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Abstract

Voeten MM. (1999). Living with Wildlife: Coexistence of Wildlife and Livestock in an East
African Savanna System. Doctoral thesis; ISBN 90-5808-133-8. Also published in the series
Tropical Resource Management Papers No. 29 (1999), Wageningen University and Research
Centre, The Netherlands; ISSN 0926-9495, ISBN 90-6754-578-3,

This thesis has as its main theme the coexistence of wildlife and livestock in East African
savannas. First however, the group size of native herbivore species was related to their body
mass, feeding style, habitat choice and density. Body mass explained most variation in group size
because of its relation to food requirements and how different sized animals experience the
distribution of food. Differential use of (food)resources by Zebu-cattle, wildebeest and zebra was
then investigated. The three species show substantial overlap in resource use by selecting similar
feeding sites, foraging on the same grass species and preferring the same habitat types. More
overlap was found between cattle and either wildebeest or zebra than between wildebeest and
zebra, This overlap in combination with limited resources implicates a strong potential for
competition between cattle and the native species. However, wildlife is able to avoid competition
with livestock during the dry season by moving to areas where cattle do not have access. This
seasonal movement is not because of competition, but is a result of differences in resource
availability between areas. This thesis also shows that the animals move to their wet season range
because only there they can satisfy all their nutritional needs, which are high at this time of the
year since the females are lactating. Their movement back to the dry season range however is
related to water requirements. Furthermore, a clipping experiment was performed to investigate if
the dry season range of migratory wildebeest and zebra could sustain current populations year-
round when access to the wet season range would be restricted. The results indicate that clipping
had a positive effect on forage quality, but that the mineral concentrations were still not sufficient
to meet herbivore nutrient requirements while clipping also reduced the annual forage production
to insufficient levels. The results of this study can be put to use in present land-use issues related

to the integration of wildlife conservation and development of pastoral areas.
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GENERAL INTRODUCTION




Introduction

The introduction of an exotic species into a native faunal assemblage can have far reaching
negative consequences for natural ecosystems. A notorious example is the change in the
native fish fauna after introduction of the Nile perch in Lake Victoria (Goldschmidt 1994,
Kitchell et al. 1997). Although not always perceived as such, also livestock can be viewed as
exotic species since livestock did not evolve with native herbivore species. In the last decades,
it has been recognised that livestock populations are an important factor in the ecological
degradation prevailing in many of the arid and semi-arid rangelands of the world (UNEP
1977, Lamprey 1983, Prins 1989, De Haan et al. 1996, Steinfeld et al. 1996, Rietkerk 1998).
Because of human influence, livestock is generally less subject to natural regulating
mechanisms (Lamprey 1983). As a result livestock numbers can, for prolonged periods,
increase to levels which are greater than the safe stocking rates of their habitats, thus
negatively affecting habitat conditions. Indeed, high stocking rates of livestock have led to
habitat deterioration and displacement of wild herbivores (Werger 1977, leHouerou 1989, De
Bie 1991). This has led to the concern that livestock and wild herbivores may compete for the
scarce resources in arid and semi-arid rangelands, also because livestock is ecologically
similar to several wild herbivore species (Prins 1999, Voeten & Prins 1999). The question
thus arises how compatible livestock and wild herbivores are, and if they can coexist.

In East-Affica, with largely rural pastoral economies, this question becomes even
more significant as human populations outside protected wildlife areas increase and as
demands for land and natural resources grow. Currently, much effort is put into integrating
wildlife conservation with development of rural communities. While it might be clear that
large-scale agricultural and industrial activities are incompatible with wildlife conservation,
there is not yet much consensus on the issue of shared land-use by pastoralism and wildlife.
Several authors have stated that pastoralists and their livestock have been able to live side by
side with wildlife already for centuries without severely affecting each other (Osemeobo
1988, OleParkipuny 1989, Homewood & Rodgers 1991). Others, however, seriously question
this contention (Lamprey 1983, Prins 1992), which is substantiated by the finding that in areas
with increased livestock numbers wild herbivore populations are decreasing (Ecosystems
LTD 1980, Prins 1992, Happold 1995, De Leeuw et al. 1998). While much attention and
research on irreversible changes in semi-arid systems has focussed on livestock-environment
interactions, not much effort has been put into studying the animal component, i.e. livestock

and wildlife.
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This thesis wants to contribute to bridge this gap in knowledge and has as its main
theme the coexistence of wildlife and livestock. Besides being a fundamental ecological
question namely: if and how livestock fits in a natural system, this question is of cardinal
importance for present land-use issues: to find a balance between preservation of
natural resources and the development of rural communities in arid and semi-arid

regions of the world is a challenge for the next century.

History of pastoralism in East-Africa

Wildlife and livestock in East Africa do not share a long common evolutionary history. While
most of the present day wild ungulates have evolved together since the Pliocene
approximately 5 million years ago (Estes 1991), domestication of wild ungulates is estimated
to have begun in Western Asia about 10,000 years ago (Payne & Hodges 1997, p13). The
earliest evidence of pastoralism in East Affica dates from 3500-2500 BP (Homewood &
Rodgers 1991, p57, Smith 1992, p80). Before the appearance of herding and farming most
inhabitants of East Africa were hunter-gatherers most probably speaking a Khoisan language
(Phillipson 1977 but see Schepartz 1988). It is still under debate to what extent local people
adopted the pastoral way of life and to what extent livestock keeping was first introduced by
Southern-Cushitic language speaking groups immigrating into East Africa from northern
Affica (Galaty 1993, Marshall 1994). By 2000 BP, the descendants of these groups dominated
Kenya and northern Tanzania (Galaty 1993). According to linguistic and archaeological
evidence, the period between 2000 BP and 1000 BP was characterized by the interaction and
assimilation of groups with different subsistence practices and languages. The Nilotic
linguistic groups from more northern regions further spread into East Africa and split into
three different language clusters: the Plains, Highland and River-Lake Nilotes. At the same
time Bantu-speaking peoples from the west and south-west entered East-Africa taking along
cultivation practices. The period between 2000 and 1000 BP is often referred to as the
pastoral iron age and is associated with the development of more intensive and highly
specialized forms of pastoralism (Galaty 1993), finally resulting in the present-day
distribution of pastoral peoples. This mosaic of social and linguistic groupings shows a

variety of life styles: ranging from camel and small stock herding in the more arid areas to
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cattle and small stock herding elsewhere and from nomadic pastoralism to more permanent
settlements with a combination of husbandry and cultivation (Smith 1992, pl168 ff).
Description of all these different groups is beyond the scope of this thesis and the remainder
of this section will therefore focus on the historic developments in the area where the research
described in this thesis was conducted namely the Tanzanian part of what is presently known
a8 Masailand or the Masai-Ecosystem (Prins 1987} (See Fig. 1).

' By 1000 BP, the Highland Nilotic linguistic group already covered much of Masailand
and they integrated with their Southern Cushitic preceders. From around this period onwards
the Plains Nilotes (or Eastern Nilotes} which have developed into the Maa-speaking groups
started to expand southward through Kenya (Sommer & Vossen 1993, p25 ff). Between the
sixteenth and eighteenth centuries the Maa-speaking people expanded their influence from
Lake Turkana in northern Kenya, southward throughout the Rift Valley area to modemn
Tanzanian Masailand (Sommer & Vossen 1993), thereby replacing other pastoralist groups
such as descendants of the Highland Nilotes and Bantu cultivators (Homewood and Rodgers
1991, p59). '

The arrival of European colonists greatly affected pastoralists (and others) during the
last two centuries, one of the main events being the rinderpest epidemic at the end of the last
century. This non-endemic disease wiped out as much as 90% of domestic stock and wild
ungulates such as buffalo and wildebeest (Sinclair 1977, Waller 1985). Besides the loss of
livestock, the ensuing famine and outbreaks of diseases such as smallpox affected the human
population even more. The decimation of livestock, wildlife and people also had ecological
implications. Due to less grazing and less fire, many of the pastoral areas became bush
encroached and infected with tsetse (Ford 1971, Van de Vijver 1999). Outbreaks of rinderpest
still oceur locally (Anderson et al. 1990, Grootenhuis 1999), but both livestock and wildlife
populations recovered well from the major epidemic of the 1890s. Buffalo and wildebeest
numbers increased exponentially once a caitle vaccination campaign had started in the 1950s
but their numbers levelled off in the 1970s in the Serengeti Ecosystem (Sinclair 1979,
Plowright 1982). The increase in cattle numbers still continues (see Table 1).

The last decades showed profound changes in many pastoral societies and also in
Masailand (Collett 1987, Mwalyosi 1991, Lama 1998). Due to increase in human populations,
the expansion of large-scale agriculture and the establishment of protected wildlife areas,

pastoralists have become more and more restricted in their movements. Hereby, their
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Table 1. Livestock and human populations of Tanzania (source: www fao.org).

Tanzania ($83,590 km®) 1962 1971 1980 1995
Livestock (x 10°) .

Caitle 8.3 10.4 12,6 13.9
Sheep 3.0 2.8 38 4.0
Goats 45 45 57 9.7
People (x 10°)

Urban 035 0.9 38 7.3
Rural 9.7 12.8 17.9 22.7

predominantly nomadic way of life is turning into a more sedentary existence in combination
with small-scale agricultural activities. Furthermore, although traditionally pastoralists
exercise seasonal rights to grazing lands rather than definitive ownership (Sperling & Galaty
1990), pastoralists are presently forced to secure the tenure of grazing lands by obtaining title
deeds (Steinfeld 1996, Lama 1998).

Nowadays, pastoralists occupy the more marginal lands, which are less suitable for
agriculture, and at the same time these marginal lands have often been set aside as protected
areas for wildlife. Depending on the legal status of these protected areas, limited or no human
activities (including cattle grazing) are allowed while wildlife is not bound by fences or
regulations. It is particularly in the surroundings of these protected areas that wildlife and

livestock still frequently interact.

Interactions between wildlife and livestock
Predation

Predation of livestock by wildlife happens occasionally, but livestock is usually well
protected during the day by herdsmen and during the night in fenced kraals. Lama (1998)
reports that during 1994, 9% of livestock was killed by wildlife (3% cattle and 15% small
stock) in Loiborsoit, a village on the Simanjiro Plains in Tanzania with 2500 people using an
area of 1200 km®. Newmark et al. (1994) conducted a survey among people living close to
protected areas in northern Tanzania. Over 71% of local people questioned, reported problems

with wildlife over a 2 year period: 10% reported the killing of livestock and poultry while
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86% reported crop damage, mainly by elephant, buffalo and hippopotamus. Although direct
predation of livestock on wildlife is not possible as such, one could view hunting and
poaching by people as the reciprocal of predation of livestock on wildlife. Most pastoralists
do not hunt habitually but occasionally kill wildlife to protect their livestock, to supplement
their diet with meat, in traditional ceremonies or to recover their wealth (Huntingford 1953,
Homewood & Rodgers 1991). The impact on wildlife by hunter/gatherers such as the
Wandorobo tribe in Tanzania has possibly never been high, due to their low numbers. The
exact impact on wildlife populations however, is difficuit to retrieve from the past. Since 1920
trophy hunting occurred at a large scale in East Africa (Delany & Happold 1979) and reduced
the populations of some wild species. In the 1970-1980, large-scale poaching by local people
either hired by others or on their own initiative, severely diminished the elephant and rhino
populations of East Africa. Lately, also meat poaching has become an important factor in the
dynamics of wildebeest and buffalo populations {Campbell & Hofer 1995, Mduma et al.
1998). Although the impact on wildlife through hunting by local communities with a pastoral
mode of production might increase because of increasing human populations, their impact is

still smaller in comparison with recent large scale meat poaching.
Diseases

The main livestock disease in wildlife is the already mentioned rinderpest. Due to extensive
vaccination programs in the 1950s, 1960s and 1970s, rinderpest became virtually eradicated.
Vaccination has not been kept up in many areas and rinderpest outbreaks have recently
become apparent in wildlife, for example in Kenya’s Tsavo National Park (Kock et al. 1995),
in Nairobi National Park and in Tanzania (pers. com. HH.T. Prins). Other diseases of
domestic animals which can be transmitted to wildlife are tuberculosis, brucellosis and rabies.
There are also several indigenous wildlife diseases that can severely affect livestock. Foot and
Mouth disease is an important viral disease, which affects several species of livestock. Certain
strains of the virus are carried by buffalo but by no other wild animal species. However, cattle
maintain most of the strains themselves and the buffalo types will become important when
complete control is achieved in domestic livestock (Grootenhuis 1999). Wildebeest carry, but
are resistant to, malignant catarrhal fever, a disease fatal to cattle. Pastoralists avoid areas

used by wildebeest during the infectious period, namely the calving period (Machange 1997).
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Much wildlife is thought to be a major factor in maintenance and spread of so called tickborne
diseases such as East Coast Fever. Corridor disease and the so called Ormilo disease, both
related to East Coast fever and carried by buffalo, were the main cause of the 52% calf
mortality and 18% adult mortality among cattle in 1997/1998 in the Ngorongoro Conservation
Area in Tanzania (Rwambo et al. 1999). Trypanosomosis transmitted by tsetse flies limits the
distribution of livestock throughout East Africa while their wild hosts can survive infection,
However, the large-scale tsetse control programs, involving bushclearing and eradication of
game in the 1960s (Homewood & Radgers 1991) directly affected wildlife populations.
Disease transmissions between wildlife and livestock affect their coexistence negatively in a
serious but not insurmountable manner. The consequences of disease interactions are mainly
dependent on financial resources available for control measurements such as vaccination

programs and cattle dips.

Competition for resources

Competition is an interaction in which one organism consumes a resource that would have
been available to, and might have been consumed by, another. One organism deprives
another, and, as a consequence, the other organism grows more slowly, leaves fewer progeny
or is at greater risk of death (Begon et al. 1996). Competition can either lead to exclusion of
one (or more) of the species involved or to coexistence depending on the degree of niche
differentiation, the initial densities of the competing species and the competitive
characteristics of the species involved.

The ecological similarity between wildlife and livestock and the competitive
characteristics of livestock (because of protection by herdsmen), makes it likely that thereis a
large potential for competition between wildlife and livestock which eventually may lead to
exclusion of wildlife. It has been often emphasized, that too high stocking rates of livestock
can change the vegetation structure io such an extent that, over time, the carrying capacity of
an area is negatively affected and that therefore livestock indirectly competes with wildlife for
resources (Lamprey 1983, Happold 1995, Prins 1999). However, so far, not much effort has
been put into studying the conditions necessary for competition to occur, being overlap in
diet, in habitat and limited resources (Wiens 1989). Part of this thesis focuses on these

conditions and the possible consequences of this.
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Study area

The research conducted for this thesis was performed in the Masai Ecosystem (Prins 1987), a
savanna ecosystem situated in the eastern part of the Rift Valley in northern Tanzania. Here,
large concentrations of wildlife utilise the pastures of the system together with cattle, donkeys,
sheep and poats of the herding communities, particularly the Masai and Arusha ethnic groups.
The Masai Ecosystem encompasses approximately 35,000 km? and stretches out from Lake
Natron in the north to the Simanjiro plain in the south, the Crater highlands in the west and the
Monduli Mountains in the east (Fig 1}. The boundaries are based on watersheds and the
boundaries between populations of migratory large mammals. It contains two National Parks
(Lake Manyara NP and Tarangire NP) and large tracks of Game Controlled Areas (GCA).
Tarangire NP (2600 km?) was gazetted in 1969, but was already proclaimed a Game Reserve as
early as 1958 (Vesey FitzGerald 1972). This area was not often used by the local pastoralists
because of the presence of tsetses and the danger of trypanosomosis for their caitle. Also Lake
Manyara NP (100 km?) had been set aside as a Game reserve since 1958 but was gazetted a
National Park already in 1960, The National Parks have a strictly protected status and no human
activities except wildlife viewing by tourists are ailowed. The Parks are not fenced and wildlife is
free to move in and out. The Mto-wa-Mbu GCA and Simanjiro GCA are mainly used by
pastoralists for livestock grazing, small-scale agricultural activities and firewood collection. In
addition, tourist hunting is allowed according to the regulations of the Tanzanian Game
Department. The Masai-ecosystem as a whole is nowadays confronted with ever increasing
human populations, settlements and large-scale commercial farming,

An outstanding feature of the Masai-ecosystem are the seasonal movements of large
herbivores. Migratory wildebeest (Comnochaetus tfaurinus) and zebra (Equus burchelli)
concentrate during the dry season in Tarangire NP and to a lesser extent in Lake Manyara NP
and disperse into surrounding areas such as the Mto-wa-Mbu GCA and Simanjiro GCA during
the wet season. Less abundant and more resident herbivore species are African elephant
(Loxodonta africana), African buffalo (Syncerus caffer), giraffe (Giraffa camelopardalis),
Grant’s gazelle (Gazella gramti), Thomson’s gazelle (Gazella thomsonii), impala {depyceros
melampus), and eland antelope (Tragelaphus oryx). Very infrequently encountered species are
oribi, bushbuck, klipspringer, dikdik, duiker, lesser kudu and reedbuck (see Lamprey 1964).
Most species occur in larger densities inside the National Parks than outside (TWCM 1995),
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Figure 1: The Masai Ecosystem in northern Tanzania with the different study areas in relation to

some important land features.
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The Masai-ecosystem lies within the semi-arid climatic region (Pratt & Gwynne 1977).
Rainfall is highly erratic and variable and primarily falls between December and May. During
the dry season (June-November) rainfall is very rare. A rainfall gradient is observed from
West to East. Average annual rainfall is 650 mm in lake Manyara NP (Prins & Loth 1988),
620 mm in Tarangire NP (M. M. Voeten, unpublished data) and 600 mm in the Simanjiro
GCA (Kahurananga 1979).

Savanna vegetation is characteristic of this system with extended grasslands and
floodplains, acacia woodlands and bush thickets as the main vegetation types (see Kahurananga
1979, Loth & Prins 1986, Chuwa 1996). Geology is based on three types of rock formations:
the pre-Cambrium gneiss rock and lacustrine/atluvial deposits of Miocene origin. Vast areas
were covered with volcanic ashes during Miocene and Pleistocene volcanic eruptions, which
resulted in relatively nutrient rich soils {Medina 1987).

Because of the abundance and diversity of wildlife and the prevalence of pastoral
economies, the Masai-ecosystem is an excellent area to study the coexistence of wildlife and

livestock.

Qutline thesis

This thesis regards several aspects of the coexistence of wildlife and livestock in East Africa.
Before focussing on these issues, it is of major interest to investigate some of these aspects
within the wild herbivore assemblage itself Chapter 2 describes the relationship between
group size of native ungulate species, their body-mass, feeding style, habitat choice and
animal density. Some of these elements can also be considered important for coexistence of
wildlife and livestock. Resource partitioning, for example by means of different feeding
styles, may explain how species coexist despite extensive overlap in ecological requirements.
Chapter 3 describes the resource partitioning between wildebeest, zebra and Zebu-cattle by
investigating the overlap in resource use. Feeding sites selected by the different species in
different seasons are compared and discussed in the light of the potential for competition
between wildlife and livestock. For competition to occur, the species involved should share
the same resources. The annual migration of large wild ungulates in the Masai Ecosystem
involves a movement from protected National Parks to surrounding unprotected areas, which

are inhabited by pastoralists and their cattle. Chapter 4 describes the causes of this seasonal
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migration by studying the nutritional requirements of wildebeest and when and where these
requirements can be satisfied. Many of these unprotected areas are under great pressure
because of increasing human populations and expanding agricultural activities and might
therefore become less accessible for wildlife in the future. Chapter 5 explores the
consequences of restricted migratory movements by studying the effects of year-round
grazing in an area where normally the animals only reside during the dry season. Chapter 6
presents more specific data on overlap in habitat and diet between wildebeest, zebra and cattle
in combination with resource availability and food requirements. To study the possible
consequences, body condition of a wildebeest population co-occurring with livestock and of
one isolated from livestock were compared. Implications are discussed for the migratory
system of the Masai ecosystem. Finally, chapter 7 synthesises the conclusions, which could be
drawn from the preceding chapters regarding the coexistence of wildlife and livestock and the
possible conflicts arising from this. Management strategies of other areas in East Africa where
similar situations exist are discussed and suggestions are presented on how to “live with
wildlife”.
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Abstract

We investigated the relationship between the group size of African ungulates and metabolic
mass, feeding style, animal density and habitat type. Unlike other studies, we analysed this
relationship by entering all these factors simultaneously in a multiple regression.

The results show that metabolic mass explains most variation in interspecific group size
through its effect on food requirements and how different sized animals experience the
distribution of food. This relationship was found to be similar for grazers and intermediate
feeders although group size of grazers increased more with an increase in metabolic mass than
was the case for intermediate feeders. From similar studies we inferred that group size of
browsers increased even less with an increase in metabolic mass than intermediate feeders.

Elephant did not comply with the relationship as was found for intermediate feeders. We
postulate, that such large intermediate feeders may either conform to the relationship as was
found for grazers or to the relationship as inferred for browsers, depending on the amount of
grass or browse in the diet.

Animal density and vegetation cover explained very little or no additional variation in
group size. The possible effects of predation pressure are also discussed but did not lead to
unequivocal conclusions. Besides confirming hypotheses as formulated by earlier researchers,

present data show that these hypotheses even apply to a wider range of ungulates.

Keywords: body mass; ungulates; food availability; browsers; grazers; intermediate feeders
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Introduction

Most mammalian herbivores form groups, either temporarily or permanently. Group size varies
widely between species, and also within species marked temporal and spatial variation in
grouping patterns occurs. Ultimately, group size reflects in fitness terms the trade-off between
costs and benefits of group living Costs and benefits are primarily related to finding and
handling food, to defence against or avoidance of predators and to repreduction (Clutton-Brock
1974, Krebs & Davies 1981, Prins 1996). The trade-off, however, is constrained by factors that
have evolved in the past, namely body weight, feeding style and social organization of the
species, Jarman (1974) made an inventory how group size and social organization of African
antelopes are associated with body mass classes and feeding habits. His investigations resulted in
distinguishing five categories of social organization. Classification by Estes (1974, 1992) showed
the same patterns as discerned by Jarman (1974), re-emphasizing the relation between body mass
and group size.

Factors that influence group. size within herbivore species were studied by Leuthold &
Leuthold (1975) and Underwood (1982) who presented basic quantitative data for several
species. Apart from the factors mentioned already, also other factors appear to determine group
size. These are habitat structure, food availability, density of conspecifics and predator density.
Also interspecific group size is positively correlated with open habitat (Clutton-Brock et al.
1982, Barrette 1991, Habibi 1997), density of conspecifics {Caughley 1977, Vincent 1995, Toigo
1996, Habibi 1997} and predator density (Prins & Iason 1989, Heard 1992, Caro 1994). In
addition, food availability is positively correlated with group size, but this interacts with the
spatial distribution of food (Jarman & Jarman 1979, Clutton-Brock et al. 1982, De Boer & Prins
1990). Wirtz & Lérscher (1983) investigated antelopes with lower body mass and found that
group size was smaller in more dense habitats but also that interspecifically positive correlations
between group size and body mass occurred and between group size and density of herbivores as
well. They found that browsers formed smaller groups than grazers and mixed feeders.

The studies mentioned have in common that typically group size was studied in relation
to a single causal factor. In this paper we investigate which factors account for most of the
variation in herbivore group size in an East African savanna by simultaneously analysing several

of the above mentioned factors. Results are presented on differences in group size between
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species in relation to body mass, feeding style, animal density and habitat type. Furthermore,
intra-annual variation (that is, variation between months) in group size within species all

occurring in different localities was studied in relation to animal density.

Study area

Data were collected in three locations in northern Tanzania within the eastern part of the Great
Rift Valley, namely Tarangire National Park (NP}, Lake Manyara National Park (NP), and the
Mto-wa-Mbu Game Controlled Area (GCA). Tarangire NP (lat. 4° S, long. 36° E, 1200 m above
sea level) encompasses an area of approximately 2600 km? The park is typified by ‘large
migratory herds of wildebeest (Commochaetes taurinus) and plains zebra (Equus burchelli) that
use the area during the dry season. Their wet season ranges are situated to the east and north-
west of the park (Chapter 4). Other abundant and more sedentary herbivores are African elephant
(Loxodonta africana), African buffalo (Syncerus caffer), impala (Aepyceros melampus), Grant's
gazelle (Gazella granti), Coke's hartebeest (Alcelaphus buselaphus cokii) and giraffe (Giraffa
camelopardalis) (see aiso Lamprey 1963). Vegetation types based on percentage crown cover of
woody plants and species composition have been described by Chuwa (1996). Lake Manyara NP
(lat. 3°30' S, long. 35°45'E, 1000 m a.s.1.) consists of a narrow strip of land (100 km?) situated
between Lake Manyara and the steeply rising escarpment of the Rift Valley. The herbivore
assemblage is similar to that of Tarangire NP (Prins 1996), although some species like Grant's
and Thomson's gazelle (Gazella thomsonii) do not occur in this Park. The wildebeest and zebra
populations here are partly sedentary. The vegetation and landscape ecology of Lake Manyara
NP have been described by Loth & Prins (1986). The third locality, the Mto-wa-Mbu GCA
(1000 m a.s.1) is situated between Tarangire NP and Lake Manyara NP. It has limited protection
status and is an open access area for pastoralists. The Mto-wa-Mbu GCA is used as a wet season
range by wildebeest and zebra from Tarangire NP (Chapter 6). Resident game, like giraffe,
Grant's gazelle and Thomson's gazeile, is less abundant than zebra or wildebeest and compared
to the National Parks their densities are low. A vegetation description has not been published but
a preliminary map with vegetation types based on percentage cover by woody plants has been
prepared by the first author.
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The average yearly rainfall in the three iocalities is about 620 mm (unpubl. data) and two seasons
can be distinguished (Prins & Loth 1988). During the wet season (November to May) rainfall is
highly variable and erratic. During the dry season (June to October) rainfall is very rare.

Methods
Data collection

Animal road counts (Prins et al. 1994) were conducted from November 1994 until August 1995.
Each road was driven two to three times per month and all animal groups that were spotted were
recorded. Records were made of species, number of animals in the group, vegetation structure
type, distance to the road, road name, date and time. In Tarangire NP a total of 3039 km was
driven and 3326 observations were made, in Lake Manyara NP 1561 km and 1868 observations
and in the Mto-wa-Mbu GCA 2521 km and 1278 cbservations. Observations were made on all
herbivores heavier than about 20 kg, including Thompson's gazelle but excluding hippopotamus
(Hippopotamus amphibius). For impala a distinction was made between bachelor groups (all
males) and harem groups.

Individuais were arbitrarily considered to belong to different groups when the average
distance between the individuals was at least about ten times smaller than the distance to another
group of individuals with similar nearest neighbour distance. An individual was classified
'solitary’ when the distance between this individual and a group was more than about 40 meter
(see Leuthoid & Leuthold 1975, Underwood 1982). For giraffe and elephant this distance was
taken as about 80 meter because these species forage more widely dispersed than the other
species. Data on social organization, feeding habits and body mass figures were taken from Estes
(1992). All data on group size refer to day light observations only. Vegetation types are defined
on basis of vegetation structure (grassland, wooded grassland, wooded bush, forest, etc.) and
delineations based on percentage cover by woody species according to Loth and Prins (1986) are

followed.
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Data analysis

Mean group size and median group size were calculated for each species per year and per month.
The median group is the group in which the average individual is found and is calculated as the
median value of the cumulative product of group size and frequency (Prins et al. 1994), The
median group is an animal-centred parameter as opposed to the arithmetic mean, which is an
observer-centred parameter. Data on group size of wildebeest and zebra for Tarangire NP and the
Mto-wa-Mbu GCA were pooled because these populations migrate between these two localities.
Mean annual group size was taken as the unweighted mean of all group sizes so as to facilitate
comparison with other publications.

Visibility in different vegetation structure types and/or spotting distance from the road
may influence group size as observed. If so, observed group sizes should be corrected for it.
Prins & Van der Jeugd (1993) have related visibility to percentage cover by woody species in
Lake Manyara NP and they concluded that correction factors were necessary. In the present
study we checked whether the mean and median group sizes for the studied herbivore species
were affected by visibility in the different vegetation structure types as taken from the study of
Prins & Van der Jeugd (1993). Although the relation between visibility and percentage cover by
woody species was developed for Lake Manyara NP, we used it for all three localities becaunse
the vegetations are similar. Of the 36 investigated relations (Spearman Rank correlation tests)
between group size and visibility, only 2.8 per cent showed a significant relationship after
Bonferroni correction. We thus concluded that there was no effect of visibility on observed
group size, we concluded this for all species but realise that a Type-II error may have occurred.
Also the relationship between median group size or mean group size and spotting distance from
the road were tested because there was the possibility that further away large groups were more
easily spotted than small ones, while close to the road small groups and large groups would have
an equal spotting chance. Again, of the 36 Spearman-rank correlations between group size and
distance, only 2.8 per cent were significant after a Bonferroni correction, so we concluded that a
correction for distance was not necessary.

Species-specific density was based on the number of animals of each species counted
during the road counts (Wirtz & Lorscher 1983). As an index for species-specific density, a
relative density parameter, namely, the number of animals/kilometre was calculated for all three

localities and for each species. This was calculated per month and for the whole year. Because
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not all routes were driven equally frequently, distances driven in all vegetation structure types
were not the same for each month and each locality. We thus calculated species-specific density
per month as the weighted mean in which we weighed for the proportion of route length per

vegetation type only, as:

N .
Z (km driven in V: * sum of animals observed in Vi)

km driven in V.
A densi imals/km) =
verage density (ani ) ka driven in V:

V= vegetation structure type 1—8

An analogous formula was applied to calculate species-specific group density (i.e., the number of
groups of a herbivore species observed per kilometre).

Stepwise multiple regression analysis was used to explain differences in group sizes of
the different herbivore species. We first tested for normality; for some species group size was
normally distributed and for others not. Therefore, and because large sample sizes are less
sensitive for deviations of normality, we decided not to transform the data. For the regression
analysis, a number of functional groups were discerned, namely, (a) all herbivores, (b) species
classified as ‘grazers' only, (c) species classified as 'intermediate feeders' (Hofmann 1989), (d)
intermediate feeders excluding elephant, and (e} all species excluding megaherbivores (that is,
giraffe and elephant; see Owen-Smith 1988). In the stepwise multiple regression models for
these functional groups five variables were used to explain interspecific group size differences,
namely, species-specific density, metabolic mass, feeding-style type (for groups a and e only),
vegetation structure and locality. First, two-tailed Spearman rank correlation coefficients were
calculated between these 5 variables. Since we found no significant correlations between any of
the variables, we considered them as being independent and thus fit for a regression analysis.
Further, we considered the observations on group size of the same species in different localities
as independent replicates of feeding categories, since only in that way the influence of locality
dependent variables such as density and vegetation structure on group size could be analysed.
Body mass (W in kg) was transformed to metabolic mass (MW as W*™). Since different
vegetation structure types {(such as ‘wooded bushland' and 'woodland’) are characterized by

particular cover classes of woody species (see Loth & Prins 1986), the parameters 'percentage
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cover by woody species' and 'vepetation structure type' are linked. Effects of locality on the
yearly mean group sizes of species were separately tested with an analysis of variance.

Differences within species were also investigated. Two-tailed Spearman rank correlation
coefficients were calculated between group size and species-specific animal density, and also
between species-specific group density and species-specific animal density by making use of the
intra-annual variation in these two parameters. Monthly differences in species-specific group size
were analysed with a multiple regression for Thomson's and Grant’s gazelle, hartebeest, impala,
zebra, wildebeest, and elephant. Not enough data were collected to aliow analysis per month for
buffalo, waterbuck (Kobus ellipsiprymnus), eland antelope (Tragelaphus oryx) and warthog
(Phacochoerus aethiopicus).

Results

Interspecific group size differences

An overview of the average yearly median group size, average yearly mean group size and other
descriptive parameters for the different herbivore species are presented in Table 1. Stepwise
multiple regression for the different functional groups (Table 2) showed that of the five variables
used to explain variation in group size, two variables were frequently selected, namely,
metabolic mass and species-specific density. Explained variance was slightly higher in case of
median group size than in mean group size (Table 2). Regression models for grazers (group 'b' in
Table 2) and for intermediate feeders except elephant (group 'd") were good and explained most

variation in median group size differentiation between species (respectively, 83 % and 94 %).

The models for all intermediate feeder species (thus including elephant, group 'c' in Table 2) and
for all species combined (group 'a") explained little of interspecific group size diversity.

When more variables were included in the model, metabolic body mass always
explained most of the variation (see standardized regression coefficients, Table 2). Figure 1
shows the relation between median group size and metabolic mass. The lines describe the
linear regressions for different functional groups of herbivore species, namely 'grazers' (group
'b' in Table 2), and 'intermediate feeders-except-elephant’ {group 'd") (see the Legend of Fig. 1

for equations). The regressions for grazers only and intermediate feeders-except-elephant were
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significantly different (ANCOVA, F= 4.68, P < 0.05). The analysis displayed in Fig. 1 shows
that the two megaherbivores (giraffe and elephant) deviate strongly from the general relation
between group size and metabolic mass as established for non-browsers or small to medium-

sized herbivores.

Table 1. Average yearly mean (with 95 % confidence limits} and median group size for African
herbivores. TAR = Tarangire NP, MAN = Manyara NP, GCA = game controlled area, * = pooled
data for TAR and GCA. GR = grazer, IF = intermediate feeder and BR = browser. Also body weight,
species-specific density (animals/km), most frequently selected vegetation type (based on % cover by
woody species) and number of observed groups (n) are given.

Species Locality Feeding Mean gronp Median Body Density Vegetation n
style size group size weight type
(kg)

Giraffe TAR BR 254+ 03 3 200 0.14 8% 170
Giraffe MAN BR 347t 05 6 900 046 2% 262
Giraffe GCA BR 531% 038 9 900 035 10% 168
Warthog TAR GR 231t 02 3 75 011 8 % 79
Warthog MAN GR 424+ 07 5 75021 2% 9
Hartebeest TAR GR 483+ 038 8 135 020 i18% 132
‘Waterbuck TAR GR 503+ 14 B 200 010 8% 63
Wildebeest TAR® GR 3280+ 45 115 230  4.87 8 % 838
Wildebeest MAN GR  5100% 83 150 230 1096 2% 393
Zcbra MAN GR 8821 12 13 240 261 2% 546
Zcbra TAR® GR 1015£ 09 20 240 315 8 % 1760
Buffalo MAN GR 4404x 58 225 630 242 2% 128
Buffalo TAR GR 78561344 150 630 088 8% 34
Thomson's gazelle TAR IF 255+ 20 4 20 001 8% 11
Thomson's gazelle GCA IF 677+ 1.1 11 20 019 2% 179
Thomson's gazelle MAN IF 1004% 27 14 20 013 2% 25
Grant's gazelle GCA IF 520+ 07 7 40 022 10% 105
Grant's gazelle TAR IF 739+ 1.1 11 40 040 8% 168
Impala-harem GCA IF 1652+ 40 23 45 0.15 8% 27
Impala-harem TAR IF 2385+ 23 30 45 125 8% 182
Impala-harem MAN IF 2387+ 27 30 45 183 2% 160
Impala-bachelor MAN IF 396+ 05 5 60 039 18% 185
Impala-bachelor GCA IF 450+ 12 5 60  0.03 18 % 16
Impala-bachelor TAR IF 472+ 06 10 60 047 8% 316
Eland antelope TAR IF 3270+272 80 475 0.11 8% 10
Elephant MAN IF 3561 09 5 3500 0.17 55% 00
Elephant TAR IF 1078+ 32 24 3500  0.76 8% 272
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Figure 1. Relation between yearly median group size and metabolic mass for African herbivores. BU
= buffalo, EA = Eland antelope, EL = Elephant, GI = Giraffe, GG = Grant's gazelle, HB =
Hartebeest, IM-b = Impala-bachelor, IM-h = Impala-harem, TG = Thomson’s gazelle, WH =
Warthog, WA = Waterbuck, WB = Wildebeest and ZE = Zebra. The fitted lines describe the
regressions for grazers (Y= - 50.34 + 189X, R® =0.67, F=1591, n= 10, p < 0.01} and for
intermediate feeders except elephant (Y= 1.69 + 0.73X, R* =0.79, F'=37.94, n=12, p < 0.001}.

Effect of locality on group size

A number of herbivore species occurred in two or three localities and so the effect of locality an
mean group size could be investipated. Mean group sizes are given in Table 1 and the differences
between the localities are summarized in Table 3. Even though the three localities are very
similar and closely to each other, not all species occur in the three localities. Thomson's and

Grant's gazelle do not occur in Lake Manyara NP although Thomson's gazelle can be
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observed from that Park just cutside the Park along the Simba River. As pointed out in the
'Methods' section, the observations of wildebeest and zebra in the Mto-wa-Mbu GCA. and in
Tarangire NP were pooled because these populations migrate between these two localities.
Hartebeest do not occur in Manyara any more (Prins 1996} and were infrequently observed in the
Mto-wa-Mbu GCA. An effect of locality could thus not be studied for this species.

Table 2. Results of stepwise multiple regression analysis. Either mean or median group size was
entered as dependent variable. Independent variables were metabolic mass (body weight"™ ), species-
specific density (animals/km), % cover by woody species, locality and type of feeder (if applicable).
Five different functional groups were entered into the model: {a) all species, (b) only grazers (GR), (¢)
only intermediate feeders (IF), (d) all intermediate feeders except elephani, (e) all species except
elephant and giraffe. " p <0.05, " p <0.01, ™" p £0.001.

Type of Dependent Selected Regression Standardized Sig.  R° F
feeder variable independent coefficient regression level (%)
variables coefficient
GR+IF+ mean group density 4.17 0.52 L 266 916
BR (a) {constant) 10.14
GR+IF+ median group  density 14.51 0.58 N 335 1267
BR (2) {constant) 18.58
GR({b) mean group metabolic mass 0.60 0.81 T 654 1517
(constant) -13.75 ™
GR(b) mediangroup metabolic mass 1.80 0.78 o831 12T
density 9.98 0.41 .
(constant) -70.16
IF (c) mean group nong
IF (c) median group  none
IF{d)  mean group metabolic mass 0.29 0.74 T 760 1427
density 10.47 0.58 i,
(constant) 0.55
IF(d)  mediangroup metabolic mass 0.80 0.95 T 942 436
cover -1.07 -0.27 .
density 8.43 0.22 "
{constant} 5.81
GR +IF mean group metabolic mass 0.37 0.68 660 1857
(© density 234 0.30 -
(constant) -1.15
GR+IF mediangronp  metabolic mass 1.21 0.71 Toma 2T
(e) density 881 0.36 .,
(constant) -20.60
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Table 3. Results of one-way ANOVA in which species-specific annual mean group size was fested
between different localities. TAR = Tarangire NP, GCA = Mito-wa-Mbu game controlled areq,
MAN = Manyara N.P. Different letters denote significant differences. ne.d = not enough data

collected to allow analysis. n.o. = not occurring. * p <0.05, " p <001, ™ p £0.00!.
Species Mean group sizcs F-value
TAR GCA MAN
Giraffe 2.54* 531°¢ 347° 2217
Warthog 231° ned. 424" 3939
Wildebeest 32.80 * pooled with TAR  51.01° 13817
Zebra 10.15° pooled with TAR ~ 8.32° 1.74™
Buffalo 78.56* n.o. 44.04° 3.
Thomson’s gazelle 255° 6.77% 10.77° 423"
Grant’s gazelle 739° 5.20° n.o. 857"
Impala-harem 2385° 16,52° 2387 251"
Impala-bachelor 472° 451* 396° 137™
Elephant 10,78 ° ned 3.56°" 657"

Table 4. Monthly variation in mean and median group size. The range is the highest and lowest value
of the monihly mean and median group size. TAR = Tarangire NP, MAN = Manyara NP, GCA =

game controlled area, ° = pooled data for TAR and GCA. Coef Var.= % x 100%.

Species Locality Range monthly Coef Var. Range monthly Coef. Var. monthly
mean group monthly mean median group median group size
size group size size
Thomson's gazelle GCA 4-12 113 % 6-29 50%
Grant's gazelle GCA 4-11 73 % 4-19 57 %
Grant's gazelle TAR 5-16 95% 6-20 33%
Impala-harem MAN 21-31 61% 25-35 23 %
Impala-harem TAR 20-32 67 % 26-40 38%
Impala-bachelor MAN 3-8 90 % 4-14 59 %
Impala-bachelor TAR 2-10 120 % 4-20 55 %
Hartebeest TAR 3-8 97 % 3-16 44 %
Wildebeest MAN 2290 160 % 85-200 5%
Wildebeest TAR' 12-55 203 % 60-180 40 %
Zcbra MAN 8-15 167 % 6-40 64 %
Zebra TAR" 6-25 217 % 7-80 103 %
Elephant MAN 2-6 120 % 3-11 46 %
Elephant TAR 5-50 247 % 8-100 114 %
Giraffe GCA 39 98 % 3-12 43 %
Giraffe MAN 2-6 114 % 39 36 %
Giraffe TAR 2-4 71 % 2-6 5%
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The stepwise multiple regression analysis (Table 2) did not identify the parameter 'locality' as a
significantly contributing factor to explain group size for any of the five discerned functional
groups. Table 3 shows that locality (that is, Lake Manyara NP, Tarangire NP and/or the Mto-wa-
Mbu GCA) is not consistently associated with larger groups for all individual herbivore species.
To the contrary, some species occurred in larger groups in Manyara (four species) and others in

Tarangire (two species) while for three species there were no differences.

Effect of woody cover on group size

Most species were predominately observed in rather open vegetation types with less than 10 %
cover by woody species (Table 1). Only impala bachelors in Manyara and in the Mto-wa-Mbu
GCA, elephant in Manyara and hartebeest were found in more dense vegetation types. Also
within the different herbivore species no significant effects of selected vegetation type on group

size was found {Spearman rank correlation tests between visibility and group size, see methods).
Intraspecific variation in group size

Table 4 gives an overview of the monthly variation in mean and median group size for those
herbivore species for which enough data were collected. Because median group sizes are larger
than mean group sizes the coefficients of variation for median group sizes (average 51%) are
smalier than those for mean group sizes (average 124%). We were not able to detect any
consistent differences in the coefficients of variation for the different species.

Table 5 gives more detailed information because there we show the relation between
species-specific density and group size after a multiple regression in which we entered locality as
dummy parameter (for Thomson's gazelle and hartebeest only data of one locality could be used:
see Methods). The models confirm that locality is of very little consequence because for the
seven species tested, locality gives a significant effect only for wildebeest. This may be a
spurious correlation. Density explained variation in group size for Grant's gazelle, impala
bachelors, elephant and giraffe. Density did not explain variation in group size for Thomson's

gazelle, hartebeest, impala females, wildebeest or zebra.
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Diversity in group size

Table 5. Results of multiple regression analysis. Monthly median group size was entered as dependent
variable. Independent variables were monthly species-specific density (animals/km) and locality.
Independent variables were entered simultancously. For Thomson's gazelle and hartebeest only data
of one locality could be used and for giraffe from three localities. ™ not significant, ” p <005, "p <

0.01, ** p <0.001.

Animal species Independent  Regression  Standardized Sig.level R*(%) F

variables coefficient  regression
coefficient
Thomson's density 0.44 0.03 i 0.01 o.o1™
gazelle
{constant) 13.24 '
Hartebeest density 2]1.63 0.62 ne 383 4,96™
{constant) 397 1.98 m
Grant's gazelle density 12,80 0.69 * 575 11.50™
locality 1.15 0.13 M
(constant) 4,74 h
Impala-harem density 5.83 0.30 " 173 1.67%
locality 10.52 0.49 n
(constant) 17,78 s
Impala-bachelor  density 22.94 0.82 75.6 24.91™
locality 1.70 0.18 =
(constant) -1.80 "
Wildebeest density 2.62 0.35 s 438 6.77"
locality 41.73 -0.45 i
(constant) 130.41 e
Zebra density 5.49 0.27 " 133 1.23"%
locality 11.45 0.22 -
(constant) 6.27 -
Elcphant density 58.81 0.91 858 48.51™"
locality 2.81 0.03 "
(constant) -3.79 n
Giraffe density 8.81 0.58 " 56.2 1071
locality | 2.51 0.38 i
locatity 2 -0.87 -0.13 m
{constant) 2.82 -
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