rate of .% (n = ); however, a
third survived for  days (Table ). Three of the four indi-
viduals whose release sites were,  km from their point of
capture returned to the capture site, and one showed fidelity
to the release site. Of the seven cheetahs translocated . 

km from the capture site, one returned to the capture area
and one showed site fidelity to the release site (Table ).
A calf carcass and cheetah spoor were found at a
location recorded from the GPS collar of a translocated
male cheetah.

Discussion

Reduction of human–predator conflict at the capture site

Quantitative data on stock losses that occurred before and
after predators were translocated were not available, and the
few studies that have reported data have been conflicting
and often inconclusive (Linnell et al., ). The drivers of
human–predator conflict are often related to farmers’ percep-
tions of predators and the threat and fear of economic losses
rather than actual stock losses (Gusset et al., ), and there-
fore we considered farmers’ attitudes to predator translocation

TABLE 1 The proportion of farmers who perceived that the translocation of a predator had been effective or very effective at reducing stock
losses on their farms in the short and long term.

Time interval since
predator was translocated

% farmers who perceived translocation had been effective or very
effective (n)

Short term Long term

# 12 months 40.9 (22) 36.4 (22)
. 12 months 70.4 (27) 55.6 (27)
Total 57.1 (49) 46.9 (49)

TABLE 2 Estimated costs of translocating a cheetah Acinonyx jubatus from a farm  km from the research camp to a release site  km
away by road. Staff costs were estimated at c. USD  for veterinary staff and USD . per hour for project staff, based on local wages.

Activity Cost (USD)*

Setting traps (travel & staff) 630
Collection of cheetah (travel & staff) 100
Medical work (veterinarian, equipment & drugs) 1,240
Release of cheetah (travel & staff) 380
Collection of traps (travel & staff) 420
Monitoring (GPS satellite collar & data retrieval) 4,340
Total 7,110

*Costs do not include initial material costs such as traps, holding pens, vehicles, squeeze boxes, and darting and medical equipment.
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an appropriate measure to gauge its effectiveness at reducing
stock losses and mitigating human–predator conflict.

Overall .% of farmers perceived that translocation was
effective at reducing stock losses in the short term; this de-
creased to .% if farmers who had translocated a predator
.  year ago were excluded.Memories can be biased by what
is known as rosy retrospection, in which individuals rate
past events more positively than they would have rated
them when the event occurred (Mitchell & Thompson,
). It is possible this bias accounts for the observed dif-
ferences, and therefore overall perceived effectiveness would
probably have been lower if follow-up had been conducted
nearer the time of translocation.

Farmers reported that translocation was ineffective, as
other predators in the area or new predators that moved
into the area continued to prey on livestock. The transloca-
tion of problem predators relies on the assumption that
problem individuals (ones that repeatedly kill livestock)
exist and can be identified and captured (Linnell et al.,
; Linnell, ). If problem animals do not exist, how-
ever, or if the wrong individual is captured, livestock depre-
dation is likely to continue. Additionally, the removal of
territorial individuals has been associated with an increase
in the number of subadult or transient individuals in an
area (Phillips et al., ; Athreya, ), which could result
in increased stock losses. Five farmers reported that their

problems with predators increased after the translocation
of a predator (Supplementary Table S).

Farmers also commented that predation continues when
translocated predators are not moved far enough away and
are able to return to the capture site. Carnivores possess an
intrinsic ability to navigate to their home area (Linnell et al.,
); only two of the  collared cheetahs remained at the
release site and four returned to their capture site. It is gen-
erally assumed that large carnivores are unlikely to return if
they are moved.  km (Linnell et al., ). However, in-
stances of long-distance homing such as that recorded for
cheetah , which returned to its capture site from  km
away (Table ), have also been recorded for mountain
lions Puma concolor, leopards, wolves and bears, and pre-
sent a challenge when choosing release sites (Linnell et al.,
; Weilenmann et al., ).

Survival of translocated cheetahs

Cheetahs have all the characteristics necessary for transloca-
tion: they consume a broad range of prey species, can toler-
ate a variety of habitats, and have an exploratory nature
(Caro, ). However, cheetahs generally have lower sur-
vival rates than other translocated carnivores (Hayward
et al., ); the post-release success rate of .% reported

TABLE 3 Data recorded for  collared cheetahs translocated as problem predators by Cheetah Conservation Botswana during –,
with identification number, health status, trap cage injuries, grouping/sex, release site, distance between capture and release site, release-site
fidelity, return to capture site, duration of survival, outcome, and cause of death.

ID
no.

Health
status

Trap
cage
injuries

Grouping/
sex

Release
site1

Distance
between
capture
& release
sites (km)

Release-site
fidelity2

Return to
capture
site3

Survival
(days) Outcome

Cause of
death

1 Excellent Yes 1 male Farmland 48 Yes 31 Died Shot
2 Good Yes 1 male Farmland 28 Yes 46 Died Unknown
3 Good Yes 2 males4 Farmland 29 Yes No 145 Died Shot
4 Good Yes 2 males4 Farmland 31 No Yes 64 Died Shot
5 Good No 1 male Farmland 191 No No 633 Died Unknown
6 Fair Yes 1 male CKGR 215 Yes No 66 Died Unknown
7 Good No 1 female &

5 cubs
CKGR 200 No 21 Died Unknown

8 Good Yes 1 male KTP 79 No No .981 Collar
failure

9 Good Yes 1 female &
3 cubs

CKGR 90 No 31 Died Unknown

10 Fair Yes 1 female &
2 cubs

WMA 278 No No 95 Died Unknown

11 Excellent Yes 2 males KTP 170 No Yes 347 Unknown Unknown

CKGR, Central Kalahari Game Reserve; KTP, Kgalagadi Transfrontier Park; WMA, Wildlife Management Area
Defined as an individual utilizing an area within . km of the release site more than once .  days after release
Defined as a recorded GPS location within . km (radius of mean home range size; Marker et al., ) of the capture site
Released separately
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here is substantially lower than that reported ina reviewof felid
translocations ( ± SD %; Fontúrbel & Simonetti, ).
The low survival rate in this study was likely to have been ex-
acerbated by the hard-release of cheetahs into unfenced areas
(Somers & Gusset, ). Sixty-seven percent of cheetahs in
this studyand%of translocated felids ina reviewofpredator
translocations to mitigate human–predator conflict died
within  days of release (Fontúrbel & Simonetti, ).
During the first  days, predators may be trying to return
to the capture site or to establish themselves in the new area.
Soft-release, where animals are held in a temporary holding
enclosure at the release site to acclimatize them to the area be-
fore their release, can reduce post-releasemovements (Linnell
et al., ) and has been associated with increased survival
rates (Massei et al., ). A higher success rate was recorded
in the soft-release of cheetahs intoMatusadonaNational Park
(.%; Purchase & Vhurumuku, ) compared to this
study (.%). Soft-release of cheetahs into private reserves
with predator-proof fencing in South Africa has also had a
high success rate (%; Marnewick et al., ); this can be
attributed to the increased availability of post-release
monitoring and veterinary treatment during the initial
 days, and to the predators’ inability to leave the relative
safety of the reserve. Soft-release programmes are expensive,
however, and despite the potential survival benefits of
soft-release most predator translocation programmes are
based on hard-release (Linnell et al., ; Fontúrbel &
Simonetti, ).

The availability of food and shelter, and a low presence of
competitors, including humans, are thought to be the most
important factors determining the survival of translocated
animals (Fischer & Lindenmayer, ; Johnson et al.,
; Massei et al., ). In this study three of nine cheetahs
that were confirmed dead were shot on farmland, and
human-related causes were suspected in three other cases;
human-mediated death is reported as the overall leading
cause of mortality in predator translocations (Linnell
et al., ; Massei et al., ; Fontúrbel & Simonetti,
). The cause of death could not be confirmed in the
other cases because of the lack of visual follow-up and the
time delay in reaching the dead cheetahs, which is a com-
mon problem when animals are released into unfenced
areas (Wolf et al., ). The poor survival of the three chee-
tahs released into the Central Kalahari Game Reserve (–
days; Table ) may have been related to the high density of
lions at the release sites, as lions have been largely extirpated
from the capture sites (Winterbach, ). Pre-release ex-
posure to predators has been shown to increase survival of
translocated individuals (Griffin et al., ), and the naiv-
ety of the translocated cheetahs regarding lions may have
contributed to their low survival rate (Bissett & Bernard,
; Hayward et al., ; Marnewick et al., ).

Intraspecific competition has also been recorded as a
cause of death in the translocation of cheetahs to electric-

fenced game ranches in South Africa (Hofmeyr & Van
Dyk, ; Bissett & Bernard, ), and between wild ter-
ritorial males in the Serengeti (Caro, ). Cheetahs are
widely distributed across Botswana and it is likely that resi-
dent cheetahs were present at the majority of release sites
(Klein, ). Intraspecific competition is generally
thought to be more detrimental to the translocated indi-
vidual than to residents (Massei et al., ). The introduc-
tion of translocated predators could potentially endanger
resident predator populations through disease exposure,
genetic outbreeding and infanticide (Wolf et al., );
however, in this study the risks to resident cheetah popu-
lations were thought to be minimal because cheetahs are
not thought to commit infanticide (Hunter & Skinner,
), cheetah populations in Botswana are genetically
similar (Dalton et al., ), and translocated cheetahs
were screened for disease (Cheetah Conservation
Botswana, unpubl. data). However, the translocation of
species that commit infanticide, such as lions and leopards,
which are reportedly the most commonly translocated spe-
cies in Botswana, could result in territorial disputes, caus-
ing disruption to lion and leopard populations over a wide
area (Treves & Karanth, ; Balme et al., ; Kerth
et al., ). Further study is needed to investigate the im-
pact of repeated translocation of these species into
Botswana’s protected areas.

Avoidance of human–predator conflict at release site

Follow-up data on conflict at the release sites were not col-
lected systematically but we know at least one individual
continued to prey on livestock. The introduction of cheetahs
into Matusadona National Park did not result in increased
conflict between people and cheetahs at the Park’s borders
(Purchase & Vhurumuku, ). However, other studies
have shown that stock-raiding lions in sub-Saharan Africa
and leopards in India continued killing livestock (and in
the case of leopards, attacking people) after translocation
(Funston, ; Frank et al., ; Athreya et al., ),
and % of translocated wolves and % of brown bears
Ursus arctos continued to prey on livestock or were involved
in a conflict event within  years of release (Blanchard &
Knight, ; Bradley et al., ).

To reduce the potential for predators to continue to prey
on livestock following translocation, the Department of
Wildlife and National Parks releases them into protected
areas (i.e. away from livestock). Protected areas in Botswana
are unfenced, however, and as seen in this and other studies
few translocated predators remain at their release site (Linnell
et al., ; Weilenmann et al., ). The policy of translocat-
ing predators into protected areas could therefore be increas-
ing human–predator conflict on farms bordering national
parks and reserves.
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Cost-effectiveness of cheetah translocations

The cost of capturing, translocating and monitoring a single
cheetah in this study was estimated to be USD ,, an
amount that could compensate for at least  head of live-
stock (Fontúrbel & Simonetti, ). In addition to financial
costs, translocation draws on the limited resources of con-
servation organizations and state wildlife departments, di-
verting personnel and equipment away from other conflict
mitigation activities.

Conclusion

To justify the economic cost of translocating problem preda-
tors the method must be more successful than other mitiga-
tion techniques (Massei et al., ). In this study, however,
survival rates of translocated cheetahs were low, and stock
losses continued at the capture site and potentially at the re-
lease site. Many farmers had a negative perception of trans-
location in terms of predator survival, the efficiency of the
organizations involved or the efficacy of the method in redu-
cing stock losses but they believed it gave the predator a
chance of survival, compared to the alternative of lethal con-
trol, and .% of farmers who had previously translocated a
predator stated that they would probably do so again. The
choice between lethal control and translocation is a dilemma
for conservation organizations and potentially explains why
many translocation programmes continue despite a low suc-
cess rate (Athreya et al., ). Translocation programmes
may provide farmers with an opportunity to obtain help if
they can no longer tolerate a predator (Marnewick et al.,
), and the availability of a coping strategy and perceived
control over a risk reduces the perception of themagnitude of
the threat (Dickman, ), which could result in increased
tolerance of predators. It is difficult to ascertain if this poten-
tial benefit justifies the costs.

Our results concur with the conclusion of Linnell et al.
() that for carnivore species such as cheetahs in
Botswana, where populations rather than individuals are
the management units, translocation is unlikely to be justi-
fied and the money and time would be better spent on alter-
native mitigation methods such as compensation for loss of
livestock, education programmes or improving farm man-
agement (Linnell et al., ; Massei et al., ; Fontúrbel
& Simonetti, ). The proactive prevention of human–
predator conflict is likely to be more effective than the react-
ive use of translocation as a temporary solution.
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