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Abstract

Though African elephants (Loxodonta africana) are listed as endangered by the
International Union for the Conservation of Nature and Natural Resources (IUCN), efforts to
protect and conserve the species have been complicated by human-elephant conflict (HEC).
Land conflicts may be the greatest long-term threat to elephant conservation because as people
and elephants inhabit the same areas and share scarce resources, there will be more pressure to
encroach on elephant habitat for human uses, and this will get worse as human populations
continue to grow. This paper looks at factors that contribute to HEC and examines measures that
are being taken to reduce conflict. The paper focuses on two field studies: an analysis of
Elephant Pepper Development Trust’s (EPDT) use of chilli peppers in Zambia to reduce
incidents of elephant crop raiding and an assessment of farmers’ experiences with HEC in the
southern part of the Okavango Delta. This paper is intended to provide an overview of the social,
economic, and environmental dynamics of HEC and the resulting management implications for
African elephant conservation.
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Foreword

In the fall 0of 2006, I enrolled in Dr. Daniel Janzen’s course, “Humans and their
Environment.” For my final paper, I began researching human-elephant conflict (HEC) in
Africa. | was intrigued by the complexity of this issue and determined to research the topic
further for my capstone project. In the fall of 2007, | went to Botswana and Zambia to research
the extent and impact of HEC and mitigation methods to reduce HEC. While there, I had the
opportunity to gain a better understanding of the social, economic, and environmental dynamics
of HEC and to develop ideas about future lines of research.

My paper is organized into three major sections. The first section is a literature review
that provides an overview of HEC in areas of Africa that have elephant populations. The second
section focuses on my research in Zambia. It presents an assessment of the Elephant Pepper
Development Trust’s protocol for using chillis as a deterrent for crop raiding. The third section
examines HEC in the Okavango Delta of Botswana. It begins with a general overview of the
conditions that contribute to HEC in the delta. The remainder of this section focuses on the

research | conducted while in Botswana.
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Literature Review

Introduction

For those who are in a position of privilege and have the luxury to care, elephants often
conjure up majestic images: visions of elephants trumpeting as they loaf near a watering hole in
the savanna or tramping through dense rainforests. But for many who have little and must share
their inhabitance with these hulking animals, elephants inspire fear and frustration and are
deemed “pests” to be controlled or extinguished if their behavior infringes on the livelihoods or
security of the humans around them. Survival of these magnificent and powerful mammals
depends on their ability to coexist peacefully with people; therefore, conservation of the species
is manifestly connected to addressing the well being of the humans who interface with elephants.

In Africa, humans and savanna and forest elephants (Loxodonta africana africana and
Loxodonta africana cyclotis) have not coexisted peacefully through history. Before the dawn of
technologies that enabled humans to control elephants’ habitats and population density, these
animals, with their sheer size and strength, overpowered humans when they interfered with
elephant survival. In pre-colonial Africa, elephants were a major obstacle to establishing
agriculture (Parker and Graham 1989a; Barnes, R.F.W. 1996). In savanna and forest areas that
were part of elephant migration routes, agriculture was probably only successful in large, well-
defined villages (Laws et al. 1975). Colonial records indicate small-scale farmers suffered
tremendous losses from elephant depredation (Schweitzer 1922), and it was not until Europeans
and Arabs began moving in to Africa in the nineteenth and early twentieth centuries that human-
elephant dynamics changed (Hanks 1979; Eltringham 1990). There were several reasons for this
change: firearms made it easier to kill elephants and contributed to a decrease in elephant

populations (Lee and Graham 2006); colonial governments expanded throughout the continent;



Warner 6

agriculturalists began producing cash crops; mortality rates were reduced with control of tsetse
fly populations and better medical care; and ivory became a precious commodity with a high
monetary value (Hoare 1999b).

In addition, elephants were slaughtered in large numbers because of the ivory trade; these
mass hunting operations peaked during the “ivory crisis,” which began in the early 1970s and
continued through the early 1990s. During this period ivory was used to fuel wars (Draulans and
Krunkelsven 2002), to finance local development, and to generate wealth for individuals. When
the Convention on the International Trade in Endangered Species of Wild Fauna and Flora
(CITES) took effect in 1989, African elephant populations had a chance to rebound as poaching
pressure declined and action was taken to implement better management strategies. However,
political instability, ongoing wars, and a global market for ivory products have continued to fuel
the demand for illegal ivory, especially savanna elephants in Central Africa and forest elephants
in West Africa (Blanc et al. 2003).

Blanc et al. (2003) assessed the population status of elephants by region and country and
determined there are between 420,000 and 660,000 compared to pre-poaching estimates of 1.6
million (Douglas-Hamilton 1987). The majority of Africa’s elephants live in Southern Africa
with estimates ranging from 197,000 to 214,000, and 50% of these elephants are said to live in
Botswana (DGEC 2003). Only 5% of the total African elephant population resides in West
Africa—most populations already have less than 200 elephants and in many cases the effective
population is less than 50 because males have been hunted (Barnes, R.F.W. 1999). Many of the

African elephant populations that have declined over the last 30 years are in countries suffering

! Lee and Graham (2006) suggest 660,000 is a “speculative” number.
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from “civil war and/or breakdown in political and institutional governance” (Lee and Graham
2006).

Though poaching continues to reduce the number of individuals in a population, the
overall decline in elephant range and population density (Said et al. 1995) has not diminished
conflict between elephants and agriculturalists throughout rural Africa (Brown 1968; Kinloch
1972; Parker 1983; Parker and Graham 1989b; Eltringham 1990; Barnes, R.F.W. 1996). In fact,
land conflicts may be the greater long-term threat because as people and elephants inhabit the
same areas and share scarce resources, there will be more pressure to encroach on elephant
habitat for human uses, and this will get worse as human populations continue to grow.
Increasing populations can even put pressure on areas that have been designated as protected
areas. For example, when Ghana’s Bia National Park was established in 1974, it originally
covered 305 km?, but after being downgraded and logged it now covers 70 km?(Martin 1991).
Wildlife agencies are typically underfunded and governments have other priorities; therefore, it
is likely that there will be more human encroachment into protected areas.” It is important to note
too that protected areas alone are inadequate for sustaining elephants, and whether humans
purposely or inadvertently create barriers to elephant movement, these barriers impact the
species’ ability to thrive by limiting access to critical food and water sources made scarce by
seasonal climate changes and by interfering with genetic exchange among populations (Lee and
Graham 2006).

Because humans and elephants often compete for land, food, and water, conflict occurs
almost everywhere elephants come into contact with humans, regardless of whether the elephants

are protected (Hoare 2000). Though measures have been taken to ameliorate human-elephant

2 R.F.W. Barnes (1999) describes this as “creeping unofficial declassification...as hungry eyes turn towards the
island of uncultivated soil or standing timber in a sea of over-exploited farmland.”
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conflict (HEC), it persists for several reasons, including limited resources, technical solutions
that are inefficient in deterring elephants, lack of commitment and cooperation from affected

farmers, and the socio-economic cost of living with wildlife (Osborn and Parker 2003b).

Factors Contributing to HEC

Elephants have increased contact with humans due to changes in land-use (i.e.,
fragmentation of habitats because land is converted for crop cultivation, settlement, and livestock
grazing) (Nelson et al. 2003). The human landscape has expanded into areas that were previously
occupied by wildlife for several reasons. In some areas, state-sponsored and voluntary settlement
programs were enacted to encourage pastoralists to take permanent residence in areas that were
not being used by human populations. Since these areas are often environmentally marginal,
agriculture has been rather unproductive. Farms have become more isolated in these areas as
localized soil degradation has compelled farmers to plant in scattered mosaics farther from
villages (Nelson et al. 2003). As a result, the human-elephant interface expands and creates a
land-use pattern conducive to elephant foraging (Lahm 1996; Hoare and du Toit 1999). There
has also been human migration as rural residents move to more urban areas in search of
employment. When they abandon their fields, they leave a configuration of farmland scattered
with early successional forests that attract elephants (Houghton 1994). Other rural areas have had
greater interaction with elephants because they have altered the environment—artificially
maintained water sources attract elephants during times of drought (Sukumar 1990; Thouless
1994; Sutton 1998), and logging brings elephants in closer proximity to humans because
elephants forage on the secondary vegetation that moves in after the disturbance (Barnes, R.K. et
al. 1991; Lahm 1996). Additionally, canals and cattle fences have blocked traditional migration

routes (Kangwana 1995, C. VanderPost pers. comm.), and humans have settled along the
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boundaries of protected areas. Though the area of interface is expanding, modern socio-
economic conditions have reduced human tolerance to elephant presence (Naughton et al.,
1999).

Since natural wildlife habitat has been lost, measures have been taken to create protected
areas, but local people have not always met this decision favorably. National parks created under
colonial governments were established to exclude local people and protect the areas as wildlife
sanctuaries. As a result, these landscapes “became frozen in time.” This exclusion led to local
people resenting wildlife, especially dominant wild species like elephants, because native people
thought animals enjoyed economic, land-use, and political advantages that were unavailable to
them (Anderson and Grove 1987). This has contributed to “determinedly hostile” attitudes
towards elephants (Lee and Graham 2006). Though only 20% of elephants’ range is legally
protected (Said et al. 1995), to reduce tensions regarding protected areas, local people sometimes
are given farmland in areas that had previously been elephant habitat. The habitat is disturbed as
the people cut forest trees to establish farmland, which may actually be within the boundaries of
a park. Elephants, already in confined habitats, come under increasing pressure as the human
population makes use of scarce resources for firewood and construction materials (Yeager and
Miller 1986).

For example, in Kenya, the Maasai people graze their cattle within the boundaries of
national parks, especially Amboseli National Park. There are disputes over access to the park’s
vegetation, timber, and water. As water has become increasingly available via boreholes,
livestock herds have grown, and tensions have mounted as herders, farmers, and wildlife depend
on the same resources (Hart and O’Connell, 1998). This also holds true for the East Caprivi

region of Namibia where as many as 5000 elephants can be found in the dry season, reaching a
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maximum density of 3 elephants/km? (Rodwell et al. 1995). The elephants range beyond the
parks, competing with local communities for food, space, and water resources that are at a
premium (O-Connell-Rodwell et al. 2000). In fact, competition with humans for water and land
resources is one of the reasons why incidents of HEC are among the highest in the region
(Lindeque 1993).

As conflicts over land-use persist, it is clear that land-use decisions affect elephant
density. Though Parker and Graham (1989a and 1989b) argue that elephant abundance depends
on human abundance, and elephant densities decline linearly as human density increases, Hoare
and du Toit (1999) assert elephant and human density does not have a linear relationship; rather,
the condition of the natural habitat is the more significant factor in determining elephant density.
When human density reaches a threshold of about 15.6 persons/km? it upsets the critical balance
between agricultural land cover and natural habitat—it is at this point that about 40-50% of the
land is used for human activity. At this threshold, elephant density declines sharply, not because
elephants are dying in situ, but because they must leave in search of less disturbed habitats. The
threshold hypothesis is significant because it implies that converting land for human use could
lead to a “more precipitous and less reversible local decline in elephant density” than previously
predicted when relying on the linear model. Hoare and du Toit caution, however, that though the
threshold hypothesis can be applied to savanna elephants, it cannot necessarily be extrapolated to

forest elephants because ecological requirements and human land-use differs in forested regions.

Ecological Role of Elephants
To sustain their large bodies, adult elephants must ingest approximately 160 L of water
and between 100 to 300 kg of vegetation per day. They are generalist browsers and grazers that

spend 70 — 90% of their time foraging (NRP 2007). They consume plant species, including forbs,
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grasses, sedges, shrubs, and trees, the proportions of which vary seasonally and regionally,
depending on availability. They also eat bulbs, fruits, plant bases, and roots. In both forested and
savanna habitats, elephants browse throughout much of the year, and turn to grazing when
rainfall increases grass production (Ulrey et al. 1997). Elephants graze more when grass is early
in its growth cycle, but as the grasses become drier, more fibrous, and less nutritious, elephants
will return to browse (NRP 2007). Adult elephants take in about 1 to 1.5% of their body weight
daily in dry biomass. The amount of dry biomass consumed is influenced by environmental
circumstances, digestibility, and productive functions (i.e., growth, maintenance, and lactation)
(Ulrey et al. 1997).

Elephants are a keystone species that influence the greater ecological fitness of their
environment (Owen-Smith 1988; Western 1989). While feeding, elephants may uproot, break, or
knock over trees, which opens up the area of vegetation and changes the habitat conditions for
other species of animals. When elephants remove trees, shrubs and grasses are able to regenerate
in their place, which provides smaller herbivores foliage for consumption (Owen-Smith 1989)
and may help to maintain savanna grasslands (Barnes, M.E. 1999). This process also accelerates
the rate at which nutrients are recycled (Botkin et al. 1981).

Though human inhabitants may feel too much land is devoted to wildlife, not having
enough area for elephants can affect the ecology of the area. When elephants are compressed into
protected areas, which essentially become islands of isolation, biodiversity can decline
(Caughley 1976; Western 1989; Cumming et al. 1997). Moderate elephants densities (<4 per
km?) may contribute to vegetative biodiversity; whereas, low and high densities contribute to
simplified savanna vegetation. For example in Kenya’s Amboseli basin, in areas with low and

high elephant densities, there are fewer plant species than in areas of moderate densities where
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there are two to three times as many species present. In areas with low densities, yellow-barked
acacia (Acacia xanthophloea) dominates, and as the woodland groves become dense, the
understory plants receive little light, so only a few shade tolerant plants dominate the herbaceous
layer. Conversely, moderate numbers of elephants can open up the savanna canopy, enabling
many species to exist in the light gaps. In fact, there is evidence that elephants protect against
woody invasion in savannas and dry forest ecosystems, providing a more nutritious mix for
browsing and grazing animals, which benefits subsistence herders and commercial ranchers
(Western 1989).

Elephant browsing is also advantageous in tropical forests where elephants create forest
gaps that facilitate a “more productive and varied” herbaceous layer, which supports other
vertebrates, including bongo (Tragelaphus eurycerus), buffalo (Syncerus caffer), bush pigs
(Potamochoerus porcus), duiker (Cephalophus spp.), forest hogs (Hylochoerus meinertzhageni),
and gorillas (Gorilla spp.). At low densities, elephants do not create significant forest gaps, and
at high densities they thin too much of the forest, which allows secondary forest vegetation to
dominate. Kortlandt (1984) speculated that the simplified forests of the central Congo Basin are
the result of “the absence of rejuvenation owing to the extermination of elephants,” which may
portend that other diverse forests of Africa are in danger of species loss if elephants are
eliminated. In addition, as elephants clear vegetation, they create pastures for other species,
including livestock. In Amboseli, elephants create swamp and swamp-edge pasture for other
herbivores when they feed on and trample tall sedges that can edge out better quality grasses
(Western 1989).

Elephants also act as seed dispersal agents, especially for large, tough tree seeds, which

would decline without them. In Botswana, M.E. Barnes (1999) found that acacia (Acacia spp.)
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seeds dispersed in elephant dung will germinate more quickly than seeds that remain uneaten.
Alexandre (1978) determined 21 of 71 species in the Tai Forest, Ivory Coast have selected for
elephant dispersal. With the loss of elephants, African savannas and forests could experience tree
species extinction similar to those that occurred in Central America after the mega-faunal
extinctions during the Pleistocene (Janzen and Martin 1982). Owen-Smith (1988) builds on this
theory of extinction with his “keystone herbivore hypothesis,” which asserts smaller mammals
died off as their habitats were eliminated because larger mammals were no longer there to open
up the vegetation. A modern analog is found in the Hluhluwe-Umfolozi Game Reserve in South
Africa where elephants were eliminated in the late nineteenth century. With elephants no longer
present to maintain the forest mix, woody vegetation invaded the area, which coincided with
local extinctions of three grazers and significant declines in wildebeest and waterbuck
populations (Western 1989). Because elephants have far-reaching ecological functions,
elimination of elephants due to HEC could have sweeping effects for natural ecosystems and

human landscapes.

Crop Raiding

Crop raiding is the most prevalent example of HEC. Much research has focused on
“problem elephants” and the causes for and patterns of crop raiding behavior. Problem elephants
are identified as those that extend their range into areas inhabited by humans, usually to feed on
cultivated crops, but they may also damage water installations, food stores, village structures,
and may, on occasion, injure or Kill people (Hoare 1999b). Several studies examining problem
elephants and their crop raiding behavior have drawn similar conclusions, namely that elephants

consume cultivated crops because of spatial constraints and because they seek the nutrients
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provided by those crops. The following is a discussion of the research® concerning spatial and
temporal patterns of crop raiding, the demographics of crop raiders, the economic value of the
crop depredation, and implications for conservation.

Elephant damage is not evenly distributed within a given area, and there is broad inter-
year variation—an area that sustains a large amount of damage one year may not experience a
similar level of damage the next (NRP 2007). Though elephants may cause significant damage at
the local level (Dudley et al. 1992), their regional impact on agriculture is insignificant compared
to other vertebrate and invertebrate pests. Communities and/or farms near a forest or protected
area boundary, a migration route, or a water source suffer a disproportionate amount of damage
(Naughton et al. 1999; Mosojane 2004). In fact, elephants have shown they have a strong sense
of spatial awareness and are able to distinguish between “safe” forest and “dangerous” farmland.
Elephants are more likely to raid along boundaries rather than going deep into farming areas
because the risk of detection is lowest in areas that serve as a buffer between protected areas and
areas cleared for cultivation (NRP 2007). Mosojane (2004) found the percentage of the field
damage decreased as the area of cultivation increased. He attributes this to an “edge effect”—
elephants penetrate the entire field because these smaller agricultural patches are surrounded by
and may blend in with the natural vegetation. In larger patches elephants generally raid only

those crops closest to the edge, and the crops in the middle are less vulnerable.

® Research methods for gathering and assessing the data included: indirect measures of elephant dung characteristics
(Chiyo and Cochrane 2005), monitoring field disturbance and mapping damage (Naughton-Treves 1998; Naughton
et al. 1999; Barnes, R.F.W. 1999; Mosojane 2004; Osborn 2004; Chiyo et al. 2005; Marchais 2005), counting and
examining spoors (Mosojane 2004; Osborn 2004), talking with local residents and governmental authorities and
reviewing reports from local agricultural services (Tchamba 1996), and questionnaires, informal interviews and
community meetings in conjunction with the use of global positioning system (GPS) to locate crop damage and
graphical information systems (GIS) to map the locations (Nchanji and Lawson 1998).

* The term “pests™ typically refers to any insect, bird, or animal that consumes crops at any time during the
agricultural cycle—from planting to storage after harvest (Porter and Shepard 1998).
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As elephant populations reach unsustainable densities (Lahm 1996) and their range
decreases due to greater human activity, there is an increase in crop raiding (Sukumar 1991;
Barnes, R.F.W. et al. 1995), which suggests a relationship between problem elephant behavior
and land transformation that excludes elephants. For instance, in Uganda’s Kabarole District,
where Kibale National Park is located, wildlife habitat is comprised of islands and corridors
surrounded by cultivated fields. Where agricultural settlements were once isolated within
wildlife habitat, beyond the park’s boundaries, wildlife habitat is now disappearing rapidly. Even
though wildlife habitats are severely limited, farmers within 1 km of the park complain
vehemently about crop loss. Near the park, the greatest predictor of crop damage was proximity
to the forest edge (Naughton et al. 1999). In Laikipia District in northern Kenya, the spatial
occurrence of crop raiding was based on distance from permanent water sources and protected
areas. Raiding was most intense in sites with minimal to medium levels of crop cover and less
intense in areas with maximum crop cover. Thus, small-scale farmers with “patchy” cultivation,
which is usually due to inhospitable climate conditions, are more vulnerable to crop depredation
than those who have fields with some sort of barrier (Lee and Graham 2006).

Though there is not a great deal of research concerning crop raiding in forest and savanna
zones in West Africa®, crop raiding is particularly intense in this region because most elephant
protected areas are encircled by dense human populations (Barnes, R.F.W. 1999). The Banyang-
Mbo Wildlife Sanctuary in Cameroon is a prime example of an isolated protected area, with 44
villages in close proximity to the sanctuary (Naughton et al. 1999). Nchanji and Lawson (1998)
studied crop raiding in three of these villages. They found elephants preferred to raid specific

fields and villages because the fields were close to the sanctuary or because they preferred the

® Less scientific research has been conducted on elephants in West Africa than other parts of the continent (Bossen
1998).
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vegetation surrounding the location: 67% of the fields were over 3 km from the village, and 70%
were at the edge of the secondary forest or were actually enclaves within the forest. Overall, the
damage was highly localized at the village and field level. Thus, it seems fields closest to a
protected area, especially those with preferred vegetation, are most likely to be raided (Naughton
et al. 1999).

In some areas, there are seasonal fluctuations in crop raiding that coincide with food
availability and crop maturity—the greatest amount of crop damage is sustained when crops
approach maturity (NRP 2007). Foods consumed by wild elephants have been determined to be
lower in minerals and protein than cultivated crops (Sukumar 1989; Osborn 1998). As optimal
foraging theory predicts “animals will maximize the quality of their nutrient intake whenever
possible” (Begon et al. 1986); therefore, it is plausible that elephants raid crops to supplement
diets deficient in required nutrients (Rode et al. 2006). Elephants may also be prompted to raid
crops because secondary chemical compounds influence elephant food preferences (Omondi
1995; Seydack et al. 2000; Milewski 2002) and crops are more highly digestible than wild forage
(Rode et al. 2006).

Oshorne (2004) found a seasonal pattern to crop raiding in the Sebungwe region of
Zimbabwe when elephants appeared to select food based on nutritional quality rather than
availability. Crop raiding coincided with the period when elephants were transitioning from grass
to browse at the end of the late wet season. During this transitional period, the moisture content
of wild grasses decreases, and they become more coarse and fibrous—when these desiccated
grasses are ingested, they wear down the teeth more quickly and lower digestive efficiency.
Similarly, in Botswana in the Okavango Panhandle and the southern part of the delta, there is a

general trend of raiding when the cultivated crops approached maturity at the end of the rainy



Warner 17

season (Mosojane 2004, Marchais 2005). When elephants damaged fields early in the wet season
it was due to trampling as they sought watermelon intercropped with millet (Pennisetum
glaucum), beans (Tylosema esculentum), and maize (Zea mays) (Mosojane 2004). These studies
indicate crop raiding may begin around this time because cultivated crops maintain their
nutritional quality and are less fibrous while the quality of the grasses is declining.

Chiyo et al. (2005) studied elephants’ responses to bananas (Musa paradisiaca) and
maize to determine temporal raiding patterns. Banana plantations yield fruit throughout the year,
but the maize is only available when it ripens at the beginning of the dry season. Though there
was no fluctuation in the level of banana raiding, maize and other annual crops were raided after
they matured in the dry season, which is, incidentally, a period when food availability is lower
and the quality of natural forage declines and may even fall below levels necessary for
maintaining body weight. Nutritional stress is not, however, the only factor influencing crop
raiding patterns—elephants are also drawn to the ripe crops.

In tropical forests, forage quality is lowest in the wet season and highest during the dry
season when new leaves and fruit are prevalent (Nchanji and Lawson 1998). Consequently,
peaks in crop raiding in Central and West Africa occur at the end of the wet season when mature
crops are ready to be harvested (Tchamba and Seme 1993; Lahm 1996; Tchamba 1996). Nchanji
and Lawson (1998) found elephants typically raid crops during the rainy season—84% of the
incidents reported happened between November and May. The seasonal raiding occurs because
crops mature and trees fruit during the rainy season at a time when food availability within the
sanctuary is low.

Crop raiding also relates to the social structure of the elephant herd. Since elephant

breeding herds usually consist of females, their offspring, and their siblings, females are less
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likely to raid crops because this risk-taking behavior could jeopardize the lives of vulnerable
juveniles in the herd (Chiyo and Cochrane 2005). For example, when electric fences were
installed around fields in Kenya, incidents of female crop raiding decreased (Thouless and
Sakwa 1995). However, young males start to become peripheral members of their natal families
at six to eight years of age and spend up to a quarter of their time with older males. When males
break away from their maternal family units, they begin to search for new foraging areas, which
may lead them to cultivated areas (Chiyo and Cochrane 2005).

Males have been shown to gather near boundaries between protected areas and human
settlements, especially when crops are typically at maturity (Osborn 1998). Some male elephants
may be quite tolerant of human disturbance (Barnes, R.F.W. 1999); in fact, some bulls have been
identified as habitual fence breakers (Thouless and Sakwa 1995) or crop raiders (Lahm 1996;
Osborn 1998). Chiyo and Cochrane (2005) found repeated raiding by the same individuals was
common and incidences of repeated raiding increased with animal age. Therefore, an area
housing a few regular crop raiders may report approximately the same number of incidents as an
area where many elephants raid on different occasions (Barnes, R.F.W. 1999).

In Kibale National Park, Chiyo and Cochrane (2005) determined crop raiding elephants
were predominantly males, 20-24 years of age, which is also the period when they are
postpubertal (20-25 years) and begin to enter sexual maturity (Poole 1994). The crop raiding
may be related to reproductive preparation when the young male’s “exploratory drive” increases;
they begin to engage in more risk-taking behavior, and they boost their caloric intake to sustain
their growth during the pubertal period (Spear 2000; Macri et al. 2002; Romeo et al. 2002). The

nutritional value of the crops, which is higher than wild forage (Sukumar 1989; Osborn 1998),
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may benefit the males in terms of greater body mass and longer musth® periods, making the
raiding bulls more competitive over non-raiders as they seek a mate (Poole 1989). Elephants may
also be adhering to an “optimal foraging strategy” because crop raiding maximizes nutrition and
energy use: elephants can take in more calories in a short time in a cultivated field while
reducing energy and time needed to travel to quality forage (Sukumar 1989; Osborn 1998).
Young males may learn to raid crops through associations with older, more experienced raiders.
Then once the young males become accustomed to raiding behavior and the nutritional pay-off,
the raiding may become their primary means of obtaining nutrition, which is reinforced by their
drive to maximize growth and maintain longer periods of musth (Chiyo and Cochrane 2005).
Crop raiding is a particular problem for elephant conservation because when elephants
expand their range into human settlements, they are at greater risk of predation or maltreatment
by humans (Barnes, R.F.W. 1999). Farmers living near protected areas seek redress from
elephant damage, and without it, they seek ways to retaliate, including killing the problem
elephants themselves (Naughton et al. 1999). To some degree, however, crop raiding is a way of
expanding shrinking habitats. Naughton-Treves (1998) found that only 4-6% of crops were lost
in fields cultivated within 500 m of Kibale National Park. The area of greatest loss was less than
200 m from the forest boundary, but this buffer area supplements elephant habitat with an
“extra” 3000 ha of forage. Nevertheless, there are about 4000 people who live in this zone of
heavy depredation, and farmers become frustrated because their options are limited in terms of

repelling the elephants. Though people cannot be removed from their land, by exploring and

® Musth is characterized by aggressive behavior, almost constant secretions from and enlargement of the temporal
glands on the sides of the head, and continuous dribbling of urine. Post-pubertal males enter musth typically for a
period of two to three months. Musth is accompanied by an increase in testosterone levels and heightened sexual
activity, which indicates entering musth may play a role in reproductive success. Though musth has been compared
to rutting behavior in ungulates, musth periods are not synchronized and can occur any time in the year (Poole and
Moss 1981).
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implementing different land-use strategies, humans and elephants could benefit from reduced
conflict and maximized elephant forage, but this will take cooperation from those living near

elephant habitats.

Impacts and Perceptions of Crop Raiding

Changes in the socio-economic structure in rural African villages have made farmers
more vulnerable to elephant depredation and have contributed to hostility towards elephants.
Farmers can reduce vulnerability through either “individualist self-insurance” (i.e., guarding
their property, scattering fields, or diversifying crops) or through “social reciprocity between
households” (i.e., sharing fields and labor and assisting neighbors in need). Many farmers are
forced to practice self-insurance or risk individual loss (Carter 1997) because traditional farming
strategies, which are rooted in communal property and kin networks, are eroding, and there is a
trend towards private landholdings. Under the new agricultural model, collective coping
mechanisms are no longer in place, which means the community does not absorb losses as a
whole (Naughton et al. 1999), and communal guarding practices have deteriorated because there
are fewer guards—more men are migrating to cities in search of employment and more children
are attending school (Goldman 1996; Lahm 1996).

If a farmer suffers crop damage due to elephant raiding, it can be devastating for an
individual household. With the disintegration of collective farming, subsistence farmers are
especially vulnerable because their landholdings are usually small; they have no land to buffer
them from contact with wildlife; and they cannot afford to hire guards for their fields (Bell 1984;
Naughton unpublished data in Naughton et al. 1999). Farmers who own relatively large farms of
greater than 5 ha are best able to cope with incidents of crop raiding because their entire field

will not be damaged during a crop raiding incident (Mosojane 2004); the size of their plots
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enables them to plant less palatable crops near the forest, which serves as a buffer zone; or they
can lease the most vulnerable land closest to the forest. Those who have small fields (<1 ha) and
grow crops along the border of the forest on land are the most vulnerable and experience crop
losses more often (Naughton-Treves 1998). Therefore, calculating the percentage of crops lost
does not provide a good framework for determining the impact of depredation because some
farmers can absorb greater losses than their neighbors (Naughton et al. 1999).

Though crop raiding is a real problem, HEC may not be on the rise. Rather, this may be a
common misperception because the problem is receiving more political and media attention, or
because there are more human-elephant interfaces, so the frequency of raiding is increasing, but
the intensity per unit area is not (Hoare 1999b). It may be most accurate to describe HEC as
“dynamic and dependent on the local temporal and spatial extent of interactions” (Lee and
Graham 2006). Based on systematic data gathering, Dublin and Hoare (2004) concluded there is
a wide gap between perceived and actual levels of conflict and elephant damage.

In fact, it often difficult to quantify the extent of the problem because monitoring systems
can be flawed. For example, Hanks (2006) identified several problems with current methods for
monitoring and evaluating HEC in Southern Africa:

= Data quantifying the extent of crop damage are often unreliable, which may be due in
part to difficulty in distinguishing crop damage from poor production during droughts;

= Monitoring systems are not sufficiently supervised or focused enough to gather data well
suited for comparative statistical analysis or land use planning;

= Field staff often have low numeracy skills causing them to incorrectly report monthly and
annual statistics and summaries, or relatively poorly-educated field staff have difficulty
with overly complicated reporting methods and structures;

= Farmers tend to exaggerate the extent of their losses because they see reporting damage
as an opportunity to express frustration or anger about their helplessness in dealing with
conflicts with wildlife; and

= |nsome areas, HEC is underestimated because each crop raiding event may not be
reported and/or reports may lack pertinent information such as the age, sex, and number
of elephants involved in the depredation.
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Even if subsistence farmers in semi-arid savanna regions did not have to contend with
elephants and other pests, the climate would not be suitable for crop production. In rainforests,
crop yield can also be quite low because the cultivated plots are often poorly managed and small;
thus, the actual economic impact due to elephant crop raiding on subsistence farmers is
correspondingly small (Hoare 2000). It is also quite difficult to measure losses because farmers
generally plant polycultures with varying yields and densities within poorly defined areas.
Furthermore, farmers do not tend to maintain records concerning their planting regime
(Naughton et al. 1999). Nevertheless, farmers may be inclined to base their perception of
elephant damage on rare though extremely destructive events that are highly localized rather than
looking at average losses. Researchers may also have a role in overstating the impact of crop
raiding. They often exaggerate crop damage by extrapolating results from “hotspots” to larger
areas and rarely compare farmers’ reports to actual scientific field data (Naughton et al. 1999).

National surveys of crop-raiding events (Lahm 1994) or studies conducted several
kilometers from a protected area (Hawkes 1991) are actually more apt to identify rodents and
birds as major crop raiders than farms close to protected areas (Balakrishan and Ndhlovu 1992;
Plumptre and Bizumuremyi 1996). For example, Naughton et al. (1999) found livestock caused
two-thirds of crop damage (albeit on a smaller-scale and usually by animals from neighboring
farms), and the damage from these domestic raiders was persistent. But farmers do not complain
as much about these losses because they have “institutionalized modes of restitution,” and
livestock is perceived to provide economic benefits for the community (Naughton-Treves 1998).
Similarly, on the outskirts of Banyang-Mbo Wildlife Sanctuary, it was not elephants that caused
the majority of the crop damage, rather domestic goats (Capra hircus), grasshoppers, and large

rodents, such as cane rats (Thryonomys swinderianus). Naughton-Treves (1998) found redtail
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monkeys (Cercopithecus ascantus) were responsible for 51.8% of the crop foraging events,
followed by cows (Bos taurus) and goats (combined 17.7% ), and baboons (Papio cynocephalus
—9.6%), but in terms of total area, baboons caused the most damage (24%), followed by
elephants (21%) then livestock (16%). However, the local communities complained’ the most
about elephants on the basis that they could destroy an entire field in one night (Naughton-
Treves 1998; Nchanji and Lawson 1998), and they can be dangerous and have, on occasion,
attacked humans (Tchamba 1995; Naughton et al. 1999).

Since the central government has taken ownership of wildlife and prohibited hunting,
local human populations are not as tolerant of crop damage due to wildlife (Naughton-Treves
1997). Villagers often resent the elephants’ protected status because farmers feel the government
emphasizes the elephants’ lives over the people’s interests and security (Naughton et al. 1999).
The farmers believe the government or conservationists should protect their fields from the
elephants and should supply the material and fences needed to exclude them—a common belief
is “nothing should interfere with their farming” (Naughton et al. 1999). This exaggeration and
distortion probably originates from feelings of disenfranchisement and helplessness. The
impoverished local citizenry is most likely seeking solutions to the limitations of their
undeveloped rural economies (Dublin and Hoare 2004), and their complaints may come out of
concern or annoyance about constraints on resource use imposed by conservation or government
authorities (Madden 2004).

In general many people living in rural communities suffer the costs of living with
wildlife, but do not realize the benefits from it (O-Connell-Rodwell et al. 2000). People’s

perceptions of wildlife are significant because in areas where HEC occurs, a reduction in

" In Nchanji and Lawson (1998) complaints were most intense when they were in community meetings or when
conservation authorities were present as opposed to during individual interviews.
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To keep elephants out of their fields, 71% of
farmers engage in some form of passive or active
mitigation: 18% have built a thorn fence (passive),
though the farmers who did this said this is more to

prevent livestock from entering fields; 33% have

erected a palm frond fence lined with plastic bags

Image 10. Thorn fence to deter livestock in Xharaxau

and/or cans in the field (passive), which produces an

unnatural sound if the elephants touch them or if the
wind blows; and 37% drum or clap their hands when
animals approach (active), but this is only effective if

they are present when the elephants are there, which

is usually during the night.”* Only 11% of farmers

) P
in the field to keep

said they stay in their fields during the growing Image 11. p|asti bags are un
wildlife out

season. Though farmers use these techniques, few of
them thought they were very effective. Farmers said, “They only work part of the time;” “It
helps, but it’s not very effective;” “They don’t really work;” “The thorn fences are ineffective for
elephants—they push it, and it falls;” and “Bulls are less likely to be affected by the plastic.”

In addition to the prevention methods farmers are already employing, they had
suggestions for measures that would help to reduce elephant pressure. Most of these proposals
would involve outside assistance. Erecting an electric fence was the most common suggestion

(55%). Some elaborated further, stating the villagers’ fields should be grouped; then an electric

fence should surround the perimeter of the entire cultivation area. Others wanted a fence that

2! These percentages add up to more than 71% because some farmers use more than one method of mitigation.
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would control the movement of the elephants. Twenty-two percent said the DWNP or the
Botswana Defense Force (BDF) should patrol the area and chase the animals away or should
shoot problem animals. A few farmers said they would be content with adequate compensation.

Since the DWNP currently compensates farmers who have experienced crop damage due
to wildlife, farmers were asked if they had ever sought compensation for elephant damage.
Seventy-eight percent said they had applied for compensation. Of those who applied for
compensation, 65% were not satisfied with the outcome. Several said a DWNP official did not
come at all, or when an official came, he/she did not authorize a payout. When farmers were
paid, many felt they did not receive enough money? to cover the cost of the loss or the cost of
plowing. One person was told she would not receive compensation because she had plowed too
close to the river, which violates the rule that cultivated fields must be at least 150 m from the
river (NRP 2007).

The economic importance of farming and tourism was also assessed. Sixty-seven percent
of farmers said farming was their only source of income; however, 30% received additional
income from working in tourism or selling agricultural products (e.g., crops, home-brewed beer,
reeds). Though the majority of the farmers did not work in tourism, 59% had at least one family
member who was employed in the industry, most commonly at one of the safari camps in the
WMA.

Because tourism provides an important source of income for families, farmers were asked
if they thought the concession area?® was beneficial to them—78% believe it is. The majority of

the farmers said the concession attracts tourists and brings money into the area. Villagers either

22 The range was between P25 and P400.
% The concession area is located in NG32—the part of the WMA managed by the Okavango Kopano Mokoro
Community Trust. Benefits from the concession area are shared among the villages in NG32 and NG35.
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receive the direct benefit of working in tourism or receive indirect benefits when the OKMCT
disburses funds for debt relief, family emergencies, or community development projects, such as
digging a borehole or providing assistance with plowing. Nevertheless, there were some
concerns raised about how the OKMCT manages the community funds. One farmer said, “Some
people benefit from the concession, but the executive members benefit more than the rest of the
people.” Another said, “The community trust is beneficial if they use all of the money to give to

the locals, but if they misuse the money, there's no benefit.”

Discussion

It is important to note that my survey was designed to assess the farmers’ experiences
with HEC, and their responses may not fully reflect the reality of the situation. Roche (1999)
observes “people may deliberately or accidentally not tell the truth or omit information,” and this
should be taken into consideration when using participatory tools to assess impact. When relying
on interviews with farmers it is crucial to watch for inconsistencies and overstatement.
Complaints can be exaggerated or politicized to reflect a broader frustration about wildlife issues
(e.g., prohibitions on grazing in protected areas), and complaints can be disproportional to the
actual amount of crop damage because individuals are projecting “opportunity costs” (i.e.,
restrictions to movements and activities and fears about food and personal security) (DGEC
2003). For example, when asked about the amount of damage caused by elephants, farmers made
estimates based on their memory of the event. Since this information could not be verified by an
outside enumerator, the farmer could have exaggerated the amount of damage to make the
problem seem worse. To expand on the results of this study and to measure the extent of HEC in
Botswana, it would be necessary to conduct a quantitative analysis of the frequency of crop

raiding events and the actual amount of damage sustained by individual farmers.
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Though the farmers’ responses may not be entirely factual, they do provide insight into
the farmer’s perspective and experience. Their responses, however, must be viewed within the
socio-economic context of their lives. Their descriptions of HEC may mask deeper socio-
economic problems, such as lack of employment opportunities, inequity in distributing revenue
from tourism, and poor agricultural conditions and yields (Marchais 2005). Many of the farmers
are older and have limited economic opportunities, especially because they often have not
attended school or only attended until a young age (J. Marchais pers. comm.).?*

These farmers are part of the informal employment sector, which means their “job” as a
farmer is an extension of their household enterprises and production is more for subsistence than
for profit. They cannot afford to lose crops, so they may experience greater frustration and a
sense of helplessness because their productivity is largely based on factors they cannot control
(i.e., environmental conditions and depredation by wildlife). Even if farmers have a good
harvest, opportunities to move beyond subsistence are impeded because it is hard to secure
transport to sell the crops and market prices for crops are low. Interestingly, the farmer with the
largest farm of those surveyed (5 ha) said lack of farming equipment was his greatest challenge
because with the proper equipment, he can plow a larger area and absorb losses from crop-
raiding elephants. This man appeared to be in a better financial position than the other farmers |
surveyed, and with that financial security, he may be able to examine the issue of HEC from a
different perspective.

In addition to socio-economic limitations, environmental conditions hamper farming
productivity: rainfall is highly variable, soil conditions are poor, and the land on which people

are farming is often marginal (Bendsen and Meyer 2002). When asked about their greatest

% In Ngamiland, the level of education is relatively low compared to the rest of Botswana—illiteracy in Ngamiland
is 43% while it is only 30% for the whole of Botswana (Bendsen and Meyer 2002).
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challenge as a farmer, many farmers initially talked about inadequate rainfall but then said the
elephant problem is worse. Perhaps this is because it would seem humans can take measures to
control elephants; whereas, environment conditions are less controllable. Almost as a
contradiction, however, nearly all of the farmers said they would have a good harvest if there
was no crop raiding, but then a number later qualified this by saying they would need sufficient
rain to make the harvest fruitful.

Today farmers are not as free to use wildlife and the natural environment (i.e., collecting
plants for construction, game hunting, medicine). Consequently, farmers may perceive elephant
crop raiding as increasing because their access to the environment changed with shifts in
management decisions—the Moremi Game Reserve was taken over by the DWNP in 1979, the
buffalo fence was erected in 1982, and a CBNRM policy was instituted in 2000 (Marchais 2005).
In addition, the delta area within the fence boundaries was declared a cattle-free zone, which
meant local farmers were no longer able to graze their livestock in the delta as they had
traditionally done in the past (Bendsen and Meyer 2002). During the survey a number of farmers
expressed a sense of vulnerability because they have less influence on elephant activity. One
farmer said, “Before the elephants weren't coming to the people because the people were
shooting them, now they can't shoot and the elephants come.” Another said, “If we could shoot
them, they'd go away.”

Along with these changes, many farmers view elephants as government property
(Marchais 2005), and as an extension of this, they believe the government should be accountable
for elephant movement and crop raiding. This belief may lead to frustration with the government
around compensation, specifically the rules governing payouts. Farmers are not supposed to

cultivate inside the buffalo fence, and though there has been tacit agreement between the
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government and the farmers to overlook crop production in this area, these farmers are not
entitled to compensation. One farmer even said she was afraid the government would forbid
them to plow within the WMA in the future. Furthermore, compensation levels are based on a
formula—P250 per hectare—that reflects the actual amount of damage. Since most fields are one
hectare or less, farmers may miscalculate the amount of damage because visually the area looks
greater. In these cases, compensation is likely to be minimal, and the small payout could lead to
dissatisfaction and more negative feelings about elephants.

Though farmers focus on elephants as one of their major problems, other wild animals
can also cause a great deal of crop damage. Baboons, vervet monkeys, and porcupines may cause
more damage, but because they are not as physically imposing as elephants and do not cause as
much damage in a single raiding incident, farmers may perceive them as less destructive than
elephants and minimize their impact. Farmers said these species eat crops and can damage the
whole field, but this occurs over time and only if the animals come regularly. Baboons and
vervet monkeys usually come during the day, so when farmers are working in their fields, they
can chase them away rather easily. Farmers expressed more frustration about porcupines because
they come at night, and farmers did not discover the damage until the next morning. However,
unlike elephants, these species can also “eat for many days without destroying the entire field.”
Additionally, location may influence which species are deemed most destructive —farmers who
had fields near the river’s edge actually complained that hippos cause more damage than
elephants. Interms of the livestock that eat crops, farmers may be less likely to complain about
the damage because livestock provide tangible benefits (Naughton-Treves 1998) and

communities have devised compensation schemes that they control and deem fair (NRP 2007).
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browse and water (Lee and Graham 2006). Therefore, continuing efforts to establish the
KZTfCA could reduce elephant pressure on habitats and lessen the area of interface between
humans and elephants.

Since habitat preservation is more important than focusing on protection status (Hoare
and du Toit 1999), especially if protection status does not contribute to effective management,
land-use policies and planning are the most important tools for developing compromises for
coexistence (Hoare 2000). Therefore, land use policies should not contribute to high conflict
situations, such as allowing smallholder settlements in close proximity to protected areas
(Naughton et al.1999). Rather than trying to rigidly control management issues, conservationists
must try to “raise general tolerance of wildlife among the farmers, enhance their methods of
defense, and lessen the impact of severe losses by elephants” (Naughton-Treves 1998). And, an
added benefit of developing effective conservation initiatives designed for elephants is these
measures Will help to conserve the other species that fall under their “conservation umbrella”
(Dublin and Hoare 2006).

The impact of elephant crop raiding could also be reduced if farmers were willing to
make collective land-use decisions, such as grouping crops together in large plots (Chiyo et al.
2005). This could provide a greater degree of protection for individual farms—since elephants
typically raid crops along the edge of the field, larger patches are likely to be less vulnerable
(Mosojane 2004). Though developing a collective management system poses some challenges as
farmers move away from traditional communal farming practices to private land management
(Bell 1984; Lahm 1996), if it is feasible, cooperative fields could be established as part of the
CBNRM practices already in place. This would lessen the impact of raiding for any single farmer

who sustains damage to his/her crops (Naughton et al. 1999). Nevertheless, responsibility for
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protecting agricultural areas should be decentralized to the farmers because the more
responsibility they have, the more they will invest in making their conflict avoidance measures
successful (Osborn and Parker 2003b). Therefore, farmers should be encouraged to take
responsibility for actively protecting their crops rather than depending on compensation after
crops have been damaged.

In addition, existing land use policies must be enforced, including prohibitions on
cultivating along stream banks and in established elephant movement corridors. The government
must address the issue of illegal farming and settlements, particularly in hotspot areas (NRP
2007). Though it is not currently common practice, the authorities at the land board should
consult with the DWNP when allocating land to communities in areas susceptible to crop raiding
(Mosojane 2004). The land board has the power to permit land uses that do not clash with overall
land use objectives for WMAs. If approval is granted for expanded agriculture in these areas, it
would violate the stated objectives for WMASs, namely that these areas were established to utilize
wildlife sustainably and to provide a buffer between wildlife preservation areas and more
intensive agriculture in order to reduce conflicts between people and wildlife (DGEC 2003).

Though HEC is an issue of concern for both conservationists and those whose livelihoods
depend on agriculture, more quantitative research is required to determine the extent of the
problem, and viable options for amelioration should be tested in areas where humans and
elephants come into contact. Before committing to a specific, and perhaps expensive, strategy for
reducing conflict, it is crucial to ascertain the degree to which elephant activity is creating
problems and then establish “tolerance limits” for areas where there is conflict. It must be made
clear whether perception of the problem is an accurate reflection of the realities of HEC (DGEC

2003).
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It will be important to evaluate the degree to which elephants actually affect crop yields.
Therefore, it would be helpful to track variations in environmental factors (i.e., amount of
rainfall, soil conditions, and crop reactions to environmental conditions) to determine reasonable
expectations for yields given production conditions. In addition, to determine the effect of
elephants on crop yields, it would be helpful to know the exact amount of crop loss due to
elephant depredation versus other wildlife species and livestock.

In areas identified as hotspots, it would be beneficial and more cost effective to set up
experimental plots to test various mitigation strategies, such as use of chillis and buffer zones.
Authorities in Botswana would like to use chillis, especially in hotspots, to repel elephants, as
recommended in the ODMP report (G. Masunga pers. comm.). Currently, the extent of chilli use
is limited to a few farms that are being monitored by the DWNP. Before employing this
mitigation method throughout the entire delta, it will be necessary to test the efficacy and the
appropriateness of chilli-based repellants. This would require field trials over at least two
growing seasons that would test the results of using the chillis at varying levels and in areas that
are vulnerable to elephant depredation, such as known movement corridors and cultivation areas
near water sources. Trials could combine test plots assessing chillis and buffer zones to minimize
costs and maximize efficiency.

In the hotspots, research on elephant movement patterns has been minimal. To predict
future elephant depredation events and to assist with land use management decisions, further
investigation should focus on how human land use affects elephants’ ability to persist and thrive.
This would involve examining how land use (especially land conversion for agricultural
uses) and habitat fragmentation impact elephant populations, specifically their movement

patterns and habitat choices. This would provide an opportunity to determine if there are
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seasonal patterns of movement, if movement is influenced by the availability of surface water,
and if movement is related to the distribution of vegetation. This information would also enable
researchers to evaluate how compressed elephant populations affect the vegetation and the

general health of the ecosystem.

Conclusion

There will always be individuals who do not benefit from protecting elephants, but
elephant persistence can be quite advantageous to local communities. However, in attempts to
conserve elephants, humans must not be made to feel that their needs are somehow less
important than those of the animals being protected. Solutions that reduce fear of and animosity
towards elephants will meet with more success. Even with sound management programs, there
will still be those who sustain losses due to elephant presence. For those negatively impacted,
actions should be taken to facilitate resource-sharing among community members, to assist
individuals to develop livelihoods based on sustainable use of natural resources available
because of elephant persistence, and to encourage self-reliance and vigilance, so economic
activities are not disrupted by elephant depredation. If endeavors to ameliorate HEC are to be
lasting and conservation goals are to be met, solutions cannot be imposed; rather, local people
need to be enlisted to cooperate with and become invested in wildlife management and
preservation. With a strong commitment from all parties involved, HEC should not be an

obstacle to elephant conservation.
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Appendix

Data sheet used for EPDT Protocol Assessment

Date Farmer's Name
Village Commercial [] Subsistence [] Mixed []
Elephant Pepper Protocol
Chilli String Fence Chilli Grease
Chilli string fence in place Yes[] No[l Chilli grease has been applied Yes[] No[l
Fence around the entire perimeter  Yes[] No[] Grease is still effective Yes[] No[l
Fence condition Good [] Fair ] Poor[] Application frequency 2 weeks ] 2-3 weeks []
Monthly [] >Monthly []
Last applied
Chilli Briquettes Chilli Buffer
Farmer is burning chilli briquettes Yes[] No[l Chilli buffer crop is in place Yes[] No[l
Frequency Upon detection [] Daily [[] Distance from the fence <im[] im[ »im[]
2-4xfweek L] <2x/week [} >Weekly[] Location of chilli buffer Inside [[] Outside []
Does the farmer have an adequate supply for the entire
growing season? Yes [] No[]
Buffer Zone Vigilance
Surrounding vegetation Crops [] Grass/shrubs [] How far is the farmer’s residence from the field?
Fruit trees [T Non-fruit trees [T | 100 /9 100-300m [T 300-500m [ >500m [I]
5:;”;; rtiI;zs buffer between crops and tﬂ{r:;u%r ateao o Farmer will be close to field at night Yes[] No[]
Width of buffer <3m [ 3-5m [ >5m [ Farmer has a shelter erected Yes[ ] Nol[]

What other PAC methods is the farmer using in conjunction with the Elephant Pepper protocol?
Drumming []  Creating Noise []  Whips[] Gunfire[] Fireworks []  Other

The Farm
Field Size
Crops: Bananas ] Butternut SquashD Cabbage ] Cucumbers [] Eggplant [l Guavas ]
Impwa [ Leaf Vegetables [] Lettuce [J] Mangos [ Maize [] Okra ]
Peppers ] Pumpkin ] Rape ] Sugarcane ] Tomatoes [ | Watermelon [ ]
QOther

Farmer’s Experience

How long has the farmer been implementing the Elephant Pepper protocol?

Does the farmer think the program is effective? Yes [[] No [[]
Have elephants raided the crops since the protocol was first implemented?  Yes [[] No [[]

If PAC methods have been applied, what was the reaction of the elephant(s)?

Describe any constraints the farmer may be experiencing

Farmer’s general comments




Results of the EPDT Protocol assessment. The data file has been re-created for ease of reading.
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ID | Village Farmer Type of Farming | Crops Size of Field
1 | Siajoba Eustice Mushabati Subsistence maize, bananas, lemons, rape 25m x 50m
2 | Kamwi Chihebule Bonface Mixed cabbage, leaf vegetables 50m x 50m
3 | Sirkalebwe Moscow Siatembo Subsistence tomatoes, cabbage, onions, rape 1 ha
4 | Mukemu Ishmael Kambole Subsistence maize, bananas, mangos, guava, sugar cane 25m x 50m
5 Old Roy Kaanga Mixed mgige, green pepper, pumpkin, impwa, vegetable rape, 50m x 75m

Showground chillis
6 | Libuyu Victor Himbayi Mixed Eucumbers, peppers, eggplant,. watermelon, 1 ha

utternuts, tomatoes, lettuce, impwa

Songa I(\:/Igl\lléitis\'lzl)"ku (Women's Mixed maize, chillis (intercropping), okra, tomatoes 50m x 50m
8 | Kazuni Mokama Kanatu Subsistence tomatoes, impwa, vegetable rape, maize 75m x 100m
9 | Kapalota Felix Munyeme Subsistence maize, tomatoes, vegetable rape 50m x 100m

Chilli String Fence Chilli Grease

ID | Fence in Place Entire Perimeter Appearance Applied Date Applied Effective Application Frequency
1 Yes No Fair Yes September Yes no schedule
2 Yes No Poor No
3 Yes No Good Yes October Yes 2 weeks
4 | Yes Yes Good Yes October No 2-3 weeks
5 Yes Yes Good Yes last week Yes 2 weeks
6 | Yes No Good Yes last week Yes 2 weeks
7 Yes Yes Fair Yes October Yes 2 weeks
8 | Yes Yes Good Yes October Yes monthly
9 Yes Yes Poor Yes September No no schedule
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Burning Briquettes

Chilli Briquettes

Chilli Buffer

Distance from

D Regularly Frequency Adequate Supply | Buffer Crop Fence Placement
1 No-chillis/no brick Upon elephant No No
detection
2 No No No
3 Yes 2-4x/week No No
4 No Yes No
5 Yes Daily Yes No
6 Yes Daily Yes Yes 1m Outside
7 Yes Daily No Yes 25 cm Inside
8 Yes weekly Yes No
9 Yes Upon elephant Yes No
detection
Buffer Zone Vigilance

Surrounding Distance of
ID | Vegetation Buffer Present Width Residence Night Presence  Shelter Erected Other PAC Methods
1 trees Yes <3m >500m Yes Yes drumming, shouting
2 trees (scattered) Yes 3-5m No No drumming, fire

stream (no gap with )
3 field), road No 300-500 m No No N/A
4 stream (no gap with No 300-500 m No No drummlng,_clapplng,

field), road whip
5 trees (scattered) Yes 3-5m <100m Yes No N/A
6 stream, trees Yes 3-5m 200m No Yes N/A
7 | trees, grasses Yes >10m 300-500 m No No fireworks
8 grass, trees (scattered) Yes 3-5m >500m No No N/A

grass, trees (scattered), No >500m No Yes N/A

crops
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Survey questions for farmers in NG32 and NG35

1. What types of crops do you grow?
2. Are your fields near other farms (grouped) or a distance from other farms (isolated)?

3. Were your fields raided during the last productive growing season (i.e., the last season in
which you had viable crops)?

4. How much of your field was damaged (estimation)?

Do you have a problem with other animals in your fields (i.e., baboons, vervet monkeys,
porcupine, jackals, bat-eared foxes, common duiker, kudu, livestock)?

Is the problem with elephants increasing in the area? What evidence is there of an increase?
What are you doing to prevent elephants from entering your fields?
Are these methods effective?

© © N o

What measures would help to reduce elephant pressure?

10. Have you ever sought compensation for elephant damage to crops from the DWNP? If so,
what was the result?

11. Do you or members of your family work in tourism?

12. Do you have another source of income besides farming? If so, how much of your income
comes from farming?

13. Is the concession area beneficial to the community? Why or why not?

14. What is the worst problem you face as a farmer? How does this compare to elephant
damage?

15. Would you have a good harvest if you did not have problems with crop raiding? (I should
have qualified this question by asking, “If the physical conditions/environment were the
same, would the fields be productive?”)




Results of survey in NG32 and NG35
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Crops Grown

ID Village Sex Age Sorghum Millet Maize Watermelon Pumpkins Beans SRV: :(;t Groundnuts  Othery Glr:::i:g: d
1 Boro F 22 1* 1 1 1 1 1 0 0 0 1
2 Boro F 38 1 1 1 1 1 1 0 0 0 1
3 Boro F 43 1 0 1 1 1 1 0 0 0 1
4 Boro F 44 1 0 1 1 1 1 1 1 1 1
5 Boro F 46 1 0 1 1 1 1 1 1 1 1
6 Boro F 49 1 0 1 1 1 0 1 1 0 1
7 Boro F 54 0 1 1 1 1 1 1 0 0 0
8 Dianora M 60 1 0 1 1 0 0 1 0 0 0
9 Dianora M 62 0 0 1 1 1 1 0 0 1 0
10 | Dianora M 79 0 0 1 1 1 1 0 0 1 0
11 | Dianora F 85 0 0 1 1 0 0 0 0 1 0
12 | Dianora F 1 0 1 1 1 1 0 0 0 1
13 | Ditshipi M 27 1 0 1 0 1 0 1 1 0 1
14 | Ditshipi F 39 0 0 1 1 1 1 1 0 0 1
15 | Ditshipi M 40 0 0 1 1 1 0 1 1 0 1
16 | Ditshipi F 42 0 0 1 1 1 1 1 1 0 1
17 | Ditshipi F 52 1 0 1 1 0 1 1 0 0 1
18 | Ditshipi F 59 1 0 1 0 1 1 0 0 0 1
19 | Ditshipi F 65 1 0 1 0 0 0 0 0 0 1
20 | Marutsa M 25 1 0 1 1 0 0 0 0 1 1
21 | Marutsa M 27 1 0 1 1 1 1 0 1 1 1
22 | Marutsa M 55 1 0 1 1 1 1 1 0 0 0
23 | Xharaxao F 24 1 0 1 1 1 1 0 0 0 0
24 | Xharaxao F 55 1 1 1 1 1 1 0 0 0 0
25 | Xharaxao F 57 1 1 1 1 1 1 0 0 1 0
26 | Xharaxao F 60 1 1 1 1 1 1 0 0 1 0
27 | Xharaxao F 60 1 1 1 1 1 1 0 0 0 0

Ave age 48.8 # 20 7 27 24 22 20 11 7 9 16

Median Age 50.5 % 74% 26% 100% 89% 81% 74% 41% 26% 33% 59%

*1=yes,0=no

+ sweet potato, melon, wheat
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Other Problem Animals

Elephant Amt of Vervet

ID raiding Damage Baboons Monkeys Porcupines Jackals Livestock Othert Other Problem Animal - Comments

1 1 entire field 1 1 0 0 0 0 can damage the whole field over time

2 1 entire field 1 1 1 1 0 0 they destroy whole farm when they come, but elephants are worse

3 1 entire field 1 1 1 0 1 r_nonkeys eat maize a_md waterm_elon; baboons are not as big of a problem;
livestock destroy maize and eat it

4 1 none 1 1 1 0 1 1 ;r‘f;/ycan spend the night and destroy the whole field if you don't chase them

5 0 none 1 1 0 0 1 0 they destroy the whole field when they come regularly

6 0 none 0 1 0 0 1 1 they destroy the whole field when they come regularly

7 0 none 0 1 1 1 1 0 they can destroy half of the field if they come regularly

8 1 none 1 0 0 0 0 0 the_y eat malze_& v_vatermelon; can do a lot of damage if not chased away
quickly (move in big groups)

9 1 unsure 1 1 1 0 0 0 porcupines can damage whole field because they come at night - they're
worse than monkeys and baboons

10 1 entire field 1 1 1 0 0 0 they eat more than elephants

1 1 entire field 1 0 1 0 0 0 can chase baboons away before they do damage, porcupines come at night,
elephants do most damage

12 1 edge 1 0 1 1 0 1 reedbuck - feed on young maize; porcupines and jackals eat watermelon

13 1 not much 1 1 1 0 0 0 porcupines feed on watermelons and pumpkins, baboons and monkeys eat
maize and watermelon

14 1 edge 1 0 0 0 0 0 very destructive - feed on maize and watermelon, come more often than
elephants

15 1 <1 of field 1 0 0 0 0 1 baboons dgnt come that oftgn & can be chased away; hippos are a big
problem (field ~300m from river)

16 1 edge 1 1 1 0 0 1 baboons do a lot o_f damage, but the others aren't as bad because they can
be chased away with a torch

17 1 2 of field 1 0 0 0 0 1 they damage a lot if they aren't driven off; hippos are worse than elephants

18 1 unsure 0 1 0 0 0 1 hippos do much damage; last year monkeys ate small plants
baboons feed on maize & do a lot of damage because they travel in big

19 1 2 of field 1 0 1 1 0 0 groups and can eat much; jackals feed on watermelons; porcupines feed on
maize and do a lot of damage at night

20 1 unsure 0 1 0 1 0 1 they eat the crops, but not sure how much damage they do

21 1 ~1, of field 1 0 1 1 0 1 they eat watermelon and destroy much (~1/4 of field)

22 1 edge 0 0 1 1 0 0 feed on watermelons, no problem with livestock because the field is fenced

23 1 edge 0 1 1 1 0 0 elephants cause more damage in one visit
wild animals eat the fruit and leave the plants, but unlike elephants they can

24 1 entire field 0 1 1 1 1 0 eat for many days without destroying the entire field; livestock take crops but
don't destroy as much as elephants

25 1 s of field 0 1 1 1 0 0 jackals eat watermelon; porcupines and monkeys cause a lot of damage
because they come often

2% 1 s of field 0 1 1 1 0 0 jackals eat watermelon; porcupines and monkeys cause a lot of damage
because they come continuously
wild animals eat the fruit not the plants, can eat for many days without

27 1 entire field 0 1 1 1 1 0 destroying the entire field unlike elephants; livestock don't destroy as much as
elephants

# 24 17 18 18 12 7 9

% 89% 63% 67% 67% 44% 26% 33%
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HEC Prevention
ID | Increasing Evidence Methods Effectiveness Future Assistance
1 1 they eat a lot none electric fence
2 1 they break the fence none compensation equal to the money she spent to plow
3 1 g;ﬁ&érsgre\irr::allsn:j%r:lt'tgtjg;srt giy:r?ti?gtflir; dﬁEId’ 22&9 plastic in the scares the elephants wants DWNP to patrol and chase the elephants
4 1 th electric fence and fence that will control movement of
ere are more elephants now none . .
wild animals to keep them away from people
5 1 there are more elephants now than before none electric fence
6 1 there are too many compared to before none electric fence
the elephants are nearer to buffalo fence &
7 1 they cross it — they're moving from Moremi none electric fence
into concession area
8 1 some people's fields are totally destroyed none village should group farms in an Open space t_hen the
government can fence whole area with electric fence
9 1 they don't get compensation anymore drumming ?irr]r?é works part of the the elephants should be culled
. . : wants the government to chase elephants inside the
10 1 elephants are increasing in number clap hands nothing happens buffalo fence and make them stay there
11 0 no change over the years E:l_;mf;%zd/ plastic they don't really work BDF should chase the elephants
12 1 gat a Iqt of the fields, number of elephants is | palm frond/plastic it helps, but not very wants an electric fence around fields
increasing (sees more elephants) bag fence effective
i . drumming, palm keeps them away most | find an open place where everyone can farm together
13 1 zgotzg;?:zoiﬂg t hnaovvi ‘?hrgblsgqniewg/r:ar car frond/plastic bag of the time, but bulls and government could fence the entire area with electric
P 9 Y vy fence less affected by plastic | fence; move farms away from river
I, 2l it helps, but not very not sure what would help, wants compensation if
14 1 they destroy the fields after they plow frond fence with effecti ’e elephants destrov crons !
plastic & bells v P roy crop
getting worse because they have no way of doesn't help much wants to be paid a lot of money because the
15 1 inflicting pain on the elephants; if they could | drumming because elephants government said they shouldn't shoot the elephants;
shoot them, they'd go away come back wants an electric fence around the fields
the number of elephants is increasing - she CIATTY, (i)
16 1 frond/plastic bag they don't really work | wants an electric fence around fields

sees more elephants

fence
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HEC Prevention
ID | Increasing Evidence Methods Effectiveness Future Assistance
now that elephants know about the crops,
17 1 they smell them and go straight there; the drumming, stays in it helps government should fence the fields and electrify the
number of elephants is increasing (too many | the field at night fence
elephants)
drumming; palm
18 1 :zgefﬁ& ? ae\;?r:\»;yv?/ﬁrénb;feilhgigm tcome 1522122/, p;setéctgag they don't really work | wants compensation if animals destroy crops
fields at night
drumming; palm
19 1 this year when she plows, she's afraid frond/plastic bag they don't really work DWNP should shoot the elephants; an electric fence
elephants will come fence; goes to around the fields
fields at night
put bells around
20 1 they come often the field during the g?eepzilftskiig i
growing season
27 1 more damage comes from elephants than wants government assistance, but not sure what form it
i none
from other animals should take
before the elephants weren't coming to the _drummmg_, walk
X into the wind
2 1 people because the people were shooting (elephants smell doesn't help much govern_ment should_ allpw them to shoot the elephants so
them, now they can't shoot and the h they will go away like in the past
. uman scent and
elephants come; there are too many now leave)
23 1 I:J\I;sll Eﬁgielg;—rigzls?g?@h\glEESoi?mignTtlegl) fence the field ';?QSEE::?feCtNe for electrify the buffalo fence and make it taller
24 1 they come every day (there was no evidence livestock fence fence ineffective for government should help with an extra fence for their
of elephants) elephants field
25 1 elephants started coming in 2002, before thorn fence (more 2?2;&;2?:?&3/%:2; it electric fence around the field-wants government to help
they didn't come for livestock) and it falls because animals belong to the government
2% 1 elephants started coming in 2002, before thorn fence (more gﬁgs(ﬁégte:teﬁ;ﬁﬂ it electric fence around the field-wants government to help
they didn't come for livestock) and it falls because animals belong to the government
they come every day (there was no evidence . fence ineffective for government should help with an extra fence for their
27 1 livestock fence

of elephants)

elephants

field

96%
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Compensation Work in
ID Sought Compensation Result Tourism Who/Position Other Sources of Income
1 1 DWNP came and said elephants didn't destroy much 1 uncle-Elephant Back Safaris none
) 1 DWNP came and assessed the damage, she received P70, 0 none
but she spent more than that to plow
3 0 0 street vendor-sells her crops
4 0 0 none
5 0 1 brother-Elephant Back Safaris none
6 0 0 none
7 0 1 son-cook (Kwanda Safaris) Pawlfer, but makes more from
arming
. . . . - mokoro poler & specialist guide
8 1 he's gotten compensation many times 1 son at hunting safari in NG32 (makes more than from farming)
9 1 last time he received a payment was in the 1990s 0 none
10 1 they report, but they don't get a payment 1 son - escort guide none
11 1 she has gotten money in the past, but now nothing 0 none
happens when they contact DWNP
12 1 DWNP came once and paid P200, on a second occasion 1 daughter at Stanley_‘s; son used yes - cut reeds & sell them
paid P300 to work at the hunting camp
13 1 ;:Other went to DWNP 2x, but they didn't come to assess 1 brother-Baines camp chef mokoro poling, cut grass and sell it
e damage
14 0 1 guide, maintenance, cooks, none
waitress
15 1 DWNP came to see damage but didn't do anything 1 son at Stanley's mokoro poler
16 1 tried to get compensation, but they didn't pay after they 0 none
assessed the damage
17 1 gﬁ;ﬁin’; ;dbeonustcifme to see damage, but don't do 1 son at Baines selling home-brewed beer
DWNP didn't pay because they plowed next to the river
18 1 (rule states you must plow a certain distance from the 1 daughter - mokoro poler none
river) - hasn't moved field because she wants to be close
to others
19 1 husband went to DWNP 3x, the first 2x they didn't come, 1 daughter at Stanley's; daughter none
the last time they did an assessment but didn't pay at Wilderness
20 1 contacted DWNP, and they were paid 1 guide at Stanley's none
21 1 has gotten compensation every time he reports, payment 1 himself - escort guide (checks earns more from tourism than
based on amount of damage for illegal activities) farming
2 1 he went 2x, first time when elephants damaged fence he 0 ves
received P400, second time DWNP didn't come
23 1 0 none
24 1 2005 given P200, not enough to buy food 1 skinner none
25 1 DWNP measured the field, they received P25 0 none
26 1 DWNP measured the field, they received P25 0 none
27 1 2005 given 200P, not enough to buy food 1 skinner none
21 16 None = 18
78% 59% 67%
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No animals/
productive
ID | Feelings about Concession Worst Farming Problem farming Additional Comments
1 it stops wild animals--it's a buffer between  pests and disease, but elephants are worse because os elephants are beneficial because thev attract tourists
Moremi and the villages they can destroy the whole field in one night Y P Y
last year the elephants came many times but just
2 not beneficial animals yes passed by the fields; she doesn't protect the fields
because she's scared of the elephants
3 beneficial because the DWNP helps them . . . yes, if there is
- . animals like monkeys, lack of rain .
chase wild animals enough rain
4 _concession area attracts tourists and brings  sun destrpy_s crops - the sun is worse than elephant, ves never had elephant damage
income to the area lack of rain is also a problem
5 beneficial because it provides employment  cattle — the cattle and elephants are equally bad yes elephants are beneficial for tourism
6 not beneficial animals taking crops and pests yes
beneficial because the villages benefit from last vear it was unreliable rainfall and pests and even though she's never had elephants come, she
7 tourism, it brings money into the disegses P yes said elephants do more damage than pests and
community disease
money from the trust can help people with es - if there
8 debt and money to start a business; people lack of rain, lack of machines for farming, but zvere enouah
can work in tourism and gather reeds in elephants are a problem because they kill people : 9
the protected area rain
some people benefit from the concession,
9 but the executive members benefit more lack of rainfall and animals - they're equal yes no market for crops
than the rest of the people
10 ’;hey get money for the land inside the Iagk of rain anfj animals - rainfall is worse than tI'_le ves no market for crops
ence animals, there's also a shortage of farming machines
concession benefits her through the . . . . sometimes they can harvest, bUt there's no.
11 OKMCT lack of rainfall, but animals destroying crops is worse  yes 1t:ransport to sell the crops, so it is only subsistence
arming
concession is good because members of
12 the community get money for funerals or baboons. elephants. DorcuUBINes s if the field were fenced with an electric fence,
if someone gets sick, and people make » €Iep » P P Y everything would be OK
money from jobs in tourism
yes - if there
13 having wildlife is a great thing and good for elephants not a big problem, but the farmers need were enough people may say elephants are a big problem
the concession enough rain and farming equipment rain and no because they're lazy about looking after their fields
animals
14 concession is good because some people lack of rain - if there's not enough rain, the elephants
benefit from tourism take the small crops that have germinated
government gave ther'n the trust, so they can't complain about lack of rain because that's
get benefits from that; they move . . RV .
; . ) natural; guy who plows is late; if it rains a lot the he wants the elephants culled because they Kkill
15 | independently in the area; people pay to yes

see the elephants, so elephants are good
for tourism

elephants go away and don't come back until after
the harvest

people and destroy fields
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No animals/
productive
ID | Feelings about Concession Worst Farming Problem farming Additional Comments
16 lack of rain - if it rains enough, elephants migrate os she wants government to help them sell their crops
away to higher ground y rather than keeping them for subsistence
make money from tourism, only locals can Eaer mér;% V\chi’tl::gut tourism is better than farming, but the work isn't
17 | work at camps, the locals can use the land  elephants and other animals 9 . ; 9
. o problems with consistent
still and it's open to the people X
animal
concession is good because people can get S 5 M EECEDE, (B D R IE EalE i er]\erisigagjezgﬁsgeo:rlee:n':gei?\tt\ggrxiliﬁfghrirgnzlogment
18 | . : 59 peop 9 problem of elephants (worst animals: elephants, yes Y . Y } . 9
jobs in tourism orcupines, hippos) area; last year plants didn't germinate because of
P pines, Nipp lack of rain
farming still
concession is good because land is used for lack of rain - crops don't germinate, but elephants are  difficult because
19 : also a problem because they eat the crops before they can get too
safaris . - .
they are ripe and until they are ripe much or not
enough rain
concession is good because people can
20 | work there, and there are patrols to keep shortage of plowing machines no
the elephants in the wildlife area
economic benefit from concession area - animals and lack of rainfall - his farm is totally he's heard of people digging trenches around their
21 | the elephants are good for the concession d . yes fiel h | | - .
area ependent on rain ields, but that would be very labor intensive
lack of farming equipment, which leads to plowing good harvest
community trust is beneficial if they use all later |n'the se.ascl)n, I‘t]hls year there's gngughI rall(n, 1:but even tcTough
22 | of the money to give to the locals, but if no gqulpment, elep 'ants are not as ba as lack o govt. does not
. o equipment because if there's enough equipment, he have good
they misuse the money, there's no benefit .
can plow more and absorb the losses from the prices for the
elephants food
23 brings income when tourists come to see
the animals
animals should be farther away; benefit they are afraid they'll meet the elephants when they
24 | from OKMCT-they dug boreholes and they = go to get water (they're competing for water from a
plow stream that's drying up)
before community trust was established, lack of water-cart water from borehole ~2km away;
there were no problems with elephants
25 - . elephants also a problem because they are a threat
because tourists and hunters could hunt; to personal security
now they can't kills the elephants P
?ﬁéfgev:;':':gn'zt;;ﬁgv\yv?fheeslt: brl]'as:;d’ lack of water-cart water from borehole ~2km away;
26 op P . elephants also a problem because they are a threat
because tourists and hunters could hunt; to personal security
now they can't kills the elephants P
27 | animals should be farther away; benefit they are afraid they'll meet the elephants when they

from OKMCT-they dug boreholes and they
plow

go to get water (they're competing for water from a
stream that's drying up)




