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during fieldwork and for many long hours in a dusty and tse-tse infested car; Kristelle Friis,
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Summary
Bushmeat hunting is identified as the major threat to wildlife in sub-Saharan Africa. The trade

which includes both rural and urban dwellers is linked to deforestation, and especially the
development of roads, which has increased human settlements and provided access to
improved transport of animal products. Demand from a burgeoning human population is
adding to the unsustainability of the activity. Many wildlife populations in East and Southern
Africa have already experienced dramatic declines and range contractions because of illegal
hunting. Conservation efforts have largely been directed along two approaches: establishing
protected areas and including local people in the management of wildlife, while sharing
wildlife related benefits. However, both strict protected areas, such as national parks, and
partially protected areas have not by themselves been able to improve the situation. Moreover,
laws and regulations, together with law enforcement have also been unsuccessful at reducing
illegal activities.

Community-based conservation (CBC) was introduced in recognition of the
importance of including local people and partially and unprotected areas as part of wildlife
management in the wider landscape context. This has been a widely adopted approach in East
and Southern Africa, and Tanzania has also invested considerable efforts to use CBC and
buffer zone areas (i.e. partially protected areas) in order to create incentives for conservation
and for alleviating poverty. In the Serengeti ecosystem, illegal bushmeat hunting is identified
as the top-most threat to wildlife populations. At the same time, local people bear substantial
costs from having large wildlife as neighbours, which cause conflicts and resentment towards
protected areas. In the mid 1980s the Tanzanian government established Serengeti Regional
Conservation Project (SRCP) as one of the first CBCs in the country to tackle the problems
experienced in the ecosystem, and in particular that of the western Serengeti, where
encroachment and illegal hunting were most severe. However, despite its potential importance
little information has been available for evaluating its effect.

This thesis focuses on the performance of wildlife conservation efforts in partially
protected areas by using the western section of the Serengeti ecosystem in Tanzania as a case
study. The thesis first explores some of the costs and benefits for local people that are
associated with wildlife, and the effects of human disturbance on wildlife, then it evaluates
some of the efforts implemented to include local people in conservation and to curb illegal
activities.

The conflict between large predators and people epitomises the struggle of

conservation. Local people in the western Serengeti suffer high costs due to livestock loss



from large predators and this effect extends relatively far into human settled areas. Not
surprisingly, retaliatory killing is widely accepted. Education seemed to reduce the acceptance
of killing, and for livestock keepers the perceived effectiveness of livestock protection
measures, as well as the number of livestock loss influenced attitudes. Thus, in order to
reduce the effect of retaliatory killings on predator populations in the Serengeti, it is vital to
improve protection measures for livestock and offer local people improved education, which
will also provide them easier access to alternative livelihoods.

In accordance with previous studies, illegal bushmeat hunting was widespread in the
area outside the Serengeti National Park, both from SRCP and non-project villages. There was
also a temporal variation in hunting efforts which increased when the wildebeest
(Connochaetes taurinus) migration travelled through the area. The majority of the harvest was
represented by migratory herbivores, but also resident herbivores were targeted. Males were
exposed to a higher risk of being killed, probably due to behavioural differences between the
sexes, rather than as a result of the hunter’s prey choice. The main reason for hunting was
subsistence, although some also had commercial motives. Illegal bushmeat hunting reduced
impala (Aepyceros melampus) density, especially in the partially protected areas, as well as
probably causing a more female biased sex ratio. In addition, animals became more wary in
the areas under high hunting pressure, which indicates that demography and behaviour can be
used as indicators of human exploitation. Animals, like Thomson’s gazelle (Gazella
thomsoni), appeared not to monitor the expected time a predator would take to reach their
location, but instead relied only on distance as a cue to assess when to flee.

The game cropping operation (the commercial utilisation of wild animal populations
in natural habitats) of SRCP was economically unsustainable. The expected revenue per
villager from the cropping program was low compared to the value of the potential income
generated by illegal bushmeat hunting. In addition, the degree of participation in wildlife
management was also restricted. One underlying condition for conservation to take place
when including local people in benefit sharing, is that communities must be able to reduce
threats to biodiversity themselves — that is they must have some control over the area, and can
enforce policies to reduce threats through their own activities. Local law enforcement in the
project villages showed substantial efforts in curbing illegal activities inside their patrol areas.
However, project villages that derived higher benefit levels were more zealous in executing
their authority. District level units had a low influence on the probability of making arrests,
which suggests that measures must be taken to increase the resources available for

enforcement, as well as increasing collaboration, in order to reduce illegal activities.



Introduction

The mounting pressure from Africa’s human population is threatening the continent’s
amazing biodiversity. The co-occurrence of high vertebrate species richness and high human
densities are also worrying, suggesting that substantial human induced environmental changes
are likely to continue (Cincotta et al. 2000; Balmford et al. 2001). However, species
extinction is only the end product of a gradual depletion of biodiversity. Today, the
population sizes of many wildlife species are either experiencing severe reductions or species
have become locally extinct due to human related activities (Edroma and Kenyi 1985; Dublin
et al. 1990; Milner-Gulland and Leader-Williams 1992; FitzGibbon et al. 1995; Caro et al.
1998; Barnett 2000; Brashares et al. 2004). Local or ecological extinction may lead to a
cascading effect in the ecosystem (Naiman 1988; Hobbs 1996; Sinclair et al. 2003; Ripple and
Beschta 2004; Augustine and McNaughton 2006) that may ultimately cause disruption to
ecosystem functioning (Lyons et al. 2005).

Most rural people in sub—Saharan Africa are agropastoral, combining small-scale
farming with livestock keeping, or specialise in herding (pastoralists) or farming. Their
reliance on natural resources (i.e. water, firewood, rangeland for livestock, fish and bushmeat)
for sustenance means that exhaustion of their resource base has not only serious implications

for conservation, but also for human welfare.

Protected areas

Two major strategies have been employed to reduce the loss of biodiversity: establishing
protected areas, and allowing local people to benefit economically from wildlife, thus creating
an incentive to counter threats (i.e. community based conservation initiatives). Historically the
most common strategy for conserving biodiversity is the establishment of protected areas,
thereby restricting human activities (Table 1). The number of protected areas has increased
rapidly in the past century, reaching a total coverage of the land area of 12% or over 20
million km® in 2005 (Chape et al. 2005). The growth has particularly been pronounced in
developing countries where biodiversity is greatest (Naughton-Treves et al. 2005).

In East and Southern Africa many of the large well-known protected areas were first
established during the colonial period for trophy hunting or for their aesthetic value
(Neumann 1998, 2002). For example, in Tanzania, a small section of the Serengeti National
Park was already gazetted as a partial Game Reserve in 1921, and later in 1929 as a full Game

Reserve. Another renown National Park, the Kruger, in South Africa was also established in



the same period (Mabunda et al. 2003). The colonial rulers emphasised nature preservation
according to an Anglo-American ideal, where humans were not regarded as a part of the
ecosystem, despite the fact that most of tropical Africa was occupied and used by local tribes
(Blaut 1993; Neumann 1998). Consequently, the establishment of protected areas and later the
eviction of local people created fertile grounds for antagonism and conflict. After
independence African governments followed in the footsteps of the colonial rulers, realising
the economic potential of wildlife tourism, and partly because of active encouragement by
foreign non-governmental organisations and development agencies (Bonner 1993; Levine
2002; Chapin 2004). Gradually many of the past reserves were upgraded to Game Reserves
and National Parks, thus banning all forms of consumptive activities by local people, and
emphasis was put on law enforcement to curb illegal activities. The result was that rural
communities became marginalised, alienated from both their traditional natural resources and
their governments, with few options to offset the costs of wildlife protection, in the face of

what has later been termed “fortress conservation” (Neumann 1998).

Effects of human activities on wildlife

Numerous protected areas have been established, but many species are still going extinct and
the loss of natural habitat is high. Protected areas face a diverse array of both internal and
external threats that continue to cause loss of biodiversity. Some threats come from afar, such

as air pollution, alien species and large dam construction (Cole and Landres 1996; Gereta

Table 1. ITUCN protected area categories (UNEP-WCMC 2005).

Type | Category " Description
§ Ia Strict Nature Reserve Protected area managed for science
§ Ib Wilderness Area Protected area managed mainly for wilderness protection
§ II National Park Protected area managed mainly for ecosystem protection
g and recreation
g 111 Natural Monument Protected area managed mainly for conservation of specific
w2

natural features
IV Habitat / Species Management Area  Protected area managed mainly for conservation through

management intervention

V Protected Landscape / Seascape Protected area managed mainly for landscape/seascape
conservation and recreation
VI Managed Resource Protected Area Protected area managed mainly for the sustainable use of

natural ecosystems

Partially protected areas




2004; Foxcroft et al. 2006), and are thus beyond the direct influence of protected area
management. But the more important impacts on many protected areas are caused by human
encroachment and the increase in human activities that are associated with human settlements
and infrastructures (Campbell and Hofer 1995; Drews 1995; Hofer et al. 1996; Wilkie and
Carpenter 1999; Pelkey et al. 2000).

In East and Southern Africa widespread illegal hunting and deforestation are identified
as the major threats to wildlife (Dublin and Douglas-Hamilton 1987; Hofer et al. 1996;
Barnett 2000; Pelkey et al. 2000). For example, low levels of law enforcement and high profit
margins for illegal trophy hunting caused populations of key species, such as black rhino
(Diceros bicornis) and elephant (Loxodonta africana), in East Africa to plummet during the
1970s and 1980s (Dublin and Douglas-Hamilton 1987; Barnes and Kampela 1991; Milner-
Gulland and Leader-Williams 1992; Stiles 2004). The trade in wild animal meat, or bushmeat,
is also causing striking declines in other wildlife populations (Edroma and Kenyi 1985;
Dublin et al. 1990; Campbell and Borner 1995; FitzGibbon et al. 1995; Caro et al. 1998;
Barnett 2000; Nielsen 2005), as elsewhere in sub-Saharan Africa (Wilkie and Carpenter 1999;
Brashares et al. 2004). In Tanzania, partially protected areas (IUCN category < IV) appear to
be particularly hard-hit by illegal bushmeat hunting (Caro et al. 1998, 1999a), combined with
high rates of habitat degradation (Pelkey et al. 2000). In the past, hunting was mainly carried
out for subsistence reasons, but in recent years illegal bushmeat hunting has increased
dramatically for several reasons; increases in human populations (Africa’s population
increased from 224 million in 1950 to 960 million in 2005), improved infrastructure which
facilitates transport of and access to wildlife, the use of efficient modern hunting technologies
(i.e. firearms and wire snares), loss of traditional hunting controls (i.e. taboos, avoidance of
certain age and sex categories) and greatly increased commercialisation of hunting (Campbell
and Hofer 1995; Hofer et al. 1996; Wilkie and Carpenter 1999; du Toit 2002; UN 2005).
However, the concept of the “ecologically noble savage”, that shows self-control in order not
to over-exploit vulnerable species, has been put in doubt (Alvard 1993).

Human disturbance may also manifest itself through more indirect effects on wildlife.
Human settlements inside partially protected areas invariably lead to expansions of
settlements as the population increases and to a pressure for land uses that are not compatible
with wildlife (i.e. agriculture, small scale mining) (Homewood et al. 2001). Wildlife will
therefore be forced to utilise other potentially sub-optimal areas, since many human activities
compete directly with wildlife for areas with high productivity (Ottichillo et al. 2001).

Moreover, a number of studies document that livestock grazing, which is often allowed in



partially protected areas, causes changes in the composition and structure of the vegetation
(Tobler et al. 2003), competes with wildlife for forage (Voeten and Prins 1999; Madhusudan
2004), and may cause displacement of megaherbivores which has large consequences for
long-term changes in ecosystem structure and function (du Toit and Cummings 1999; Skarpe
et al. 2004). Transmission of diseases between livestock and wildlife (e.g. rinderpest,
tuberculosis) or between domestic dogs and carnivores (e.g. rabies, canine distemper) is also a
recurrent problem (Dobson 1995; Packer et al. 1999).

Vulnerability of wildlife to disturbance depends both on exposure to anthropogenic
threats, as well as biological traits that may make some species more threatened with
extinction than others. Biomass and gestation length are traits that are positively associated
with an increased extinction risk (Cardillo et al. 2005), but also behavioural traits have been
implicated in increasing the vulnerability for some species. For example, larger bodied
species are more wary (i.e. less risk tolerant), and initiate flight at greater distances than
smaller species (Blumstein 2006). High hunting pressure or other types of disturbance may
therefore be especially costly to large species. Greater wariness and use of more protected
habitat could have negative effects on food intake rates and exposure to predation, thus
ultimately affecting recruitment rates (Sinclair and Arcese 1995a; Kilgo et al. 1998;

Blumstein et al. 2005).

Local participation and benefit sharing
Protected areas are vital for safeguarding species, but conservation solely through a
protectionist approach has obvious weaknesses. Apart from having relatively high economic
costs (Leader—Williams and Albon 1988; Jachmann and Billiouw 1997), protected areas have
a low economic return compared with other human land uses (Norton-Griffiths 1996), fail to
incorporate a perspective that stretches into the wider unprotected landscape (Newmark 1996;
Ottichilo et al. 2001; Gereta 2004), and exclusion of indigenous and local people from vital
natural resources create hostility and loss of public support (Newmark et al. 1993; Neumann
1998; Kidegesho et al. 2006). In addition, Rodriquez et al. (2004) reported that the global
protected area coverage of vertebrate species is currently insufficient, since 12 % of vertebrate
species are not protected in any part of their range.

During the 1980s initiatives that attempted to integrate the interests and needs of local
people with conservation were therefore seen as a possible complementary approach. These
initiatives target buffer zones and other parts of the human dominated habitats, and have been

termed Integrated Community and Development Projects (ICDP), Community Conservation
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(CC), Community-based natural resource management (CBNRM) or Community based
conservation (CBC)'. CBC initiatives’ key assumption is that distribution of benefits will
make local people motivated to comply with restrictions on use of natural resources (Hackel
1999; Newmark and Hough 2002; Salafsky et al. 2002). The three main areas in which CBC
is being applied are in wildlife, forestry and marine management, whereas in East and
Southern Africa the majority of projects centre on wildlife (Lewis et al. 1990; Child 1996;
Songorwa 1999; Barnes et al. 2002, but see McClanahan et al. 2005 for an example of marine
management). CBC activities primarily focus on: 1) protected area management, 2)
establishment of “buffer zones” where low impact human activities are allowed, and 3) local
social and economic development (Wells and Brandon 1993). Buffer zones, such as partially
protected areas, compose the majority of Africa’s protected areas (70.7 % of those assigned to
IUCN categories), and are both important for conservation of biodiversity and have a
considerable potential for CBC initiatives. For example, Tanzania, which have set aside an
impressive 39.6 % of its land area as protected areas, where partially protected areas form the

majority (Figure 1, Table 2) (UNEP-WCMC 2005).

Table 2. The percentage (and km?) of total land area covered by protected areas for countries in East and
Southern Africa, where the area coverage is given by the IUCN category and as a percent of the total PA
coverage. Includes IUCN categories [-VI and areas termed as “other” (i.e. protected areas not classified by

TUCN)*. Marine and littoral protected areas are not included (WRI 2005).

IUCN category

Country Percent total land area (km?) 1-v VI and “other”
Namibia 5.6 (46,000) 68.7% 1.2% 30.1%
Mozambique 5.7 (45,300) 34.8% 37.7% 27.5%
South Africa 6.2 (75,630) 53.2% 34.0% 12.8%
Angola 10 (125,480) 23.6% 18.4% 58.0%
Kenya 12.4 (71,940) 47.7% 0.7% 51.6%
Zimbabwe 14.7 (57,520) 47.2% 6.7% 46.1%
Malawi 16.4 (19,410) 35.9% 18.7% 45.4%
Uganda 26.7 (64,270) 11.9% 15.5% 72.6%
Botswana 30.1 (174,920) 26.0% 34.0% 40.0%
Tanzania 39.6 (374,280) 10.9% 25.9% 63.2%
Zambia 41.5 (312,250) 20.4% 0.02% 79.6%

*Tanzania’s protected areas fall into the following IUCN categories: II=National Parks, [V=Game Reserves, VI=Ngorongoro Conservation

Area, Game Controlled Areas and “other”=Forest Reserves (Open Areas are thus not included in the table).

" The term Community-based conservation (CBC) as used here has broadly the same meaning as Community-
based natural resource management (CBNRM). Often the CBC is assumed to also involve the utilisation of
larger species of wild animals, while the CBNRM is associated with the management/utilisation of all natural
resources within an area.
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CBC has been especially fashionable among development agencies (Chapin 2004). The
incorporation of partially protected areas into rural poverty reduction strategies is also
strongly advocated by the IUCN’s conservation policy (Phillips 1999; Mulongoy and Chape
2004).

According to Alpert (1996) over a 100 of these projects have been described,
including more than 50 in at least 20 countries of sub-Saharan Africa. Probably the most
famous CBC initiatives have been the Communal Areas Management Programme for
Indigenous Resources (CAMPFIRE) in Zimbabwe and the Administrative Management
Design for Game Management Areas (ADMADE) in Zambia. Both programs involve rural
people living on communal lands or close to protected areas in the sustainable use of natural
resources. The economic benefits generated are to a large degree based on revenues from
trophy hunting and live sales of wild animals (Child 1996; Lewis and Alpert 1997).

Similarly, Tanzania has incorporated CBC as part of its conservation strategy, and
started a number of projects, such as the Community Conservation Services (CCS) of
Tanzania National Parks (TANAPA), the Selous Conservation Program (SCP), Matumizi
Bora ya Malihai Idodi na Pawaga (MBOMIPA) in Ruaha and Serengeti Regional
Conservation Project (SRCP) (Mbano et al. 1995; Songorwa 1999; Baldus and Cauldwell
2004). However, inclusion of local people has long traditions in Tanzania, where the
Ngorongoro Conservation Area was already in 1959 established as a multiple use area. The
more participatory of the CBC initiatives, have progressively devolved responsibility for
wildlife on village land to local people, through establishment of tenure and legal rights to
wildlife (URT 2004; Walsh 2000). Different forms of sustainable use of wildlife have
gradually been applied, ranging from community hunting of assigned quotas to public
auctioning of village hunting quotas. Establishment of Wildlife Management Area, which is a
new protected area category in Tanzania that is intended to be managed by local villages, is
also a crucial part of these projects (Baldus and Cauldwell 2004; Paper VI). Capacity building
and strengthening of village management institutions are also part of the activities (Mbano et
al. 1995; Songorwa 1999; Walsh 2000). In comparison, the CCS approach only uses parts of
park revenues to finance community facilities (i.e. schools, dispensaries) in villages adjacent

to the National Parks.

The return of “fortress conservation”?
Regardless of considerable investments, interest and hope vested in CBCs by the conservation

community, the results have been somewhat equivocal, but the successes are often isolated
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and subsidised by donors (Newmark and Hough 2000; Salafsky et al. 2001). The reasons why
CBCs have been unable to stem or reverse the negative trends for wildlife have been widely
debated (Kiss 1990; Wells and Brandon 1993; Barrett and Arcese 1995; Gibson and Marks
1995; Alpert 1996; Hackel 1999; Lewis and Phiri 1998; Songorwa 1999; Newmark and
Hough 2000; Adams and Hulme 2001). Some of the main points to come out of this debate
are that: first, the implementation often has design problems, such as unattainable objectives,
inadequate capacity (project staff and villages), lack of baseline research, being top-down
initiated and donor dependent (Kremen et al. 1994; Newmark and Hough 2000). Second,
wildlife related benefits are usually too small to offset costs (i.e. wildlife damage, income
costs of reducing illegal hunting), and economic development is often poorly linked to
conservation (Kiss 1990; Wells and Brandon 1993; Lewis and Phiri 1998; Paper V).
Moreover, elite capture is a recurrent problem and reinforces existing intra-village power
structures instead of alleviating the livelihood of the poorest, which often have no alternative
than illegal resource exploitation. Third, a central assumption is that when local communities
receive some direct benefit, they will have the incentive to conserve those areas, and will take

action to do so. According to Salafsky et al. (2001) several factors need to be

Figure 1. Map showing the

distribution of the different
protected areas in Tanzania.
Light grey areas are National
Parks (NP), dark grey areas
are Game Reserves (GR) and
hatched areas are Game
Controlled  Areas, Forest
Reserves, Open Areas and
“other” partially protected
areas. Inset map shows the
location of Tanzania (UNEP-
WCMC 2005).
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fulfilled for this to happen, and one key issue is that communities must be able to reduce
threats through their own activities. There is considerable evidence that policing is crucial to
curtail illegal activities (Leader-Williams and Albon 1988; Leader-Williams et al. 1990;
Hilborn et al. 2006) and can, depending on the threats, also in some instances effectively take
place through traditional regulations (Berkes 2004), or through local law enforcement units
(Lewis et al. 1990; Paper VI). But adequate mechanisms for control is often lacking in CBC
initiatives (Kiss 1990). Fourth, a few studies are critical to the sustainable use philosophy that
CBCs emphasise through linking wildlife harvesting and human development (Barrett and
Arcese 1995; Newmark and Hough 2000). Lastly, in the same way as protected areas, CBCs
cannot counter external threats. Especially political stability is a prerequisite for a viable
tourism industry. Nevertheless, some segments of the tourism industry, like trophy hunting,
are relatively resilient to political turmoil (Lindsey et al. 2006).

Despite these pitfalls and shortcomings, there are projects that have reported some
substantial achievements (Lewis et al. 1990; Walsh 2000; Salafsky et al. 2001; Barnes and
MacGregor 2002; Kidegesho et al. 2006), but it might still be too early to place judgement on
these projects since they require a long term perspective (Adams and Hulme 2001). But some
of the required conditions identified for CBCs to work are among others: abundant wildlife
resource (preferable of trophy species), low human population density and interest of the local
community (Child 1996; Songorwa 1999). Yet, since many CBCs currently have not been
able to deliver as expected, there has been a number of studies that have suggested the
necessity for a return to enforcement and exclusion of human activities from protected areas

in order to protect wildlife (Spinage 1998; Terborgh 1999).

Aims for the thesis

The thesis evaluates the performance of wildlife conservation in partially protected areas by
using the western section of the Serengeti ecosystem in Tanzania as a case study. The first
part of this thesis (Papers [-IV) focuses on costs and benefits of wildlife, as well as the
consequences of human exploitation on wildlife, whereas the second part (Papers V-VI)
evaluates strategies that have been employed to reduce some of the negative impacts of

human disturbance.
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Methods
Study area

The study area is located in the north-eastern corner of Tanzania (Figure 1) on the north-
western side of the Serengeti National Park (14,763 km?). The Serengeti National Park
gazetted in 1951 is the largest National Park in Tanzania and is both a world heritage site, and
forms together with the Ngorongoro Conservation Area, a Biosphere Reserve (established in
1981) (Figure 2 and 3). A number of partially protected areas border the western corridor of
the Serengeti National Park, which stretches westwards towards the beaches of Speke Gulf in
Lake Victoria. The regulations for the Serengeti National Park permits no human settlement
or extraction of natural resources. However, the neighbouring partially protected areas, such
as lkorongo and Grumeti Game Reserves, allow trophy hunting and game cropping. The
Ikoma Open Area allows limited cattle grazing, firewood collection, hunting (game cropping,
resident and trophy hunting) and bee keeping. The Serengeti ecosystem harbours one of the
worlds last remaining large scale ungulate migrations. The migration of 1.3 million
wildebeest (Connochaetes taurinus), and 0.6 million zebra (Equus burchelli) and gazelles
(Gazella thomsoni and G. granti) follows a rainfall and grass productivity gradient on their
annual migration cycle (Boone et al. 2006). During the dry season, parts of the wildebeest
migration utilise the partially protected areas (i.e. Ikorongo GR, Grumeti GR, Ikoma OA) on

Figure 2. Map over the Serengeti
Ecosystem. Areas include Serengeti
National Park (SNP), Loliondo Game
Controlled Area (LGCA), Ngorongoro
Conservation Area (NCA), Maswa Game
Reserve (MGR), Grumeti Game Reserve
(GGR), Ikoma Open Area (I0A), Ikorongo
Game Reserve (IGR) and Masai Mara
National Reserve (MMNR) in Kenya. The
wildebeest are in southern part during the
wet season (Dec-May), when the calving
takes place, and the northern part during
the dry season (Aug-Nov). On their
northward migration (May-Jul), the
wildebeest herds use parts of the Western
Corridor, as well as the adjacent partially
and non-protected areas, depending upon
the rainfall pattern (adapted from Thirgood
et al. 2004 and Rusch et al. 2005).
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Figure 3. Adjacent to the north-eastern border of the Ngorongoro Conservation Area towers the active volcano

Ol Doinyo Lengai (2890 m). The soil on the Serengeti plains originates from ashes from the many volcanoes in

the area. The Rift Valley escarpment can be seen in the background (Photo: T. Holmern).

their way north towards Masai Mara National Reserve in Kenya (Thirgood et al. 2004; Rusch
et al. 2005). The ecosystem, and in particular the western corridor, also contains large
concentrations of resident herbivores that do not migrate, such as, giraffe (Giraffa
camelopardalis), buffalo (Syncerus caffer), topi (Damiliscus korrigum), impala (Aepyceros
melampus) and warthog (Phacochoerus aethiopicus) (Figure 4). These large concentrations of
herbivores sustain a divers array of predators.

There is a high human population density in the western Serengeti (> 70 people/km?,
human population in Mara Region >1.3 million), where the villages are multiethnic, large
(>1500 inhabitants) and have an annual population growth rate of approximately 2.9%
(Figure 5) (URT 2002). There is a high diversity of tribes, mainly of Bantu origin. The
majority of the people in the study area are very poor subsistence farmers (average annual
cash income of US § 140 in 2001) (Borge 2003), complementing in a varying degree with
livestock keeping and small-scale trade. Food crops include maize, cassava, millet and
sorghum, while some grow cotton as a cash crop. The crop cycle follows the rain-pattern and
usually the crops are planted twice a year, with planting in February and August-October,
harvesting in June and January respectively. Cattle, goats, sheep and donkeys are the most
common livestock kept. The areas immediately adjoining the protected areas (< 10 km) are
also experiencing a high immigration rate (Campbell and Hofer 1995). Moreover, many rural
inhabitants rely heavily on bushmeat protein supply and the potential it provides for

generating cash incomes (Barnett 2000; Loibooki et al. 2002; Paper V)
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Figure 4. The savannah and acacia woodlands are typical for the central ranges of the Serengeti. The western

corridor lies beyond Nyaraswiga and Kubu Kubu Hills that can be seen in the background (Photo: T. Holmern).

Illegal hunting

Hunting has been an integral part of life in the Serengeti for centuries. Illegal hunting mainly
originates from the villages in the west of the Serengeti National Park, since the pastoralist
Maasai living to the east solely live on livestock and do not eat wild animal meat. However,
the rapid human population growth and the commercialisation of illegal hunting have caused
considerable concern over the sustainability of the harvest (Campbell and Borner 1995;
Campbell and Hofer 1995; Hofer et al. 1996). The most common hunting method is the use of
wire snares, but also more active methods are used (Arcese et al. 1995; Paper II). Illegal
commercial hunting has earlier had severe impact on both the elephant and the buffalo
populations in the northern and western Serengeti (Dublin and Douglas-Hamilton 1987,
Dublin et al. 1990) and made the black rhino population crash from an approximate size of
1000 in 1975 to local extinction in the early 1980s (Hilborn et al. 2006). Especially giraffe,
buffalo, impala and topi, that have a habitat preference for woodlands and thickets, are
disproportionately caught since snares are usually set in thickets (Arcese et al. 1995).
Although resident herbivores only constitute a minor part of the offtake compared to
migratory herbivores, illegal hunting of resident wildlife is profitable in 68% of the area
(Hofer et al. 2000). However, for the most abundant migratory species, the wildebeest, offtake
appears to be within sustainable limits (Mduma et al. 1998), although there is some
disagreement on the harvest level (Campbell and Hofer 1995; Hofer et al. 1996). The total
harvest of ungulates has been estimated to approximately 160,000 animals (70% of the
harvest is migratory herbivores) and to benefit 1 million people (Hofer et al. 1996).
Herbivores are usually the target prey for hunters, but snare hunting also has serious impact

on non-target species, such as spotted hyena (Crocuta crocuta) (Hofer et al. 1993).
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Community-based conservation

The western Serengeti was one of the first areas in Tanzania to be targeted for a CBC,
because of increasing problems with illegal hunting and human encroachment (Mbano et al.
1995). Currently, in the north-western Serengeti, there are two CBC initiatives that work with
the villages adjacent to the National Park, the CCS and SRCP. CCS started out in 1994 and
funds the construction of communal facilities, but has no involvement in capacity building or
wildlife management. On the other hand, SRCP was created in 1985 and has actively been
collaborating with the villages around the National Park, although its main focus has been the
villages bordering the western corridor (SRCP 1999). SRCP has since 1993 provided legal
game meat through a game cropping operation (the commercial utilisation of wild animal
populations in natural habitats), together with providing capacity and institutional building, as

well as different extension services (Mbano et al. 1995; Paper V).

Study species

The main large carnivore species in the Serengeti ecosystem are spotted hyenas, lions
(Panthera leo), leopards (Panthera pardus) and cheetahs (Acinonyx jubatus), but also smaller
carnivores like the jackals (Canis mesomelas, C. adustus, C. aureus) are found throughout the
ecosystem (Table 3). However, spotted hyenas and lions account for approximately 85% of
the predation on large herbivores in the Serengeti. Much of the prey base for the larger
carnivores during parts of the year is made up of the migratory herds. But during the periods
where these species are unavailable, other resident prey becomes important parts of the diet
(Kruuk 1972; Schaller 1972). The availability of resident prey has been suggested as the
limiting factor for predators holding territories (Fryxell et al. 1988), although other reasons
such as patterns of prey choice and social factors may play a role (Hofer and East 1995).
However, the spotted hyena, because of its ability to travel large distances (i.e. commuting) in
search for migratory prey and because of their social system which allows commuters to pass
through neighbouring territories, are less dependent on resident herbivores. These adaptations
probably have contributed to the large number of spotted hyenas in the ecosystem (Hofer and

East 1995; Mills and Hofer 1998).
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Table 3. Characteristics of some of the predators found in the Serengeti National Park and adjoining partially protected areas (partly adapted after Hofer and East 1995).

Species

Spotted hyena

Lion

Leopard

Cheetah

African wild
dog
Black-backed
jackal

Golden jackal

Side striped
jackal

Baboon

Population size

5200 - 6000

2500

1000

250

<30%*

6300

Not available

Not available

Not available

Body size
55— 85kg

120 - 200 kg

35-85kg

40— 60 kg

18- 28 kg

6.5-10kg

6-10kg

6-135kg

10-30 kg

Territory size
956 km’

20 — 300 km®

Q: 14 - 60 km?,
3 ca. 60 km?
800 - 1500 km?
1500 - 2000 km?
<20 km?

<20 km?

<20 km?

2-30 km?

Social structure

Large social

groups / solitary

Large social

groups / solitary

Solitary

Solitary

Large social
groups
Small social
groups
Small social
groups
Small social
groups
Large social

groups

Movements

Commuting system (follow
migratory prey outside
territories)

Mainly restricted to territories,
but may follow migratory prey
outside

Mainly restricted to territories
Following movements of
principal prey

Follows movement of principal
prey

Mainly restricted to territories
Mainly restricted to territories

Mainly restricted to territories

Mainly restricted to territories

Activity pattern

Day and night

Day and night

Mainly night

Day

Day

Day and night

Day and night

Day and night

Day

Principal natural prey
Wildebeest, Thomson’s gazelle,

zebra

Wildebeest, zebra, buffalo,

Thomson’s gazelle

Impala, Thomson’s gazelle, dik
dik, reedbuck

Thomson’s gazelle, Grant
gazelle, impala

Thomson’s gazelle, wildebeest,
zebra

Small mammals, but also fawns
of gazelles

Small mammals, but also fawns
of gazelles

Small mammals, but also fawns
of gazelles

Plants, fruit, insects, small

mammals, fawns of gazelles

Livestock at highest risk
Sheep, goats, donkeys &

cattle

Sheep, goats, donkeys &

cattle

Sheep, goats, donkeys &
cattle

Sheep & goats

Sheep, goats, donkeys &
cattle

Sheep & goats

Sheep & goats

Sheep & goats

Sheep & goats

References: Populations size: Mills and Hofer 1998, Packer 1990, Schaller 1972, Gros 2002, *Pers com. R. Fyumagwa, Caro and Durant 1995; Body size: Haltenorth and
Diller 1996; Territory size: Honer et al. 2005, Handby and Bygott 1979, Bertram 1982, Caro 1994; Frame et al. 1979, Haltenorth and Diller 1996; Social status: Haltenorth
and Diller 1996; Movement: Mills and Hofer 1997, Haltenorth and Diller 1996; Actvity pattern: Haltenorth and Diller 1996; Estes 1990; Principal natural prey: Kruuk 1972,
Schaller 1972, Bertram 1979; Haltenorth and Diller 1996; Livestock: Kruuk 1980; Rasmussen 1999; Butler 2000; Patterson et al. 2004; Paper 1.

19




Figure 5. Villages consist of widely dispersed households where living quarters and enclosures for livestock are
located on the same compound. The picture to the right illustrates a typical hut used for keeping sheep and goats

at night (Photo: T. Holmern).

The two main antelope species included in this thesis are impala and Thomson’s gazelle.
Impala is a medium sized antelope (40 kg), commonly occurring in the semi-arid and bush
savannas of southern Africa (Haltenorth and Diller 1996; Estes 1990). It is a highly social
species in which the females range in medium to large groups, with each group accompanied
by an adult male (Murray 1982). As in many other polygynous antelope species (Jarman
1974), males carry horns whereas females are hornless. In the Serengeti National Park it is
one of the most numerous non-migrating herbivores (population size of 80,000 in 1995), and
it is mainly found in the extensive woodlands to the north and west (Campbell and Hofer

1995).

The Thomson’s gazelle is a small grazer of about 20 kg (Haltenorth and Diller 1996), which is
found in an isolated population in southern Sudan, as well as from northern Tanzania to
northern Kenya (Estes 1990). It is associated with the grasslands and in Serengeti large herds
congregate on the short grass plains during December — February (approximately 330,000
individuals in 1991) (Campbell and Borner 1995). In the dry period (June — October) it
migrates westward, partly following the migration of wildebeest and zebra (Maddock 1979).
Male gazelles are territorial throughout their adult lives, but during the non-territorial periods
males usually spend their time in bachelor groups or as part of a mixed herd. Both males and

females carry horns, although females have only short spikes.

Data collection

Data for this thesis was collected during several field periods. Data on illegal bushmeat
hunting was principally collected during 1998 — 1999 by collaborating with local law
enforcement units, which were employed by the villages’ part of SRCP (Paper II, V and VI).
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During the dry season of 2003 we collected the data used for the density estimates of impala,
by means of transects in the different protected areas. Parallel to this study we conducted the
flight response trials of impala, as well as Thomson’s gazelle (Paper III and IV). In 2004 we
also conducted a questionnaire survey in seven of the villages in the western Serengeti, where
we, among other things, assessed conflict levels with large predators (Paper I). For more

complete descriptions of methods see the respective papers.

Main results

Human — wildlife conflicts (Paper 1)

Human — wildlife conflicts can seriously affect the relationship with adjacent protected areas.
Here | examine livestock depredation which is a key conflict, and ask the question: what is the
level of livestock depredation in the western Serengeti and how does it influence attitude

towards large predators and their conservation?

Paper I:

In Africa, only a handful of studies have attempted to quantify the cost inflicted on livestock
keepers by predators, but up to now none have been conducted in Tanzania, despite being
identified as one of the most important countries on the continent for large predator
conservation. Livestock depredation in the villages in the western Serengeti is mostly caused
by spotted hyena, followed by leopard, baboon (Papio cynocephalus), lion and jackal. The
economic loss equals two-thirds of the annual cash income for the households in this area, and
is a serious impediment to development. Depredation events are not only restricted to villages
adjacent to the protected areas but affect households located relatively far away (>30 km).
However, only spotted hyena is reported to cause loss in these households, whereas
depredation by the large felids is concentrated along the protected area boundary. Tolerance
of livestock loss is very low and the majority accept retaliatory killing as a way to reduce loss.
Education, the number of livestock lost and the perceived effectiveness of protective measures
influence acceptance of retaliatory killing, which suggests that conservation efforts should
concentrate on identifying causes of losses, improving protective measures and providing

better educational opportunities in the villages.
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Bushmeat hunting in the western Serengeti and effects on wildlife (Paper 11-1V)

Illegal bushmeat hunting has been identified as the main threat towards the ecological
integrity of the Serengeti ecosystem. Here | describe the occurrence of bushmeat hunting and
some of its effects on wildlife populations.

Paper II:

Prey choice of hunters, in relation to sex and age of animals killed, is of relevance to the
sustainability of harvesting levels. Illegal hunters in the western Serengeti use a wide variety
of hunting methods, where the majority of the offtake is composed of migratory species. Wire
snares were mostly used for large herbivores, whereas for small and medium-sized prey
hunting at night with dogs was common. Passive hunting methods (i.e. snares, staked pitfalls)
had a tendency for a male bias in kills. Hunting methods where the hunter(s) actively stalked
the prey resulted in more males being killed, as well as more immature animals than adults.
The primitive hunting technology used indicates that the male-bias in kills is likely to be a
result of behavioural factors among the prey species, rather than deliberate choice of the

hunters.

Paper II1I:

Due to the secrecy of illegal hunting, a direct assessment of activities and pressure is often
difficult and time consuming to conduct. The use of behaviour and demography has therefore
been proposed as indicators of exploitation. Impala is the most common resident herbivore in
the Serengeti, and is also a preferred species by illegal hunters. Densities of impala were
found to be significantly lower outside the Serengeti National Park, as well as in sections of
the National Park close to human settlements, than in the core. Furthermore, although there
were no differences in group size outside and inside the protected area, the sex ratio was
skewed towards females in the areas outside the National Park. Impala also took flight more
easily and the flight initiation distance was greater outside than inside. Since both legal
resident hunting and trophy hunting have small quotas on impala, illegal bushmeat hunting is
probably the reason for the observed differences. This raises concern for the situation of other

resident herbivores in the western Serengeti.

Paper 1V:
The perceived risk is important when deciding when to flee from an approaching predator that

appears threatening. This could be done by the prey either through monitoring the distance to
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an approaching threat or by estimating the expected time it would take the predator to arrive
at their location. Animals are expected to adjust their flight initiation distance, length of flight
and speed according to a cost-benefit trade-off when facing predation risk. However,
Thomson’s gazelles did not vary flight initiation distance according to increased predation
risk. However, fast approaches caused higher flight speeds, although it had no effect on flight
length. In addition, we found that gazelles appeared to display their escape capabilities
through condition dependent signals when the perceived threat was high. These result
supports that animals use distance as a cue to evaluate when to flee (i.e. spatial margin of
safety), instead of estimating the expected time that the predator would take to reach them (i.e.
temporal margin of safety). Moreover, alarm signals may convey important clues on the

perceived level of predation risk.

Performance of community-based conservation (Paper V-VI)

Wildlife related benefits distributed to local communities rely on compensating for the costs
of wildlife (i.e. crop and livestock damage, costs of not engaging in illegal hunting). Does the
game cropping operation of SRCP offset the potential costs of refraining from illegal
bushmeat hunting? In addition, law enforcement is widely regarded as essential in controlling
unwanted human behaviour. However, very little information exists on local law enforcement

units’ ability to police wildlife resources on their village land.

Paper V:

Game cropping has been conduced by SRCP since 1993 in order to provide project villages
with incentives to stop illegal bushmeat hunting. But the quotas allocated to each village are
small, has a low level of participation by local people and is not economically sustainable
without donor support. The cropping operation provides low levels of benefits to the
individual villager, compared to the potential benefits generated through engaging in
bushmeat hunting. Moreover, illegal hunting is mainly done for subsistence reasons, and
illegal hunting is extensive around both project and other villages. SRCP should instead focus

on other ways of diversifying income opportunities for the project villages.

Paper VI:
Local people are unlikely to comply with conservation objectives if benefit levels are not
linked in some way to conservation friendly behaviour. Law enforcement is therefore widely

accepted as a prerequisite in controlling illegal activities. Village game scouts employed by
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the villages part of SRCP revealed, through patrols conducted in the partially and non-
protected village lands, that illegal hunting activity varies temporally, and high activity
coincides with the arrival of the wildebeest migration. All illegal hunters originated from local
villages within a catchment zone of < 41 km from the closest protected area border. The
probability of making arrests was influenced by season, the total number of illegal hunters
observed when on patrol and the interaction between these two values. Support from district
level units had only minor importance in the probability of making arrests. This indicates that
when establishing the new protected area category called Wildlife Management Areas in
Tanzania, one cannot expect Village Game Scouts to be able to reduce hunting if not

supported by adequately funded district units.

Discussion
The results presented here show that local people bear substantial costs related to wildlife, and

that CBC falls short of offsetting these costs. Illegal bushmeat hunting is very common
outside the Serengeti National Park, but local law enforcement may provide a way to control

and monitor illegal activities in some areas.

Costs of conservation

Humans living adjacent to protected areas or outside protected areas where natural habitats
still sustain large mammal populations can bear substantial costs related to crop damage,
livestock injury and loss or even human injury and death (Hoare 2000; Packer et al. 2005).
Livestock loss occurs wherever large predator ranges and livestock distribution overlaps, and
in rural Africa encroachment on protected areas is increasing the rate of the conflict. Previous
studies have shown a wide regional variation in the frequency of carnivore attacks by
different species (Kruuk 1980; Butler 2000; Patterson et al. 2004), where the observed
variation has been explained by differences in relative densities of large predators (Kolowski
and Holekamp 2006; Paper I), livestock husbandry practices (Kruuk 1980; Ogada et al. 2003;
Paper 1), or relative abundance of different livestock species (Rasmussen 1999; Butler 2000;
Patterson et al. 2004). Similarly to the study of Kolowski and Holekamp (2006) located in the
pastoral areas adjacent to Masai Mara National Reserve in Kenya (see Figure 3), spotted
hyenas dominate the livestock loss in the western Serengeti. The prevalence of spotted hyena
as the most numerous large predator in the Serengeti ecosystem probably contribute to this,
together with the species’ adaptability to anthropogenic environments. Moreover, in high

density areas, human activity and persecution probably cause predators to become more active
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during the night, thereby making the construction of night time enclosures crucial to restrict
livestock loss, since during the day livestock is herded.

Livestock keepers usually have a low tolerance of livestock loss. Particularly among
small scale subsistence farmers depredation can be catastrophic, and may have negative
secondary effects on wildlife through retaliatory killing (Ogada et al. 2003) or through
seeking alternative protein and income sources, such as bushmeat (Johannesen 2006).
Consequently, protected area borders can for predator populations act as population sinks,
which could potentially threaten their viability (Woodroffe and Ginsberg 1998; Loveridge et
al. 2006). Understanding the reasons for negative attitudes towards carnivores is therefore a
salient issue for reduction of the conflict level and for potentially decreasing the willingness
to recuperate losses by Kkilling predators. Studies show that livestock owners are more
negative towards carnivores than others and that the general acceptability of carnivores is low
when human life is threatened (Kleiven et al. 2004; Kaltenborn et al. 2006). In Europe and
North America, especially older people, women and people who suffer an economic loss due
to carnivores have a more negative attitude towards these species (Kellert 1985; Roaskatft et al.
2003; Kleiven et al. 2004; Kaltenborn et al. 2006). Moreover, the loss of domestic dogs has
also been implicated in negative attitudes towards carnivores (Kojola and Kuittinen 2002). In
the western Serengeti, attitudes were negative irrespective of sex and age group. In
accordance with previous studies, approval of retaliatory killing was positively related to
sustained livestock loss. Furthermore, a contributing factor to negative attitudes might have
been the general feeling of insecurity, since spotted hyenas may break into houses during the
night to prey on domestic dogs. Studies also confirm that spotted hyenas are among the least
liked large predators in Africa (Lindsey et al. 2005; Kaltenborn et al. 2006). Education is
essential in this respect both to improve alternative income opportunities and challenge
misconceptions (Rasmussen 1999; Loibooki et al. 2002). In addition, improving protection
measures for livestock can to a certain extent be an alternative to lethal control, especially in
the case of management of endangered carnivores. Improved protection measures might also
lead to beneficial secondary effects in terms of reducing the level of illegal bushmeat hunting
which is a serious problem in the Serengeti National Park, since it is mostly the poor
households that have few livestock that engage in this activity (Loibooki et al. 2002).
However, where livestock depredation has a serious impact despite preventive measures or
where carnivores are a threat to human safety, lethal control may remain as the only
management tool, since translocation of large carnivores has not been very successful (Linnell

1997). Alternatively, using trophy hunting to take care of problem individuals might be an
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option (Lindsey et al. 2006). In Zimbabwe, this strategy has reduced the number of animals
being killed (Child 2005). However, the existence of “problem individuals” is debated
(Linnell et al. 1999).

Bushmeat hunting in the western Serengeti

Inside the Serengeti National Park, wire snaring is the main hunting method because of its
relatively low probability of being detected by law enforcement personnel (Arcese et al. 1995).
However, studies indicate that the methods used for hunting by local people are more diverse
in the absence of control (i.e. staked pitfalls, use of nets, self-made traps, poisoned darts or
arrows) (Arcese et al. 1995; FitzGibbon et al. 1995; Paper II, V). The main target prey appear
to be migratory herbivores, which is in accordance with earlier studies (Arcese et al. 1995;
Campbell and Hofer 1995; Hofer et al. 1996). Low-tech hunting techniques are generally
assumed to be unselective with respect to sex and age (Arcese et al. 1995; Mduma et al. 1998).
However, sex and age classes differ in their risk prone behaviour, which might influence their
vulnerability to being killed by human hunters (FitzGibbon 1998). A sex-biased hunting has
clear relevance for the sustainability of harvesting levels (Ginsberg and Milner-Gulland 1994;
Mduma et al. 1998). Although the sample size is small, there is a tendency for males to be
killed more often both by active (bows and arrows) and passive (i.e. snares, staked pitfalls)
hunting methods. However, for some species, such as wildebeest, grouping patterns might by
chance cause only males to be caught. Accordingly, sex ratio counts of the wildebeest
population do not support a highly male biased hunting (Mduma et al. 1998).

Paper III found a female biased sex ratio for impala in areas outside the national park,
which is in contrast to earlier studies in Africa (Caro 1999b). However, differences between
areas might be influenced by prevalent hunting methods, as well as hunting pressure. It has
been suggested in previous studies that male-biased hunting pressure may limit population
size because female fecundity may be reduced when trophy males are removed (Fairall 1985;
Ginsberg and Milner-Gulland 1994). However, most of the evidence indicates that extreme
sex ratio biases (<5 males per 100 females) are required to affect population productivity,
although adverse effects for some species have been shown (Ginsberg and Milner-Gulland
1994; Solberg et al. 2002). Illegal bushmeat hunting is also probably the main cause for
reduced densities of impala in the partially protected areas and the areas inside the national
park closest to human settlements.

Increased group size has been suggested to be an adaptive response to increasing

predation risk (FitzGibbon 1998). However, paper (III) demonstrated that impala does not
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respond to increased hunting pressure by increasing group size. But there are several other
factors that may play a role in influencing group size. Mating system has been implicated, as
well as the availability and concentration of forage resources for the animals, where rich food
patches are associated with a larger group size than poor ones (Gude et al. 2006).

Hunting also affects wildlife behaviour, which might be of relevance for conservation
if changes are costly in terms of reductions in food intake levels (Blumstein et al. 2005),
increased stress hormone levels (Buchanan 2000) or leads to greater exposure to predation
(Sinclair and Arcese 1995a; Kilgo et al. 1998). There are now several studies that report a
change in anti-predator behaviour (as a result of hunting), such as wariness (e.g. white-tailed
deer (Odocoileus virginianus) (Kilgo et al. 1998); roe deer (Capreolus capreolus) (de Boer et
al. 2004); Paper III). In the Katavi ecosystem in western Tanzania, Caro (1999a) reported that
species that were more likely to flee also occurred at lower densities outside the National Park
boundary, suggesting that they were subject to hunting. Accordingly, in paper III it was
showed that impalas became more wary and densities of impala were lower outside than
inside the Serengeti National Park. It also appears that, at least for Thomson’s gazelle,
animals primarily use distance to the source of threat to assess risk, and that alarm signals
may convey additional cues on the perception of threat (Paper IV).

In this context an important question for management is how representative are the
changes observed for impala for other resident species in the Serengeti? Impala has a
relatively high reproductive rate (Fairall 1983, 1985), compared to other resident herbivores,
such as giraffe, buffalo and topi (see Campbell and Hofer 1995). It is also probably more
tolerant to disturbance, since it is widely used in game ranching (Fairall 1985). Observed
changes for impala might therefore underestimate the effect of bushmeat hunting for other
more vulnerable species. For instance, topi populations in the Serengeti appear to be in a
decline compared to other resident herbivores (Rusch et al. 2005). However, interspecific prey

preferences of illegal hunters might also influence the generality of the results.

Performance of community-based conservation

Wildlife utilisation is a common way of extending benefits to the local communities’ part of
CBCs (Lewis et al. 1990; Macnab 1991; Sinclair and Arcese 1995b; Child 1996; Songorwa
1999; Walsh 2000). The abundant wildlife in many regions of East Africa has also earlier
inspired proposals of centrally organised game cropping operations to utilise the vast
herbivore herds (Myers 1981). However, findings on game cropping operations have

concluded that ungulate cropping in East Africa is an uncertain endeavour, in terms of logistic
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demands, access to adequate markets for products and disturbance of wildlife and tourism
(Parker 1984; Macnab 1991). Only a handful of operations have been successful and they
have not been in wilderness areas, but on well-developed land (Parker 1984). Likewise, the
SRCP game cropping operation was not economically sustainable, and the level of
participation was limited (Paper V). Other CBCs in Tanzania implemented more participatory
community hunting schemes. For example, Village Game Scouts in the Selous Conservation
Project are issued firearms and have the responsibility of hunting the wildlife quota for their
village (Songorwa 1999). But the security situation in the early 1990s probably made such an
approach impossible in the Serengeti, and traditional hunting techniques were evaluated to
have low effectiveness and judged to be unethical (Hough 1993).

A few studies have been critical to the wildlife utilisation that is emphasised by CBCs
(Macnab 1991; Barrett and Arcese 1995; Sinclair and Arcese 1995b). Partly, this has been due
to that wildlife contains several biological and socio-economic constraints that may limit their
value to conservation (Barrett and Arcese 1995). Wildlife has a limited growth rate and a
steadily diminishing habitat at their disposal. Therefore connecting increasing human
demands to harvesting might in the long term lead to demands of increasing the harvesting
level to unsustainable limits (i.e. to maintain the per capita benefit), or difficulties at reducing
offtake when productivity is low. Nevertheless, CBCs practice sustainable use and quotas are
usually set very conservatively (Songorwa 1999; Walsh 2000; Paper V). For example, the
SRCP game cropping operation had in 2001 an offtake of only 412 animals (Holmern et al.
2004). This offtake is clearly within sustainable limits for the migratory herbivores, which has
been estimated for wildebeest to be approximately 56,000-74,000 animals with a dry season
rainfall of 150mm (Pascual et al. 1996; Mduma et al. 1998). Similarly, trophy hunting, which
also is used by CBC initiatives to generate income, typically removes only 2-5% of the male
population (Creel and Creel 1997; Greene et al. 1998). Trophy hunting also generates high
revenues per client and has a low environmental impact compared to photographic tourism.
But hunting of carnivore species requires caution, since the removal of trophy sized males, for
example in lions, can lead to infanticide, affect social stability and increase the vulnerability
to kleptoparasitism (Cooper 1991; Yamazaki 1996; Whitman et al. 2004).

Illegal bushmeat hunting outside the Serengeti National Park is primarily done for
subsistence reasons, and the people engaging in the activity are usually poor and have few or
no livestock (Paper V; Loibooki et al. 2002). Commercial motives are also present where
revenues are used to pay taxes and school fees for children. Increased integration in a cash

based economy will undoubtedly place heavy strains on existing sources of income generation.
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Refraining from illegal hunting could therefore be costly, if alternative protein and income
sources are not provided. Likewise, continued illegal hunting has also been reported from
other CBC areas, where there has also been pointed out that hunting has a cultural aspect that
has not been currently addressed (Gibson and Marks 1995; Lewis and Phiri 1998; Kaltenborn
et al. 2005).

Sharing of wildlife related benefits might not be the only way of improving
relationships and creating incentives for conservation. Salafsky et al (2001) indicated that
non-cash benefits such as education and development of trust among partners in a CBC
project may be an alternative path to conservation success. A number of studies exploring
conservation attitudes of local people indicate an improved relationship between local people
and protected areas after the establishment of CBCs. For example, Kidegesho et al. (2006)
found that villages participating in the SRCP in the western Serengeti had better perception of
adjacent protected areas than non-project villages. Around the Selous Game Reserve people
had better conservation attitudes when having access to wildlife related benefits than those
that did not (Gillingham and Lee 1999). Interaction with protected area staff has also
improved relationships (Newmark et al. 1993). However, there is an urgent need to establish
in which extent attitudes are related to behaviour, but attitudinal surveys offer at least an
initial assessment of changes in the perception of the value of conservation.

A key element for establishing control mechanisms for human behaviour is law
enforcement. Species protection laws by themselves have no influence on prey choice of
hunters (Rowcliffe et al. 2004). For instance, Caro et al. (1998) found that National Parks and
Game Reserves in Tanzania had higher densities of large ungulates than Game Controlled
Areas and Open Areas, and attributed this largely to the presence of on site law enforcement.
Although law enforcement inside National Parks may contribute in reducing exploitation
levels (Hilborn et al. 2006), in many cases detection rates are too low for effective exclusion
of illegal resource extraction (Hofer et al. 2000; Abbot and Mace 1999). For example, in
Malawi National Park, even in areas with the highest patrol efforts, the risk of detection
appeared still to favour illegal wood collection (Abbott and Mace 1999). Yet, there is a
consensus that increased detection rate is better at deterring illegal hunting than increased
penalty level, especially in situations where opportunity costs are low (Leader-Willliams and
Milner-Gulland 1993). Compared to local bushmeat hunters, organised well-armed illegal
trophy hunting groups respond less to detection rates and penalties (Milner — Gulland and
Leader Williams 1992), and effective measures to curb illegal trophy hunting must therefore

focus on delivering appropriate sentences to the organisers, which suggest that local law
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enforcement has little to contribute in this respect. Collaboration between local law
enforcement, such as the Village Game Scouts, and other more professional units is therefore

important.

Management recommendations

Limited resources are a recurrent problem in conservation, therefore identifying the areas and
issues in most need of attention is of primary importance (Sinclair and Arcese 1995b). For
large predator conservation, finding ways of improving protection measures for livestock in
the western Serengeti would be very beneficial, both in terms of reducing the incentives for
retaliatory killings, but also for improving the relationship with adjacent protected areas. Such
efforts should also be implemented in other parts of the Serengeti ecosystem where other
endangered carnivores (e.g. African wild dogs) are struggling to survive.

CBC in the western Serengeti has tried to address a wide array of challenges over a
huge area, but should instead concentrate on the areas that are most important for wildlife and
have the conditions for becoming self-sustainable. Baseline data, such as wildlife population
monitoring, is a prerequisite for any future evaluation of these efforts, but has in previous
projects seldom been implemented with adequate expertise, if at all (Kremen et al. 1994).
Including behavioural parameters in monitoring schemes could thus be an efficient way at
giving an initial crude measure of which species that are experiencing heavy hunting pressure.
Particularly, frequency of flight behaviour, can be a good indicator that is easy to implement
and applicable with little training.

Several studies now underline the importance of connecting benefits and behaviour in
CBCs (Mishra et al. 2003; Johannesen 2006). A possibility for CBCs is therefore to link
wildlife related incentives to enforcement effort, as well as to other possible parameters of
performance (i.e. wildlife densities). Nevertheless, the performance of Village Game Scouts
will likely be site specific and related to the type and severity of hunting pressure. Forging a
good co-operation between Village Game Scouts, District units, as well as TANAPA rangers
is therefore vital. However, law enforcement in partially protected areas is generally grossly
under-funded, and ways of alleviating this situation should be explored. A possibility is using
revenue retention schemes that have been used with some success to boost law enforcement in

the Selous Game Reserve (Baldus et al. 2003).
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Future prospects

Reducing conflicts between wildlife and people is crucial for the long term maintenance of
wildlife populations and the public support of protected areas (Newmark et al. 1993).
Identifying the causes of livestock loss and the environmental factors linked to them, as well
as the spatial and temporal distribution of depredation will be of importance for conflict
resolution. Experimental approaches should also be tried out in order to reveal the
effectiveness of protection measures. Linking questionnaire derived data to spatial distribution
through geographic information systems (GIS), might also reveal more clearly where
conservation efforts need to focus. However, methods to verify losses should be incorporated
to improve the reliability of the data.

Using behavioural indicators can be a cost effective way of getting a crude measure of
which species are most affected by illegal hunting. However, their effectiveness depends on
hunting pressure and whether hunters have preferences for certain species or not.
Investigating multiple species, might thus give a better indication of the extent of the hunting
pressure, as well as reveal if there are interspecific differences. Although flight initiation
distance is a commonly used metric, other variables such as alert distance and time to re-
engaging in original behaviour might be better parameters at describing sensitivity to
disturbance.

It is important that ways of verifying the efficiency of local law enforcement are
implemented. Future studies should also explore more in detail how patrolling effort relates to
illegal activities, by using longer time series. This might especially be important in a
migratory system like the Serengeti, where the migration routes vary according to the

prevalent rainfall pattern.
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Human-carnivore conflict is a serious management issue often causing opposition towards
conservation efforts. In a survey of 481 households in seven different villages outside the
Serengeti National Park in Tanzania, 67.4% of respondents owned livestock and 27.4% of
all the households surveyed reported losses of a total of 4.5% of their livestock to wild pre-
dators over 12 months. This loss equated to an average annual financial loss of 19.2% (US
$26.8) of their cash income. Livestock depredation was reported to be caused most often by
spotted hyena (Crocuta crocuta) (97.7%), leopard (Panthera pardus) (1.6%), baboon (Papio cyno-
cephalus) (0.4%), lion (Panthera leo) (0.1%) and lastly black-backed jackal (Canis mesomelas)
(0.1%). Total reported losses during 2003 amounted to US $12,846 of which spotted hyena
kills were reported to account for 98.2%. The mean annual livestock loss per household
(of those that reported loss) was 5.3 head of stock, which represents more than two-thirds
of the local average annual cash income. Depredation by large felids occurred only in a nar-
row zone along the protected area (<3 km), whereas spotted hyenas killed livestock even in
households located far away (>30km). Tolerance of livestock depredation among the
respondents was low. Logistic regression models indicated that education improved toler-
ance, while for livestock owners higher depredation rates was linked to approval of lethal
retaliation and effective protection measures was associated with a reduced desire of retal-
iation. We recommend that further research should identify the precise causes of livestock
loss and which protection measures that can reduce depredation.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

taining the existence of carnivores, both in order to increase
population sizes and to allow greater genetic exchange be-

Human population increase and technological development
is rapidly reducing and fragmenting the available habitat for
large carnivores. Although protected areas in principal are
shielded from most human activities, the majority of African
reserves are not large enough to maintain viable populations
of these wide ranging species (Newmark, 1996; Woodroffe and
Ginsberg, 1998). Non-protected and partially protected areas
(i.e. IUCN categories < IV) therefore play a vital role in main-

* Corresponding author: Tel.: +47 73596093; fax: +47 73596100.

tween populations (Linnell et al., 2001; Treves and Karanth,
2003).

Large carnivores differ in their ability to adapt to anthropo-
genic landscapes. Behavioural plasticity and traits that give
ecological flexibility and allow populations to recover rapidly
from depletion have been identified as important factors for
persisting close to humans (Cardillo et al., 2004). For example,
in the Masai Mara National Reserve in Kenya, spotted hyenas
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(Crocuta crocuta) changed their daily activity rhythm, demo-
graphic structure, social behaviour and use of space as a re-
sponse to increased disturbance from livestock grazing
(Boydston et al., 2003). Small geographic range size, long ges-
tation period, low species population density and high trophic
level are all factors associated with high extinction risk in car-
nivores (Cardillo et al., 2004), but despite these biological
traits, large carnivore survival ultimately depends on their
conflict level with human interests and their social accept-
ability to humans, particularly outside protected areas
(Linnell et al., 2001; Kleiven et al., 2004; Lindsey et al., 2005).
For instance, in the Koyiaki ranches outside the Masai Mara
National Reserve, Ogutu et al. (2005) attributed substantially
lower densities of lions (Panthera leo) outside the reserve in
comparison to spotted hyenas, to less tolerance among Maa-
sai pastoralists to lion depredation on livestock.

Lethal control has traditionally been the most common
method for resolving conflicts between carnivores and live-
stock, leading to the eradication campaigns towards lions,
spotted hyenas and African wild dogs (Lycaon pictus) in South-
ern Africa (Mills and Hofer, 1998; Rasmussen, 1999; Woodroffe
and Frank, 2005). Some large carnivore species are therefore
threatened after having experienced severe declines. For
example, the African wild dog has been extirpated from 25
out of 39 former range countries, largely due to human perse-
cution and habitat fragmentation (Fanshawe et al.,, 1997).
According to the IUCN Red list, African wild dogs are listed
as endangered, lions and cheetahs (Acinonyx jubatus) are
listed as vulnerable, whereas spotted hyenas and leopards
(Panthera pardus) are not categorised as threatened (i.e. lower
risk and least concern respectively; IUCN, 2006). Although
most large carnivores in Africa are by now legally protected,
local people have few incentives to conserve them. Retalia-
tory killings of carnivores are common, since livestock depre-
dation can have serious economic consequences for livestock
keepers, and compensation schemes that may offset some of
the costs are often lacking (Ogada et al., 2003; Frank et al,,
2005; Graham et al., 2005). However, as examples from Europe
and North America illustrate, compensation schemes do not
provide an easy solution to the problem (Linnell et al., 1996;
Treves and Karanth, 2003).

In Africa, Tanzania is one of the most important countries
for large carnivore conservation (Nowell and Jackson, 1996;
Mills and Hofer, 1998). Despite having an extensive protected
area system, with several very large protected areas (>10,000
km?), carnivore populations are still severely affected by hu-
man activity (Hofer et al.,, 1993, 1996; Packer et al., 2000).
Moreover, human encroachment upon protected areas is
intensifying the conflict between carnivores and livestock
keepers. However, up to now most studies investigating live-
stock depredation in Africa have been conducted in areas
with relatively low human density or immediately adjacent
to protected areas (Rudnai, 1979; Mizutani, 1993; Karani
et al., 1995; Butler, 2000; Ogada et al., 2003; Patterson et al.,
2004; Kolowski and Holekamp, 2006). Few studies have inves-
tigated livestock depredation in areas with high human den-
sities and how distance from the protected area influence
livestock depredation. In this study, we explored through a
questionnaire study the extent and impact of conflict be-
tween carnivores and agro-pastoralist outside the Serengeti

National Park. Moreover, we quantify the perceived economic
losses to local communities, and examine which factors
influenced the approval of retaliatory killing as a carnivore
depredation deterrent, since this is a common but illegal
practice in Tanzania that has serious implications for carni-
vore persistence.

2. Methods
2.1.  Study area

2.1.1. Climate and large mammals

The study was carried out on the north-western side of the Ser-
engeti National Park (1°15'-3°30’ S, 34°-36° E, Fig. 1). The Seren-
geti National Park (14,763 km?) is a World Heritage Site and the
largest National Park in Tanzania. On the northern side it is
buffered by several partially protected areas: Ikorongo Game
Reserve (ca. 563 km?), Grumeti Game Reserve (ca. 416 km?)
and the Ikoma Open Area (ca. 600 km?). The average annual
temperature in the study area is 21.7 °C, with an average an-
nual precipitation of 800 mm in the east to 1050 mm in the
north-western parts. The protected area network in the wes-
tern Serengeti harbours large populations of resident ungu-
lates including giraffe (Giraffa camelopardis), buffalo (Syncerus
caffer), topi (Damiliscus korrigum), impala (Aepyceros melampus)
and gazelles (Gazella thomsoni and G. granti), as well as large car-
nivores, such as spotted hyena, lion, leopard and cheetah (Afri-
can wild dogs are currently absent from this area). The western
corridor of the Serengeti National Park is characterised by the
annual wildebeest (Connochaetes taurinus) migration, which in
June-July travels through the partially protected areas on their
way north (Sinclair, 1995). However, the partially protected
areas only contain low numbers of resident wildlife, because
of illegal bushmeat hunting, while the village areas contain al-
most no large wildlife (Rusch et al., 2005). In the partially pro-
tected areas all the larger carnivores are included in the
trophy hunting quota, except cheetahs and African wild dogs.

2.1.2. People and livestock husbandry

In the agro-pastoral areas in the western Serengeti there is a
high human population density (70 people/km?), and a popu-
lation growth rate of 2.5% in the period from 1988 to 2002 (hu-
man population in Mara Region in 2002 was 1.37 million)
(URT, 2002). The villages are administrative units consisting
of widely dispersed houses with no clear cut border to house-
holds belonging to other villages (Fig. 1), where the multieth-
nic villages consist of subsistence farmers who complement
their livelihoods to varying degrees with livestock keeping
and illegal bushmeat hunting. Generated income from these
activities is partly used to pay taxes, village development
contributions and levies, buy food and to purchase clothing
(Loibooki et al., 2002; Holmern et al., 2004). The areas immedi-
ately adjoining the Serengeti National Park are experiencing a
high pressure for scarce resources, and have a particularly
high immigration rate (Campbell and Hofer, 1995).

In the western Serengeti, livestock husbandry is com-
monly practiced with mixed species herds of cattle, goats
and sheep. A few farmers also keep donkeys and pigs.
Livestock are usually taken out in the early morning (<09:00)
and returned to night enclosures before sunset. Grazing
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Fig. 1 - Distribution of reported livestock kills according to the predator responsible for the kill. The location of villages is
shown as grey pentagrams, and the households from the seven villages included in the survey as open circles.

usually takes place close to the villages, but in the villages di-
rectly bordering the Ikorongo and Grumeti Game Reserves
some illegal livestock grazing takes place inside the game re-
serves (especially in Grumeti Game Reserve). Livestock is al-
ways herded by people, in most cases by 1-3 adults, but
sometimes also by children. At night cattle and donkeys are
kept inside night enclosures (i.e. bomas), that are constructed
by closely spaced vertical tree trunks. Goats and sheep are
usually brought together in a separate small-stock hut that
is constructed of poles and clay with grass roofing. Pigs are
kept in separate pens constructed by poles and acacia bush
(branches facing out). In addition, most households keep
guard dogs. Extremely few people have access to firearms.

2.2. Data collection

The data were collected through a questionnaire survey be-
tween September and November 2004. Our survey encom-
passed 481 randomly chosen households from seven
villages (based on household lists and including an equal pro-
portion from each sub-village) in the western Serengeti, lo-
cated at different distances from the closest protected area
border; Kunzugu (3km), Misseke (4km), Kihumbu (5km),
Makundusi (8 km), Nyichoka (11 km), Kurusanga (20 km) Ma-
buri (29 km) (see Fig. 1). The seven villages had, according to
village records, a total of 2708 households, which means the
survey canvassed 17.8% of the households. Interviews were
conducted in Kiswahili by two Tanzanian scientists trained
in interview techniques in the informant’s home (the head
of household or their wife), and the questionnaire included
a mixture of fixed and open ended questions, which covered
the respondent’s background (age, tribe, education, etc.), live-
stock losses in the year 2003 and the approval of retaliatory
killing of carnivores. Livestock losses were calculated against
the size of herds in 2004. During interviews we used colour
plates in field guides to help distinguish between carnivore

species. Moreover, the respondents did not differentiate be-
tween striped hyena (Hyaena hyaena) and spotted hyena, but
available data suggest that the much more common spotted
hyena was the main predator on livestock in the area (Mills
and Hofer, 1998). Likewise, black backed jackal (Canis mesom-
elas) is likely to be the jackal species present in the villages.

2.3.  Statistical analysis

During the survey, we collected the GPS location of each
household and the distance to the closest protected area bor-
der (i.e. game reserve or national park) was calculated by
using ArcView 9.0 (Environmental Systems Research Insti-
tute, Redlands, CA, USA). We used logistic regression, to
investigate which factors affected approval of retaliatory kill-
ing of carnivores. This was assessed by the statement: “Carni-
vores that cause damage to livestock are pests and should be
shot”. First we analysed the full data set, including both
respondents with livestock and those without (n = 411), where
we used the predictor variables: (1) distance to closest pro-
tected area (PA) border; (2) gender (male, female); (3) age (in
years); (4) education (no education, primary school and sec-
ondary school pooled); and (5) livestock ownership. The inter-
actions that were included were: education x PA distance,
education x gender, education x age. Moreover, since the de-
gree of dependency on livestock might influence the attitude
against retaliatory killings, we regressed livestock numbers
against crop area and saved these residuals (i.e. positive resid-
uals less dependent on livestock). Thereafter, we ran an anal-
ysis for a subset of the data, including only livestock keepers
(n = 274), where the residuals were used as a covariate in the
model. In addition, this subset model included two more pre-
dictor variables: (1) perception of effectiveness of livestock
measures; (2) number of livestock killed. All “don’t know” an-
swers on attitude were excluded from both analyses. We se-
lected the most parsimonious models according to AIC.
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(Akaike Information Criterion corrected for small samples)
(Burnham and Anderson, 2002). Moreover, we used Mann-
Whitney U, Kruskal-Wallis one-way analysis of variance and
22 tests to investigate the occurrence of livestock depredation,
where the considered significance value was p <0.05. The
analyses were done using SPSS 14.0 (SPSS, 2005) and R 2.3.0
Software (R Development Core Team, 2006).

3. Results

3.1. Livelihood and reported occurrence of large carnivores
Ninety-seven percent of the 481 respondents were agricultu-
ralists. The primary source of income for respondents was
subsistence farming (76.7%), followed by cash crop farming
(21.0%), and other income generating activities (2.2%, i.e. sale
of livestock products, gravel making). In addition to agricul-
ture, respondents supplemented their income through
livestock keeping (24.3%), trading (8.3%) and formal employ-
ment (4%).

In 2004, 67.4% of households (n = 481) kept a total of 13,029
livestock, with an average herd size of 27 head (+58.7 SD) of
stock per household (Table 1). There was a substantial varia-
tion among households in the number of livestock owned
(range: 0-547). Most livestock keeping households (55.5%)
owned 50 or less animals, 11.9% owned more than 50 animals,
whereas 32.6% did not own livestock. The majority of the herd
was made up of cattle (63.8%) and goats (26%), while the rest
were sheep, pigs and donkeys (Table 1). Most respondents re-
ported that they kept their livestock in enclosures during the
night (98.1%), while the rest left them tethered outside their
house during the night. In addition, a total of 835 dogs were
kept by 66.7% of the households in the study villages.

When the respondents were asked about the occurrence
(in the past year) of large carnivores in close proximity to their
village, all respondents in the survey claimed that spotted
hyenas were present. In the villages located furthest away
from the protected area (Maburi and Kurusanga) or in the
far west (Kunzugu), very few respondents (0-4.2%) stated that
large felids (lion and leopard) occurred nearby. In the villages

Table 1 - Mean composition of livestock herds per household in the study villages (2004)

Village N Cattle Goats Sheep Donkey Pigs Mean?
Misseke 68 8.4 5.0 0.8 0 0.3 14.0
Nyichoka 56 17.7 8.1 1.4 0.02 0.5 27.1
Makundusi 68 30.4 12.1 4.9 0.2 0.03 53.3
Maburi 76 17.1 5.8 29 0.01 0 25.9
Kihumbu 69 28.5 9.6 5.2 0 0 43.2
Kurusanga 72 7.7 29 0.6 0.3 0 11.5
Kunzugu 72 6.8 6.5 2.8 0 0 16.1
Livestock per hh 17.3 7.1 2.7 0.08 0.1 27.1
% of the total herd 63.8 26.0 9.8 0.2 0.2 100

N, number of households (hh) sampled in the study villages.

Sixty-seven percent of households kept livestock; mean values estimated from all households, including those that had none.

a Mean number of livestock held by a household.

Table 2 - Economic valuation (US $) of reported livestock kills (n) by wild predators in the study villages in 2003

Unit value (US$) Spotted hyena Leopard Baboon Lion Jackal Total (US$)
Cattle 60 5700 (95) 0 0 60 (1) 0 5760
Goats 11 4158 (378) 121 (11) 33 (3) 0 11 (1) 4323
Sheep 11 2343 (213) 0 0 0 0 2343
Donkey 120 120 (1) 0 0 0 0 120
Pigs 60 300 (5) 0 0 0 0 300
Total loss 12,621 (692) 121 (11) 33 (3) 60 (1) 11 (1) 12,846 (708)
Mean loss (+SD)
Per hh? 26.35 (70.63) 0.25 (3.51) 0.07 (1.12) 0.12 0.02 26.82 (81.99)
Per hh® 96.03 (107.42) 0.92 (6.66) 0.25 (2.13) 0.45 0.08 97.73 (132.85)
Loss as a % of:
Herd 97.74 1.55 0.42 0.14 0.14 100
Local per capita income® 18.82 0.18 0.05 0.09 0.01 19.15
Local per capita income® 68.60 0.66 0.18 0.32 0.06 69.82
Country per capita income® 8.23 0.08 0.02 0.04 0.01 8.38
Country per capita income® 30.01 0.29 0.08 0.14 0.03 30.55

hh, household.

The conversion rate from Tanzanian shillings was 1 US $ = 1000 Tz.
a Considering all the respondents (n = 481).

b Considering only the respondents who reported loss (n = 132).
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closest to the protected area (Misseke, Nyichoka, Makundusi,
Kihumbu), 8.8-19.6% of respondents perceived that lions and
leopards occurred, but Kihumbu deviated from this trend for
lions where 68.1% of the respondents claimed they occurred
close to their village. Only a single respondent reported chee-
tah to occur nearby (Nyichoka).

3.2.  Livestock depredation

A total of 708 livestock were reported killed by predators in
2003 (Table 2). The majority of livestock killed were goats
(55.5%), followed by sheep (30.1%), cattle (13.6%), pigs (0.7%)
and donkeys (0.1%). Respondents attributed livestock depre-
dation to be caused mainly by spotted hyena (97.7%), leopard
(1.6%), baboon (0.4%), lion (0.1%) and lastly black-backed jack-
al (0.1%). In addition, a total of 171 dogs were reported lost to
wild predators in 2003. Predation on dogs was perceived to be
caused mainly by spotted hyenas (96.6%), jackal (1.1%) and
some by unidentified predators (2.2%).

Most losses (74.8%) of livestock occurred during the night
from the enclosures, while 25.2% occurred when the livestock
were herded in the field during the day. Livestock losses due
to spotted hyena did not differ significantly between wet
and dry season (3? = 0.004, df = 1, p = 0.953), and predation by
spotted hyena mainly happened at night (;*=93.2, df=1,
p<0.001). The same pattern was also apparent for dogs,
where there was no difference between seasons (XZ =1.1,
df =1, p=0.312), and significantly more dogs were killed dur-
ing the night (4> = 66.4, df = 1, p < 0.001). Predation on dogs by
spotted hyenas happened both when the guarding dogs were
loose outside (66.2%), but also when they were kept inside the
respondent’s house (33.8%) during the night. For the other
predators most attacks on livestock occurred during the day,
except for one leopard and one lion attack which happened
during the night.

There was no significant difference in distance to the clos-
est protected area between households reporting loss and
those that did not (M-W U = 22155, z = —0.646, p = 0.518). Dep-
redation events caused by spotted hyena occurred in all the
study villages (11.2km +9.5, range: 0.6-31.3km, n=132),
whereas for the other four predators depredation occurred
only in households relatively close to the protected area
(2.6 km £ 1.9, range: 0.7-6.3km, n=7), and this difference
was significant (M-W U =124, z= —3.3, p = 0.001). Percentage
of reported livestock losses was significantly different be-
tween the villages (K-W H =32.2, df =6, p < 0.001). The great-
est depredation rates occurred in Misseke (7.7%) and
Nyichoka (7.6%), and the lowest in Kunzugu (1.6%). The per-
ceived losses of livestock represented a total of 4.5%
(+13.5%) of their livestock (considering all respondents) or
6.8% (£15.9%) when considering only livestock keepers. Mean
annual livestock loss per household (of those that reported
loss) was 5.3 head of stock (range: 1-33) or 16.6 % (+21.6%),
which would cost two-thirds of their average annual income
to restore.

3.3.  Economic valuation of loss

The total economic loss of 708 livestock for the households
included in the survey in the seven villages was US $12,846

for the year 2003 (Table 2). Spotted hyena contributed 98.2%
of the economic value of livestock kills, while the economic
impact of the other predators was low, although the conse-
quences for the affected households may be serious. Despite
being less numerously killed, cattle (n=96) was the most
important stock species in terms of economic value (44.8%,
US $5760), because of its high value in comparison to goats
and sheep. The annual mean economic loss to each house-
hold (all respondents) was estimated to be US $26.8 (19.2%
of the local cash income). Average annual losses for those
households that reported depredation (n = 132) was calculated
to be US $97.7, which represented 69.8% of local income per
household (Table 2).

Table 3 - Summary of logistic binomial regressions
models of approval of retaliatory killing

Model K AICC Ai Wi

Full data set (n=411)
Education
Education + PA distance
Education + livestock owner
Education + PA distance
+ PA distance x education
Education + PA distance 9 480.5 7.98  0.001
+ livestock owner + gender
+ age+ PA distance x education
+ gender x education
+ age x education

472.5 0 0.075
472.7 0.16 0.069
473.0 0.47 0.059
473.3 0.81 0.050

SwWw w N

Only livestock keepers (n = 274)
Education + effectiveness 4 3039 O 0.050
of protection measures
+ number of livestock killed
Effectiveness of protection 3 3041 0.13  0.047
measures + number of
livestock killed
Education + effectiveness of 5 305.4 144 0.024
protection measures
+ number of livestock killed
+ PA distance
Education + effectiveness of 6 306.6 144  0.013
protection measures
+ number of livestock killed
+ PA distance
+ livestock dependency
Education + effectiveness of 11 314.9 6.09
protection measures
+ number of livestock killed
+ PA distance + livestock
dependency
+ gender + age + PA
distance x education
+ gender x education
+ age x education

<0.001

Model formulas are shown for the four most parsimonious and the
global model, including the number of parameters (K, i.e. number
of model terms plus 1 for intercept and error term), Akaike infor-
mation criterion corrected for small samples (AIC.), AIC. differ-
ences (A;=AICq — AlCcmin) and Akaike weights (w;, the model
probabilities, i.e. normalized likelihoods of the models). The
models are shown according to AIC., with the most parsimonious
model at the top of the list.
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3.4.  Approval of retaliatory killing

Among the respondents a total of 73.4% approved the retalia-
tory killings of carnivores, 25.4% disagreed, and 1.2% did not
know. The majority answered that carnivores should be killed
as a response to livestock depredation, because they cause
loss to farmers (54.9%), whereas the main reason for disagree-
ing was that carnivores are beneficial for the country (12.3%)
(Table 5). Although for the full data set (including also people
who did not own livestock, n = 411) the difference in AICc and
evidence ratio did not clearly support any of the four top
ranked models, the most parsimonious (i.e. with the lowest
number of predictors) was the one containing only the vari-
able education (Tables 3 and 4). Similarly, the most parsimoni-
ous model for the subset (including only people who owned
livestock, n =274) contained the variables, education, effec-
tiveness of protection measures and number of livestock

Table 4 - Parameter estimates for the most parsimonious

model of approval of retaliatory killing as judged by the
AIC,

Coefficients Estimate SE z p
Full data set (n=411)
(Intercept) —-0.83 0.13 -6.46 <0.001
Education —0.68 0.26 -2.56 0.011
Only livestock keepers (n = 274)
(Intercept) —-0.83 019 -4.17 <0.001
Education —0.49 034 -145 0.148
Effectiveness of —-0.66 030 -2.19 0.028
protection measures
Number of livestock killed 0.05 0.03 1.84 0.065

Table 5 - Comments given by respondents on reason for
agreeing or disagreeing with the statement “Carnivores

that cause damage to livestock are pests and should be
shot” (n = 171)

Reason given for attitude %

Negative responses (agree)

Carnivores cause loss to farmers 54.9
Carnivores should be killed since 9.4
no compensation for damage is paid

Carnivores are dangerous and may even attack people 47
Carnivores are not as important as other wildlife 1.2

Positive responses (disagree)

Carnivores are beneficial to our nation 12.3
Wildlife has a right to live 7.0
Should just scare the carnivores away 5.8
from the village area

Some carnivores are beneficial since 2.3
they remove dead animals

Should report carnivore losses to 1.8
wildlife officer

To kill wildlife would be against the 0.6

idea of conservation

killed (Tables 3 and 4). Respondents with a formal education
(primary or secondary school) were more tolerant of depreda-
tion, while both those experiencing a high loss of livestock
and the respondents who perceived their livestock husbandry
measures as not being effective were more likely to approve
of retaliatory killing of carnivores.

4, Discussion

Our results show that livestock depredation can extend rela-
tively deep into non-protected areas depending on the preva-
lent predators, and can inflict serious economic losses to
farmers. In the Serengeti National Park, the spotted hyena is
the most numerous large carnivore and therefore it is not sur-
prising that it is perceived to cause most of the livestock loss
in our survey. In addition, the nocturnal and opportunistic
foraging behaviour, together with the ability of spotted hye-
nas to take long-distance commuting trips, make them par-
ticularly adaptable to anthropogenic environments (Kruuk,
1972; Hofer and East, 1993; Mills and Hofer, 1998).

There are several potential weaknesses by relying solely on
questionnaires that might have influenced our livestock loss
data. Firstly, in Tanzania government taxes are levied partly
on grounds of livestock numbers and although we made sure
to identify ourselves as independent researchers during the
study, we cannot rule out that the respondents deliberately
underestimated their stock level because they were afraid that
the results would somehow compromise them. Secondly, as
Rasmussen (1999) pointed out, livestock holders may wrongly
attribute stock that has died of natural causes to being caused
by carnivores - through sheer neglect or prejudices towards
specific carnivore species. Thirdly, livestock holders might
have aninterestin overestimating the rate of loss, because they
might believe that it may be beneficial, either through benefits
from compensation schemes or being targeted by outreach
activities. However, in Tanzania farmers receive no form for
compensation, and therefore have little incentive to misrepre-
sent livestock losses. Outreach activities in the study area also
do not focus on wildlife damages therefore farmers should
havelittle to gain from overestimatingloss. Lastly, respondents
often bias their recollection of past events in favour of larger
species, especially when sampling from multiple years (see
Kruuk, 1980 for an example). We attempted to minimise this
problem by only using the most recent year (2003), instead of
using a longer time period. Despite these caveats, several
studies show that livestock keeper’s perception of livestock
depredation gives a relatively reliable index of livestock depre-
dation (Kruuk, 1980; Woodroffe et al., 2005). However, incorpo-
rating ways of verifying questionnaire data, either through use
of wildlife officers that inspect kills or by providing an indirect
measure through analysing scats, can be very valuable (Woodr-
offe et al., 2005; Wang and Macdonald, 2006).

Several studies show that low natural prey densities may
be a strong contributor to high depredation rates (Meriggi
and Lovari, 1996; Woodroffe et al., 2005; Kolowski and Holek-
amp, 2006). However, the relationship is not straightforward,
since wolf (Canis lupus) predation on livestock may also be
high where wolves have access to high natural prey densities
(Treves et al., 2004). The low natural prey densities and high
livestock densities around the Serengeti National Park may
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therefore contribute to the reported high depredation rates.
On the Kenyan side of the Serengeti ecosystem Kolowski
and Holekamp (2006) linked the arrival of the wildebeest
migration to lower depredation rates on livestock. In contrast,
we find no temporal variation in depredation rates, although
the migration to some extent utilise the areas outside the Ser-
engeti National Park. However, the migration travels quickly
through the study area and does not venture into the villages
far away from the protected area, and therefore seasonal fluc-
tuations in prey availability are not likely to affect depreda-
tion rates.

At a regional scale livestock depredation is usually not
considered a serious loss factor, and compared to other
sources of loss (i.e. mismanagement, diseases, and theft)
the impact of livestock depredation is usually relatively small.
For example, across studies done in Africa, disease as a loss
factor is 3-6 times larger in magnitude than livestock depre-
dation (Mizutani, 1993; Karani et al., 1995; Rasmussen, 1999;
Frank et al., 2005). Nevertheless, in some cases large carni-
vores can be a serious impediment for the economic situation
of local livestock keepers (Mishra, 1997; Wang and Macdon-
ald, 2006). Our data also emphasise that livestock depredation
mainly by spotted hyenas is a severe economic constraint for
households in the western Serengeti, where 27.4% of house-
holds (n =132) in our survey of 481 households believed they
had lost livestock to predators in 2003. The costs due to live-
stock loss were on average US $97.7 per household, which is
almost one third of the GNI per capita in Tanzania (US
$320in 2004) (World Bank, 2006). However, local farmers in
the study area have considerably lower income. Borge (2003)
reported that in a survey covering 297 households from six
villages in the western Serengeti the average annual cash in-
come per household was US $140, which means that the stock
loss constitutes two-thirds of the average annual income.
Farmers also reported that carnivores sometimes killed sev-
eral animals in one attack, which increases the cost to indi-
vidual owners. However, in some cases farmers might be
able to recoup some of the meat value of killed livestock by
chasing off carnivores. The value of livestock (especially cat-
tle) in pastoral and agro-pastoral society’s has also a very
important cultural aspect, which might contribute to their
low tolerance of depredation compared to more commercially
based enterprises (Patterson et al., 2004).

Large carnivores are also a common problem to human
safety in Tanzania, and elsewhere (Lge and Rgskaft, 2004;
Packer et al., 2005). For example, in March 2004, a rabid spot-
ted hyena was speared to death after attacking and badly
mauling a woman in one of the study villages (Holmern, pers
obs). Concerns for human safety combined with livestock loss
may aggravate the situation and result in retaliatory killings,
especially when funding, logistics and manpower constrain
the response of wildlife management authorities. In the wes-
tern Serengeti, there is widespread approval of retaliatory kill-
ing when carnivores kill livestock, or are perceived as a threat
to human safety. Spotted hyenas are among the least liked
large carnivore species in Africa and their dominance in our
sample might have influenced the results. However, we can-
not rule out that the precise wording of our statement might
have contributed somewhat to increasing the approval rate,
partly because it is a leading statement and it also contains

two parts which can make interpretation of responses ambig-
uous. However, widespread support of retaliatory action in
the western Serengeti was also reported by Kaltenborn et al.
(2006), especially when spotted hyenas killed livestock. Like-
wise, Ogutu et al. (2005) reported that pastoral tribes in Kenya
had a low tolerance of livestock depredation, while Ogada
et al. (2003) found that retaliatory killings correlated with live-
stock loss rates. Our results also suggest that the number of
livestock lost is associated with support of retaliatory killing.
Considering the economic impact depredation can have on
households, this is hardly surprising. Reducing the number
of livestock lost to carnivores might contribute to less support
of retaliatory killing, but even areas with comparatively low
depredation rates can have a strong desire of lethal control
(Linnell et al., 1996). Strong support of lethal wildlife manage-
ment is by no means typical only for rural farmers in Africa,
but has also been reported for North America (Kellert, 1985).
However, identifying problem individual can be difficult, and
lethal control of predators is only likely to cause a short-term
respite from losses, because the same or other predator
species rapidly re-establish themselves (Linnell et al., 1999;
Stahl et al.,, 2001; Herfindal et al., 2005). But removal of prob-
lem carnivores, for example through trophy hunting in village
areas, might facilitate public approval of protection for the
remainder.

Developing ways of enabling farmers to benefit from the
existence of protected areas could be a possible way forward
(Wang and Macdonald, 2006). But in the case of the Serengeti
National Park, benefits from outreach activities are currently
grossly inadequate to offset costs associated with wildlife,
and revenues from trophy hunting in the adjacent Game Re-
serves have a poor track record of reaching local farmers
(Holmern et al., 2004). This situation seems also to be typical
for other protected areas in Tanzania (Baldus and Cauldwell,
2004). Experience from community-based conservation pro-
jects show that distribution of benefits can be problematic
and does not necessarily improve conservation (Newmark
and Hough, 2000; Johannesen and Skonhoft, 2005). However,
implementing incentive schemes aimed at conserving endan-
gered carnivores can work, as encouraging results reported by
Mishra et al. (2003) for snow leopard (Uncia uncia) show. This is
further supported by Johannesen (2006) that demonstrate
through modelling that it is crucial for such programs to forge
a link between benefit levels and conservation friendly behav-
iour in order to improve wildlife conservation and human
welfare.

Compared to other studies in Africa, the livestock loss re-
ported in this study is among the highest recorded and needs
to be addressed, both because it is an economic constraint to
households, but also because it increases the likelihood of
approving of illegal retaliatory killings, which may be of seri-
ous concern for the conservation of endangered carnivores
(Rudnai, 1979; Kruuk, 1980; Mizutani, 1993; Karani et al.,
1995; Rasmussen, 1999; Butler, 2000; Frank et al., 2005; Kolow-
ski and Holekamp, 2006). Our results point out the need of for-
mal education in order to improve attitudes, which is in
accordance with many similar studies (Lindsey et al., 2005;
Woodroffe et al., 2005). Prejudice against carnivores and mis-
conceptions of the actual causes of loss are quiet common
among farmers (Rasmussen, 1999). The development of better
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education in the region, particularly the establishment of
more primary and secondary schools which at the moment
have a poor coverage, along with education programmes on
wildlife conservation might lead to increasing tolerance and
decreasing misconceptions. Earlier research in Africa and
Asia has also identified the need of improving livestock hus-
bandry to reduce conflict levels (Kruuk, 1980; Mishra, 1997;
Rasmussen, 1999; Ogada et al., 2003). It is therefore essential
that further research should address the precise role of live-
stock husbandry practices in explaining depredation events
outside the Serengeti National Park. The construction of night
time enclosures might therefore be of particular importance,
since most depredation occurs after dark.
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In this study we investigated intraspecific prey choice of illegal bushmeat hunters outside the
Serengeti National Park, Tanzania. During the study 151 animals belonging to 12 species were
reported killed. The majority, 76%, of prey species were migratory herbivores. Night hunting
with dogs was the most common hunting method for medium-sized prey (biomass <40 kg),
while the majority of the large herbivores were killed by snares. When actively stalking,
hunters killed more males of most of the species recorded, as well as more immatures than
adults. Passive hunting also generally had a male-bias. This suggests that the male-bias in kills
probably is more a result of behavioural factors among the animals, combined with poor
hunting technology, than deliberate choice of the hunters.

Key words: bushmeat, hunting, conservation, Serengeti, sex ratio, Tanzania.

INTRODUCTION

Many community-based conservation (CBC)
projects in southern Africa emphasize wildlife
harvesting as an income generating activity
(Western 1994). The involvement of local people in
this activity varies from active participants to
passive beneficiaries. CBCs follow an assumption
that local people will take care of their wildlife
resources when given management responsibility
(Du Toit 2002). However, several studies show
that co-management and increased community
benefits do not necessarily curtail human exploit-
ative behaviour, partly because benefits often are
incremental at the individual level (Gibson &
Marks 1995; Newmark & Hough 2000; Holmern
et al. 2002). The detrimental effects of human
exploitative behaviour have been seen in the past
when hunter-gatherer societies caused the extinc-
tion of many large herbivores and birds in Africa
(Owen-Smith 1988). It is therefore important to
understand individual hunting behaviour, and
how this influences the prey choice and sustain-
ability.

In Tanzania, illegal bushmeat hunting in the
Serengeti National Park (hereafter SNP) is an issue
of concern. Hunters mainly originate from com-
munities on the western side of the SNP (Camp-
bell & Hofer 1995; Loibooki et al. 2002). The main
hunting method inside the SNP is wire snaring.

*Author for correspondence. E-mail: tomas.holmern@bio.ntnu.no

Arcese et al. (1995) reported that the reason for
actual harvests and interspecific prey preference
of hunters was abundance and ease of capture. In
this study we therefore focused on intraspecific
(i.e. according to sex and age) prey choice of
hunters outside the SNP. We predicted that,
under the assumption that handling costs are
equal across age and sex categories within species;
hunters would take more males when actively
stalking prey since they are larger and therefore
more profitable. We furthermore predicted that
hunters would select more adults than their
proportion in the population. Passive hunting
(snares and pitfalls) on the other hand was pre-
dicted to kill randomly i.e. according to sex and
age ratios found in the wild.

METHODS

Study area

The study area (01°15-3°30’S, 34°-36°E) was
located adjacent to the western corridor of the
SNP. The western corridor is buffered by Grumeti
Game Reserve (c. 416 km?), while the Tkoma Open
Area (c. 600 km? and Ikorongo Game Reserve
(c. 563 km?) lie to the northwest (Fig. 1) (for details
see Sinclair 1995). During the dry season blue
wildebeest (Connochates taurinus) migrate through
these areas (Thirgood et al. 2004). The partially
protected areas also contain some resident wild-
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Fig.1. Map of the western corridor of the Serengeti National Park with the approximate locations of villages. Triangles
are villages included in a CBC project and filled triangles are the five project villages included in the Village
Game Scout survey. The grey pentagrams are all other villages. The heavy dashed line represents district boundaries,
thick lines denote the protected areas and the thin dashed line represents lkoma Open Area.

life, although these are heavily reduced because of
illegal bushmeat hunting from adjacent communi-
ties (Campbell & Borner 1995). Household con-
sumption is the most important reason given for
illegal hunting in the area outside the SNP
(Holmern et al. 2002).

Data collection

Data on hunting were mainly collected through
a questionnaire conducted during patrols by
Village Game Scouts (VGS) in five selected
communities from December 1998 to September
1999. In Bunda District, the VGS patrolled partly
inside the adjacent Game Reserve, while in
Serengeti District patrols were only done inside
the Ikoma Open Area. The questionnaire contained
information about: i) the patrol, ii) arrested
hunter(s), and iii) method of hunting iv) species
killed and sex and age class (adult, subadult and
calf). We also placed special emphasis during
discussions with the VGS to make sure we agreed
upon the age classification, since we did not collect
skulls in order to objectively assess the sex and age
of killed animals. The species reported killed were
either discovered snared by the VGS or they were
based on replies from arrested hunters. We gave
extensive explanations in how to use the question-

naires in close collaboration with the VGS,
through follow-up meetings two times per month
for the first three months and the last three
months. These meetings also allowed for account-
ability. To test biases in sex ratio and age classes we
used chi-square goodness of fit test with Yates
correction (Zar 1998).

RESULTS

Prey choice and hunting methods

Hunters used an assortment of weapons to kill
animals: spears, clubs, bow and arrows, snares
and hunting dogs, but no firearms were reported
(Table 1). The migratory species represented the
bulk of the animals recorded (76.2%), as well as the
percentage of usable meat (79.8%) (Table 1). The
most important species in terms of percentage
usable bushmeat was wildebeest (52.8% usable
bushmeat), whereas the most commonly recorded
species, Thomson's gazelle (Gazella thomsoni), con-
stituted only 8.5%.

We classified the hunting methods into two
groups: first, active hunting where the hunters
stalked and killed the animal, and second, passive
hunting (snares, spring traps and pit falls). Active
hunting underlay 61.0% of the hunting mortality
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(Table 1). Night hunting with flash-
lights, weapons and hunting dogs
was the overall most common
method of hunting (44.4%). For
the medium-sized prey (biomass
<40 kg), Thomson's gazelle and
impala (Aepyceros melampus), 88%
and 66.7%, respectively, were killed
during night hunting. The passive
methods represented 37.1% of the
hunting mortality. Passive hunting
methods were most common for the
large animals (72.9% of hunting
mortality). Wildebeest was the
major species in passive hunting
(44.1%). For the larger prey species
(biomass >40 kg) wire snares ac-
counted for 85.7% of the animals
killed.
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Sex and age distribution

When actively stalking, hunters
took a significantly higher proportion
of male Thomson's gazelles (Table 2;
2?=142,d.f. =1, P < 0.01). On the
other hand the results indicate that
hunters killed wildebeest according
to prey availability (¢* = 1.1,d.f. = 1,
N.S.). There were more immatures
killed than expected by active hunt-
ing for Thomson’s gazelle (Table 2;
22 = 106.2, d.f. = 1, P < 0.01). In
regards to passive hunting more
wildebeest males were killed (y* =
12.7,d.f. = 1, P < 0.01), while for the
other species there was a slight
numerical tendency for a higher
representation of males (Table 3).
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DISCUSSION
The results presented here suggest
that a variety of hunting methods is
used in the Serengeti. Outside the
SNP, where law enforcement is
virtually absent, hunters actively
stalk their prey. The risk of injury by
large prey probably confines stalk-
ing, such as night hunting, to the
medium-sized and smaller prey
species. In our study area, no hunt-
ers carrying firearms were reported,
but hunters using firearms might
have escaped capture since VGS
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2Coe et al. (1976); *Grzimek (1972); °Blumenschine & Caro (1986); ‘Marks (1973); °conservative estimate based on lowest estimate; 'topi assumed to be the same as wildebeest and reedbuck the same as

Medium/small herbivores
Gazella thomsoni (M)
Aepyceros melampus (R)
Redunca redunca (R)
Phacochoerus aethiopicus (R)
Gazella granti (M)

Sylvicapra grimmia (R)
Struthio camelus (R)

Total

Damiliscus korrigum (R)
Kobus ellipsiprymnus (R)
Other species

Connochates taurinus (M)
Taurotragus oryx (M)

Equus burchelli (M)



84

African Zoology Vol. 41, No. 1, April 2006

Table 2. Sex ratio and prey mortality by age of animals killed by active hunting methods (immature = subadult and calf).

Sex ratio Prey mortality by age
Species Males  Females Sex ratio in Adult Immature Age distribution
population in the population
(m:f) (ad:imm)
1. Gazella thomsoni 28 25 1:2.5%* 13 40 1:0.23*
2. Connochates taurinus’® 4 15 1:1.86"° 4 15 -
3. Aepyceros melampus 5 2 — 7 — -
4. Damiliscus korrigum 1 - - - 1 -
5. Phacochoerus aethiopicus 1 1 - - 1 -
6. Sylvicapra grimmia 1 - - - 1 -

2FitzGibbon (1990); "Bradley (1977); °Sex ratio of adults from Mduma (1996).

**P<0.01.

only carry traditional weaponry on patrols, and
the results might therefore not reflect the whole
range of hunting methods. However, data from
inside the SNP, where rangers are armed, confirm
that firearms are very unusual. In other parts of
Africa hunting with firearms is more common,
although the use of snares and traps appears to
be the most prevalent method (Marks 1973; Arcese
et al. 1995; FitzGibbon et al. 1995; Goldspink et al.
1998; Noss 1998). In addition, some tribes in South-
ern and Central Africa practice traditional bow
and net hunting (Wilkie et al. 1998; Hawkes et al.
2001).

In this study, migratory wildlife constituted the
majority of prey taken by hunters and snaring of
large herbivores contributed nearly half of the
harvest in terms of meat. The same trend was also
observed inside SNP where migratory prey con-
stituted the majority of the harvest, although resi-
dent wildlife made up alarger percentage than the

harvest on the outside (Arcese et al. 1995; Holmern
et al. 2002).

Few studies report the sex ratio of prey harvests
from bushmeat hunters, but the handful that
provide data show a male bias (Table 4). In our
study, hunters killed significantly more male
Thomson’s gazelles when actively hunting, mainly
by night hunting. Even non-human predators
tend to have a male bias in their kills, and it has
been suggested that this can be attributed to
behavioural differences between the sexes (Prins
& lason 1989; FitzGibbon & Lazarus 1995; Fitz-
Gibbon 1998). For instance, the African wild dog
(Lycaon pictus), cheetah (Acinonyx jubatus) and
hyaena (Crocuta crocuta) kill more adult males of
Thomson’s gazelles (Kruuk 1972; Fanshawe &
FitzGibbon 1989; FitzGibbon 1990). Females are
generally more vigilant and flee more frequently
from predators than males (FitzGibbon 1998).
In Thomson’s gazelle, males are less vigilant,

Table 3. Sex ratio and prey mortality by age of animals killed by passive hunting methods (immature = subadult and

calf).

Sex ratio

Prey mortality by age

Species Males  Females

Sex ratio in
population (m:f)

Adult Immature Age distribution

in the population

Gazella thomsoni

Connochates taurinus 1
Aepyceros melampus

Equus burchelli

Damiliscus korrigum

Redunca redunca

Struthio camelus

Phacochoerus aethiopicus
Kobus ellipsiprymnus

I =1 &N

4 a4 aNpNO AN |

1:1.86™*

|
I DD =N 01w~ N
= = | D= =0 |
|

2Sex ratio of adults from Mduma (1996).
**P<0.01.



Table 4. Studies of bushmeat hunting in Africa reporting sex biases in mammals across different locations, species and hunting methods.

Sex bias

Main hunting method

Species

Description of habitat & location

Reference

Male bias

Shotgun

Buffalo (Syncerus caffer)

Mixed savanna and mopane forest,

Luangwa Valley, Zambia

Marks 1973

Impala (Aepyceros melampus)

Holmern et al.: Intraspecific prey choice of bushmeat hunters in Tanzania 85

Male bias

Bohor reedbuck (Redunca redunca)

Tall grass shoreline, Queen Elizabeth

National Park, Uganda

Edroma & Kenyi 1985

Snares Male bias

Wildebeest (Connochates taurinus)

Open and wooded savanna, Serengeti

National Park, Tanzania

Georgiadis 1988 (in Campbell

& Hofer 1995)

Male bias

Snares

Wildebeest

Open and wooded savanna, Serengeti

National Park, Tanzania

Hofer et al. 1993

Male bias

Snares

Puku (Kobus vardoni)

Wildebeest

Floodplains, Kasanka National Park, Zambia

Goldspink et al. 1998
Mduma et al. 1998

None

Snares

Open and wooded savanna, Serengeti

National Park, Tanzania

Male bias

Kob (Kobus kob kob) Shotgun, snares

Open and wooded savanna, Comoe National

Park, lvory Coast

Fischer & Linsenmair 2002

concentrate on the edges of groups, have greater
nearest-neighbour distances and have lower
flight distances to approaching predators
(Walther 1979; Fanshawe & FitzGibbon 1989; Fitz-
Gibbon 1990).

Bushmeat hunters, however, killed wildebeest
according to availability when actively hunting,
probably because wildebeest migrate partly in
mixed groups during the dry season and the lack
of large sexual dimorphism makes differential
hunting pressure difficult (Talbot & Talbot 1963).
Moreover, the poor hunting technology probably
further precludes prey choice.

For impala, Setsaas (2004) reported a sex ratio of
one male to 2.1 females in the populations outside
the SN which is significantly lower than inside
the SNP (1:1.6). Illegal bushmeat hunting in the
areas outside the SNP is severe, and it may there-
fore indicate that hunting not only has reduced
population levels, but also altered the sex ratio. A
skew in sex ratio as a result of high illegal hunting
pressure on males has also recently been suggested
by Fischer & Linsenmair (2002) for West African
kob (Kobus kob kob). Bushmeat hunting in Africa
might therefore be a contributing factor to the
female bias observed in many wildlife populations.

For Thomson's gazelle we found that hunters
killed more immatures than adults. A numerical
tendency for this was also apparent for wildebeest.
Apreference forimmatures, relative to availability,
has also been found in carnivores (FitzGibbon &
Lazarus 1995). By contrast, Marks (1973) reported
that in Zambia the Valley Bisa hunters who hunt
with firearms concentrated on adult animals.
Similar results are reported by Fischer & Linsen-
mair (2002) for West African kob. Alvard (1995)
found that Piro hunters in the Amazon, who hunt
with shotguns, had an adult bias in the two most
important prey items, collard peccary (Tayassu
tajacu) and red brocket deer (Mazama americana),
whereas the rest where indistinguishable from the
censused populations. It has been suggested that
immature animals might be easier to kill due to
their risk prone behaviour and inexperience, thus
increasing the exposure to predators and hunters
compared to adults (FitzGibbon 1998). The hunting
methods in the Serengeti may therefore limit the
range of choice of animals available to the hunter.

For passive hunting methods, there seems tobe a
general tendency for males to be more easily
caught, although we must emphasize that the
sample sizes are low. Males have generally a more
risk-prone behaviour than females and are more
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active during mating and territorial behaviour
(FitzGibbon 1998). For instance, both Georgiadis
(1988: in Campbell & Hofer 1995) and Hofer et al.
(1993) reported that the majority of wildebeest
caught in snares were males. The reason for this
was attributed to greater willingness of male
groups to enter thickets and to the tendency for
males to be at the front of herds as they move into
new areas. However, Mduma et al. (1998) reported
that data on sex ratio counts of the wildebeest
population do not support a large male-biased
harvesting, and suggested that the tendency of
wildebeest to segregate into same-sex groups
might by chance give a catch of one sex in small
samples.

Prey choice has been explored by using optimal
foraging theory (Alvard 1993,1995). In Amazonian
Peru the Piro hunters selected prey according to
optimal foraging theory and did not withhold
from harvesting species identified as vulnerable to
over-hunting and local extinction. Intraspefic prey
choice also indicated that they did not selectively
choose individuals that minimize the impact on
prey populations. Our results indicate that hunters
in the Serengeti have few opportunities for a sex or
age class choice, probably due to their current
hunting methods. These data do not, therefore,
provide strong support for the optimal foraging
hypothesis. We suggest that the male and imma-
ture age bias observed in our data may rather be
explained as a consequence of behavioural factors
among the hunted animals that make certain sex
or age groups more prone to be killed.

From a human conservation point of view, a
male-biased hunting may be beneficial for a
polygynous species, such as wildebeest, and
increase the sustainable harvest. Nevertheless,
there is increasing evidence that highly male-
biased harvesting can have serious long-term
negative implications for wildlife populations
(Ginsberg & Milner-Gulland 1994; Mysterud ef al.
2002). The harvesting of immatures may be advan-
tageous for sustainability, since immatures con-
tribute little to recruitment.
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ABSTRACT

Human exploitation can have severe conservation implications for wildlife populations. In
the Serengeti ecosystem, Tanzania, illegal hunting is a serious concern for wildlife manage-
ment, and in this study we investigated if density, demography and behaviour can be used
as indicators of human exploitation. We used impala (Aepycerus melampus) as a model spe-
cies to study human exploitation inside and outside a strictly protected area. Over a six
month period, a total of 2050 km of transects were driven in the different protected areas
(National Park, Game Reserve, Open Area). Densities were estimated by using distance
sampling and the partially protected areas were found to have significantly lower densities
(4.3 ind/km?) than the National Park (15.3 ind/km?). A variation in density between different
sections within the National Park was also found. However, we found no differences in
group sizes. Moreover, the sex-ratio was more skewed towards females in the partially pro-
tected areas and in sections within the National Park close to villages. In addition, impalas
showed higher alertness levels, and longer flight initiation distance to an approaching
human in the partially protected areas compared to the National Park. The present harvest
levels by illegal hunting in the study area are most likely the cause of the observed differ-
ences. Our results suggest that density, demography and behaviour can be used as indica-
tors of human exploitation, but that this probably varies according to local hunting
pressure. Furthermore, it could be expected that the results obtained in this study might
reflect the state of other ungulates in the area, which raises concern whether management
objectives for the buffer zones of Serengeti National Park are met.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

natural habitats, as well as protected area networks, in devel-
oping countries. Studies examining ecological impacts across

There is considerable concern over the steadily increasing hu- gradients of human disturbance are therefore fundamental in
man impact and encroachment on remaining unprotected understanding the effect of human populations on natural
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ecosystems (Caro, 1999a). Partially protected areas (IUCN cat-
egory < IV) often function as vital buffer zones to protected
areas in eastern and southern Africa, and usually allow some
kind of consumptive use of natural resources within their
boundaries. Permitting human exploitation of wildlife within
these areas is often used to provide incentives for conserva-
tion to local residents (Western et al., 1994; Lewis and Alpert,
1997).

In recent years, the importance of implementing behav-
ioural studies in conservation biology has been widely
acknowledged (Caro, 1998; Sutherland, 1998; Gosling and
Sutherland, 2000), and there has been an increasing focus
on how human exploitation affects wildlife populations in
terms of behaviour as well as population biology. Several
studies indicate that exploitation of wildlife alter population
densities and population dynamics (Caro, 1999a; Fischer and
Linsenmair, 2001; Milner-Gulland et al., 2001). Furthermore,
because many hunters target males, demography changes
in terms of female biased sex ratios (Milner-Gulland et al.,
2001, Fischer and Linsenmair, 2002), which may negatively ef-
fect wildlife population dynamics (Ginsberg and Milner-Gul-
land, 1994; Solberg et al., 2002).

A number of studies show that anti-predator and other
behaviour patterns of animals subject to human exploitation
differ from those that are not hunted (Kilgo et al., 1998; de
Boer et al., 2004; Donadio and Buskirk, 2006). For example,
some studies suggest that animals aggregate into larger
groups as an anti-predator strategy (Berger et al., 1983; Lingle,
2001), although when faced with human hunting this may not
be the case (Gude et al., 2006). Moreover, animal wariness is
related to the degree of hunting that population’s experience.
Several studies have used flight initiation distance (FID, i.e.
the distance between the approaching testperson and the
animal(s) at which the animal(s) initiate(s) flight) as an indi-
rect assessment of exploitation levels. Animals generally be-
come more wary and show a greater FID in areas with high
hunting pressure (e.g. moose (Alces alces); Altmann, 1958; car-
ibou (Rangifer tarandus); Aastrup, 2000; roe deer (Capreolus
capreolus); de Boer et al., 2004). Changes in behaviour may
have damaging effects on food intake and reproductive rates,
with animals trading off the benefits of reduced predation
risk against the costs of reduced foraging time or access to
high-quality food resources (FitzGibbon and Lazarus, 1995;
Frid and Dill, 2002; Blumstein et al., 2005).

In this study, we used impala (Aepycerus melampus), which
is a common and widely distributed ungulate throughout the
African woodlands (Jarman and Sinclair, 1979), as a model
species to investigate if density, demography and behaviour
of wildlife populations can be used as indicators of human
exploitation, where we use a strictly protected area (i.e. Na-
tional Park) as a comparison to partially protected areas (i.e.
two Game Reserves and one Open Area). Illegal bushmeat
hunting of resident and migratory wildlife in the Serengeti
National Park (SNP) is an issue of concern for protected area
managers, and has earlier reduced populations of resident
herbivores, especially along the western edge of the SNP.
The western side of the SNP is inhabited by a rapidly increas-
ing human population (>1.3 million people), which exerts se-
vere pressure on the protected areas, and where local people
actively engage in illegal bushmeat hunting. The main hunt-

ing method is the use of unselective wire snares, but also
more active methods are used to kill wildlife (Campbell and
Hofer, 1995; Hofer et al., 1996; Holmern et al., 2006). In addi-
tion, both legal resident hunting and trophy hunting is con-
ducted in the partially protected areas where impala is an
important game species. We specifically tested whether im-
pala populations would have (1) a lower density; (2) a larger
group size; (3) a more female skewed sex ratio and (4) a more
flighty behaviour towards an approaching human in the par-
tially protected areas in comparison to the SNP.

2. Methods
2.1.  Study area

The study was conducted in Serengeti National Park
(14,763 km?) and in immediately adjoining partially protected
areas; Grumeti Game Reserve (ca. 400 km?), Ikorongo Game
Reserve (ca. 600 km?) and Ikoma Open Area (ca. 600 km?), in
north-western Tanzania (Fig. 1). The study was carried out be-
tween July and December 2003, which encompass the end of
the long dry season and beginning of the short rains, starting
in late November.

GAME RESERVES / OPEN AREA

NORTHERN AREA

IKORONGO
GAME
RESERVE

WESTERN CENTRALAREA

CORRIDOR 1

SERENGETI NATIONAL PARK

Fig. 1 - The study area showing the location of Serengeti
National Park, Grumeti and Ikorongo Game Reserves and
Ikoma Open Area. The five areas which were compared in
the analysis; Western Corridor 1, Western Corridor 2,
Central Area, Northern Area and Game Reserves/Open Area,
are also shown.
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In SNP no settlements, hunting, cultivation, livestock, bee-
keeping, fishing or timber extraction are permitted. The most
severely affected areas from illegal hunting inside the Park
are in the north-west and parts of the western corridor (Hofer
et al., 1996). The illegal bushmeat hunting is largely done on
foot which is least conspicuous to patrolling rangers. The
same legal restrictions as in the SNP apply for the Grumeti
and Ikorongo Game Reserves, except that licensed tourist
hunting and game cropping is allowed in the hunting season
(from 1st of July until 31st December). In Ikoma Open Area
settlement, cattle grazing, beekeeping, some cultivation, fire-
wood collection and game cropping are allowed. Licensed
tourist- and legal resident-hunting is conducted from cars
in the hunting season, and both tourist and resident hunters
are only allowed to shoot males. In addition, the partially pro-
tected areas are subject to a high illegal bushmeat hunting
pressure (Hofer et al., 1996; Holmern et al., 2002).

2.2. Transects

We applied distance sampling to determine impala densities.
Transects were driven on a monthly basis, covering a total
distance of 2050 km. By using this approach it is possible to
obtain unbiased estimates of animal densities if certain
assumptions are met, namely; (1) animals on the line (i.e.
road) are always detected; (2) all animals are detected in their
initial locations and (3) all measurements are correctly re-
corded (Buckland et al., 2001). We drove a landrover at 10-
20 km/h, and number of observers was 3 at all times. We used
existing roads because cutting new roads were not permitted,
and driving cross-country was impossible due to dense vege-
tation and rugged terrain. We started transects at 7.00 am and
ended approx 5.00-6.00 pm. In addition, we drove transects
alternately backwards and forwards, to take into account
the change in animal behaviour during the day. During each
transect, we took records of impala within a maximum dis-
tance of 1km, depending on visibility, on each side of the
road.

When a group or singleton was sighted, the car immedi-
ately halted and we recorded the UTM-position of the car,
the distance to the animal(s) with a rangefinder and the total
number of individuals. If the object was a cluster of animals,
the distance was defined to represent the line from the
observers to the estimated middle of the animal group. Then
we measured the angle of the road and the angle of the
straight line between the observers and the object, relative
to true north, with the rangefinder’s internal compass. These
measurements allow the computation of the perpendicular
distance from the object to the line. This basic information
was used with the Distance software (Buckland et al., 2001)
to fit detection functions that determined the density of im-
pala per area and habitat type. The fitted detection function
reflects both the decrease in detectability with distance and
the lower proportion of animals that are potentially detect-
able (Buckland et al., 2001).

In addition, we recorded age (adult, subadult and calf) and
sex classes, their initial behaviour when discovered and hab-
itat. If it was not possible to ascertain age and sex for all ani-
mals in the group, we recorded it as unknown. Behaviour was
recorded as resting, feeding, moving, vigilant, watching the

observer or fleeing. If it was a cluster with more than one ani-
mal, we recorded the behaviour of the majority of the ani-
mals. An animal was defined as vigilant when it lifted its
head away from the ground and paid attention to its sur-
roundings (Hunter and Skinner, 1998). Habitat was catego-
rized into three types of woodland (defined as trees with
canopy cover >20%) dependent on canopy cover (>70%, 50-
69%, 20-49%), bushland (dense woody vegetation <6m in
height), bushed grassland (grassland with 2-20% bush can-
opy), wooded grassland (grassland with 2-20% tree cover), or
grassland (grass dominated) (see Kikula, 1980; Caro, 1999a).
When analysing flight initiation distance we defined open
vegetation to include bushed grassland and wooded grass-
land, and scored all other habitats as closed vegetation, be-
cause of low sample sizes.

2.3. Anti-predator behaviour

We collected separate data on flight initiation distance by
driving on both existing tracks and roads covering large areas
inside and outside the National Park. We were two observers
at all times in the car, with the same test person in all exper-
iments. Records were taken between 6.30 am and 6.30 pm. To
avoid sampling the same individual more than once, we never
covered an area more than once a week. Resident singletons
or groups of animals recognized were avoided in areas previ-
ously covered.

When a suitable group or singleton was sighted, we
stopped the car and turned off the engine immediately. We
recorded the distance (i.e. starting distance, STD) and angle
to the animals using a rangefinder, as well as scoring the indi-
viduals as alert or not alert prior to the start of the approach.
A total of 226 experiments were conducted, but in 50 cases
the selected animals fled before the approach commenced.
These were scored as “reaction to car”. Individuals were con-
sidered as a group if they were within 5 m of each other, and
other species or impalas not participating in the experiment
had to be at least 50 m away. Before a new experiment was
initiated, the new test group or individual had to be out of vi-
sual and olfactory contact with the former. We conducted tri-
als according to guidelines in Caro (1986).

After recording these observations, the test person care-
fully opened the car door, and started to walk at a constant
speed in a direct line towards the animals. When the animals
fled, usually all at once and in the same direction, the test per-
son stopped walking instantly. The observer in the car then
recorded the distance to the test person. The flight initiation
distance (FID) is therefore the difference between the STD
and the distance to the test person when the approach was
terminated.

2.4. Statistical analyses

Distance 3.5 (Buckland et al., 2001) was used to calculate den-
sity estimates for certain areas and habitat types. To avoid
unnecessarily increase of the sampling variance and to min-
imize the number of parameters necessary to model the data
with series expansions, we removed obvious outliners. A rea-
sonable preliminary model was fitted to the data and the dis-
tance corresponding to a value of 0.15 of the probability
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distribution was calculated and used as the truncation point
for further analysis. We fitted all data to the following key
functions; uniform, half-normal, negative exponential and
hazard-rate. The hazard-rate global detection function was
used in both tests to fit the dataset, and the relative fit of alter-
native models was evaluated using the Akaike’s Information
Criterion (AIC) (Sakamoto et al., 1986; Hurvich and Tsai,
1995). The densities were found to be statistically different if
the confidence intervals did not overlap.

The study area was grouped into five areas in order to
study differences between areas with various human activi-
ties (Fig. 1). The Serengeti National Park (SNP) was divided
into 4 areas; Central Area (CA), Northern Area (NA), Western
Corridor 1 (WC1) and Western Corridor 2 (WC2), whereas Gru-
meti and Ikorongo Game Reserves and Ikoma Open Area were
pooled because the number of observations made from these
areas was low. The latter is from here on referred to as Game
Reserves/Open Area (GR/OA).

We used analysis of covariance (ANCOVA) to investigate
which factors affected FID. We used the recent review of
Stankowich and Blumstein (2005) to select the most rele-
vant predictor variables for FID. The selected predictor vari-
ables for FID were (1) whether or not the focal individual
was alert prior to the initiation of approach (alert); (2) area
(inside or outside SNP); (3) vegetation structure (open or
closed vegetation); (4) group size; (5) group type (single
males, bachelor, female or mixed); (6) STD. Because we
had a large number of possible interactions we chose to
select a subset of interactions that would test our predic-
tions about human exploitation. The interactions that were
included were: starting distancexarea, starting dis-
tance x alert, starting distance x vegetation and area x alert.
We selected the most parsimonious model according to
AIC. (Akaike Information Criterion corrected for small sam-
ples) (Burnham and Anderson, 2002). In the analysis FID,
STD and the group size was square root transformed to im-
prove normality and reduce skewness. Chi-square tests
were performed to test frequencies, a Student t-test was
used to test for differences in STD between animals, and
a non-parametric Kruskal-Wallis test was used to test for
differences in group size between the study areas. The
considered significance value was P <0.05. The analyses
were done using SPSS 14.0 (SPSS, 2005) and R 2.3.0 Software
(R Development Core Team, 2006).

3. Results
3.1.  Density and demography

A statistically significant lower density in GR/OA compared to
all areas inside the SNP was found (Fig. 2). Inside the SNP, the
density was significantly higher in WC1 compared to WC2.
The density was more than twice as high in WC1 compared
to NA, but not significantly so. The density in CA was clearly
higher than both NA and WC2, although not significantly
higher.

The density of animals per habitat type was significantly
higher inside the SNP compared to GR/OA for all habitats
(Fig. 3). No observations were made for grassland in
GR/OA.
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Fig. 2 - Estimated impala densities in the five areas; WC1
(N = 148), CA (N = 431), NA (N = 42), WC2 (N = 82) and GR/OA
(N = 62). Ninety-five percent confidence interval is included
for each estimate.
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Fig. 3 - Estimated impala densities per habitat type in SNP
(N =703) and GR/OA (N = 62). Grey and white bars represent
GR/OA and SNP, respectively. Ninety-five percent of
confidence interval is included for each estimate.

No significant difference in group size was found between
the GR/OA and the four areas (WC1, WC2, CA, NA) inside the
SNP (K-W ;% = 1.84, df = 4, P = 0.765, Table 1). Furthermore, the
frequencies of different group sizes in SNP compared to GR/
OA were not significantly different (;*=0.788, df=8§,
P =0.518).

The sex ratio was found to be skewed towards females in
all areas, and it differed significantly from a ratio of 1:1 (CA:
¥>=121.9, df=1, P<0.001, WC1: y>=43.2, df=1, P<0.001,
WC2: =198, df =1, P <0.001, NA: y>=15.9, df =1, P <0.001,
GR/OA: 4 = 15.4, df = 1, P < 0.001). However, there was a statis-
tically significant difference in sex ratios between the areas
(#* =13.0, df =4, P = 0.011, Table 1). The sex ratio was signifi-
cantly more skewed towards females in both GR/OA
(*=7.6, df =1, P=0.006) and NA (;*=4.7, df=1, P=0.018)
compared to CA. In addition, the sex ratio was also signifi-
cantly more skewed towards females in GR/OA compared to
WC1 (y*=4.2, df = 1, P = 0.039).
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Table 1 - Mean group size + standard error (SE) and sex
ratio (adult male+ subadult male: adult female + subadult

female) for impala seen in the five different areas; CA,
WGC1, WG2, NA and GR/OA

Area N Mean group  Sex-ratio
size + SE (M:F)
Central area 442 10.3+£0.7 1:1.6
Western Corridor 1 151 12.0+1.3 1:1.7
Western Corridor 2 92 9.6+1.3 1:1.8
Northern Area 45 117 +2.3 1:2.0
Game Reserves/Open Area 62 92+13 1:2.1

Number of observations is included.

3.2. Behaviour

3.2.1. Behaviour along transects

Fig. 4 indicates the behaviour immediately after the animals
were detected during transects. There was a statistical signif-
icant difference in this initial behaviour between the SNP and
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Fig. 4 - Frequency of the different initial behaviours of
impala during transects in SNP (N = 725) and GR/OA (N = 65).
Grey and white bars represent GR/OA and SNP, respectively.

GR/OA (?=90.3, df = 20, P < 0.001). In the GR/OA 39% of the
animals fled when the car stopped, compared to only a mean
of 7% in the areas inside the SNP. Furthermore, 3% and 13% of
the animals in GR/OA were resting and feeding, respectively,
compared to a mean of 15% and 36%, respectively in the areas
inside the SNP.

3.2.2. Flight initiation distance

Inside the SNP a total of 170 trials were conducted and in
12.4% of these cases the impalas fled as a reaction to the pres-
ence of the car before the human approach could start (after
the car had stopped while recording initial measurements). In
the GR/OA (n=56) 51.8% of the impalas fled as a reaction to
the presence of the car, a difference which was significant
(;(2 =38.0, df =1, P < 0.001). However, the STD was not differ-
ent between animals reacting to the car and those used in
the approaches (t = 1.59, df = 224, P = 0.111), but the STD out-
side the SNP was significantly larger than inside for those that
reacted to the car (t=—4.13, df =48, P <0.001). For the trials
where approaches were done and where we had a complete
dataset (N = 170) the most parsimonious ANCOVA model for
FID included the terms: STD, area, alert and the interactions
STD x area, and alertxarea (Table 2, Table 3; adjusted
R?2=0.76, P< 0.0001). However, when we excluded STD this
model only explained 15% (adjusted R?=0.15, P < 0.0001) of
the observed variation in FID. It is clear that FID is influenced
to a large extent by STD, and that FID increased in the areas

Table 3 - Estimates for the most parsimonious model of

flight initiation distance (FID), for further details see
Table 2

Coefficients Estimate SE t P

Intercept 0.96 0.38 2.54 0.012
STD 0.75 0.04 18.96 <0.001
Alert 0.54 0.16 3.41 <0.001
Area 2.88 0.83 3.48 <0.001
STD x Area —0.22 0.07 —-3.17 0.002
Alert x Area —0.83 0.41 —2.03 0.044

Table 2 - Set of the nine most parsimonious and global ANCOVA model with flight initiation distance (FID) as dependent

variable

Model K R? AIC.  AAIC. i
STD + alert + area + STD x area + alert x area 7 0.760 471.1 0 0.158
STD + alert + area + vegetation + STD x area + alert x area + STD X vegetation 9 0.762 472.0 0.83 0.103
STD + alert + area + group size + STD x area + alert x area 8 0.759 472.6 1.47 0.076
STD + alert + area + vegetation + STD x area + STD x vegetation 8 0.759 472.7 1.55 0.072
STD + alert + area + STD X area + alert x area + alert x STD 8 0.759 472.9 1.78 0.065
STD + alert + area + vegetation + group size + STD x area + alert x area + STD X vegetation 10 0.763 473.1 1.97 0.058
STD + alert + area + STD x area 6 0.756 473.2 2.06 0.056
STD + alert + area + vegetation + group size + STD x area + STD X vegetation 9 0.759 473.9 2.78 0.039
STD + alert + area + group type + STD x area + alert x area 8 0.760 474.5 SIS 0.029
STD + alert + area + vegetation + group size + group type + STD X area + alert x area + STD x 12 0.761 479.1 7.95 0.002

vegetation + STD x alert

The models were ranked by the corrected Akaike Information Criterion corrected for small samples (AIC.). (K =number of parameters;
AAIC, = difference in AIC. between the best and the actual model; w; = Akaike’s weights, i.e. normalized likelihoods of the models). The most

parsimonious model is on the top of the list.
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outside the SNP. The predictor variable vegetation was in-
cluded in the second best model, although there was a low
evidence ratio (w;/w,) between the two (1.53), it included more
parameters and therefore was not the most parsimonious
model. But there was no clear support for any of the first best
models (Table 2). Group type was not included among the best
models.

4, Discussion

The partially protected areas contained lower densities of im-
pala than all areas inside the SNP, which are in accordance
with several case studies from similar areas in Africa (Hofer
et al., 1996; Verlinden, 1997; Caro, 1999a). Due to the fact that
the data collection was carried out only during the dry sea-
son, we cannot rule out the possibility that some of the den-
sity differences can be caused by the animals’ seasonal
movements between habitats (Jarman and Sinclair, 1979).
However, there is no reason to believe that habitat differ-
ences, in respect to quality or structure, between the partially
protected areas and the SNP could cause the density differ-
ences. The partially protected areas contain similar habitat
types as in the SNP, and should be equally suitable for impala
(Herlocker, 1976). Moreover, the woodland, bushland and
wooded/bushed grassland habitats that were highly preferred
by impala inside the SNP contained much lower densities out-
side the SNP. Grassland was not represented outside the SNP,
but will only have a minor effect on the results since this hab-
itat type is less preferred by impala. This suggests that human
exploitation played a central role in producing low impala
densities outside the SNP, as well as in areas within the
SNP. Earlier studies show that the most severely affected
areas from illegal hunting are in the north-west and western
part of the Western Corridor (Campbell and Hofer, 1995; Hofer
et al., 1996), and this concurs with our results that WC2 and
NA had lower densities than the other areas inside the SNP.

No significant difference was found in the group size in
any of the areas. In addition, the representation of various
group sizes in the areas was not significantly different, which
can rule out the possibility that a larger portion of single
males in one area would affect mean group size. Similar re-
sults have also been found in other areas for impala (Hunter
and Skinner, 1998; Caro, 1999b). Creel and Winnie (2005) re-
ported that for elk (Cervus elaphus), aggregation is likely to
be a foraging response that occurs when the risk of predation
is low combined with higher availability of resources in some
areas. Similarly, Jarman and Jarman (1979) found that group
size of impala in SNP was smaller during the dry season than
during the wet season, which might indicate that group size is
influenced more by resource availability (see also Berger et al.,
1983; Creel and Winnie, 2005).

The sex ratio was found to be female biased in the whole
study area. This is expected in nature due to a higher mortal-
ity rate among males, caused by higher predation risk and
competition between males (FitzGibbon and Lazarus, 1995).
However, the sex ratio was more skewed towards females in
GR/OA than all areas inside the SNP, which indicate a higher
male mortality rate here. The result however, was only signif-
icant for GR/OA vs. CA and WC1. This may indicate that there
is more skew towards females in the partially protected areas

and in areas inside the SNP more subjected to illegal hunting
(Hofer et al., 1996). Despite that wire snaring is the most pre-
valent hunting method in the SNP, results reported by Holm-
ern et al. (2006) suggest that illegal hunting has a male bias in
kills. In addition, a contributing factor might be that both res-
ident and tourist hunters target males. However, quotas are
low and should not affect sex ratios if they are followed, but
the low level of law enforcement outside the SNP implies that
these are mere conservative lower estimates of offtake levels
(Holmern et al., 2004).

Increased disturbance levels might also have indirect ef-
fects on animal survival. The increased energy expenditure
associated with flight and higher alertness levels might have
serious effects for the physical condition of animals. For
example, a model exploring the cost of human disturbance
found large reductions in the number of food items captured
following disturbance (Blumstein et al., 2005). High hunting
pressure in some areas might cause animals to shift to more
protected habitats, which may be of lower quality or have a
higher risk of predation (Kilgo et al., 1998). Our results indi-
cate that outside the SNP, impalas are more flighty and avoid
open areas which are more exposed to human hunters (Fig. 3).
Similar findings where animals are more wary in exploited
areas have been reported in other studies (e.g. Caro, 1999b;
Donadio and Buskirk, 2006).

We found a clear influence of hunting pressure on FID.
This supports findings of Matson et al. (2005) who also found
that impalas have a longer FID in hunted areas. Longer FID in
areas experiencing high hunting activity has also been re-
ported by other studies (Altmann, 1958; de Boer et al., 2004).
We also find less support of an effect of group size and group
type on FID. However, de Boer et al. (2004) reported that larger
groups in roe deer and fallow deer (Dama dama) had a greater
flight distance than small groups or single individuals. Like-
wise, Aastrup (2000) reported similar results for caribou. In
contrast, Matson et al. (2005) found greater FIDs for small
groups of impala. Recarte et al. (1998) reported that female
fallow deer were more vigilant than males, but de Boer et al.
(2004) found no such effect on flight distance of roe deer
and fallow deer. Such sex differences in risk assessment
might reflect presence of young, but might also be related to
human hunting.

5. Conclusions

Our results indicate that several characteristics in the impala
population are clearly altered in areas subjected to human
exploitation, which have implications for conservation and
management. The present illegal bushmeat hunting com-
bined with unregulated legal hunting in the study area are
most likely the cause of the observed differences, and ques-
tions whether managers of partially protected areas have
adequate resources to meet conservation goals (Hofer et al.,
1996; Caro et al., 2000). Besides causing reductions in density,
illegal hunting causes changes in demography and behaviour
that may have the potential to affect population growth rates.
Although we found support for that demography and behav-
iour can be used as indicators of exploitation, it is likely to be
dependent on hunting pressure and hunting mode. However,
impala is only one of several ungulates targeted by illegal
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hunters, and it could therefore be expected that the results
obtained in this study might reflect the state of other ungu-
lates in and around the SNP. This is cause for serious concern,
and is a matter that needs further attention.
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Abstract

The perceived risk is important when deciding when to flee from an approaching predator that
appears threatening. This could be done by the prey either through monitoring the distance to an
approaching threat or by estimating the expected time it would take the predator to arrive at their
location. Animals are expected to adjust their flight initiation distance (FID), flight speed and length
according to a cost-benefit trade-off. In this study, we examined flight responses (FID, flight speed
and flight length) in Thomson’s gazelles (Gazella thomsoni) in relation to different risk levels, by
varying our approach speed. We found that there was no difference in FID according to approach
speed, when we took starting distance into account. However, fast approaches elicited higher flight
speeds, but had no effect on flight length. In addition, we found that gazelles appeared to display
their escape capabilities through condition dependent signals when the perceived threat was high.
Our results provide support for the hypothesis that gazelles maintain a spatial margin of safety.
Moreover, Thomson’s gazelles show a great flexibility in their flight responses, and alarm signals

may convey important clues on the perceived level of predation risk.

Keywords: antipredator behaviour, flight initiation distance, Serengeti, starting distance,

Thomson’s gazelle



Introduction

Fleeing is a common antipredator behaviour among animals when confronted with a potentially
dangerous predator. The distance between an approaching predator and prey at which escape
commences is usually referred to as flight initiation distance (FID) or flush distance (but also
approach distance) (Ydenberg and Dill 1986). Given a history of persecution, animals will react to
approaching humans in the same way as they would towards predators. Therefore humans are often
used as a standardized stimulus when measuring FID and other flight responses (Frid and Dill 2002;
Blumstein 2003; Stankowich and Blumstein 2005).

According to Ydenberg and Dill (1986), FID should be optimised rather than maximised.
Animals should therefore minimize the cost of escape by not moving away from the predator until
the cost of remaining (i.e. potentially being killed) exceeds the cost of escaping (i.e. terminating
current behaviour, locomotion costs). Consequently, escape decisions based on the animal’s current
assessment risk will vary dynamically. Several studies show that animals adjust their FID as a
function of perceived risk. For example, in gray squirrels (Sciurus carolinensis) Dill and Houtman
(1989) showed an effect on FID of distance from the closest refuge tree, while Bonenfant and
Kramer (1996) found that woodchucks (Marmota mona) have greater FIDs when farther from their
burrow. Similarly, Diego-Rasilla (2003) reported that wall lizards (Podarcis muralis) had a greater
FID in areas experiencing higher predation pressure.

There are few studies that have explicitly investigated the underlying mechanisms of risk
assessment. Stankowich and Blumstein (2005) showed that there is considerable contention on how
prey use margins of safety in relation to predation risk. Of the studies examined, nine out of 15
found an effect on the prey’s FID in relation to the predator approach speed. This indicates that prey
might monitor time to arrival of the predator, when deciding to flee, since a predator moving at high
speed will use less time to reach the prey and therefore pose a greater imminent threat to the

animal’s survival. For instance, Walther (1969) reported that Thomson’s gazelles (Gazella



thomsoni) flee at greater distances in response to a running hyena (Crocuta crocuta) than to a
walking hyena. For Columbian black-tailed deer (Odocoileus hemionus columbianus), Stankowich
and Coss (2005) found that animals have larger FIDs during rapid human approaches. Similarly,
FID has been reported to increase with predator approach speed for broad-headed skinks (Eumeces
laticeps), desert iguanas (Dipsosaurus dorsalis) and Bonaire whiptail lizards (Cnemidophorus
murinus) (Cooper 1997, 2003; Cooper et al. 2003). Temporal assessment of risk was also suggested
by Dill (1990) for explaining escape responses to an approaching object by African cichlid fish
(Melanochromis chipokae), where cichlids appeared to regulate primarily FID rather than flight
speed in order to reach refuge in time.

On the other hand, some studies indicate that prey might instead evaluate the distance
between themselves and an approaching predator and use it as a cue for the time to escape.
Maintaining such a spatial margin of safety might be a more conservative strategy to adopt, because
in order to calculate the time of arrival of a predator (i.e. using a temporal margin of safety) the prey
must estimate the speed of the predator and assume that it will remain constant, which might be
more prone to error (Cardenas et al. 2005). Accordingly, Bonenfant and Kramer (1996) reported
that in woodchucks there was a lack of effect of approach speed on FID, as well as on flight speed,
and suggested that woodchucks therefore maintained a spatial margin of safety. Cardenas et al.
(2005) also found that in galahs (Cacatua roseicapilla) FID did not change in response to varying
approach speed, which also suggests that some species may use distance for risk assessment.

Thus, in order to evaluate risk perception in Thomson’s gazelles we conducted experimental
human approaches towards individual gazelles, where we in contrast to the early study of Walther
(1969), explicitly recognised the importance of starting distance of the predator. We tested the
prediction if FID of the prey increased with increasing approach speed in accordance with a
temporal margin of safety perception of risk level. Moreover, the length of the flight and flight

speed should also reflect trade offs between costs and benefits (Ydenberg and Dill 1986). However,



there are up to now very few studies that have focused on these flight responses. Recently, Cooper
et al. (2006) showed that in Balearic lizards (Podarcis lilfordi) increased opportunity costs (i.e.
more food at feeding site) led to shorter flight length when approached by a human. Whereas,
Martin and Lopez (1996) reported that the distance fled by the lacertid lizard (Psammodromus
algirus) was greater when the predator approached more rapidly, this was not the case in broad-
headed skinks (Cooper 1997). We therefore investigated the effect of approach speed on flight
length and flight speed where we predicted that flight length and flight speed would be greater

when the threat level was perceived as higher.

Methods

Location and subject

We studied Thomson’s gazelles who are small migratory grazers (ca. 20 kg), between August to
mid December 2003 in Serengeti National Park (SNP), northern Tanzania. Human approaches were
conducted on single adult males located in open vegetation (grassland or wooded grasslands with 2-
20 % tree cover) with short grass (< 30 cm) inside the SNP between 06:00 AM and 07:00 PM. We
selected single male individuals to easier and more accurately monitor escape responses, since they
were mostly located on the periphery of large Thomson’s gazelle herds. We also excluded the areas
around Seronera headquarters and along the Seronera River which have a high frequency of tourist
vehicles to reduce possible habituation effects on the Thomson’s gazelles. According to Runyan
and Blumstein (2004), a modest extent of pseudoreplication do not influence results in FID studies,
but in order to minimise this potential problem we never resampled an area before at least a week
had gone by, and made a conscious effort to avoid territorial males used in previous trials. There are
several carnivores that predate on Thomson’s gazelles, the most common among these are lions
(Panthera leo), leopards (Panthera pardus), hyenas, cheetahs (Acinonyx jubatus), and jackals

(Canis adustus, C. aureus, C. mesomelas). Inside the SNP, all consumptive activities are strictly



prohibited and humans are only allowed to move around in vehicles. Despite these regulations,
illegal bushmeat hunting is still a widespread activity (wire snares are most commonly used), but
Thomson’s gazelle appears to be less affected than other herbivore species (Arcese et al. 1995, but

see Holmern et al. 2006).

Experimental procedures
The individual selected for an approach had to be at least 50 m from other individuals or groups
(including individuals from other large mammal species) and have a clear line of sight to the
starting point of the approach. Moreover, the individual chosen had to be closer to the vehicle than
other individuals around it (along the line of approach), so that its behaviour was not affected by
other individual’s reactions to the approach. When a suitable individual had been identified from
the road, we stopped and switched off the car engine. We noted initial behaviour of the individual
before commencing the approach, where individuals were scored as alert if they were standing with
ears erect and facing the vehicle, whereas other behaviours were scored as not alert. Approaches
were not conducted if a potential predator was in sight, another vehicle was nearby, if it was
raining, or if individuals had visual contact with earlier trials. Approaches were abandoned if the
individual suddenly changed its behaviour due to disturbances other than the approaching human.
Before we began the approach we measured the distance to the individual (starting distance,
STD) with a Leica geovid 7 x 42 BDA rangefinder, which was accurate to the nearest 1 m (<366
m) (with an integrated electronic compass). Whereupon, the testperson (T.H. 1.90 m tall male,
wearing neutral coloured cloths) started walking in a slow steady pace (hereafter, “slow”
approaches, n = 103) directly towards the individual (mean + SD, 1.7 £ 0.2 m/s (1 SE), n =10 test
speed trials). Immediately, when the individual took flight, the testperson stopped the approach and
using a stopwatch kept track of the time the individual used to run away before stopping again

(Flight time = FT). After the approach had been terminated the second observer (driver) recorded



the distance to the testperson and the distance to where the animal had terminated its flight (Stop
distance, STOPD). Thereafter, the angles in regards to true north of the original start (angle 1) — and
stop position (angle 2) of the gazelle was noted from outside the vehicle. Thus the angle o was the
difference between the two above mentioned angles (Jangle o] = angle 1-angle 2), where we

transformed angle a into radians for further use. Flight length (FL) was calculated using the

equation: FL = \/ (STD)? 4+ (STOPD)* — (2 x STD x STOPD x cos( o )) . Whereas flight speed (FS)

was estimated as: FL/FT. In addition, for a subset of the data we also recorded the occurrence of
stotting during gazelle escapes. Stotting is defined as leaping off the ground with all four legs held
stiff and straight (Walther 1969). Trials were discarded if there was any doubt about the distances
and times measured. In addition to making slow walks, we (T.H.) also conducted fast approaches
(hereafter, “fast” approaches, n = 58) (4.4 = 0.7 m/s, n = 10). We restricted the data set to starting
distances < 250 m for both approach types, both to ensure that the testperson would be able to

maintain the required standardized speed.

Statistical analyses

Predators do not begin approaches of prey at fixed distances, and it is not surprising that starting
distnce strongly affects alert distances and FID, as has been shown for birds (Ferndndez-Juricic and
Schréeder 2003; Blumstein 2003). Thus, we included starting distance as an independent variable in
our tests and we conducted a total of 161 trials. We used analysis of covariance (ANCOVA) to
investigating the relationship of each dependent variable (FID, flight speed and flight length) with
the independent variables. However, because of an unbalanced design, we restricted the analysis to
individuals that displayed not-alert behaviour prior to the approach (Alert: walk, n = 24, fast, n = §;
Not alert: walk, n = 80, fast, n = 49). When testing the effect of approach speed on FID, we fitted
the variables: approach speed, starting distance, and the interaction of approach speed and starting

distance. For flight speed and flight length: approach speed, FID and the interaction between



approach speed and FID was used. We did not force the models through the origin (i.e. eliminating
the intercept), since extrapolation outside the data range is not advisable (Neter et al. 1996; Cade
and Terrell 1997). In the analysis the variables FID, flight speed, flight length and starting distance
were square root transformed to improve normality of the residual errors. We performed chi-square
tests to test frequencies and the considered significance value was P < 0.05 throughout. The
analyses were done using R 2.3.0 Software (R Development Core Team 2006) and SPSS 14.0

(2005).

Results

When the animals displayed alert behaviour prior to the approach, the minimum FID was 38 m (i.e.
starting distance was 43 m), but when the animal did not show alert behaviour prior to the
approach, the minimum FID was 17 m (i.e. starting distance was 213 m) (Figure 1a). Among the
variables included in the analysis for not alert animals, starting distance and FID, as well as flight
speed and flight length were correlated (Table 1).

FID of Thomson’s gazelles was affected by starting distance (F; 125=41.53, P <0.001), but
the main effect of approach speed was not significant (F; 125=1.51, P = 0.222). The interaction term
between starting distance and approach speed had also no effect (F; 125=0.03, P = 0.854) (Figure
1b).

Furthermore, FID did not affect flight speed (F; 125=2.39, P = 0.124). However, the
approach speed had a significant effect on flight speed (F; 12s=4.11, P = 0.045), where fast
approaches had a higher flight speed than slow approaches (Figure 1c). The interaction between
FID and approach speed was not significant (F; 125= 0.29, P = 0.593).

Likewise, FID did not affect flight length (F; 125=0.07, P = 0.792), nor did the approach
speed (F;125=0.38, P = 0.540). Neither was the interaction between FID and approach speed

significant (F; js=1.11, P = 0.540) (Figure 1d).



For a subset of the data we examined the occurrence of stotting during escapes (n = 58).
Gazelles that displayed not alert behaviour prior to the approach, stotted significantly more often

during fast approaches ( 2= 4,609, df = 1, P = 0.032, n = 51), whereas gazelles that were alert prior

to the approach did not show any difference in the occurrence of stotting between slow and fast

approaches (Fischer’s exact test, P = 0.286).

Discussion

Walther (1969) first studied flight behaviour in Thomson’s gazelle in the Serengeti National Park
by observing responses to approaching carnivores, as well as conducting approaching-experiments
by using a vehicle (from a fixed starting distance). His results suggest that Thomson’s gazelle
appear to have predator specific responses, and that FID increases with predator approach speed and
with predator group size. In contrast, after taking into account starting distance, we found no effects
of the speed of the approaching predator on the FID of Thomson’s gazelle’s. However, approach
speed had an effect on flight speed, as well as on the occurrence of stotting.

FID depends to a large extent on starting distance, where animals that detect an approaching
predator will flee at a greater distance in order to reduce costs of escape. Either as proposed by
Blumstein (2003) animals may do this in order to choose to avoid fleeing at maximum flight speed
or after detecting a potential predator they will flee in order to minimise monitoring costs. On the
other hand, at very long distances animals engaging in not alert behaviour will not detect an
approaching predator until it rescans the surrounding area, and may therefore initiate flight at a sub-
optimal FID.

Several studies have investigated how animals use margins of safety, but no clear pattern
has yet emerged, although non-mammalian prey seem particularly responsive to increased predator
speed (Cooper 1997, 2003; Cooper et al. 2003; Stankowich and Blumstein 2005). In Thomson’s

gazelles, FID has earlier been reported to increase in response to higher predator approach speed



(Walther 1969). In contrast, predator speed did not influence FID in our study. A few other studies
have also reported the same pattern, where in Blue chromis damselfish (Chromis cyanea) FID was
independent of the speed of a model predator (Hurley and Hartline 1974), neither was there an
effect of approach speed on woodchucks (Bonenfant and Kramer 1996). Likewise, Cardenas et al.
(2005) found that FID in galahs were not related to how quickly they were approached. Although
the small differences between speed treatments can be invoked as a possible explanation (0.55 m/s,
Bonenfant and Kramer 1996; 0.9 m/s, Cardenas et al. 2005), this study had a relatively large
difference between the slow and fast approaches (2.7 m/s). Assessing speed accurately might be
prone to error. Adopting a conservative strategy by assessing distance might thus incorporate the
inaccuracy of the information provided, and allow animals quickly to evaluate the threat level and
when to flee (Bouskila and Blumstein 1992).

Most studies investigating trade-offs in escape strategies have used FID as the main metric
for responses (Stankowich and Blumstein 2005). However, a few studies have also involved other
aspects of encounters, such as flight speed and flight length (Dill 1990; Bonenfant and Kramer
1996; Copper et al. 2006). For instance, in woodchucks flight speed was unrelated to FID when the
woodchucks were located between the burrow and the human approacher (Bonenfant and Kramer
1996). Similarly, Dill (1990) found that flight speed was not affected by FID in cichlids. However,
increased predation risk has been found to affect flight length in some species. Stone et al. (1994)
found that the lava lizard (Microlophus sp.) in the Galapagos fled greater distances on islands where
there was higher predation threat (but see Diego-Rasilla 2003). Similarly, Setsaas (2004) reported
that impalas (Aepyceros melampus) outside the Serengeti National Park fled longer distances in
areas experiencing higher hunting pressure when approached by a human. Our results show that
FID did not affect flight speed or flight length in Thomson’s gazelle, whereas there was an effect of

approach speed on flight speed, but not on flight length.
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Nevertheless, animals are dynamic in their escape responses, and our way of measuring the
flight response might not have captured the full extent of their reaction. In fact, instead of
maintaining an even flight speed the gazelles might have responded by a sharp non-linear or
declining linear response in speed because the predator (i.e. the test person) did not pursue the
individual. Such a response would not be captured by our methods since we only estimated average
speed across the flight length. In addition, gazelles are unlikely to run in a straight line between two
points which might lead to an underestimation of flight speed and flight length. Moreover,
Thomson’s gazelles have a very rapid acceleration which gives them great flexibility to adjust
escape responses according to the threat level. Bonenfant and Kramer (1996) also reported that prey
continuously monitor the threat represented by a pursuing predator in order to minimise its energy
expenditure. Therefore it is likely that flight speed declined rapidly after the animal realised that it
was not being pursued.

Our study suggests that together with keeping a flexible distance to the predator, Thomson’s
gazelles also use condition dependent signals when the risk level increases. Animals that were not
alert prior to the approach probably had less time to assess the threat and therefore stotted in order
to signal their condition, whereas the animals that were already alert had probably assessed the
threat level and decided on a adequate response. A number of ungulates display different types of
behaviour when fleeing (i.e. tail flagging, snorting, bounding, stotting) (Caro et al. 2004). For
example, white — tailed deer (Oodocoileus virginianus) often flag their tail when alarmed and
impalas may leap to show some aspect of their physical condition to approaching predators (Caro
1986a; Caro et al. 1995). Similarly, FitzGibbon and Fanshawe (1988) reported that in Thomson’s
gazelles, stotting is likely to be an honest signal of their health to the predator. Thus the frequency
and occurrence of stotting show the predator the capabilities that an animal has to escape before the
prey has to engage in a potentially costly high speed flight (i.e. in terms of energy usage, potential

injury). Accordingly, FitzGibbon and Fanshawe (1988) found that African wild dogs (Lycaon
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pictus) pursue stotting gazelles at lower rates than they do other gazelles. Moreover stotting is also
likely to be energetically costly. Caro (1986b) found a negative correlation between the frequencies
of stots and flight speed during high speed pursuits by cheetahs, which suggest that stotting is costly
(i.e. reduces speed and manoeuvrability). Species living in open environments may also be
particularly prone to adopt visual signals, since open vegetation allows the predators to have a
greater opportunity to observe the prey’s evasive manoeuvres (Caro 1986b, Caro et al. 2004).

In conclusion, our results show that Thomson’s gazelles are very flexible in their responses
and that Thomson’s gazelles appear to maintain a spatial margin of safety, together with the use of
condition dependent signals. Since such signals are common among species living in open habitats,
including escape responses, such as alarm signals in future studies might give an additional

indication of the species’ risk perception.
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Tables:

Table 1. Correlation matrix between flight response variables in Thomson’s gazelle that displayed

not alert behaviour prior to the experimental approach. Within each cell the value of the correlation

coefficient r, and the level of statistical significance P are reported (n = 129 for all correlations).

FID Starting Flight

distance

speed

Starting  0.594
distance <0.001

Flight 0.015  0.074
speed 0.859 0.39

Flight 0.087  0.086
length 0.311 0.312

0.476
<0.001
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Figures.

Figure 1. The relationship of approach speed and different flight responses in Thomson’s gazelle.

The thick line in figure a) and b) represents the 1:1 relationship between the starting distance and
FID. Figure a) shows the effect of gazelles displaying alert and not alert behaviour when the trial
commenced, whereas figures b) - d) are only on not alert animals. Figure b) shows the effect of

approach speed on FID (slow approach: dotted line (0), fast approach: thin line (m)). Figure c)

represents the effect of approach speed on flight speed. Lastly, figure d) represents the influence of

approach speed on flight length.
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Uneconomical game cropping in a community-based conservation
project outside the Serengeti National Park, Tanzania

Tomas Holmern, Eivin Rgskaft, Job Mbaruka, Samson Y. Mkama and John Muya

Abstract Since 1993 the Serengeti Regional Conservation
Project (SRCP) in Tanzania has conducted a game cropping
operation (the commercial utilization of wild animal
populations in natural habitats) in areas immediately
outside the Serengeti National Park in order to pro-
vide adjacent villages with incentives to abstain from
illegal hunting. In this study we carry out a comparative
economic analysis of the SRCP cropping operation
and illegal hunting. The extent of illegal hunting was
mapped by utilising questionnaires distributed to Village
Game Scouts employed in five of the Project villages.
Our research indicates that the cropping operation is
not economically sustainable and makes only a minor
economic contribution to the Project villages compared to

illegal hunting. Furthermore, cropping quotas are small,
utilization of quotas low, and the level of community
involvement limited. Illegal hunting was extensive around
both Project and other villages. We suggest that SRCP
discard the inefficient cropping operation and instead
concentrate on diversifying income opportunities for the
Project villages.

Keywords Community-based conservation, game
cropping, hunting, Serengeti, Tanzania.

This paper contains supplementary material that can
only be found online at http://journals.cambridge.org

Introduction

Community-based conservation (CBC) is now a well
established approach to biodiversity conservation through-
out Africa (Kiss, 1990; Hulme & Murphree, 2001),
although the success of CBC in achieving effective results
is being debated (Hackel, 1999; Songorwa et al., 2000;
Newmark & Hough, 2000; Adams & Hulme, 2001).
Conservation benefits to communities from CBC in eastern
and southern Africa are generally acquired through the
retention of revenues from the tourist industry and/or
different types of wildlife utilization schemes (Child,
1996; Lewis & Alpert, 1997; Bergin, 2001).

Several of the CBC projects in Tanzania emphasize
the sustainable use of surrounding wildlife resources
(Walsh 1998; Songorwa, 1999). Immediately outside
the Serengeti National Park, the Serengeti Regional
Conservation Project (SRCP) has run a game cropping
(the commercial utilization of wild animal populations
in natural habitats) operation since 1993 in the adjacent
Grumeti and Ikorongo Game Reserves and neighbour-

Tomas Holmern' (Corresponding author), Eivin Roskaft', Job Mbaruka,
Samson Y. Mkama and John Muya Serengeti Regional Conservation
Project, P.O. Box 32, Mugumu, Serengeti District, Tanzania

"Present address: Department of Zoology, Norwegian University of
Science and Technology, N-7491 Trondheim, Norway. E-mail:
tomas.holmern@chembio.ntnu.no

Received 20 August 2001. Revision requested 11 February 2002.
Accepted 29 May 2002.

364

ing Ikona Wildlife Management Area to provide com-
munities with incentives to abstain from illegal hunting
(Mbano et al., 1995). The Norwegian Agency for Develop-
ment Cooperation and the Tanzanian government has
supported SRCP since 1987, and in the period 1998-2002
US $330,000 has been provided annually (Havnevik
et al., 2001).

Illegal hunting is considered a serious threat to the
Serengeti ecosystem and has reduced the populations
of buffalo Syncerus caffer by 50-90% in parts of their
range (Dublin et al., 1990). Other resident wildlife, such
as giraffe Giraffa camelopardis, impala Aepyceros melampus
and topi Damiliscus korrigum are also experiencing heavy
hunting pressure in areas close to the protected area
boundaries (Campbell & Borner, 1995; Hofer et al., 1996).
The main hunting method in the Serengeti is the use of
snares, but night hunting with torches and hunting dogs
has also become common (Arcese et al., 1995; Holmern,
2000). Illegal hunting is highly profitable over large
tracts of the protected area (Hofer et al., 2000).

In this study we use the SRCP and other areas outside
the Serengeti National Park as a case study. We conduct
a comparative economic analysis of the SRCP cropping
operation and illegal hunting, in order to assess the
economic sustainability of the two systems.

Study area

The study was conducted in Bunda and Serengeti
Districts adjacent to the Western Corridor of the
Serengeti National Park (Fig. 1). The study area lies at
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Fig. 1 The Western Corridor of the Serengeti National Park with the approximate locations of villages. Triangles are the 14 project villages
and filled triangles indicate the five project villages included in the survey of illegal hunting by Village Game Scouts. Squares are district
administrative towns and open circles are all other villages. The dashed line represents district boundaries, thick lines denote the protected
areas and the dotted line represents Ikona Wildlife Management Area. The arrow on the inset map indicates the location of the main figure.

altitudes of 920-1,500 m, the mean annual temperature
is 21.7°C, and the mean annual total precipitation varies
from 800 mm in the east to 1,050 mm in the north-
west (Campbell & Hofer, 1995). Serengeti District con-
tains relatively intact thorn tree woodlands and plains
(with species of Acacia, Comiphora, Ficus, Combretum
and Podocarpus) in lIkona Wildlife Management Area
(Herlocker, 1976). In Bunda District the areas to the west
are largely treeless, and extensive areas adjacent to the
Grumeti Game Reserve and Serengeti National Park
have been converted to agriculture.

The Western Corridor of the Serengeti National Park
is characterized by the annual migration of wildebeest
Connochaetes taurinus (McNaughton & Banyikwa, 1995).
Normally the migratory herds reach this area in May or
June. The duration of their stay depends on rainfall, but
usually the herds have moved to their dry season areas
in the northern Serengeti and Masai Mara National
Reserve by August (Maddock, 1979).

Bunda and Serengeti Districts had human populations
of 200,870 and 113,284, respectively, in the last National
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Census in 1988, and an average annual population
increase of 3.1% (Bureau of Statistics, 1988). Tanzania is
poor economically and in 2000 had a gross per capita
income of US $270 (World Bank, 2000). Most of the
multi-ethnic communities in the study area practice sub-
sistence farming, complemented to varying degrees by
livestock keeping and illegal hunting (Mtoni, 1999).

Materials and methods

The SRCP cropping operation

The cropping operation, which began in 1993, includes
14 villages in Bunda and Serengeti Districts (Fig. 1). The
aim of the cropping operation is to provide communities
with legal meat and to ‘play a central role in the
economic development of the project’s villages” (SRCS,
1995). The species cropped (wildebeest, zebra Equus
burchelli, and topi) were chosen on the basis of their
potential meat yield and skin value. Topi was first added
to the quota in 1995 (Table 1). SRCP is allocated a quota
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Table 1 The quota, number cropped and percentage of the quota utilized for the three species (wildebeest, zebra and topi), in the game

cropping scheme from 1993 to 1999.

Wildebeest Zebra Topi©
Year Quota Cropped % Quota Cropped % Quota Cropped %
1993 480 94 19.6 192 63 32.8
1994 700 108 15.4 90 25 27.8
1995 592 227 38.3 64 29 45.3 39 22 56.4
1996 500 117 23.4 70 70 100 50 50 100
19972 250 - - 140 - - 100 - -
1998 300 108 36.0 180 60 33.3 100 42 42.0
1999° 210 - - 140 - - 70 - -

#Data for number cropped were not available for 1997.

PRecords of the number of animals cropped was only available up to November 1998.

“Topi was only added to the quota from 1995 onwards.

directly by the Wildlife Department and it is divided
equally among the Project villages. The cropping team
are required to follow the normal hunting season
(1 July-31 December), but can hunt outside the season
with permission from the Wildlife Department.

The cropping takes place mainly in Grumeti Game
Reserve (c.416 km?) and Ikona Wildlife Management
Area (c. 600 km?) (Fig. 1), and occasionally in Ikorongo
Game Reserve (c. 563 km?®). Animals are shot during
the day from a four-wheel drive vehicle and, because the
meat is consumed locally, it is not subject to any health
rules. The Natural Resource Committee in each of the
Project villages organizes the sale and determines the price
of the fresh meat (in the range US $0.27-0.40 per kg).
The skins are processed by local skinners. All expenses
associated with the cropping operation are covered by
SRCP, and all income is retained in the Project villages.
The income has been used for reducing the tax burden
in Project villages, in addition to building classrooms,
dispensaries, and houses for nurses and teachers.

Survey of illegal hunting

To document patrol efforts and illegal hunting Village
Game Scouts (VGS) in five Project villages (Fig. 1) filled
out questionnaires during patrols from December 1998
to August 1999. The five participating Project villages
were chosen because they had functioning VGS teams
and were evenly distributed within the study area. The
questionnaire (Appendix 1), written in KiSwahili, con-
tained 20 questions on the patrol, arrested hunter(s),
methods of hunting, and the species recovered. No
differentiation was made between porters and hunters.
We provided the VGS with training in how to fill out
the questionnaire, and held follow-up meetings with
them, with the help of a local interpreter, two times per
village per month for the first 3 months and the last

2 months of the survey. During these follow-up meet-
ings T.H. collected the questionnaires and all hunting
equipment seized by the VGS. In the period when
T.H. was absent hunting questionnaires and equipment
was delivered to the local game post or Ikorongo
Grumeti Game Reserve headquarters. In 17% of the 201
patrols during the survey period District Game Scouts
accompanied the VGS.

Information from the questionnaires, together with
household data for the Project villages from the most
recent, 1993, census for the area (Kauzeni & Kiwasila,
1994), was used to quantify the economic value of illegal
hunting. To determine the number of illegal hunters
originating from all 14 Project villages combined we
calculated the proportion of the local residents engaged
in hunting in protected areas, as a function of the
distance of the home village from the boundary of the
nearest protected area border (Appendix 2). Distances
were determined using the 1:50,000 topographic maps
of the Surveys and Mapping Division, Ministry of Lands,
Houses and Urban Development. By multiplying, for
each village, the proportion of local residents engaged
in hunting by the village population size, we derived
an estimate of the total number of hunters in the 14
Project villages.

Through discussions with a total of 41 VGS and
district game scouts we determined the price of dried
and fresh meat in the Project villages that was derived
from illegal hunting (the game meat of species with
body sizes greater than impala is usually sold or bartered
as dried meat, whereas that of smaller species is usually
sold as fresh meat). Using this information we deter-
mined the mean annual economic value of game meat
to a hunter (Appendix 2), and multiplied this by the
estimate of the total number of hunters to obtain an
estimate of the total economic value of illegal hunting
to the 14 Project villages. When estimating the economic
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Table 2 The number and total dressed carcass weight in kg of wildebeest, zebra and topi allocated to the 14 Project villages from the July
1999 game cropping trip with, for each village, its population size, distance from the nearest protected area, number of households,

proportion of residents per household hunting (see text and Appendix 2 for details), and estimated number of hunters.

Distance from

Wildebeest Zebra Topi Population nearest Proportion No. of hunters
size protected No. of of residents  (=y*population

Village no. kg no. kg no. kg (1993 census)  area (km)? households ~ hunting (y)°  size)

Robanda 2 154 - - - - 1,582 4 150 0.119 188.3
Nyichoka 2 141 - - - - 1,956 8 365 0.068 133.0
Nyakitono 2 150 - - - - 1,065 8 184 0.068 72.4
Natta-Mbiso 3 175 1 75 - - 2119 5 294 0.104 2204
Motukeri 2 139 1 128 - - 3316 6 257 0.090 298.4
Singisi 1 55 - - 2 112 1,525 15 176 0.147¢ 224.2
Iharara - - - - 2 127 1,810 6.5 192 0.084 152.0
Kyandege - - - - 3 158 5,600 9.5 778 0.056 313.6
Mugeta 2 146 - - 1 74 3,300 12 458 0.039 128.7
Mariwanda 4 202 - - 2 10 3,274 6.5 408 0.084 275.0
Kihumbu 4 247 - - 1 53 1,850 5.5 200 0.097 179.5
Hunyari 4 233 1 101 1 34 4,800 6 364 0.090 432.0
Mihale 2 180 - - - - 2,280 2 335 0.147¢ 335.2
Nyamatoke 3 249 - - - - 2,185 25 321 0.147 321.2
Total 31 2,069 3 304 12 659 36,662 4,482 3,273.9

*Measured from the centre point of the project village to the boundary of the closest protected area.

PCalculated using equation 1 in Appendix 2.

“When calculating y for villages <2.5 km from the nearest protected area, distance was set to 2.5 km (see Appendix 2 for details).

value we disregarded the value of the animal skins.
Because they are evidence of illegal hunting they are
usually discarded before hunters return to the villages
(J. Wilton, pers. comm.).

SPSS 8.0 (SPSS, Inc., Chicago, USA) was used for all
statistical analyses.

Results

The economics of the cropping operation

Due to the limited record keeping by SRCP we obtained
complete records for only one cropping trip, for July
1999 (Table 2). Cropping trips are budgeted to take a
fortnight and usually consist of two game scouts and a
Project officer, but consisted on this occasion of three
game scouts because a Project officer was not avail-
able. The Project villages normally cover half of the
ammunition cost, but in the calculations presented here
(Table 3) this is incorporated into the total ammunition
cost.

On this trip a total of 46 animals were shot (Table 2),
and on average the marksman used 4.3 rounds of
ammunition per animal. Data was not available on the
number of animals wounded and not recovered as
carcasses, or on the sex and age of the cropped animals.
With an estimated income of US $1,016 and total
expenses of US $1,673, this cropping trip had a deficit
of US $657 (Table 3). Income from the sale of skins was
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Table 3 Total income, total expenses and balance (US $) from the
July 1999 game cropping trip (see Table 2).

Item Details® Us$
Total income® $0.335 per kg* 3,032 kg 1,015.7
Expenses
Staff Salaries $1.72 per day* 3 GS* 15 days 774
Staff Allowances 8 days* 3 GS* $11.33 2719
6 days* 3 GS* $8.67 156.1
Fuel 280 litres* $0.67 187.6
Emergency fund 40.0
Ammunition 56 rounds (0.303) at $1.33 74.5
per round
140 rounds (0.220) at $0.67 93.8
per round
Vehicle maintenance $0.54 per km* 1,429 km 771.7
cost®
Total expenses —1,672.9
Balance —657.2

*There is no monitoring of income from the sale of meat in the
villages, and therefore the figures are estimated on the basis of the
total weight of meat given to each village.

*Taken from Hough (1993) and adjusted for inflation.

°GS = game scout.

not incorporated as few skins are sold due to marketing
difficulties and poor quality. If the annual quota for
1999 (Table 1) had been fully utilized it would have
yielded a total value of US $10,735 at US $0.335 per kg
but, using the mean annual utilization of 43.9%, the
value realized for 1999 would have been only US $4,713.
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Estimated economic value of illegal hunting

The VGS conducted 201 patrols from December 1998 to
August 1999, both during the day and night, with a
mean of 20.8 + SE 0.3 patrols per month, and arrested
an average of 0.5 + SE 0.1 illegal hunters per patrol. A
total of 634 snares (a mean of 3.1 + SE 0.4 snares per
patrol) were collected. Thirty-two pitfall traps were
recorded, but no firearms were reported. The VGS
observed a total of 111 hunting groups, with a mean of
3.8 £ SE 0.6 hunters per group. During these patrols a
total of 96 hunters from 13 tribes, all male, were appre-
hended for hunting without a licence, and 80 of these
answered questions put to them (Appendix 1) about their
illegal hunting. The arrested hunters originated from 23
different villages in the Mara Region, both Project and
other villages. The mean straight line distance from
an ‘arrest site’ (the centre point of the location name
recorded by the VGS) to hunters’ home villages was
139+ SE 1.6 km, maximum 60.5km (n=76). Of the
hunters who replied to the reason for hunting (n =71),
60.5% stated that they hunted for their own consump-
tion, 8.5% that they hunted only for profit, and 31% that

they hunted for both purposes. A total of 88 animals
of eight species were found with the arrested hunters
(81% migratory animals and 19% resident) (Table 4).

The hunters spent 3.9 + SE 0.5 days (n = 62) out hunt-
ing before being caught, and the stated length of an
average hunting trip was 6.8 + SE 0.8 days (n =52). The
mean number of annual trips per hunter was 12.9 +
SE 1.8 (range 1-44, n =41). On average a hunter killed
0.92 £+ SE 0.1 animal per trip. The average annual wild-
life harvest per hunter was therefore found to be 11.9
animals per year: 9.6 migratory and 2.3 resident. The
hunters went on significantly more hunting trips during
the dry season than the wet season (Mann Whitney,
Z = —2.358, P =0.018).

Using the commercial prices of meat from animals
hunted illegally (Table 5) the mean annual economic
value of the wildlife harvest per hunter (E, Appendix 2)
was calculated to be US $64.8 + 95% CI 18.5. We estimated
that a total of 3,274 hunters (Table 2), who harvested
38,960 animals, originated from the 14 Project villages.
Using this and the estimated mean annual economic
value of game meat to a hunter gives an estimated
total economic value for the illegal wildlife harvest of

Table 4 Numbers of each of the eight species recovered from 96 illegal hunters, categorized according to the reasons given by the hunters
for hunting each species, and the migratory or resident status of each species.

Reason given for hunting

Species Status Own consumption Market Both Unknown Total
Wildebeest Connochaetes taurinus migratory 20 1 7 11 39
Thomson'’s gazelle Gazella thomsoni migratory 25 - 29
Impala Aepyceros melampus resident - 5 1 11
Zebra Equus burchelli migratory 1 - 2 - 3
Warthog Phacochoerus aethiopicus resident - - 3 - 3
Topi Damiliscus korrigum resident - - 1 - 1
Reedbuck Redunca redunca resident 1 - - 1
Gray duiker Sylvicapra grimmia resident 1 - 1
Total 53 3 18 14 88

Table 5 Commercial price (US $, see text for details) of the meat of the eight species hunted illegally.

Total value of carcass + SE

Species No. of pieces per carcass Wet season Dry season
Prices for dried meat

Zebra Equus burchelli 15 21.54+3.0 123+15
Wildebeest Connochaetes taurinus 11 10.3+1.8 5.7+1.0
Topi Damiliscus korrigum 11 103+138 6.0+1.0
Prices for fresh meat

Impala Aepyceros melampus 6 83+13 54411
Warthog Phacochoerus aethiopicus 6 8.6+12 5.6+1.0
Reedbuck Redunca redunca 6 83+13 54+1.1
Thomson'’s gazelle Gazella thomsoni 4 4440.6 2.74+0.6
Gray duiker Sylvicapra grimmia 4 44406 2.74+0.6
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US $212,155 +95% CI 60,569. Using a conservative esti-
mate of one adult male per household, illegal hunters
constitute 73% of the adult male population of the
Project villages (Table 2).

Discussion

Game cropping has been proposed and used as a means
of giving rural communities economic benefits from
living next to protected areas in Africa (Myers, 1981;
Mbano et al., 1995), although caution has been urged in
exercising this approach (Parker, 1984; Macnab, 1991,
Barrett & Arcese, 1995). The SRCP cropping operation
has been running for several years, but the percentage of
the quota utilized has generally been low (Table 1). Both
Ikorongo and Grumeti Game Reserves and surrounding
non-protected areas, where the cropping takes place,
are over-exploited and contain little resident wildlife
(Cambell & Borner, 1995). Cropping is therefore largely
dependent on migratory herds, which only spend brief
periods in the cropping area. These facts, together
with logistical problems such as the use of only one
vehicle, the long distances involved and poor infra-
structure, explain why the utilization of the quota
remains low. In addition, the quota for each of the 14
Project villages is small, which limits the cropping
scheme’s impact on individual villages. As illegal hunt-
ing generates an economic value 45 times greater than
that derived from the cropping operation, the latter
is therefore, in itself, unlikely to put an end to illegal
hunting.

The running cost of the July 1999 cropping operation
exceeded the revenue that it generated, but it could be
argued that this single trip is not representative of the
whole cropping season. However, we believe that
the deficit from the trip is probably an underestimate
of the general deficit because: (1) game cropping under-
taken after migratory animals move out of the area will
yield fewer animals, (2) the distance travelled during
each cropping trip will increase after the migratory
herds move on because animals become harder to locate
and more wary, and (3) planning costs, the inclusion of
a Project officer during cropping, and the purchase of
the vehicle and firearms are not included in the cost
estimate. Although the cropping operation runs at a
deficit, SRCP covers all costs and therefore cropping
still remains lucrative to the Project villages who retain
all income generated from the sale of meat.

A large number of bullets were used per animal
on the July 1999 cropping trip (4.3 rounds). This low
efficiency may be due to: (1) unreported carcasses, (2) poor
marksmanship, (3) difficult cropping conditions (large
flight distance, difficult terrain and daylight cropping),
and (4) the absence of a Project officer on the trip. By
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comparison Mphande & Jamusana (1984) stated that the
culling of nyala antelopes Tragelaphus angasi in Malawi,
conducted at night with the use of a spotlight, used on
average only 1.03 rounds per animal.

Although fresh meat from the cropping operation is
cheaper (US $0.27-0.40 per kg) than locally bought beef
(US $1.1 per kg), the poorer households may still not
have cash, and it is therefore the relatively affluent house-
holds that are able to more readily take advantage of
the availability of legal fresh game meat. The utilization
of wildlife resources by local communities is often both
for household consumption and income (Marks, 1973;
Campbell & Hofer, 1995; Carpaneto & Fusari, 2000). The
majority of the illegal hunters arrested during the patrols
stated they were hunting for their own consumption.
Wildlife food sources are important locally because
several of the villages in the study area do not have
a sufficient supply of food crops to survive only on
agriculture (Iwai, 1997; Mtoni, 1999). However, the data
collected needs to be treated cautiously, as the hunters
may have been afraid of replying that they hunted
for income, and subsistence hunters who hunt illegally
to supply their family with meat may also switch to
commercial hunting (for sale or barter), depending on
the demand for game meat and the degree of poverty
in their household (Hofer ef al., 1996; Barrett & Arcese,
1998).

Our method of collecting information on illegal hunt-
ing could have introduced biases in the calculations
of our estimates. Because the dry season months of
September—-November were not included we may have
underestimated the mean economic value of game meat
to each hunter. Furthermore, arrested hunters may have
under-reported the number of animals killed during
hunting trips and the number of hunting trips in each
season, because of fear of punishment (although arrested
hunters were not punished according to their level
of hunting). Although Rugumayo (1996) reported that
illegal hunting from the Project villages is on the decline,
which could weaken the model of Campbell & Hofer
(1995) the proportion of local residents per household
engaged in hunting (Appendix 2), the level of hunting
activity around the Project villages suggests that the
model is still valid.

In recent years SRCP, together with the community
conservation programme of Tanzania National Parks,
has worked extensively with local communities around
the Serengeti National Park to raise awareness about
hunting issues and to encourage the establishment of
small-scale economic projects. SRCP has also helped
some of the Project villages organise wildlife manage-
ment areas, which may generate income in the future,
and trophy hunting and photo safaris could provide
a further source of income. Such initiatives may not,
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however, necessarily provide sufficient incentives for
the cessation of illegal hunting, as it also has cultural
and recreational motives that remain unaddressed
(Gibson & Marks, 1995; Lewis & Phiri, 1998; Infield,
2001).

To be able to improve the long-term conservation
of the Serengeti ecosystem, managers need to address
the cause and not the symptoms of illegal hunting.
Widespread poverty provides the incentive for illegal
hunting, and hunting will continue as long as alternative
sources of income are unavailable. The SRCP game
cropping has small quotas for each Project village,
generates little revenue, and involves Project villages to
only a limited degree. It will not be able to sustain itself
beyond donor support. We therefore recommend that
SRCP discards the game cropping operation in favour
of a diversification of income opportunities for the
Project villages in areas such as agriculture and tourism.
In this context SRCP needs to continue its cooperation
with organizations that have adequate expertise in
extension services.
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Appendix 1

Appendix 1 for this article is available online at
http:/ /journals.cambridge.org

Appendix 2

The proportion y of the local residents of a village
engaged in hunting in the nearest protected area was
calculated as:

y = 0.208¢ 013 1)

where x is the distance in km from the village to the
nearest protected area border (Serengeti National Park,
Ikorongo Game Reserve or Grumeti Game Reserve). This
function was determined (Campbell & Hofer, 1995) from
a best fit curve for 10 villages that lay 2.5-48 km from
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a protected area. The function declines exponentially
with the distance of the village from the protected area.
Because Campbell & Hofer (1995) did not utilize data
from villages <2.5km from a protected area, for the
two villages that were closer than this distance (Table 2)
x was set at 2.5.

The mean annual economic value of game meat (E)
to a hunter was calculated as

7 5 7
E= {Z [(—SpiPwiK> + <*SpiPdiK>:|} + {Sp. P, K}
i=1 12 12

@

where i are the seven species taken by hunters that are
available in both the dry (June-December, i.e. 7 months)
and wet (January-May, i.e. 5 months) seasons, Sp; is the
proportion that each species contributes to the average
wildlife harvest for each hunter as derived from the total
number of animals confiscated from arrested hunters
(Table 4), Pw; and Pd; are the game meat prices in the
wet and dry season respectively, and K is the mean
number of animals taken per year per hunter. Wildebeest,
w, is only available in the study area in the dry season
(Maddock, 1979). We assumed that, except for wildebeest,
the availability of all species was the same regardless
of season.
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Appendix 1

This is an English translation of the questionnaire, originally written in KiSwabhili, used by Village Game Scouts in
the survey of illegal hunting carried out from December 1998 to August 1999 (see text for details).

Village Game Scout Poaching Survey Number
A. Name B. Village
C. Departure time D. Duration of patrol: hours days

E. No. of game scouts on patrol

If a wire snare, pitfall or animal is found, answer questions 1-2 and 19-20.
If poacher(s) only observed, answer questions 1-3.
If poacher(s) apprehended, answer questions 1-20.

Date 2. Place of capture/finding/observation.
. No. of poachers observed 4. No. of poachers arrested
. Name of poacher 6. Home village
Age 8. Sex: Male [J female [0 9. Tribe 10. Household size
11. Is the animal hunted for: Own consumption [J Market [J Traditional uses [ Other
12. Average monthly income from hunting in Tanzanian shillings

13. If the meat is for the market, how much do you get for 1 kg of fresh or dry meat in Tanzanian shillings:

N o=

Wildebeest Zebra Topi Impala
14. No. of days spent hunting on this trip 15. No. of days spent on an average hunting trip
16. How many trips do you make a) During the dry season b) During the wet season

17. Total number of hunting trips during a year
18. Method of poaching:

Wire [0 No. ; Spring trap [J No. ; Rope net [J No. ; Pit fall OJ No.

Bow [ No. , Arrows D No. ___ ; Dog [0 No.____; Firearm [J No._____

Type of firearm , Bullets [ Type____ No. ; Torch [0 No. ___; Spear [J No.
Other types of weapon [ Specify , No.

19. Animals caught:

Species Number Weight (kg) Sex Age Weapon used

20. Give a description of the place of capture or where the snare/pitfall was found: open grassland [J,
open woodland [J, Dense woodland [J, Near the river/riverine vegetation [J, Other, specify
(If there is not enough room please use the other side of the form)
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