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In West and Central Africa large carnivores have become increasingly rare as a consequence of rapid hab-
itat destruction and lack of resources for protected area management. The Bénoué Complex (23,394 km2)
in northern Cameroon is a regionally critical area for large mammal conservation. In the complex lions
(Panthera leo), leopards (Panthera pardus) and spotted hyenas (Crocuta crocuta) are formally protected
in three national parks and 28 hunting zones. Over-hunting may be having a strong additive effect
precipitating declines in large carnivore numbers across the complex. We used a coarse level track index
method to estimate the relative abundance of these three species both in hunting zones and national
parks. The results were interpreted with respect to ungulate abundance, and hunting impact. There
was no significant difference between the densities of medium to larger species of ungulates in the hunt-
ing zones and the national parks, and no difference in leopard and spotted hyena densities in the respec-
tive areas. However, lions occurred at significantly lower densities in the hunting zones, and even in the
national parks occurred at significantly lower densities than prey biomass would predict.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Compared to other regions on the continent the impact of hu-
man population pressure around protected areas has been severe
in western Africa, resulting in strong declines of large mammal
populations since the 1970s (Craigie et al., 2010). Habitat destruc-
tion and poaching are the main direct causes for this decline,
aggravated by the lack of financial resources and human capacity
for the effective protection of parks (Brashares et al., 2011). Frag-
mentation and the relatively small size of protected areas (<1% of
the total area; Sournia et al., 1998) in this densely populated region
add to the vulnerability of large mammals (Brashares et al., 2011;
Woodroffe and Ginsberg, 1998). Large carnivore populations reflect
the general tendency of decline in mammal populations (Fuller and
Sievert, 2001; Woodroffe, 2001). While information on the status
of large carnivores in West and Central Africa is extremely limited
(Bauer et al., 2003; Bauer and van der Merwe, 2004; Burton et al.,
2011; Di Silvestre, 2002; Henschel et al., 2010), a decline in lion
(Panthera leo), leopard (Panthera pardus) and spotted hyena
ll rights reserved.
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(Crocuta crocuta) populations over the past decades has become
evident (Bauer and van der Merwe, 2004; Bauer et al., 2008, Mills
and Hofer, 1998, Nowell and Jackson, 1996). African wild dog
(Lycaon pictus) and cheetah (Acinonyx jubatus), particularly
dependent on the protection of vast stretches of natural habitat,
have disappeared from the majority of protected areas in the
region (McNutt et al., 2008, Nowell and Jackson, 1996, Ray et al.,
2005; Woodroffe et al., 1997).

Estimates of the numbers of lions in West and Central Africa
vary quite widely, but less than a decade ago were thought to com-
prise 1200–2700 individuals (Bauer et al., 2003). The IUCN (2006)
identified four key lion conservation units (LCU’s) across the two
subregions, with the Chad–Central Africa Republic and the Bénoué
Gashaka Gumti complex in Cameroon–Nigeria being the key zone
for lion conservation in Central Africa.

The importance of the Bénoué Complex as a regional stronghold
for lions was supported by survey results of Henschel et al. (2010).
Although lion population estimates for individual LCU’s are largely
lacking, recent foot and camera trapping surveys in 15 of 27
identified LCU’s revealed that many of previously identified lion
populations elsewhere no longer exist with a probable extirpation
of lions from 13 of 15 surveyed LCU’s in West- and Central Africa
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(Henschel et al., 2010). Despite a lack of reliable population esti-
mates for the Bénoué Complex, large carnivores likely followed
the general decline of their preferred prey populations as from
the 1970s (e.g. Planton et al., 1995). Results from 109 interviews
conducted in the Central Bénoué Complex in 2006 indicated that
villagers perceived a marked decline in both large carnivores and
large herbivores between 1990 and 2005 (Croes et al., 2008).

Studies on lions in Pendjari national park in Benin and Waza na-
tional park and the Bénoué national park in Cameroon suggest that
group sizes were generally smaller, while body weights were lower
for West- and Central African lions when compared to lions in East
and Southern Africa (Bauer, 2003; de Iongh et al., 2005). Recent
findings further suggest that West and Central African lions are
relatively genetically distinct from other African lion populations
(Bertola et al., 2011). The latter especially highlights the impor-
tance of protecting remaining lion populations in this region.

Studies of leopards in rainforest habitat of the Congo Basin
(Henschel, 2008) and in savanna regions of East and Southern Afri-
ca (Marker and Dickman, 2005; Ray et al., 2005) show that leop-
ards are generally better adapted to habitat changes than other
carnivore species. Leopards are, however, sensitive to changes in
prey biomass (Hayward et al., 2007; Henschel et al., 2008) and
are negatively affected by roads and associated poaching
(Henschel, 2008; Laurance et al., 2006).

Similar to other parts of their distributional range, spotted hye-
nas in West and Central Africa have become increasingly threa-
tened. Fragmented populations are affected by general habitat
degradation and prey loss, but also by poisoning and snaring, often
in retaliation for livestock predation (Mills and Hofer, 1998, Honer
et al., 2008).

In northern Cameroon, lions only occur in the Bénoué Complex
and in Waza national park in the far north. The Waza population is
severely imperiled (de Iongh et al., 2009; Tumenta et al., 2009) and
unless drastic action is taken it is possible that lions may be extir-
pated in this park within the next 5 years. Due to its contiguous
land-use the massive Bénoué Complex (23,394 km2), comprising
three national parks (Bénoué NP, Boubandjida NP and Faro NP,
combined 7580 km2) and surrounding hunting zones, is potentially
the key conservation area for lions in the Central African region.
Similar to other protected area complexes in West and Central Afri-
ca hunting concessions comprise a significant part of the protected
area, in this case covering about 70% of the area (Kwabong, 2008).
Hunting quotas for 25 mammal species are allocated annually by
the Ministry of Forest and Wildlife (MINFOF) to each hunting con-
cession. Quota setting is not based on scientifically obtained data,
but typically the managers of hunting concessions could obtain a
quota of up to three lions or five spotted hyena, based on their
own wildlife monitoring figures and mainly depending on the size
of the hunting zone (Adam Saleh, pers. comm.). Trophy hunted
lions comprise 60% of the number of large carnivores hunted in
the complex.

While studies show that stable populations of lions can sustain
certain levels of hunting provided that strict rules are implemented
(Whitman et al., 2004), uncontrolled hunting of lions and other large
carnivores has proven to greatly impact population structure and
size especially if populations are small and fragmented (Brashares
et al., 2011; Loveridge et al., 2007; Packer et al., 2011). Lion hunting
inside hunting concessions often directly impacts populations in
surrounding national parks, as hunted male lions are generally re-
placed by younger individuals from bordering territories (Loveridge
et al., 2007). This ‘vacuum effect’ in boundary areas draws lions from
deep inside the parks to peripheral areas, where if shot, they affect
reproduction and survival deep into the park (Davidson et al.,
2011; Loveridge et al., 2007). In these areas estimating lion densities
with prey-biomass regression models (Hayward et al., 2007) overes-
timates densities even inside protected areas when they are subject
to natural and anthropogenic edge effects (Kiffner et al., 2009;
Loveridge and Canney, 2009).

Considering the importance of hunting concessions in West and
Central Africa, particularly in terms of proportional contribution of
surface area to protected areas but also in terms of potential in-
come generated through professional hunting (Lindsey, 2008), we
investigated the effects of long-term trophy hunting on lion popu-
lations in the Bénoué Complex. The study further offers important
insights into population status of leopard and spotted hyena in
relation to different management regimes. The results could serve
as a model to understand some of the factors contributing to the
regional dramatic decline in large carnivore numbers.
2. Methods

2.1. Study area

The Bénoué Complex is located in the Sudanian wooded savan-
na region of northern Cameroon and comprises three national
Parks (Bénoué NP, Boubandjida NP and Faro NP) covering an area
of approximately 7580 km2, as well as 28 sport-hunting zones or
blocks. The surface area of the hunting blocks is 15,814 km2, result-
ing in a total protected area of 23,394 km2. Annual rainfall ranges
from 1200 to 1500 mm allowing for predominantly densely
wooded savanna, comprising Isoberlinia doka dominated woodland
savanna and Anogeissus leiocarpus dominated riparian forests along
watercourses (Stark and Hudson, 1985). The terrain is generally
undulating with some scattered rocky outcrops which vary in
height but are generally up to 500 m in altitude. The major rivers
are the Bénoué River and the Faro River, which hold water year-
round. The 17 species of ungulates include elephant (Loxodonta
africana), buffalo (Cyncerus caffer), giraffe (Giraffa camelopardalis
peralta), hippopothamus (Hippopotamus amphibius), common wart-
hog (Phacochoerus africanus), red river hog (Potamochoerus porcus)
and 12 species of antelope (Mayaka, 2002). Local communities his-
torically depend on resources from the complex, such as fuelwood,
thatch, fish, gold, medicinal plants, pasture for livestock and bush-
meat (Weladji and Tchamba, 2003). Bushmeat represents ca. 24%
of the animal protein intake for the region (Njiforti, 1996). With
a human growth rate of 5.1% for the North Province (Mayaka,
2002), the Bénoué Complex is thus extremely prone to over-exploi-
tation and encroachment. Villages in the complex are mainly
located along the main North–South road. Permanent villages are
absent inside national park boundaries but villages are typically
concentrated along major roads, directly bordering both national
parks and hunting zones. A total of 26 villages in the Bénoué Com-
plex provide permanent residence to ca. 25,000 inhabitants, who
typically live in small settlements (a congregation of 2–6 house-
holds on average). Inhabitants are mostly migrant Cameroonians
(80%) who moved from the overpopulated Far North Province over
the past four decades. Part of the hunting concessions’ revenues are
paid to the villages inhabiting the hunting concession, resulting in
an annual revenue of around 0.25 euro per inhabitant (Adam Saleh,
pers. comm.).
2.2. Herbivore abundance

We used the total counts of all large mammals from an aerial
survey over an area of 14,141 km2, of the Bénoué Complex, which
was conducted in 2008 (Omondi et al., 2008). Although few hunt-
ing zones in the Northwest and Southeast of the Complex were not
included in the aerial survey, the survey area had an overlap of
100% with our study area. To cover all the areas within the avail-
able time, transects were spaced at 3 km intervals in national
parks, and 5 km intervals in hunting blocks. These data were
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processed to derive density and population abundance estimates
using survey technique standards for the monitoring of illegal
killing of elephant program as detailed in Craig (2004), Douglas-
Hamilton (1996) and Omondi et al. (2002). We compared the
relative difference of the density of all medium- to large-sized
herbivores counted in both national parks and hunting zones using
the student’s t-test.

2.3. Large carnivore abundance

To estimate relative large carnivore abundance we used track
index surveys using a generalized model for relatively hard clay
soils (Funston et al., 2010). Tracks of lion, leopard and spotted
hyena were sampled by repeat sampling on 25 km stretches of
road transect. Transects were surveyed in each national park
(Bénoué NP, Boubandjida NP and Faro NP) and a corresponding
similar area in hunting zones adjacent to each national park
(Fig. 1), thus arriving at three pairs of 25-km transects for the
entire study area (Table 1). The road stretches were considered
representative for lion densities under the respective management
regimes, even where they were located near the edge of the park
(Faro NP). Surveys were conducted in the late dry season until
early wet season (February–May) of 2007 (Bénoué), 2008
(Boubandjida) and 2010 (Faro). The hunting zones were chosen
based on accessibility, mainly for the status of the road network,
covering a wide geographical range and management regimes lar-
gely representative for the area, thereby reducing the effect of local
confounding variables, such as management regimes. Following
Funston et al. (2010) the ratio between the kilometers covered
and the size of each study site (Ai) provided an index of ‘sampling
effort’ (Es;i 1=4 Ai � Pn j1=41 di;j) where di,j was the distance covered
Fig. 1. Map showing the position of the Bénoué Complex in northern Cameroon highlig
transects.

Table 1
The size of the six study areas surveyed in the Bénoué Complex including the details of s

Bénoué Bo

National park Hunting zones Na

Size of the area (km2) 1980 3826 21
Number of transect repeats 16 16 6
Sampling effort 0.24 0.13 0.0
on a transect j of a total of n transects in area i. The repeated nature
of our survey design, thus, includes both spatial (how many tran-
sects) and temporal (how many repeats) components of effort. This
survey was most constrained by the former, as only one suitable
sampling transect could be identified for each study site. Although
the repeat sampling of each transect imperiled assumptions of
independence of samples, this was justified by the separation of re-
peats for each of the six sites into two repeat clusters: one cluster
period of 3 weeks in the late dry season and one cluster period of
3 weeks in the early wet season. Mean sampling interval during
each repeat cluster was 3 days (2–5). Repeatedly sampling the
same transect allows the recording of track incidences that were
less influenced by random short-term effects of other factors on
the encounter rate of tracks.

In effect, transects were repeat sampled 16 times, except for
Boubandjida and the adjacent hunting zones (n = 6 repeat surveys)
where logistical constraints prevented such thorough sampling.
The track frequency of large carnivores km�1 as a measure of rela-
tive abundance, in national parks and hunting zones, was com-
pared using the student t-test. As there was only one transect
per park, and per adjacent hunting zone, we lumped the repeat
transect data to derive average abundance and density estimates
for national parks and hunting zones, and then computed esti-
mates for specific areas based on these averages. Confidence inter-
vals for track densities, and hence carnivore densities, were
derived from the mean spoor frequencies expressed per 100 km.

Linear regression analyses were conducted to investigate the
relationship of distance to the nearest village on track frequency.
Transects were divided into 25 1-km segments for which distance
to nearest village was determined at 0–17 km with GIS Arcview.
Track frequencies were combined for each segment and then
hting the three national parks, surrounding hunting zones and the location of our

ampling effort.

ubandjida Faro

tional park Hunting zones National park Hunting zones

14 2065 3486 671
6 16 16

9 0.08 0.14 0.71



Fig. 2. Box plots showing the relative differences in (1) the densities (/km2) of medium- to large-sized ungulates in 2008 (data from Ormondi et al. (2008)), and (2–4) track
densities (/100 km) of lions, leopards and spotted hyenas in 2007–2010 in (A) national parks and (B) hunting zones in the Bénoué Complex.

Fig. 3. The number of exported lion trophies from hunting zones in the Bénoué Complex between 1985 and 2010 (solid bars), with the relative quotas that were allocated
from 2001 to 2010 (open bars). Quota allocations were not available for 1985–2000.
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averaged for repeat surveys. Data were tested for normality using
Shapiro–Wilk tests. We used the generalized model of Hayward
et al. (2007) to estimate predicted large carnivore abundances in
national parks and hunting zones, with ungulate prey population
estimates from Omondi et al. (2008). The predicted abundances
were then compared against estimates of the three large carnivores
based on the spoor frequency estimates.

2.4. Hunting data

Records of the numbers of exported lion trophies hunted in the
Bénoué Complex from 1985 to 2010 were collated from CITES
(2011). Data on lion hunting quota and actual numbers of lions
hunted in the Complex were available for the period 2001–2010
(Fig. 4, MINFOF, 2011).
3. Results

3.1. Abundance estimates

Aerial count data were converted into density estimates for
each of the six study areas (Table 2). Across all three national parks
and hunting zones there was no significant difference in the den-
sity of medium- to large-sized ungulates (t = 2.00, df = 5,
P = 0.051; Table 2). This result was, however, close to significant
with a wider data range for national parks (Fig. 2.1). This was be-
cause there was a tendency for certain ungulate species to occur
at higher densities in the national parks than in hunting zones,
especially buffalo and hartebeest (Table 1).

There was a highly significant difference between the frequency
of lion tracks counted on transects in the national parks compared



Fig. 4. Scatter plot of (A) numbers of lion trophies exported per year in the hunting zones between 1985 and 2010, and (B) the percentage of lion quota hunted, in the Bénoué
Complex from 2001 to 2010.

Table 2
Total counts and density estimates (per km2) of important large carnivore prey species in each of the six study areas conducted in 2008 (from Omondi et al., 2008).

Bénoué Boubandjida Faro

National park Hunting zones National park Hunting zones National park Hunting zones

Count Density Count Density Count Density Count Density Count Density Count Density

Medium to large herbivores
Buffalo 125 0.063 45 0.012 160 0.076 26 0.013 41 0.012 0 0.000
Eland 0 0.000 9 0.002 178 0.084 0 0.000 9 0.003 0 0.000
Giraffe 6 0.003 0 0.000 27 0.013 2 0.001 0 0.000 0 0.000
Hartebeest 143 0.072 0 0.000 352 0.167 97 0.047 94 0.027 7 0.010
Kob 115 0.058 141 0.037 100 0.047 21 0.010 245 0.070 107 0.160
Roan 202 0.102 134 0.035 207 0.098 46 0.022 173 0.050 45 0.067
Topi 0 0.000 0 0.000 28 0.013 0 0.000 2 0.001 0 0.000
Waterbuck 24 0.012 15 0.004 35 0.017 26 0.013 1 0.000 0 0.000

Small herbivores
Bushbuck 7 0.004 7 0.002 6 0.003 8 0.004 10 0.003 1 0.001
Duiker 28 0.014 42 0.011 20 0.010 9 0.004 20 0.006 3 0.004
Oribi 87 0.044 56 0.015 164 0.083 36 0.017 52 0.015 3 0.004
Warthog 0 0.000 47 0.012 33 0.016 23 0.011 38 0.011 0 0.000
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with the hunting zones (t = 3.12, sdev = 0.0456, df = 74, P = 0.0026)
(Table 2). There was, however, no difference between the track fre-
quencies of leopards and spotted hyenas in the national parks or
hunting zones (Fig. 2b–d). The average density of lions in the three
national parks was estimated to be 1.81 (CL: 1.17–2.45) lions/
100 km2 as compared to 0.56 (CL: 0.12–1.00) lions/100 km2 in
the hunting zones. Of concern was that there was also significant
difference between the estimated number of lions in national parks
and what would have been expected from prey biomass relation-
ships (t = �3.648, df = 4, P = 0.022) (Table 3). This was not the case
for leopards and spotted hyenas (t = 1.804, df = 6, P = 0.121), which
occurred in higher numbers in both national parks and hunting
zones, compared to prey biomass relations, although this differ-
ence was not significant.

A linear regression showed track frequency and distance to
nearest village were related for lion (r2 (1,17) = 0.435, p = 0.003 –
Fig. 5) and spotted hyena (r2 (1,17) = 0.504, p = 0.001 – Fig. 6).
No effect of distance to village was noted for leopard track
frequency.

3.2. Hunting data

From 1985 to 2010 an average of 9.2 (CL: 6.7–11.6) lion trophies
were exported from the Bénoué Complex per year (Fig. 3). Despite
peaks in 1990–1992, and 1999–2000 (Fig. 3), there was no signifi-
cant trend in the number of lion trophies exported per year
(R2 < 0.01, power of performed test with alpha = 0.050: 0.029,
which is below the desired power of 0.800; Fig. 4a). The average
success rate of annual hunts from 2001 to 2010, expressed as a per-
centage that was hunted of the quota allocated, was 25.6% (CL:
15.4-35.7). There was also no trend in this data from 2001 to
2010 (R2 < 0.01, power of performed test with alpha = 0.050:
0.035, which is below the desired power of 0.800) (Fig. 4b).
4. Discussion

The results presented here raise several important conservation
dilemmas that need to be addressed by government as to improve
protected area management in the North Province of Cameroon.
Firstly, despite the vast range of relatively intact habitat present
in the Bénoué Complex, our results show that lion populations
are currently below carrying capacity in both the hunting zones
and the national parks, occurring at ca. 50% of potential population
density, as low as ca. 30% in the hunting zones. As elsewhere in
Africa, a combination of high poaching pressure and excessively
high lion trophy off-takes appear to have led to the lion population
demise (Caro et al., 2009; Packer et al., 2011, Whitman et al., 2004).
The low lion densities compared to potential capacity in the hunt-
ing zones as compared to the national parks indicates that lions in
the hunting zones are strongly impacted through excessive trophy
off-takes. Although counts of carnivore tracks on roads may be
influenced by road conditions and habitat structure (Stander,
1998; Funston et al., 2010), the similar road surface and environ-
mental characteristics, as well as long distances covered by our
road surveys probably limited the effects of such confounding
factors on our abundance estimates. This conclusion is supported
by the fact that our lion population estimates are comparable to
calling station surveys conducted recently in Bénoué NP (35 lions;
de Iongh et al., Unpublished results) and Boubandjida NP (60 lions;
Bauer, 2007). Furthermore, our estimates were derived from hunt-
ing zones directly adjacent to national parks, which probably



Table 3
Density and abundance estimates of large carnivores in national parks and hunting zones in the Bénoué Complex between 2007 and 2010 based on track frequency counts and
estimates based on prey biomass relationships (Hayward et al., 2007).

Large carnivore density
(/100 km2)

Population estimates from track
counts

Potential populations based on prey
biomass

Lions
National
parks

1.81 (1.17–2.45)

Bénoué 36 (23–49) 74
Boubandjida 63 (46–81) 97
Faro 38 (25–42) 86

Total 137 (94–172) 257
Hunting
zones

0.56 (0.12–100)

Bénoué HZ1,2,3,4,7,8,9 21 (5–38) 78
Boubandjida
HZ10,11,23

12 (2–21) 44

Faro 4 (1–7) 14

Total (6562 km2) 37 (8–66) 136

Total in all hunting zones (15,814 km2) 81 (17–145) 300

Leopards
National
parks

1.28 (0.77–1.80) 97 (58–136) 53

Hunting
zones

1.46 (0.85–2.07) 212 (123–301) 73

Spotted hyenas
National
parks

2.43 (1.23 – 3.13) 184 (131–237) 139

Hunting
zones

2.75 (2.07 – 3.43) 400 (301–499) 140

Cheetahs
National
parks

0 0 30

Hunting
zones

0 0 42

Wild dogs
National
parks

0 0 23

Hunting
zones

0 0 29

Distance nearest village (km)
20.0015.0010.005.000.00
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Fig. 5. Lion track frequency along a gradient of distance to the nearest village (r2

(1,17) = 0.435, p = 0.003). The trendline shown is a linear regression for mean track
frequency at 1-km transect sections to the nearest village.

Distance to nearest village (km)
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Fig. 6. Spotted hyena track frequency along a gradient of distance to the nearest
village (r2 (1,17) = 0.504, p = 0.001). The trendline shown is a linear regression for
mean track frequency at 1-km transect sections to the nearest village.
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underestimated differences in abundance, given the better status
of lion populations inside the parks compared to hunting zones.

The recorded difference in occupied capacity between the parks
and hunting zones might also have been caused by a higher
poaching level in the hunting zones compared to the parks.
Although we do not have data on lions indiscriminately killed
and hunted, based on our observations during 2005–2010, includ-
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ing assessments by four wardens in the parks and numerous ex-
changes with hunting zone managers, we believe that anti-poach-
ing effort is higher in the hunting zones compared to the parks. In
general, national parks in Cameroon are notoriously understaffed
and underfunded, mostly due to a general lack of government
funds which constrains regular anti-poaching efforts (e.g. de Iongh
et al., Unpublished results). Conversely, economic incentive maxi-
mizes anti-poaching efforts in hunting zones, and anti-poaching
units operate at regular intervals. More importantly, our data illus-
trate that rather than being a local effect, the discrepancies in po-
tential population capacity occupied are consistently observed in
all three regions of the ecosystem. The positive correlation be-
tween distance to village and both lion and spotted hyena presence
suggests that lions and spotted hyena respond to higher poaching
levels in the vicinity of human settlements. Spotted hyena are per-
ceived to often take livestock from villages in the Bénoué Ecosys-
tem and are thus prone to conflict with humans (Croes et al.,
2008). Although lions were reported to hardly ever take livestock
from resident livestock owners, they are sensitive to indiscriminate
killing methods such as poisoning which does occur in the com-
plex. A steady increase of nomadic pastoralists, who are often lead-
ing their large herds of cattle and sheep off the predefined livestock
corridors into pristine habitat, is further causing an increased risk
of large carnivores coming into conflict with nomadic herdsmen
(Croes et al., 2008). As numbers of nomadic pastoralists who are
moving through the complex are increasing and herds are expand-
ing (Adam Saleh, Personal communication), retaliatory killing of
lions, spotted hyena and leopard as well as accidental poisoning
of large carnivores and other predatory animals could become a
major threat to such wildlife populations. The increased frequency
of reported targeted hunting of lion and leopard for the trade in
body parts, most probably by organized poachers from Chad and
Nigeria (Anonymous, 2011) further calls for urgent actions.

We estimate that in the hunting zones generally there might
only be about eighty lions from which currently an annual harvest
of about nine lions is being taken. All three national parks together
harbor approximately 120 lions, thus arriving at an estimated total
of 200 lions for the complex. Creel and Creel (1997) found that a
sustainable off-take of lions is about 3% of the population, with
Whitman et al. (2004) suggesting that sustainable lion harvests de-
pend on hunting males older than 5 years of age. Thus, in the
Bénoué Complex a sustainable harvest in the hunting zones would
be two lions per year at current abundance estimates. Neverthe-
less, such estimates of sustainable lion off-take are based on the
assumption that the lion population occurs at a level which is close
to its potential carrying capacity. This being clearly not the case for
the Bénoué Complex, we suggest that there should be an immedi-
ate moratorium of at least 5 years on the hunting of lions in Cam-
eroon, during which lions are allowed to recover and a
management plan for lion hunting is established. Provided that
professional hunting of lions is ceased immediately, retaliatory
killing of lions by nomadic pastoralists is controlled and anti-
poaching efforts are increased to allow for the recovery of prey
populations, we foresee a recovery of the lion population up to a
level which is closer to potential carrying capacity, as observed
elsewhere (e.g. Zimbabwe; Loveridge et al., 2010).

Only a drastic change in management practices would allow for
the sustainable off-take of lions after this 5-year moratorium. Ide-
ally, such management strategies should include hunting quota
settings based on scientific survey work conducted by independent
organizations. Alternatively, in case scientific quota setting turns
out to be unrealistic, a restricted lion quota could be implemented
based on a maximum off-take (e.g. 0.5–1.0/1000 km2), with a min-
imum 6 year age limit for hunted lions (Whitman et al., 2004).
Hunting indices such as catch effort, success rates and trophy
quality could subsequently be monitored and used to adaptively
manage hunting lion in response; e.g. if there is a consistent de-
cline in success rates, quotas should be cut. If such requirements
are met, the moratorium can be viewed as a window period rather
than an ongoing restriction.

Leopard and spotted hyena appeared to occur at over equilib-
rium densities throughout the Bénoué Complex, but this was not
significant. Since prey biomass estimates used to determine these
densities were probably strongly biased towards larger, and thus
more suitable, lion prey, leopard and spotted hyena densities were
rather as expected. Nevertheless, as top-predators in a fragile eco-
system, both leopards and spotted hyenas are potentially sensitive
to excessive off-take either through poaching or trophy hunting in
a similar manner as was shown for lions (Johnson et al., 2001,
Packer et al., 2011, Ray et al., 2005). The ban on leopard trophy
hunting in 1996 may have contributed to current population
levels. It is possible, however, that meso-predator release, due to
lower lion densities, may be favoring leopards and spotted hyenas
(Caro and Stoner, 2003; Creel et al., 2001; Durant, 1998). Our re-
sults further reveal that human-related factors did impact distribu-
tion patterns of spotted hyena: their presence was positively
correlated with distance to human settlements. This suggests that,
although leopard and spotted hyena in the Bénoué Complex are
not yet suffering from human induced threats in the same way
as lions do, they are prone to ecosystem disturbances and direct
persecution which should be taken into account in future imple-
mentation of management strategies.

During our surveys no tracks of cheetah or African wild dog
were observed, suggesting that both species are ‘functionally extir-
pated’ in the Bénoué Complex (Croes et al., in press; de Iongh et al.,
in press). Both species were estimated to potentially occur at the
lowest abundances of the five large carnivores based on prey
biomass, with respectively only 72 and 62 individuals of each
species being estimated. Thus at such low potential numbers both
species would have been vulnerable to anthropogenic mortality
of any type, which seemingly led to their demise. It is interesting
to note that hunting zone managers have a generally negative
attitude towards wild dog and cheetah, both integrally protected
in Cameroon (Croes et al., in press; de Iongh et al., in press).

In conclusion, we recommend that immediate ministerial inter-
vention is enacted to halt the trophy hunting of lions in the Bénoué
Complex, and that steps are taken that would allow a window
period of recovery for this regionally critical lion population. We
further recommend an intensification of local projects to sensitize
local communities to the plight of all species of large carnivores
occurring in the area, and ensure they benefit from trophy hunting
revenues. Ideally, a system is required whereby communities are
involved in, and benefit from hunting (e.g. Namibia; Weaver and
Petersen, 2008), but given the growing human population in the
area (which stands now at ca. 25,000 for the complex) it is going
to be difficult to generate significant revenues on a per person basis
and certainly not enough to offset potential personal gains through
bushmeat hunting. However, if benefits were channeled such that
the communities could use the funds for whatever they most need
(e.g. building wells, improve road maintenance), then the incen-
tives created could be particularly effective. Raising current lion
trophy fees to increase revenues should be seriously considered,
particularly in view of the low trophy fees compared to other parts
of Africa, and is justified given the potential genetic uniqueness of
lions in West and Central Africa (Bertola et al., 2011). Other admin-
istrative issues that limit current earnings from hunting in Camer-
oon (e.g. the leopard hunting ban, and the lack of a CITES quota for
elephant trophies) should probably be addressed for the full value
of wildlife in the hunting blocks to be harnessed. Given the high
population growth rate, such efforts should go hand in hand with
landuse planning, limiting human populations to certain areas,
whereas other areas are retained with a wildlife focus only.
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Without these measures, carnivore populations will not likely be
able to persist in the area in the long term.

Acknowledgements

We would like to thank the Minister and staff of the Ministry of
Fauna and Forests (MINFOF) for their support during the full dura-
tion of the study. We thank Monique de Jager, Iris Kirsten, André
Ndjidda, Ahononga Fiacre Codjo, N’sera Parfait, Aboudou Mensa,
Saskia Klumpers and Sofia Sanders for their contribution to data
collection. In addition, we acknowledge Dr. Jean Pierre Mvondo,
Coordinator of the Centre for Environment and Development stud-
ies (CEDC), and Mr. Francis Tarla, director of the Garoua Wildlife
College for their advice and logistical support. Comments by Hans
Bauer and an anonymous referee greatly improved a first draft. Fi-
nally we are grateful to WWF-NL, Prins Bernhard Fund for Nature,
Mohamed bin Zayed Species Fund and the Rufford Small Grants
Programme for funding this three year project. PJF thanks the
Tshwane University of Technology for funding and permission to
travel to Cameroon.

References

Bauer, H., 2003. Lion Conservation in West and Central Africa: Integrating Social and
Natural Science for Wildlife Conflict Resolution around Waza National Park,
Cameroon. PhD Thesis, Leiden.

Bauer, H., 2007. Status of large carnivores in Bouba Ndjida National Park, Cameroon.
African Journal of Ecology 45 (3), 448–450.

Bauer, H., Van Der Merwe, S., 2004. Inventory of free-ranging lions (Panthera leo) in
Africa. Oryx 38, 26–31.

Bauer, H., de Iongh, H.H., Princee, F.P.G., Ngantou, D., 2003. Lion conservation in
West and Central Africa. Comptes Rendus Biologies 326, 112–118.

Bauer, H., Nowell, K., Packer, C., 2008. Panthera leo. In: IUCN 2010. IUCN Red List of
Threatened Species. Version 2010.4. <www.iucnredlist.org> (downloaded
12.04.11).

Bertola, L.D., van Hooft, W.F., Vrieling, K., Uit de Weerd, D.R., York, D.S., Bauer, H.,
Prins, H.H.T., Funston, P.J., Udo de Haes, H.A., Leirs, H., van Haeringen, W.A.,
Sogbohossou, E., Tumenta, P.N., de Iongh, H.H., 2011. Genetic diversity,
evolutionary history and implications for conservation of the lion (Panthera
leo) in West and Central Africa. Journal of Biogeography 38 (7), 1356–1367.

Brashares, J.S., Arcese, P., Sam, M.K., 2011. Human demography and reserve size
predict wildlife extinction in West Africa. Proceedings of the Royal Society of
London. Series B 268, 2473–2478.

Burton, A.C., Buedi, E.B., Balangtaa, C., Kpelle, D.G., Sam, M.K., Brashares, J.K., 2011.
The decline of lions in Ghana’s Mole National Park. African Journal of Ecology
49, 122–126.

Caro, T.M., Stoner, C.J., 2003. The potential for interspecific competition among
African carnivores. Biological Conservation 110, 67–75.

Caro, T., Young, C.R., Cauldwell, A.E., Brown, D.D.E., 2009. Animal breeding systems
and big game hunting: models and application. Biological Conservation 142,
909–929.

CITES, 2011. CITES Trade Database. <http://www.unep-wcmc-apps.org/citestrade/>
(downloaded 25.05.11).

Craig, G.C., 2004. Monitoring the Illegal Killing of Elephants: Aerial Survey Standard
for the MIKE Programme. Approved by the MIKE Technical Advisory Group.

Craigie, I.D., Baillie, J.E.M., Balmford, A., Carbone, C., Collen, B., Green, R.E., Hutton,
J.M., 2010. Large mammal population declines in Africa’s protected areas.
Biological Conservation 143, 2221–2228.

Creel, S., Creel, N.M., 1997. Lion density and population structure in the Selous
Game Reserve: evaluation of hunting quotas and offtake. African Journal of
Ecology 35, 83–93.

Creel, S., Spong, G., Creel, N.M., 2001. Interspecific competition and the population
biology of extinction-prone carnivores. In: Macdonald, D., Gittleman, J., Wayne,
R., Funk, S. (Eds.), Carnivore Conservation. Cambridge University Press,
Cambridge, pp. 35–59.

Croes, B.M., Buij, R., van Dalen, J., de Iongh, H.H., 2008. Livestock-carnivore conflicts:
results of an inventory around the Bénoué National Park, Cameroon. In: Croes,
B.M., Buij, R., Bauer, H., de Iongh, H.H. (Eds.), Management and Conservation of
Large Carnivores in West and Central Africa, Proceedings of the International
Seminar Organized by CEDC/CML, November 15–16, 2006 in Maroua,
Cameroon, pp. 29–40.

Croes, B.M., Rasmussen, G., Buij, R., de Iongh, H.H., in press. Status of painted dog
Lycaon pictus in the Bénoué Complex, North Cameroon. Canid News.

Davidson, Z., Valeix, M., Loveridge, A.J., Madzikanda, H., Macdonald, D.W., 2011.
Socio-spatial behaviour of an African lion population following perturbation by
sport hunting. Biological Conservation 144, 114–121.

de Iongh, H.H., Bauer, H., Hamling, P., 2005. A review of nine years research on a lion
population in Waza National Park, North Cameroon. Game and Wildlife Science
review 2 (3), 433–446.
de Iongh, H.H., Tumenta, P., Croes, B.M., Funston, P.J., Bauer, H., Udo de Haes, H.A.,
2009. Threat of a lion population extinction in Waza National Park, North
Cameroon. Cat News 50, 26–27.

de Iongh, H.H., Croes, B.M., Rasmussen, G., Buij, R., Funston, P.J., Croes, B.M., in press.
Status of cheetah and wild dog in the Bénoué Ecosystem, North Cameroon. Cat
News.

Di Silvestre, I., 2002. Dénombrement des grands carnivores au niveau de la Réserve
de Biosphère de la Pendjari. Rapport final de mission pour le Projet Pendjari,
CENAGREF, Cotonou, Bénin.

Douglas-Hamilton, I., 1996. Counting elephants from the air: total counts. In:
Kangawana, K.F. (Ed.), Studying Elephants. AWF Technical Handbook Series, vol.
7. African Wildlife Foundation, Nairobi, pp. 28–37.

Durant, S.M., 1998. Competition refuges and coexistence. an example from
Serengeti carnivores. Journal of Animal Ecology 67, 370–386.

Fuller, T.K., Sievert, P.R., 2001. Carnivore demography and the consequences of
changes in prey availability. In: Macdonald, D., Gittleman, J., Wayne, R., Funk, S.
(Eds.), Carnivore Conservation. Cambridge University Press, Cambridge, pp.
163–178.

Funston, P.J., Frank, L., Stephens, T., Davidson, Z., Loveridge, A.J., Macdonald, D.,
Durant, S., Packer, C., Mosser, A., Ferreira, S.M., 2010. Substrate and species
constraints on the use of track incidences to estimate African large carnivore
abundance. Journal of Zoology 281, 56–65.

Hayward, M.W., O’Brien, J., Kerley, G.I.H., 2007. Carrying capacity of large African
predators: predictions and tests. Biological Conservation 139, 219–229.

Henschel, P., 2008. The Conservation Biology of the Leopard Panthera pardus in
Gabon: Status, Threats and Strategies for Conservation. PhD Dissertation,
University of Göttingen.

Henschel, P., Hunter, L., Breitenmoser, U., Purchase, N., Packer, C., Khorozyan, I.,
Bauer, H., Marker, L., Sogbohossou, E., Breitenmoser-Wursten, C., 2008. Panthera
pardus. In: IUCN 2010. IUCN Red List of Threatened Species. Version 2010.4.
<http://www.iucnredlist.org> (downloaded 18.04.11).

Henschel, P., Azani, D., Burton, C., Malanda, G., Saidu, Y., Sam, M., Hunter, L., 2010.
Lion status updates from five range countries in West and Central Africa. Cat
News 52, 34–39.

Honer, O., Holekamp, K.E., Mills, G., 2008. Crocuta crocuta. In: IUCN 2010. IUCN Red
List of Threatened Species. Version 2010.4. <http://www.iucnredlist.org>
(downloaded 18.04.11).

IUCN Cat Specialist Group, 2006. Conservation Strategy for the Lion in West and
Central Africa. Yaounde, Cameroon.

Johnson, W.E., Eizirik, E., Lento, G.M., 2001. The control, exploitation, and conservation
of carnivores. In: Macdonald, D., Gittleman, J., Wayne, R., Funk, S. (Eds.), Carnivore
Conservation. Cambridge University Press, Cambridge, pp. 196–220.

Kiffner, C., Meyer, B., Mühlenberg, M., Waltert, M., 2009. Plenty of prey, few
predators: what limits lions Panthera leo in Katavi National Park, western
Tanzania? Oryx 43 (1), 52–59.

Kwabong, J.P., 2008. Hunting of large carnivores in Cameroon over the past 20 years.
In: Croes, B.M., Buij, R., Bauer, H., de Iongh, H.H. (Eds.), Management and
Conservation of Large Carnivores in West and Central Africa, Proceedings of the
international seminar organized by CEDC/CML, November 15–16 2006 in
Maroua, Cameroon, pp. 103–107.

Laurance, W.F., Croes, B.M., Tchignoumba, L., Lahm, S.A., Alonso, A., Lee, M.E.,
Campbell, P., Ondzeano, C., 2006. Impacts of roads and hunting on Central
African rainforest mammals. Conservation Biology 20, 1251–1261.

Lindsey, P.A., 2008. Trophy hunting in sub-Saharan Africa; Economic scale and
conservation significance. Best Practices in Sustainable Hunting 1, 41–47.

Loveridge, A.J., Canney, S., 2009. African lion Distribution Modeling Project. Final
Report, Born Free Foundation, Horsham, UK, 58 pp.

Loveridge, A.J., Searle, A.W., Murindagomo, F., Macdonald, D.W., 2007. The impact of
sport-hunting on the population dynamics of an African lion population in a
protected area. Biological Conservation 134, 548–558.

Loveridge, A.J., Hemson, G., Davidson, Z., Macdonald, D.W., 2010. African lions on
the edge: reserve boundaries as ‘attractive sinks’. In: Macdonald, D.W.,
Loveridge, A.J. (Eds.), Biology and Conservation of Wild Felids. Oxford
University Press.

Marker, L.L., Dickman, A.J., 2005. Factors affecting leopard (Panthera pardus) spatial
ecology, with particular reference to Namibian farmlands. South African Journal
of Wildlife Research 35 (2), 105–115.

Mayaka, T.B., 2002. Value Wildlife! An Ecological and Economic Assessment of
Wildlife Use in Northern Cameroon. PhD Thesis. Institute of Environmental
Sciences, Leiden.

McNutt, J.W., Mills, M.G.L., McCreery, K., Rasmussen, G., Robbins, R., Woodroffe, R.,
2008. Lycaon pictus. In: IUCN 2010. IUCN Red List of Threatened Species. Version
2010.4. <www.iucnredlist.org> (downloaded 20.04.11).

Mills, G., Hofer, H., 1998. Hyaenas. Status Survey and Conservation Action Plan.
IUCN/SSC Hyaena Specialist Group. IUCN, Gland, Switzerland and Cambridge,
UK.

MINFOF, 2011. Ministry of Forest and Wildlife, Cameroon. Database of Hunting
Quota at Garoua office.

Njiforti, H.L., 1996. Preferences and present demand for bushmeat in north
Cameroon: some implications for wildlife conservation. Environmental
Conservation 23, 149–155.

Nowell, K., Jackson, P., 1996. Wild Cats: Status Survey and Conservation Action Plan,
IUCN/SSC Cat Specialist Group, Gland, Switzerland.

Omondi, P., King, J., Bitok, E., Geddes, C., 2002. Total Aerial Count of Elephants and
Buffalo In the Tsavo/Mkomazi Ecosystem. Nairobi: Kenya Wildlife Service/
CITES-MIKE.

http://www.iucnredlist.org
http://www.unep-wcmc-apps.org/citestrade/
http://www.iucnredlist.org
http://www.iucnredlist.org
http://www.iucnredlist.org


3072 B.M. Croes et al. / Biological Conservation 144 (2011) 3064–3072
Omondi, P., Bitok E.K., Tchamba M., Mayienda, R., Bene Bene, L., 2008. Total Aerial
Count of Elephants and other Wildlife Species in Faro, Benoue and Bouba
Ndjidda National Parks and Adjacent Hunting Blocks in Northern Cameroon.
WWF, Central Africa Regional Office, Yaounde.

Packer, C., Brink, H., Kissui, B.M., Maliti, H., Kushnir, H., Caro, T., 2011. Effects of
trophy hunting on lion and leopard populations in Tanzania. Conservation
Biology 25 (1), 142–153.

Planton, H., Elkan, P., Green, A., Culverwell, J., 1995. Cameroon. In: East, R. (Ed.)
Antelope Survey Update No. 1, IUCN/SSC Antelope Specialist Group Report, pp.
5–14.

Ray, J.C., Hunter, L.T.B., Zigouris, J., 2005. Setting Conservation and Research
Priorities for Larger African Carnivores. Working Paper 24. Wildlife
Conservation Society, New York.

Sournia, G., Alassoum, O., Belemsobgo, U-Djeri, Alassani, B., Lartiges, A., Sinsin, B.,
Thomassey, J., 1998. Protected Areas of Francophone Africa. Ed ACCT/Jean-
Pierre de Monza, p. 272.

Stander, P.E., 1998. Spoor counts as indices of large carnivore populations: the
relationship between spoor frequency, sampling effort and true density. Journal
of Applied Ecology 35, 378–385.

Stark, M.A., Hudson, R.J., 1985. Plant communities in Bénoué National Park,
Cameroon: a cluster association analysis. African Journal of Ecology 23, 21–27.
Tumenta, P.N., Kok, J.S., van Rijssel, J.C., Buij, R., Croes, B.M., Funston, P.J., de Iongh,
H.H., Udo de Haes, H.A., 2009. Threat of rapid extermination of the lion
(Panthera leo) in Waza National Park, northern Cameroon. African Journal of
Ecology 48, 888–894.

Weaver, L.C., Petersen, T., 2008. Namibia communal area conservancies. Best
Practices in Sustainable Hunting 1, 48–52.

Weladji, R.B., Tchamba, M.N., 2003. Conflict between people and protected areas
within the Bénoué Wildlife Conservation Area, North Cameroon. Oryx 37 (1),
72–79.

Whitman, K., Quadling, H., Starfiled, A., Packer, C., 2004. Sustainable trophy hunting
in African lions. Nature 428, 175–178.

Woodroffe, R., 2001. Strategies for carnivore conservation: lessons from
contemporary extinctions. In: Macdonald, D., Gittleman, J., Wayne, R., Funk, S.
(Eds.), Carnivore Conservation. Cambridge University Press, Cambridge, pp. 61–
92.

Woodroffe, R., Ginsberg, J.R., 1998. Edge effects and the extinction of populations
inside protected areas. Science 280, 2126–2128.

Woodroffe, R., Ginsberg, J., Macdonald, D., 1997. The African Wild Dog-Status
Survey and Conservation Action Plan: 166. IUCN, Gland, Switzerland.


	The impact of trophy hunting on lions (Panthera leo) and other large carnivores  in the Bénoué Complex, northern Cameroon
	1 Introduction
	2 Methods
	2.1 Study area
	2.2 Herbivore abundance
	2.3 Large carnivore abundance
	2.4 Hunting data

	3 Results
	3.1 Abundance estimates
	3.2 Hunting data

	4 Discussion
	Acknowledgements
	References


