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Introduction

Large carnivores are keystone and flagship species, their

abundance is an important parameter for ecosystem man-

agement but is difficult to measure (Thorn et al., 2010).

Spoor transects (Funston et al., 2010) and call-ups (Midlane

et al., 2015) have been described as efficient and have

been used across West Africa (Henschel et al., 2014) and in

parts of the Benoue ecosystem of North Cameroon (Bauer,

2007; Croes et al., 2011). In February–March 2015, we did

a spoor survey to assess the abundance of all large carnivore

species throughout the Benoue ecosystem. Our results can

be used to improve the sustainability of trophy hunting

which was questioned by Croes et al. (2011).

The Benoue ecosystem is a 30 000 km2 savannah

landscape comprising three National Parks (NPs) and 32

Hunting Zones (HZs). Wildlife is not as depleted as in the

rest of West and Central Africa (Mallon et al., 2015), but

cheetah (Acinonyx jubatus) and African wild dog (Lycaon

pictus) are extirpated (de Iongh et al., 2011), emphasizing

the need to monitor lion (Panthera leo), leopard (Panthera

pardus) and spotted hyaena (Crocuta crocuta, hereafter

hyaena). With the demise of wildlife in the Central African

Republic (Bouch�e et al., 2012), our study area is the only

remaining potential stronghold for lions in Central Africa

(Riggio et al., 2013).

The Benoue ecosystem is seasonally over run by

livestock, and some areas are threatened by gold panning,

poaching and agriculture, the central ‘Benoue Block’

probably more so than the eastern ‘Bouba Ndjida Block’

and western ‘Faro Block’ (H. Bauer, S. A. Kamgang,

I. Kirsten, P. Tumenta & A. Saleh, pers. obs.). Safari

hunting has been practised in the area for decades, with a

lion hunting quota of approximately 30 (Croes et al.,

2011). Leopards are currently not on quota, and hyaena

hunting is marginal due to low demand.

Materials and methods

We excluded some Hunting Zones where large carnivore

records have been scarce in recent years, effectively limiting

the study area to the three NPs and 21 HZs totalling

24 000 km2, divided into three blocks each named after the

NP in its centre. Wooded savannah vegetation and soils

were fairly homogenous across the study area, leading to

relatively good and constant spoor detectability (Croes et al.,

2011). Considering the expected densities and sampling

intensity recommended by Funston et al. (2010),weworked

out that 55 transects would deliver reliable estimates. In the

absence of a road map, we could not preselect transects

randomly from a pool of available survey tracks. Instead, we

randomly allocated transects to NPs/HZs, deciding ad hoc on

the placement of transects within those areas.

Transects were 15 km long, except for seven transects

that had a dead end after ~12 km, totalling 803.5 km. We

drove a four wheel drive vehicle at 10 km h�1, with two

trackers on the bonnet who stopped the vehicle at every

large carnivore spoor detected. We took three pictures of

every pugmark and recorded species, number of individ-

uals, GPS position, age of track, time, condition of the road

and observer data. Pictures were verified by an indepen-

dent expert and then again by all team members, and if

necessary, they were reclassified, thus reducing observer

bias. We followed the protocol of Funston et al. (2010),

meeting all assumptions for use of their formula for sandy

soils.*Correspondence: E-mail: hans.bauer@zoo.ox.ac.uk

© 2015 John Wiley & Sons Ltd, Afr. J. Ecol. 1



We used a Kruskal–Wallis test to investigate differences

between blocks and a Mann–Whitney test to investigate

differences between NPs and HZs.

Results and discussion

We found substantial numbers of all three species

(Table 1), the estimate of 250 lions is of special importance

since this species is rapidly disappearing from Central

Africa (Brugi�ere, Chardonnet & Scholte, 2015). Unexpect-

edly, the difference in density between blocks was not

significant for lion, near-significant for leopard and signif-

icant for hyaena only (F = 3.370, P = 0.185; F = 5.87,

P = 0.053; F = 6.402, P = 0.041, respectively, df = 2).

We expected the putative higher degradation in the

Benoue Block to affect lions and leopards more than

hyaenas, which can coexist more easily with people (e.g.

Yirga et al., 2012). We hypothesize that hyaenas are more

prone to the ecological trap of perceptible depredation

opportunities outweighed by imperceptible mortality

caused by nonselective poisoning (van der Meer et al.,

2014).

We found no significant difference in density between

NPs and HZs for lions and hyaenas, but leopard density

was significantly higher inside NPs (P = 0.018). In theory,

NPs should have higher densities than HZs, but as leopards

are not on quota, this is an unlikely explanation. More-

over, in practice, effectiveness of management is higher in

privately run HZs than in the state-run NPs. Mayaka

(2002), Mayaka et al. (2004) and Croes et al. (2011)

demonstrated that herbivore biomass in HZs was not

significantly lower than in NPs. This would explain why

we found no significant difference in lion densities between

HZs and NPs. We observed, however, that the persistence

of lions in HZs has been serendipitous; annual lion off-take

since 2000 has been less than a third of the quota

(H. Bauer, S. Kamgang, I. Kirsten, P. Tumenta & S. Adam,

unpublished data). Compared with our results, effective off-

take is around the recommended maximum of 5% (Creel &

Creel, 1997), whereas the quota is much higher. We

conclude that hunting practices could be sustainable but

are inadequately regulated.
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