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INTRODUCTION

Lions, Panthera leo, in sub-Saharan Africa have
decreased significantly in both number and distri-
bution during the past two decades (Bauer,
Packer, Funston, Henschel & Nowell, 2016).
Reasons for this include declines in wild prey
species, habitat destruction, and increased con-
flict with farmers, especially along the borders of
conservation areas (Nowell & Bauer, 2006;
Karanth & Chellam, 2009; Bauer et al., 2016).
Farmers often harbour negative attitudes towards
carnivores (Fraser-Celin, Hovorka, Hovorka &
Maude, 2017) and lions pose a potential threat to
human safety and livelihoods (Mbaiwa & Stronza,
2010; Linnell, Odden & Mertens, 2012). As a
result, livestock farmers frequently kill carnivores,
even in the absence of direct losses (Marker,
Muntifering, Dickman, Mills & Macdonald, 2003;
Ripple et al., 2014; Loveridge et al., 2016).

In an effort to reduce human wildlife conflict, the
translocation of large carnivores that kill livestock
commonly occurs, but the effectiveness of this
practice remains debatable (Massei, Quy, Gurney
& Cowan, 2010; Fonturbel & Simonetti, 2011). In
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Africa, some information exists on the fate of large
carnivores following translocation (Marnewick,
Hayward, Cilliers & Sommers, 2009; Johnson
et al., 2010; Weilenmann, Gusset, Mills, Gabana-
pelo & Schiess-Meier, 2010); however, there are
very little data available on lions. One study in
northern Namibia showed that lions viewed as
occasional livestock-raiders were translocated
with some success, whereas there was less
success with lions viewed as habitual stock raiders
(Stander, 1990). A study in northern Rhodesia
(now Zimbabwe) was largely inconclusive, but
did have evidence that of eight livestock-raiding
lions translocated, two settled into the release
area for at least eight months (Van der Meulen,
1977). There was also some success in trans-
locating 16 lions into the In the Hluhluwe-iMfolozi
Park (HiP), from Pilanesberg National Park and
the Madikwe Game Reserve, South Africa (Trinkel
et al., 2008). However, these lions were not live-
stock-raiders and were moved into the HiP to
restore the genetic variation of the inbred lion
population and HIP is also a small (900 km®) and
enclosed park.

In Botswana, communities often complain that
lions around their settlements cause livestock
losses (Gusset, Swarner, Mponwane, Keletile &
McNutt, 2009; Valeix, Hemson, Loveridge, Mills &
Macdonald, 2012; Weise et al., 2018, Weise et al.,
2019). When feasible, the Botswana Department
of Wildlife and National Parks (DWNP) trans-
locates lions known to kill livestock from farmlands
into protected areas. In order to study the outcome
of this management strategy a number of lions
released into the Central Kalahari Game Reserve
(CKGR) and Kgalagadi Transfrontier Park (KTP)
were fitted with satellite collars. In this paper, we
analyse the data collected from the collars to
find out how the translocated lions moved, what
their survival rates were, and, where relevant and
possible, their cause of death.

METHODS

We followed Fonturbel & Simonetti (2011) in
describing translocation as the deliberate and
mediated movement of wild individuals from
one part of their range to another location. We
conducted our work inthe CKGR (52 145 km®) and
Wildlife Management Areas (WMAs) adjacent to
the CKGR (GH10 and GH11), as well as in the
KTP (26 000 km?) and the adjacent WMAs, includ-
ing KD1, KD2, KD12 and KD15 (36 000 km®,
Fig. 1). The wider region contains open semi-arid
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Fig. 1. The study area and the movement of the 13 lions after translocation. The @ represents the point of release and
the @ represent the last location for each translocation. Letters after number represent multiple translocations of the
same lion.
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savanna with ephemeral surface water only after
good rains (Skarpe, 1986; Keeping, 2014). Both
the KTP’s and the CKGR’s adjacent WMAs and
communal areas consist of livestock grazing and
subsistence gathering of grass, wooden poles,
and firewood within a 20 km radius of settlements
(Keeping, 2014).

Between April 2013 and August 2017, we were
able to collar 13 lions (7 males & 6 females) that
the DWNP translocated because they reportedly
attacked livestock. Prior to release, we fitted these
lions with satellite telemetry collars (Vectronic
Aerospace GmbH) to track and monitor their
movements and fate. Most lions (n = 9) came from
the areas around KTP, with the rest (n=4) coming
from the area around the CKGR. The collars
recorded four GPS locations per day, but we
increased the number of fixes to 13 locations per
day to prepare for re-capture if a lion continually
moved close to a cattle post and killed livestock.
The DWNP selected release sites in the protected
area closest to the lion’s point of capture equal to
or greater than 120 km from its point of capture. Of
the initial 13 lions released, 10 were hard released
straight into the reserve after having being trans-
ported there by cage, and three were soft releases
straight from an electrified fenced boma area
located in a protected area, after being kept in the
boma for at least 10 days prior to release (Table 1).
Of the other seven recaptures and releases, five
were hard releases and two were soft releases
(Table 1).

We used the program Jump 13.0 for all statistical
analysis and we examined variables (Table 2) for
normality and where necessary log-transformed
non-normally distributed data to conform to
normality. We used a general linear model to
examine the influence of those variables on the
number of days that lions survived following
translocation. We used a chi-square goodness of
fit test to examine lion deaths by season. Finally,
we used a paired ttest to examine whether lions
varied in the percentage of time they spent in pro-
tected areas during the wet season (Decem-
ber-April) and dry season (May—November) and
unpaired ttests to compare distances lions were
translocated at first and during subsequent
releases. We excluded a lion that lost its collar 15
days after translocation from analyses as we could
not confirm the fate of this individual. Acknowl-
edging that our sample size was small (and there-
fore the power to detect significant differences was
low), we set significance at P < 0.10 to help avoid

Type Il errors. We report means + 1 standard error
(S.E.) of the mean.

RESULTS AND DISCUSSION

Lions were released a mean distance of 156 +
12 km from capture and a mean distance of 26 +
6 km from the boundary inside the park (Table 1).
Due to repeated killing of livestock after the first
release, six lions that continued to Kill livestock
were recaptured and released, and one lion that
continued to kill livestock needed a third trans-
location (Table 1). Those additional transloca-
tions moved lions a mean distance of 99 + 20 km
from capture to release sites and a mean distance
of 22 + 6 km from the park boundary. These
distances were shorter than the first releases
(significantly so for the distance from capture site:
t=2.52, d.f. =18, P =0.02; but not for distance to
the park boundary: t=0.73, d.f. =18, P=0.47), as
the lions were captured closer to the protected
areas than previously. After release translocated
lions spent most (58.8 + 6.5%) of their time inside
the protected areas, although the proportion of
time varied greatly by individual lion (Table 1).
Lion movement patterns differed significantly by
season (t=1.94, d.f. =16, P=0.07). Lions moved
into and out of protected areas repeatedly in both
seasons (Fig. 1).

Details of each translocation and the fate of each
lion are shown in Table 1. Of the 13 translocated
lions, ten died after a mean of 275 + 68 days
post-release, one lost its collar after just 15 days
(Table 1). Another lion collar stopped transmitting
after ten months and an additional collar automati-
cally dropped off as programed. We recovered the
collar without knowing the fate of the lion. Four of
the ten lions died in protected areas, two in the
CKGR and two in the KTP and the remaining six
outside a protected area. Farmers killed five lions
after they left the protected areas and five lions
died of unknown causes, including the four in a
protected area.

Several variables had a significant influence on
the length of time the lions survived post-trans-
location (Table 2), including distance from capture
to release point and distance from release point to
the nearest park boundary. Days spent inside the
park and days spent outside the park are both
correlated with the number of days survived rather
than having a direct influence on survival time. Sex
was not significant. Lions released further from their
point of capture and further from a park boundary
survived fewer days post-translocation (Table 2).
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Table 2. Results of a general linear model analysing the influence of listed variables on the number of days that lions

survived after translocation in Botswana.

Term Coefficient S.E. of coeff. t-value P

Constant -23.10 92.78 0.06 0.804
Sex -11.05 16.34 0.45 0.501
Release distance (km) -0.84 0.35 5.22 0.022
Log of the distance to the park (km) -188.64 57.43 9.05 0.003
Log of days spent in the park 105.65 11.23 37.82 <0.001
Log of days spent outside of the park 39.58 16.54 5.46 0.020

Our results are in line with other similar studies
that concluded translocating ‘problem’ animals did
not solve human—wildlife conflicts (Stander, 1990;
Fischer & Lindenmayer, 2000; Massei et al., 2010;
Miller, Ralls, Reading, Scott & Estes, 1999). A
study in Botswana concluded that translocation
was not an effective tool for dealing with stock-
raiding leopards (Panthera pardus) (Weilenmann
et al., 2010). The results showed that of four
stock-raiding leopards that were translocated into
the CKGR, three were shot and the fourth contin-
ued to raid stock. Another study on cheetahs
(Acinonyx jubatus) in Botswana found that only
two translocated cheetahs out of 11 survived for a
year or longer (Boast, Good & Klein, 2016). Boast
et al. (2016) concluded that the high mortality rate,
significant financial cost of translocations, and
the failure to reduce livestock losses meant that
conflict mitigation methods should focus on co-
existence between predators and humans and not
translocations. Stander (1990) found that 11 out of
12 translocated lions that were classed as occa-
sional livestock-raiders discontinued stock-raiding
activities for at least one year after translocation.
However, eight of 15 lions judged to be repeat live-
stock-raiders and thus classed as problem lions
were killed, two were lured back into Etosha
National Park but continued to raid livestock and
were also killed, whereas the remaining five were
translocated (Stander 1990). Of these, three
continued to livestock-raid so were killed and the
other two appeared not to kill livestock for at least
one year. Most of the repeat livestock-raiders
were subadult males whereas occasional raiders
consisted of mostly groups with adult females and
sometimes cubs. Van der Meulen (1977) found
that two stock-raiding lions in northwestern
Zimbabwe that were captured, ear tagged and
translocated 27 km from Matetsi into the Kazuma
National Park, were back killing livestock near
where they were captured five months later. He

also found that of six livestock-raiding lions moved
from the Rukomechi Tsetse Research Station
45 km into the Chewore Controlled Hunting Area,
only two appeared to settle there for at least eight
months. The other four were not seen again. How-
ever, there were no reports of livestock being killed
near Rukomechi for 12 months after the six lions
were moved.

Most of the lions we translocated died or contin-
ued to kill livestock soon after translocation. There
were two translocations of adult females that were
both released with a second female where they
remained for a while in a protected area. Although
both were eventually shot by farmers, one
remained in the KTP for almost a year before she
was shot a few days after leaving the park to Kill
livestock (Fig. 1, lion 11). The other adult female
remained in the CKGR for the majority of her time
and then got shot also a year later when she left
the park to kill livestock (Fig. 1, lions 2a, 2b).
Accordingly, if translocations are to be conducted,
targeting groups of adult females which may not
yet be repeat livestock-raiders could potentially
yield higher success rates. However, capturing an
entire group of females together, in particular as
they are likely to be evasive, may prove to be very
challenging. Translocating only some group mem-
bers into a new area may also reduce the chances
of survival for them, as well as group members left
behind.

The high rate of mortality of translocated lions,
and the considerable financial cost of translo-
cating carnivores (Weise, Stratford & van Vuuren,
2014), point to the need to explore other methods
of resolving human-—lion conflict. The use of a soft
release may increase the chances of a successful
translocation, although a study in Namibia showed
little beneficial effort of using soft release methods
compared to hard (Weise et al., 2014). The same
study also showed that using soft releases for
cheetahs resulted in a cost in excess of US$ 5000
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per animal. A study in Botswana estimated a cost
of US$ 7330 per cheetah translocation through
hard release including the significant cost of
post-release monitoring (Boast et al., 2016). While
evaluating the financial issues concerning reloca-
tion is beyond the scope of this study, with lions
being larger than cheetahs and therefore requiring
higher doses of drugs to dart and more food when
in captivity, the cost would be significantly higher
than for cheetahs. A further issue is the lack of
appropriate places to receive translocated lions,
as ideally the destination should have a low lion
density, reasonable wild prey availability, and low
poaching levels (Stander, 1990; IUCN/SSC 2013).
In addition, it is important to gather detailed infor-
mation on the demography of the resident lions at
the release site, as well as detailed knowledge of
the social structure of the lions being captured
and translocated (IUCN/SSC 2013). Important
elements that were not considered in this study
were the disease relocation risk, conflict mitiga-
tion, the impact caused on the recipient lion popu-
lations in protected areas and the lion population in
the areas from which we moved lions, and the lack
of reporting financial costs. Any future study could
look at these key aspects.

To increase the chances of translocated lions
surviving and not continuing to Kill livestock, it is
important to improve livestock husbandry in the
region by, for example, improving kraal design and
fortification (Ogada, Woodroffe, Oguge & Frank,
2003; Lichtenfeld, Trout & Kisimir, 2015; Weise
et al., 2018) and promoting livelihoods other than
livestock farming in landscapes that contain lions
(Woodroffe, 2001). Other methods, such as early
warning systems for when lions approach live-
stock areas (Weise et al., 2019) and incentive-
based schemes for encouraging farmers to be
more tolerant of lions (Hazza, Mulder & Frank,
2009), may also increase the chances of success-
ful translocation and human/wildlife conflict mitiga-
tion. These actions described above, may also
reduce the numbers of lions that are deemed
necessary to be translocated. However, it is not
practical to conduct these actions across all of the
areas in Botswana where there is conflict between
lions and people. We conclude that translocation
was not an effective method for dealing with
conflict between lions and farmers in this study.
Available and limited resources may be more
effectively used to improve livestock husbandry or
for other preventative measures.
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