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ABSTRACT

Large herbivores are key components of terrestrial biomes because of their relative abundance and
pronounced influence on ecosystem functioning and habitat structure. To manage and conserve these
species effectively, requires greater understanding of their distribution and use of resources at varying
spatial and temporal scales. Sexual dimorphism is one aspect of large herbivore ecology likely to have a
significant effect on resource use and community level interactions. Elephants present an ideal species to
test the influence of sexual dimorphism due to their marked body size and pronounced behavioural
differences. This study used location and behavioural data collected over an 8 year period in five different
South African reserves, all of which had well documented elephant populations. The reserves were
relatively small (<1000 km?) and had augmented water supplies so analyses were not influenced by
surface water availability. Results indicated that male and female elephants resolve their available range
at distinctly different scales. Both sexes were shown to expand their ranges with increasing forage quality,
however males were the most flexible in their temporal and spatial response during periods of low
resource availability. Females were more selective than males, targeting higher quality forage and being
less destructive in their feeding approach. This may be due to females’ higher mass specific energy
requirements associated with their smaller body size and substantial reproductive investment. They were
also constrained by the costs of group living compared to male elephants which range independently.
Sexual segregation is a consequence of body size dimorphism and was investigated at both the habitat and
plant scale to elucidate the mechanism driving the separation of the sexes. Whilst individual habitat
preferences exist, these are not sufficient to segregate the sexes. At the plant scale, significant differences
were shown with regard to foraging duration, tree size and plant parts eaten. Further investigation of
sexual segregation involved testing the recently proposed activity budget hypothesis. Males and females
have similar daily activity budgets and relatively high levels of behavioural synchrony, which is not
sufficient to explain segregation. Instead, the marked sexual segregation appeared to be caused by social
organisation, reproductive strategies and the divergent foraging behaviour of males and females at the
plant scale. This research highlights the importance of considering male and female dimorphic herbivores
as ecologically distinct species. For example, male elephants are likely to be driving the majority of
destructive foraging bouts and this will often be in a heterogeneous manner, especially during periods of
resource scarcity. Therefore, the effective management of elephants requires considering population

structure, individual behaviour and population size.
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CHAPTER 1

GENERAL INTRODUCTION
Introduction
Large herbivores (distinguished herein as >5 kg) are a major component of terrestrial ecosystems,
influencing vegetation community dynamics, nutrient cycling, disturbance regimes and biomass
availability through their foraging, trampling, urination and defecation (Gross et al., 1995; Hobbs, 1996;
Boyece et al., 2003; Gordon et al., 2004). They exhibit pronounced diversity and are widely distributed in
all of the major biomes (excluding the poles) and are considered to be one of the main drivers in habitat
structure and ecosystem functioning (Gordon et al., 2004). Their relatively high abundance and large
body size means that they require extensive ranges and abundant forage to satisfy their energy demands
(Owen-Smith, 1992). Large herbivores exist at population densities which far exceed that of other similar
sized mammals (e.g. carnivores), due to the nature of energy flow in the ecosystem, with the largest
portion of available resources being at the plant level (Begon et al., 1996). This abundant food source and
its heterogeneous nature, both in distribution and chemical composition, has enabled large herbivores to

evolve diverse morphological and physiological adaptations (Van Soest, 1996; Shipley, 1999).

Large African Herbivores

Sub Saharan Africa has a diverse compliment (n =90) of large herbivore species which are distributed
across the continent, from the open grasslands and savanna of the east and south to the rain forests in
central and western Africa (McNaughton & Georgiadis, 1986; Owen-Smith, 1992). The savanna biome
supports the greatest species richness of large herbivores, one that is unparalleled in any other bio-
geographic region of the planet, even when taking the Pleistocene extinctions into account (Fritz et al.,
2002). This is due to the high level of spatial and temporal heterogeneity that typifies savanna habitats
(Bell, 1986; du Toit & Cumming, 1999). Large herbivores are predicted to exhibit the greatest diversity in
areas with intermediate plant moisture and high nutrient availability, as this will maintain sufficient high
quality forage for small herbivores, whilst being productive enough to support larger herbivores that

require greater abundance of plant material (OIff et al., 2002).

The total biomass of large herbivores in the savanna biome also exhibits pronounced fluctuations which
have been estimated to vary by as much as two orders of magnitude (Fritz et al., 2002). Rainfall and soil
nutrient status are predicted to be the most influential factors in determining the densities of large
herbivores (Coe et al., 1976; East, 1984). These two variables have been shown to account for 80% of the
variation observed in African savannas (Fritz & Duncan, 1994). Despite these relationships, large

African herbivores have a dominant role in ecosystem functioning and are likely to be major regulators. It



is estimated that large herbivores consume up to half of the plant production in Africa, giving an

indication of their important role (du Toit & Cumming, 1999).

High densities of large African herbivores also provide a substantial resource, which if managed well, can
yield significant economic and subsistence benefits (Leader-Williams et al., 2001; Gordon et al., 2004).
However, despite the relatively low human population density, protected areas (PAs) are fast becoming
the only refuges available to many African species, which are unable to compete with overexploitation,
agriculture and human habitation (Thouless, 1994; Hoare, 1999; Sitati et al.,, 2003). The loss of habitat is
now arguably the most critical issue facing many African species. This is especially pertinent for large
herbivores, which require extensive ranges and the ability to disperse during seasonal changes in forage or
water availability (Western, 1975; Thouless, 1995; Illius & O’Connor 2000). Many of the PAs have now
become separate islands that are prone to problems associated with isolated populations including
stochastic events, inbreeding, genetic drift and disease (Caughley, 1994). Whilst the restriction of
movement and dispersal within reserves, either through fencing or human barriers (Hoare & du Toit,
1999) has led to the compression of many large herbivore populations, the resultant high densities have
been linked to the degradation of vegetation and subsequent loss of biodiversity, especially with regard to
the elephant (Van Wyk & Fairall, 1969; Laws, 1970; Owen-Smith, 1992; Moolman & Cowling, 1994;
Johnson et al., 1999; Tedonkeng Pamo & Tchamba, 2001). The effects of smaller herbivores are often
less obvious due to their feeding selectivity. However, it is believed they can impact the recruitment of

woody plants (Belsky, 1984; Prins & Van der Jeugd, 1993; Van de Koppel & Prins, 1998).

Heterogeneity and Scale

Understanding the responses of individual species at different scales has far reaching implications for the
effective management and conservation of large herbivores (Gordon et al., 2004). Scientific research
attempts to answer the complex questions relating to the movement and foraging ecology of these species
at different spatial and temporal scales (Sentft et al., 1987). Heterogeneity has largely been ignored by
ecologists until relatively recently, but it is in fact likely that heterogeneity, both in time and space is
central to understanding the functioning of ecological systems (Pickett & Cadenasso, 1995, du Toit &
Cumming, 1999; Illius & O’Connor, 2000). It has even been suggested, that the behaviour of an
individual at small spatial scales can be extrapolated to understand patterns and interactions at larger,

more complex scales, which has direct relevance to the management of species (Etzenhouser et al., 1998;
Morales & Ellner, 2002).



The spatial scales of resolution range from the chemical composition of individual plant parts which are
foraged upon, to the habitat patch, the landscape and the regional system which contains the entire range
of a particular animal (Senft et al., 1987; Seagle & McNaughton, 1992; Ball et al., 2000; Skarpe et al.,
2000). The temporal scale is equally broad from the amount of time spent feeding on a particular plant

(Brown, 2000) up to the seasonal shift in range and foraging behaviour (Wilmshurst et al., 1999).

According to optimality theory, the main objective of a herbivore is to maximize energy and nutrient
intake whilst balancing risk (e.g. predation and competition) (Stephens & Krebs, 1986, Brown, 2000).
This takes place in spatially heterogeneous landscapes that contain abundant low quality forage and
limited patches of higher quality forage, presenting the herbivore with a series of foraging decisions
relating to the time spent searching for and feeding on particular plants and plant parts (McNaughton &
Georgiadis, 1986; Senft et al., 1987; Owen-Smith, 1992; Brown, 2000). This contrasts sharply with
predators that feed on discrete prey items, which have a relatively constant and high nutritional value
(Senft et al., 1987; Choat & Clements, 1998). The strategy of searching out and feeding on higher quality
food items will provide the animal with greater nutrient intake (Van Soest, 1996). However, the time
spent searching for these relatively rare resources may prove prohibitively expensive, especially for
animals with sizeable energy demands. It may therefore be more optimal to target the abundant lower
quality forage and spend more time feeding and less time searching for high quality food sources
(Demment & Van Soest, 1985; Krebs & Davies, 1993). In addition to consuming enough plant material to
satisfy energy demands, the individual needs to eat a balanced diet and avoid ingesting toxic secondary
compounds such as tannins which inhibit digestion (Belovsky, 1984; Ward & Saltz, 1994). Feeding
behaviour is therefore closely linked to the heterogeneous nature of the system and as such, animals can
adapt their behaviour according to costs (e.g. predation and competition) and benefits (e.g. high quality

food patches, shelter) (Brown, 2000).

The decision making of an individual is likely to vary at the different scales and understanding the
interactions between scale and heterogeneity will provide a much greater insight into ecosystem processes
and community composition (Senft et al., 1987). For example, savanna ecosystems are defined by their
climatic variability, experiencing comparatively wet and productive summer periods and dry winters.
During the summer, food abundance and quality is at its highest but will change dramatically during the
winter season, when plant growth rates are reduced and rainfall becomes rare and sporadic. This temporal
heterogeneity in food availability and quality requires herbivores to adapt their foraging behaviour
between seasons. Impala (Mcnaughton & Georgiadis, 1986) and elephants (Owen-Smith, 1992, Spinage,

1994) respond to seasonal variation by switching their forage selection from predominantly grass in the



summer to browse in the winter. In contrast, other herbivores such as the Thomson’s gazelle (Fryxell et
al., 2004) and wildebeest (Wilmhurst et al., 1999) migrate over large distances to target better foraging
opportunities. It is apparent that there are various responses to this large scale temporal shift in forage
abundance and quality, from foraging approach to ranging behaviour. These responses are linked to the
biology of the particular herbivore species and the evolution of optimal behaviour. Ultimately,
heterogeneity in the environment facilitates flexible feeding behaviours, physiological adaptations and

resource partitioning, and in turn enables co-existence (du Toit & Cumming, 1999; Brown, 2000).

Competition and Coexistence

The mechanisms that have driven diversity and the subsequent coexistence of species have been of central
interest to ecologists for many years and a number of hypotheses have been developed (Amarasekare &
Nisbet, 2001). One of the main theories that has been debated at length, postulates that interspecific
competition has resulted in coevolutionary divergence of species (Diamond, 1978; Schoener, 1983;
Jenkins & Wright, 1988). It is based on the premise that species which have very similar resource
requirements will not be able to persist over time, as one will eventually out compete and exclude the
other. Therefore, competition is seen as an evolutionary driver, selecting adaptations that enable niche
separation and ultimately facilitating species coexistence (Schoener, 1982). There are two distinct modes
of competition: exploitation competition, where dominant species are expected to monopolize a given
resource and interference competition where one species will actively deny another access to resources
(Branch, 1985). Patchy environments such as those found in the African savanna, will have a diverse
range of niches and exploitation competition is believed to play a major role in the evolution of large

herbivore diversity (Sinclair, 1985, Fritz et al., 2002).

The interspecific competition theory provides a good case for niche separation. However, there are a
number of cases indicating that even in situations of intense competition, animals are using similar
habitats and experiencing large scale over-lap in resource use. One particular study was that of Sinclair
(1985) who investigated the impact of the wildebeest migrations on the spatial distribution and
association of other large grazing herbivores. Interestingly, he found continued association of the
Thompson’s gazelle and Grant’s gazelle with wildebeest, despite the sudden increase in competition. This
was due to the influence of predation pressure overriding possible interspecific competition. Wildebeest
are the favoured prey of large carnivores and therefore other herbivore species can reduce their predation
risk by associating with them (Sinclair, 1985). Consequently, it has been suggested that in the presence of
intense predation, competition may actually be of little consequence as populations are held well below

the level where resources become limited (Schoener, 1982). Facilitation is another mechanism, by which



the actions of one or more species enable others to coexist (Huisman & OIff, 1998, Farnsworth et al.,
2002). It has been suggested in the case of African megaherbivores (herbivores >1000 kg), which are
believed to facilitate the feeding of smaller grazers by removing large quantities of low quality forage,
thus creating higher quality feeding patches (Fritz et al., 2002). The final hypothesis regarding
coexistence, is the theory that species respond to environmental gradients and adapt to these rather than
competition (Jenkins & Wright, 1988). The extensive body of research carried out on the mechanisms
behind coexistence has shown that, as with many ecological situations, there is more than one process at
work depending strongly upon the nature of the system being studied. Competition however is clearly an
important factor in the structure of many ecological communities (Sinclair, 1985; Jenkins & Wright,

1988; Dublin et al., 1990a, Forsyth, 2000).

Resource Partitioning

It is evident that a number of mechanisms are involved in the coexistence of large herbivores and
ultimately all lead to the partitioning of resources at both a spatial and temporal scale. This is facilitated
through evolutionary adaptation (Schoener, 1974; McNaughton & Georgiadis, 1986; Jenkins & Wright,
1988). There are two major physiological adaptations that can be used to classify herbivore species on the
basis of resource partitioning. The first is forage selection and whether grass (grazer), woody plants
(browser) or both (mixed feeder) are targeted (McNaughton & Georgiadis, 1986). Grasses and woody
plants are very different with regard to architecture, distribution and plant chemistry, with grasses having
thicker cell walls, whilst woody plants contain greater quantities of indigestible fibre within the cell.
Woody plants also have more secondary compounds than grasses, reducing the efficiency of digestion
and are heterogeneous in structure, whilst grasses are more homogeneous (Shipley, 1999). The levels of
protein are on average significantly higher in browse than grass and last longer into the dry season. This is
one reason why mixed feeders such as impala and elephant shift their focus from grass to woody plant

species with the onset of the dry season (McNaughton & Georgiadis, 1986).

The second major physiological adaptation is the method of digestion. All large herbivores require micro-
organisms to digest plant material because they lack the specific enzymes which are required for effective
digestion of fibrous carbohydrates (Van Soest, 1996; Shipley, 1999). As a result, fermentation chambers
are needed to ensure the survival and continued growth of symbiotic microbial populations (Van Soest,
1996). On this basis, herbivores are classified as either pre-gastric fermenters (e.g. ruminants) or post-
gastric fermenters (e.g. non-ruminants). Pre-gastric fermentation involves the use of microbes to break
down plant material prior to the ingesta reaching the true stomach and being absorbed into the blood

stream. This occurs in a pouch called the reticulum, which is effective in breaking down plant material, as



food particles are retained until they are reduced to a certain size. This is the reason that ruminants
regurgitate and re-masticate the ingesta, thus helping the effective digestion of fibre within the diet
(Demment, 1983). However, in order to maintain efficient digestion, the animal needs to be relatively
selective with regards to the particulate size and the quantity of fibrous material ingested, as the rate of
food intake is directly related to the break down of plant material (Demment, 1983). African ruminant
species include the entire range of medium to large sized antelope (30-250 kg) and also giraffe and
buffalo. Post gastric fermentation occurs after the ingesta passes through the stomach, in enlarged sections
of the large intestine, this method of digestion allows the animal to process greater quantities of fibrous
plant material as it is not limited by the narrow aperture of the reticulum (Shipley, 1999). The efficiency
of digestion is unlikely to be as high as for pre-gastric fermentors since the caecum and large intestine do
not retain the ingesta for the same time periods as the reticulum of ruminants (Demment & Van Soest,

1985). Non-ruminants include the warthog, zebra, elephant and both rhinoceros species.

In the savanna biome, vegetation quality and quantity vary at relatively small spatial scales due to the
sharply contrasting seasons and the change in plant moisture and soil nutrient status (Bell, 1986; du Toit
& Cumming, 1999). The resulting myriad of habitat patches, with varying plant structure and height
classes, allows for diversification amongst herbivore species and effective resource partitioning, reducing
competition between species and ultimately encouraging diversity of the magnitude observed in the
African savanna (McNaughton & Georgiadis, 1986). Resource partitioning amongst herbivores in the
African savanna, occurs principally in three main ways: the spatial and temporal composition of species,
the seasonal variation in species composition in a particular habitat and the differentiation in feeding
approaches that are a result of the diet, season, forage strategy, food availability and body size

(McNaughton & Georgiadis, 1986).

The Biology of Body Size

African large herbivores range in body size from the 5 kg dik-dik to the 6000 kg elephant. Body size is
one mechanism by which species have diversified and targeted distinct niches, due to the stratification in
feeding height, tolerance to differing food quality, mobility and physiological adaptations (Demment,
1983; McNaughton & Georgiadis, 1986; du Toit, 1990; Van Soest, 1996; Fritz et al., 2002). Body size is
a key determinant in animal biology and has been shown to have direct influence on a range of
physiological and ecological factors, including metabolism (Demment, 1983; Demment & Van Soest,
1985), ranging behaviour (Jetz et al., 2004; Carbone et al., 2005), temperature regulation (Calder, 1984),
population density (Peters, 1983; Owen-Smith, 1992) and reproductive success (Maller, 1991; McElligott

et al., 2001). This aspect of biology is referred to as allometry and the size differences between or within



species and the resulting ecological and physiological responses have been well researched (Demment &

van Soest, 1985; du Toit, 1990; Van Soest, 1996).

Body Size and Feeding Ecology

It is evident that body size has wide ranging implications for the biology of herbivore species and in this
study we focus on the influence that body size has on foraging and ranging behaviour. Body size acts in
two main ways: firstly it determines the energy demands of an individual and secondly the methods of
energy extraction from the environment (McNaughton & Georgiadis, 1986). Larger herbivores have
greater absolute energy requirements than smaller species and therefore must process a greater quantity of
forage per unit time (Demment, 1983, Van Soest, 1996). Despite this relationship, large herbivores have
lower mass specific energy demands due to their metabolic rate scaling with a coefficient of M*7 (M=
body mass) (Peters, 1983, Demment & van Soest, 1985; Owen-Smith, 1992). This non-linear relationship
results in smaller species having higher relative energy requirements than larger species due to their
greater associated heat loss and muscle inefficiency (Peters, 1983). A second allometric relationship that
influences foraging behaviour is the linear relationship between body size and gut capacity (Demment &
Van Soest, 1985). Therefore, larger bodied herbivores have a metabolic rate to gut capacity ratio
(MR/GC) which is lower than that of smaller herbivores, this enables them to ingest larger quantities of
forage and achieve more complete digestion in order to satisfy their higher absolute energy demands,
whilst small herbivores are constrained by gut sizes that are proportional to their body size and high
relative energy demands (Demment, 1983, Stokke & du Toit, 2000). Retention of food in the gut is also
linearly related to body size, thus large herbivores have significantly longer retention times than smaller
herbivores. Increased retention time allows food to be digested for longer, resulting in greater nutritional
benefit to the animal (Owen-Smith, 1992) and this relationship between herbivore size and the tolerance
of bigger species to a wider range of forage quality is known as the Jarman-Bell principle (Bell, 1971;
Jarman, 1974). However, it is important to note that elephants and other large hind gut fermenters do not
exhibit the predicted mean retention times based on their body sizes. It is suggested that this is due to the
limits of forage fermentation and the potential loss of energy through methanogenic bacteria. Therefore it

is suggested that large hind gut fermenters have evolved accelerated passage rates of ingesta to maximize

efficiency of digestion (Clauss et al. 2003).

The variability in the chemical and structural composition of plants has also played a significant role in
driving the anatomical and behavioural diversity of large herbivores (Shipley, 1999). The availability of
nutrients is based both on the chemical composition of the food resources and their spatial distribution

(Demment & van Soest, 1985). Foraging herbivores perceive the food quality as a function of



digestibility. The cell contents of a plant are the most readily digestible and consist predominantly of
sugars, proteins and storage carbohydrates (Demment & van Soest, 1985). However, the cell wall must be
broken down to release these nutrients. The cell wall consists of complex structural carbohydrates that
require microbial and mechanical action to be digested effectively (Van Soest, 1996). The cell wall also
contains varying proportions of lignin. The amount of lignin varies throughout the plant and can not be
digested by the herbivore or the symbiotic microbes (Demment, 1983). Ingesting high levels of lignin,
serves only to reduce gut capacity and the efficiency of digestion. However due to its abundance in the
majority of plant material, it is a trade off faced by larger herbivores as they need to consume significant

quantities of forage to meet their absolute energy demands (Owen-Smith, 1992; Van Soest, 1996).

There is also a relationship between body size and digestive anatomy. Medium size herbivores are most
likely to be ruminants as they can maximize the efficiency of pre-gastric fermentation by being relatively
selective with regard to the forage ingested and having a large enough reticulum to process the food
effectively. The retention of food in the reticulum and the microbial digestion prior to absorption in the
gut, means that ruminants will exhibit greater digestive efficency than similar sized non-ruminants
(Demment & Van Soest, 1985; Owen-Smith, 1992). Small herbivores on the other hand can not afford the
delay in the processing of food, due to their relatively high energy demands. These herbivores are more
likely to utilise post-gastric fermentation (non-ruminants). At the other end of the scale, large herbivores
are unlikely to be ruminants as they have greater absolute energy demands which require the processing
of significant quantities of forage. This forage is generally much lower in quality than the one selected by
smaller herbivores and would be unsuitable for the rumination process due to particle size, fibrous content
and absolute quantity. In addition, large herbivores have gut retention times much greater than those of
smaller species, allowing them to break down the food without having to selectively retain it (Van Soest,

1985; McNaughton & Georgiadis, 1986).

These body size relationships and the heterogeneity in forage quality and abundance enables larger
herbivores to target vegetation of a lower quality to meet their substantial absolute energy demands,
whilst smaller herbivores adopt a strategy of searching out the higher quality plant parts such as roots,
new leaves, fruits and flowers (Demment & Van Soest, 1996; McNaughton & Georgiadis, 1986). Body
size therefore, partitions resources on the basis of the most effective strategies that allow individual
herbivores to meet their daily nutrient and energy demands. Larger herbivores are more likely to be
generalist in their foraging approach as opposed to small herbivores which feed selectively and may target

only a few particular species of plants in a well defined range.



Sexual Dimorphism

The majority of large herbivore species exhibit sexual dimorphism, with the adult male being
significantly larger than the adult female (Abouheif & Fairbairn, 1997; Ruckstuhl & Neuhaus, 2000; Le
Blanc et al., 2001). This dimorphism is believed to have evolved due to divergent reproductive strategies
and sexual conflict which ultimately lead to sexual selection (Darwin, 1871) although it has also been
suggested with little evidence that ecological differences in the sexes drive dimorphism (Shine, 1989).
Males generally have a relatively low investment in reproduction, their input ending after a successful
mating (Mysterud et al., 2004). They are limited by the availability of receptive mates, whereas females
have much greater reproductive investments, including gestation and weaning, and are not limited by the
availability of males. In fact, females actively select mates on the basis of strength and dominance.
Female choice is therefore believed to be the dominant factor in determining mating systems (Alonzo &
Warner, 2000). In many ungulate species, the female benefits from polygynous reproductive strategies
and this results in an immediate advantage being conferred to the larger and more powerful males who
out-compete smaller males (Poole, 1989; McElligott, et al., 2001). This selection pressure is likely to
drive body size dimorphism, especially in species which exhibit polygynous breeding systems, as body
size is one of the most important factors in individual reproductive success (Clutton-Brock & Harvey,
1978; Poole, 1989; McElligott et al., 2001). It is believed that the greater the polygynous nature of the
breeding system, the more pronounced the dimorphism in body size between the two sexes, whilst body
size in females is not correlated to the overall extent of dimorphism (Loison et al, 1999). Larger body size
in males has also been linked to the number of sperm produced per ejaculate, which is likely to lead to

greater reproductive success for larger individuals (Maller, 1991).

Despite the apparent benefits of increased body size, pronounced sexual dimorphism between males and
females coupled with high variability in mating success are often associated with higher male mortality
rates (Owen-Smith, 1993; McElligott et al., 2001; Moss, 2001). For example, male kudu in the Kruger
National Park were found to have notably higher mortality rates than females from the age of 3 years
onwards, with the maximum longevity being approximately 10 years, compared to 14 years for females
(Owen-Smith, 1993). This disparity in mortality rates was due to increased predation of males by lion,
greater susceptibility to malnutrition and conflict with other males when competing for access to females
(Owen-Smith, 1993). These negative aspects of increased body size are probably counter-balancing the
selection pressure for increasingly larger males and therefore establish an evolutionary compromise due

to both the costs and benefits associated with large body size (Blanckenhorn, 2000).



Pronounced sexual dimorphism is likely to have a significant influence on the spatial and foraging
ecology of the two sexes due to the differences in physiology that are related to body size (Ruckstuhl,
1998; Stokke & du Toit, 2000; 2002). Females and males may therefore perceive their environment and
foraging opportunities at different scales of resolution (Houston & Shine, 1993; Ruckstuhl, 1998; Kie &
Bowyer, 1999). This is likely to have implications for the effective conservation of dimorphic species
(Bowyer, 2004). Populations are often viewed as generic units and foraging behaviour, habitat use and
movements are likely to be determined on the basis that a single animal is representative of the
population. Realistically males and females may well be dramatically different in their life strategies,
from reproduction through to foraging behaviour. Effective management would benefit from looking at
the existence of dimorphic species as being ecologically defined on the basis of sex (Bowyer, 2004). This
is particularly pertinent for the African megaherbivores (>1000 kg) as they exhibit pronounced sexual
dimorphism, are bulk feeders, range extensively and remove substantial quantities of vegetation (Owen-
Smith, 1992). They have the potential to alter habitat structure and impact on the associated biodiversity
through their foraging behaviour (Laws, 1970; Dublin et al., 1990b; Owen-Smith, 1992; Cumming et al.,
1997; Bond & Loffell, 2001; Mapaure & Campbell, 2002).

Sexual Segregation

One of the main consequences of sexual dimorphism is the spatial segregation of males and females
outside of the breeding season (Bon & Campan, 1996; Ruckstuhl, 1998; Conradt, 1999; Barboza &
Bower, 2000). In large herbivores, the more pronounced the body size dimorphism, the greater the
frequency of sexual segregation (Mysterud, 2000). This suggests that body size differences have indeed a
significant influence on the spatial and foraging ecology of the two sexes, as a greater occurrence of
segregation would tend to indicate a larger incompatibility between the biology of the two sexes.
Understanding sexual segregation has important implications for the conservation and management of
large herbivores due to its influence on spatial use, foraging behaviour, population dynamics and sociality

(Conradt, 1998a; Bowyer, 2004; Yearsley & Perez-Barberia, 2005).

Whilst the majority of large herbivore species exhibit sexual segregation, this phenomenon has also been
observed in whales, seals, primates and a number of bird and fish species (Ruckstuhl & Neuhaus 2000).
Sexual segregation has been separated into two distinct components: social segregation and habitat
segregation. Social segregation involves the separation of males and females into single sex groups on the
basis of social cohesion and conflict avoidance (Conradt, 1998b; Ruckstuhl & Kokko, 2002; Michelena et
al., 2004; Perez-Barbeira et al., 2005), whereas habitat segregation involves the sexes utilising different

areas of their range due to physiological adaptation and ecological preferences (Conradt, 1998b;
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Mysterud, 2000; Stokke & du Toit, 2002). There has been debate as to whether these two forms of sexual
segregation are inextricably linked, or act independently (Conradt, 1999; Mysterud, 2000; Ruckstuhi &
Neuhaus, 2002; Bowyer, 2004). Despite the many field studies that have attempted to explain sexual
segregation, there is no unifying theory or direct evidence as to how sexual segregation provides fitness
advantages and reproductive success (Perez-Barbeira et al., 2005). It is however reasonable to assume that
sexual segregation occurs because the costs of remaining as a mixed sex group exceed those of being in a
sexually segregated group. There are currently four main hypotheses regarding the cause of sexual

segregation.

(1) The predation risk hypothesis states that females will choose safer habitats with lower incidence of
predation at the expense of nutritional quality, and in doing so will increases their reproductive success
due to the greater survival rate of their offspring (Ruckstuhl & Neuhaus, 2000; Corti & Shackleton,
2002). Males on the other hand, are likely to select habitats with high food availability, in order to
maximize their fitness and body size, as this is directly related to reproductive success (McElligott et al.,
2001). This hypothesis is supported by research on Dall’s sheep, which showed males and females using
different areas on the basis of predation by wolves (Corti & Shackleton, 2002). Males often take greater
risks than females when foraging and this is believed to be due to males exhibiting less predator
avoidance (Sukumar & Gadgil, 1988). As mentioned above, sexually dimorphic animals which exhibit
sexual segregation, often experience higher rates of mortality associated with predation when compared to
females (du Toit, 1990; Owen-Smith, 1993). However, it is also important to remember that many
predators have been systematically eradicated from their original ranges and it is questionable whether in
these situations, current behaviour would still be so strongly defined by past adaptations (Ruckstuhl &
Neuhaus, 2000). This relationship was studied by Kie & Bower (1999) who recorded a reduction in the
sexual segregation of white-tailed deer when predator numbers dropped. The predation risk hypothesis
also suggest that females without offspring would associate with males as they do not experience the

same pressures to find safe habitats and would therefore select habitats on the basis of forage availability
(Frid, 1994; Ruckstuhl & Neuhaus, 2000).

(2) The forage selection hypothesis states that males and females are segregated due to sexual
dimorphism which leads to differing energy demands and diet selection (Ruckstuhl & Neuhaus, 2000,
Stokke & du Toit, 2000). As discussed above, the metabolic rate of a mammal scales with a factor of
M®7*(M = body mass) resulting in larger herbivores having lower relative energy demands per kg mass,
whilst gut capacity scales in direct proportion to body size (Bell, 1971; Jarman, 1974; Demment & Van

Soest, 1985). Therefore, the larger the individual the lower the metabolic rate to gut capacity ratio
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(MR/GC). This results in large herbivores being able to tolerate lower quality diets to meet their absolute
energy demands (Peters, 1983; Owen-Smith, 1992). Smaller herbivores are constrained by size and high
relative energy demands and need to forage more selectively. This has been shown to operate across the
species divide and is believed to play a key ecological role between male and female herbivores
exhibiting dimorphism (Barboza & Bowyer, 2000). Essentially, males will be able to tolerate a greater
proportion of fibre in the diet as they have lower relative energy demands and greater digestive efficiency
(Demment, 1983; Demment & Van Soest, 1985). It is postulated that males and females will select
different plant species and/or habitats on the basis of their nutritional quality and abundance, and this will
ultimately lead to segregation (Stokke & du Toit, 2000). Female nutritional demands are compounded
further by reproductive investment, i.e. gestation and lactation, with peak lactation increasing energy
requirements for an individual by as much as 150% (Dunbar et al., 2002; Blanchard, 2005). Previous
research on the forage selection hypothesis has produced mixed results with some studies showing that
females select higher quality habitats than males (Putman et al., 1993; Corti & Shackleton, 2002) whereas
others have shown the converse relationship (Bleich et al., 1997; Ruckstuhl & Neuhaus, 2002) or no
relationship (Ginnet & Demment, 1999; Ruckstuhl, 1998).

(3) The social preference hypothesis states that sexual segregation is driven by differences in the
ontogenetic behaviour of males and females, resulting in differing levels of activity and interaction (Bon
& Campan, 1996; Perez-Barberia; 2005). Males are likely to show social affinity for same sex groups as
they learn to fight and establish hierarchies amongst individuals of the same age. These interactions will
be important determinants when they reach breeding age and compete directly for females (Ruckstuhl &
Neuhaus, 2000). It is therefore suggested that individuals may segregate on the basis of age as well as sex
(Bon & Campan, 1996). However, whilst males and females may interact more with members of their
own respective sex, segregation will not necessarily ensue, especially if they share similar nutritional

demands and activity budgets (Ruckstuhl & Neuhaus, 2000).

(4) The activity budget hypothesis is the most recent theory to be put forward as an explanation of sexual
segregation (Ruckstuhl, 1998, 1999; Ruckstuhl & Neuhaus, 2000, 2002; Ruckstuhl & Kokko, 2002). It
states that if the synchronisation and duration of activities (e.g. feeding and walking) vary between the
sexes, then segregation will occur over time (Conradt, 1998b; Ruckstuhl, 1998). Segregation will be
spatial and temporal but not necessarily based on the use of different habitats. In fact, it is postulated that
the two sexes would segregate within the same homogeneous habitat if their activity budgets varied
significantly enough, because the costs of remaining within a mixed sex group would exceed the benefits.

There are two main assumptions on which this hypothesis is based. The first is that females are not as
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efficient at digesting forage as males due to their smaller body size and the subsequent allometric
relationships (Demment & Van Soest, 1985, Owen-Smith, 1992; Stokke & du Toit, 2000). The second is
that significant differences in the activity budgets make synchronisation of behaviour costly and are likely
to result in individuals segregating (Conradt, 1998a; Ruckstuhl & Neuhaus, 2000; Yearsley & Perez-
Barberia, 2005). It is therefore predicted that females will feed for longer than males because of decreased
digestive efficiency and to meet their higher relative energy demands. Females may also walk at greater
rates than males to reduce the chance of predation (Ruckstuhl, 1998, Rusckstuhl & Neuhaus, 2000). As
this theory predicts that activity budgets will vary on the basis of body size, it also applies for cohorts of
the same sex (e.g. adolescent males) due to their energy demands and similar physiology (Yearsley &

Perez-Barberia, 2005).

Even though the causes of sexual segregation are not fully understood, it evidentially leads to a
partitioning of resources in space and time. In addition to being a result of sexual selection, it may also

reduce the competition for limited resources between males and females.

Study Animal: Elephant

This study focuses on the spatial and foraging behaviour of male and female African elephants
(Loxodonta africana) in five distinct South African populations. The African elephant exhibits marked
sexual dimorphism with adult males weighing in excess of twice the weight of an adult female (Poole,
1994; Spinage, 1994). Elephants are also sexually segregated throughout the year, except when males
enter musth (Hall-Martin, 1987). During this time, the male experiences elevated hormonal (testosterone)
levels and associates with females in order to reproduce (Poole & Moss, 1981; Poole, 1987, 1989). The
musth period is highly variable but lasts on average 2-3 months of the year and varies in intensity (Poole,
1987). Younger males (<30 years of age) will only come into musth for short periods of time as there is
an established hierarchy dominated by the older and larger individuals (Poole, 1989, 1994). Outside of the
musth period, male elephants range independently or in loosely associated same sex groups (Owen-Smith,
1992). Females live in defined family groups of 4-12 adults and their offspring (Poole, 1994). These
family groups are closely related and are generally led by the oldest member, the matriarch (Moss &
Poole, 1983; McComb et al., 2001). Elephants have a very developed social system and during the wet
season family groups often merge into large herds, which can number in excess of 200 individuals
(Owen-Smith, 1992). Young males are forced out of the family groups when they reach adolescence

(approximately 10-15 years old), probably a mechanism by which inbreeding is prevented.
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Male and female elephants are long lived and show divergent growth around their late teens, where males
accelerate their growth, whilst females channel resources into reproduction (Lee & Moss, 1995). Females
reach their maximum height at around 25 years of age, whereas males will continue to grow throughout
their life time, although slowing down appreciably after 30-35 years of age (Lee & Moss, 1995). This
continued investment in growth suggests that there has been strong selection pressure for large body size
in male elephants (Poole, 1994). Females who reproduce at an early age (12-15 yrs) may well trade off
against growth as lactation costs are high in young females (Lee & Moss, 1995). Due to their
comparatively large size, elephants have evolved as large generalist herbivores, targeting both grass and
browse. They are non-ruminants, using post-gastric fermentation to break down and digest the sizeable
quantities of plant material that they ingest (Owen-Smith, 1992). Their relatively low MR/GC ratio allows
them to target low quality forage. Foraging is their dominant activity, taking up to 18 hours per day to
satisfy substantial energy requirements. In the wet summer seasons elephants concentrate their foraging

on grass but switch to browse during the dry winter season (Owen-Smith, 1992).

Aims and Objectives

The aims of this study are as follows: (1) Investigate the influence of sexual dimorphism on the spatial
ecology of the African elephant in relation to resource heterogeneity. (2) Explore the role of sexual
dimorphism on the segregation of the two sexes at various spatial and temporal scales. (3) Apply the
concept of “distinct ecological species’ to the two sexes, with a view to effective management and
conservation of dimorphic herbivores. The elephant provides an ideal species on which to test theories of
sexual dimorphism due to its gregarious nature, large size and relative abundance in the savanna
ecosystem. Males and females also exhibit markedly different reproductive strategies, different body sizes
and are segregated most of the year (Moss & Poole, 1983; Hall-Martin, 1987; Poole, 1994). Research on
sexual segregation and the influence of body size dimorphism has received significant attention over the
past 10 years. However, 98% of the studies carried out on sexual segregation deal solely with ruminants,
temperate cervids and bovids in particular (Bowyer, 2004), probably because their biology has been well
researched and they exhibit pronounced sexual dimorphism (Bowyer, 2004). In this study, we tested a

number of ecological theories that have been developed from the studies of temperate ruminants, on a

large African non-ruminant, the elephant.

The first objective of this study was to establish the basic spatial patterns of elephant behaviour and is
detailed in Chapter 2. It was carried out in the Pongola Game Reserve and involved the analysis of home
range and habitat utilisation data for female and male elephants in a simplified, closed population. This

enabled preliminary differences between the sexes to be investigated and the hypotheses and methods to
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be developed for the next four chapters. As such, the approach was relatively descriptive. The objectives
of Chapter 3 were to quantify the influence of changing vegetation quality and abundance on the ranging
behaviour of female and male elephants. This was carried out at different spatial and temporal scales to
elucidate the responses of the two sexes to heterogeneity in the ecosystem. The first objective of Chapter
4 was to establish whether habitat segregation was a significant causal effect in the social segregation of
elephant and to apply this across three distinct populations using habitat maps and accurate location data
of known individuals. The second objective was to test whether habitats were also segregated on the basis
of foraging preference. In Chapter 5, the focus shifted to the temporal and spatial scale of foraging events.
The objectives were to quantify the foraging behaviour of the two sexes at the plant level and to ascertain
whether foraging differences could lead to social segregation. Our results were also compared with those
from an earlier study of elephant foraging behaviour carried out by Stokke & du Toit (2000). Chapter 6
assesses the most recent theory with regard to sexual segregation, the activity budget hypothesis. The
main objectives of this chapter were to investigate the daily activity budgets of male and female elephants
to determine whether they were significantly different and thus lead to segregation of the sexes, to
establish whether the onset and timing of certain key behaviours was asynchronous and if these patterns
were repeated across populations or were site specific. The final chapter brings all the chapters together to
draw conclusions on the influence of sexual dimorphism on elephant spatial and foraging ecology. It
assesses the responses of the sexes at different temporal and spatial scales in an attempt to elucidate the
key factors driving segregation. Finally this research attempts to provide answers to some of the current
challenges facing conservation of large sexually dimorphic herbivores and gives an insight into the

potential benefits of managing the sexes as two ecological species.
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CHAPTER 2
AFRICAN ELEPHANT HOME RANGE AND HABITAT SELECTION IN PONGOLA GAME
RESERVE, SOUTH AFRICA

Abstract

The ranging behaviour and habitat occupancy of three elephant groups (cow herd, three adult males, and a
female orphan group) were studied over a two-year period in a small fenced reserve. No summer dispersal
was observed. Distinct seasonal home ranges were exhibited for all groups, with the summer (wet season)
ranges being smaller than the winter (dry season) ranges. Home range size was much smaller than in other
locations. The lake and surrounding high density of vegetation patches of high nutritional quality are
thought to be the reason. Habitat selection was strongly evident with all of the elephant groups selecting
River Line habitats in the dry season. In the wet season, the cow herd and orphans selected the more open

Acacia habitats and the males exhibited no significant habitat preference.

Introduction

The non-random use of space and differential habitat selection is a longstanding basic tenet of ecology
(Rosenzweig, 1981). Energetic constraints, social factors and the abundance and distribution of resources,
influence the size, shape and location of seasonal ranges. These constraints determine which resources are
limiting and their influence on demographic parameters. Understanding seasonal range dynamics and
what drives it, is therefore of critical importance in understanding how populations are limited and how
the different sexes respond. This is especially pertinent in large herbivores which generally exhibit body
size dimorphism and are sexually segregated outside of the mating season (Ruckstuhl, 1998; Conradt,

1999; Mysterud, 2000; Bowyer, 2004)

It is generally accepted that in semi arid environments, an expansion of the distribution range occurs at
the beginning of summer and results in the entire elephant population of a region dispersing over a wider
area than during the dry winter season when sub-populations, sometimes referred to as clans or bond
groups, are restricted to much smaller areas close to rivers and waterholes (e.g. Jarman, 1972;
Williamson, 1975; Norton-Griffiths, 1975; Leuthold, 1977, Western & Lindsay, 1984; Merz 1986;
Ottichilo 1986; Lindeque & Lindeque, 1991; Chase, 2003). This summer dispersal gives rise to distinct

summer and winter ranges for the sub-populations.

Precisely how this sub-population summer range expansion is linked to changes in the seasonal home
range of individual males or family units, is not clear. The literature provides contradictory data. Jachman

(1983) suggested that dry season ranges for females were larger than wet season ranges. The results were

16



however based on a small sample. Viljoen (1988) showed that of the four female herds studied, two had
larger dry season core areas and two had smaller dry season core areas. Similarly, one of two males had a
larger dry season core area and the other the reverse. De Villiers and Kok (1997) stated that the wet
season ranges that they identified for seven elephants were larger than the dry season ranges. However,

closer examination of their data indicates that the statement is not as clear-cut as suggested.

In De Villiers and Kok’s study (1997) seasonal home range size was examined in three different
phenological seasons: a wet season when both trees and grasses had green leaves (about November to
March), a transitional season when the trees had green leaves but the grasses were senescent (about April
to August) and a dry season when trees had lost their leaves and the grasses were senescent
(August/September to October/November). For five of the six home ranges the intermediate season (mid
to late winter) home range was larger than the summer range, and thereafter decreased to an area smaller
than during the wet season. However, their dry season, which was shorter is likely to have fewer
sightings, and this may have affected the results. The single bull monitored in their study showed a
consistent decrease in the size of its home range from the wet to dry period. Osborn (2003) working with
bull elephants in the Sengwa Wildlife Research area in Zimbabwe, showed precisely the same pattern as
observed by De Villiers and Kok (1997). Ntumi (2003) found that the dry season ranges of four female
groups were smaller than the wet season ranges, but the single male had a larger dry season range.
Similarly, Chase (2003), in an unpublished report, describing the results of an analysis of movement of 6
female elephants indicated that the wet season ranges were larger. Clearly, more detailed data on elephant
movement and the factors affecting it are required to properly understand how and why these

discrepancies arise.

Relatively few studies have quantified habitat occupancy and use by male and female elephants,
particularly on a seasonal basis. All authors, for example, Viljoen (1989), Babassa (2000), De Boer et al.,
(2000), Stokke & du Toit (2002), Osborn & Parker (2003) have found strong selection of some habitats

and avoidance of others, especially in the dry season. Riparian and low lying habitats on relatively

nutrient rich soils are strongly selected for at these times.

This study had three main objectives: (1) to determine whether the elephants in the Pongola Game
Reserve dispersed away from water in summer, (2) to determine whether they used distinct home ranges
and if these were different according to seasons and sex, (3) to determine habitat preferences and whether

these were different in summer and winter, for males and females.
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Methods
Study Site

The Pongola Game Reserve (PGR) was established in 1993 and covers an area of approximately 82 km?,

on the western shore of the Jozini Dam. The lake forms the entire eastern and northern boundary. A

railway line bisects the reserve from the southern border to the northwest (Fig. 1). The climate is hot and

arid with an average rainfall of 400-600mm per annum. The annual rainfall for the two years of this study

was however well above average, with 1220 mm in 2000 and 780 mm in 2001. The vegetation falls into

three of Acocks (1988) veld types: Zululand Thornveld, Lowveld and Arid Lowveld. The last two cover

the southern and central portions of the Kruger National Park and adjoining reserves, making these results

of interest in the management of these areas. Canonical Correspondence Analysis and Two Way Indicator

Species Analysis of woody species densities in randomly located transects identified seven vegetation

types (Page and Duffy unpublished data), the limits of which can be seen on the habitat map (Table 1 and

Fig. 1).

Table 1. Link between habitat types, topography, soils and dominant woody species of the Pongola Game

Reserve. Numbers in brackets indicate the number of woody species recorded in the type.

Habitat Type

Topographic Position and Soils

Dominant Species

Combretum Rocky, well drained soils of upper Combretum apiculatum, A. nigrescens, Ozoroa engleri, Gymnosporia

Woodland slopes and tops of highest hills buxifolia, Grewia villosa, Grewia hexamita, Grewia cafira,
Sclerocarya birrea, Ziziphus mucronata (17)

River Line Clay rich deep soils of drainage Enretia rigida, Capparis tomentosa, Salvadora australis, Gymnosporia

Thickets lines senegalensis, A. nilotica, A. tortilis, Schotia brachypetala, Rhus
guenzii, A. luederitzii, A. senegal, Gymnosporia buxifolia,
Dichrostachys cinerea (28)

Flood Plain Deep alluvial clay soils of lake shore | Mixed grasses and forbs

Grassland

Mixed Acacia Higher nutrient soils on lower slopes | A. nilotica, A. tortilis, A. luederitzii, Dichrostachys cinerea, Ehretia

Woodland rigida, Capparris tomentosa, Rhus guenzi, Spirostachys afvicana (25)

Acacia & Shallow soils of mid to upper slopes | A. nigrescens, Sclerocarya birrea, Ziziphus mucronata, A. tortilis,

Marula on higher hills. Grewia flava, Gymnosporia buxifolia, Grewia villosa, Dichrostachys

Woodland

cinerea, Ozoroa englerii, Canthium inerme (38)

Euclea Thickets

Alluvial soils on flat areas close to

water at lower altitudes.

Euclea racemosa, Euclea divinorum, Euclea natalensis, Pappea
capensis, Gynmosporia nemorosa, A. nilotica, Capparis tomentosa,

Salvadora australis, A. luederitzii, Ehretia rigida (31)

Old Land

Soils and elevation correspond to

adjacent habitat type

Mixed Acacias & Dichrostachys cinerea
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Figure 1. (a) Habitat map of the Pongola Game Reserve with an arrow indicating the geographic position

of the reserve in South Africa (KwaZulu Natal is highlighted) (b) Contour map of the reserve, exhibiting

the hillier relief of the northern section. Altitude and relief are directly linked to the spatial distribution of
the habitat types within the reserve. (¢) The rainfall figures for 2000 and 2001, clearly showing the

seasonality in precipitation.
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Seventeen elephants in two family groups were translocated from Kruger National Park to PGR during
June 1997. Six males were also introduced: Three in 1998 (of which one died and one was shot) and three
in 2002 (of which one died). The population in 2000 and 2001 consisted of two permanently associated
family units in a group of 28 to 30 individuals and 4 adult males. Five orphan elephants (four females and
one male), all approximately ten years old, broke into PGR from a nearby reserve in July of 2000 and
remained together as a separate group. The term “orphan elephants” refers to young elephants between
the ages of 5 and 10 that were captured during culling operations and translocated in small groups to

reserves without elephants for the purpose of restocking. The practice has been discontinued.

Data Collection

Elephants were located two or three times a week from March 2000 to February 2002. Locations were
aided by radio collars on one adult female and one adult bull. On sighting, a GPS (Global Positioning
System) was used to record the position of the group from a vehicle. Observations were made from the
reserve’s extensive road and track network and off-road, from a position that did not influence the

movement of the elephants.

Data Analysis
In order to avoid the effect of spatial and temporal autocorrelation the first location recorded each day
was used for this analysis. The seasons were based on rainfall data (Fig. 1¢) and defined as summer

between 1¥ November and 30" April and winter between 1* May and 31¥ October.

Distributions were overlayed on the habitat type map (Fig. 1) using ArcView® 3.2a and each location
was assigned to a habitat type. Elephant home ranges based on minimum convex polygons have been
shown to be strongly dependent on the number of points used (Whyte 2001). Therefore, kernel analysis
was used in this study (Hooge & Eichenlaub, 1997) and 50 % kernels and 95 % kernels calculated

(Worton 1989) using distance units of 500m. Separate analyses were run for each of the three groups of

elephants in each season in each year.

Whilst preference ratios lack statistical precision, they still provide a crude but easily understood
comparison of the use of particular habitat types. Preference ratios were therefore calculated as the
proportion of locations in a particular habitat type divided by the proportional area of that habitat type i.e.
(number of locations in a specified habitat / the total number of locations) / (the area of the specified

habitat type / the total area).
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Chi-squared tests were used to establish statistical differences in the occurrence of elephants in the
different habitats. The railway acted as a functional barrier for the cow herd (see Results below).
Therefore the analyses were performed using an area value of 36.8 km? for the cow herd, and the total

extent of the reserve (73.6 km?), for the males and orphan group.

Results
Dispersal
No indication of dispersal away from water in summer or contraction of the range toward water in winter

was noted (Fig. 2).

Individual Home Range Analysis

The cow herd only utilised the area east of the railway line despite the fact that it does not present a
physical barrier. Both the orphan group and the males crossed the railway line freely (Fig. 2 and Table 2).
Equivalent vegetation types are found for at least a kilometre on either side of the railway line along its
entire route (Fig. 1) and there is surface water on both sides of the line. No observation or sign from the
cow herd was ever recorded on the west of the line. The herd was however observed on several occasions

approaching the line and then turning away.

The home ranges of the males, cow herd and orphan group showed strong seasonal shifts (Fig. 2). In both
years the summer home ranges of all three elephant groups, had the core home range (50% kernel) located
over the northern lake shore and the surrounding Acacia-Marula Woodland (Fig. 1a). The males and
orphan group occupied a larger range than the females. During both winter seasons there were two core

ranges for all three groups, in the north and south of the reserve, in both years, with the northern core

shifting slightly south.

Larger areas were used in the winter compared to the summer (Table 2). In 2000, the winter total range
for the herd was 1.78 of the summer range and the winter core home range was 2.33 of the summer range.
In 2001, the winter range was 2.10 of the summer total range and 4.40 of the summer core range. In 2000,
the winter total home range of the males increased to 1.79 of the summer range and the winter core home
range increased to 2.92 of the summer range. The orphans only entered the reserve in July 2000 so their
winter 2000 range is not comparable to the other distributions. In 2001 the winter total home range was
2.26 of the summer range and the winter core range 1.40 of the summer range. The cow herd and males

had smaller seasonal ranges in 2001 compared to 2000 (Table 2).
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Habitat Occupancy

All three elephant groups used different habitats with varying intensity from one season to the next (Table
3). In summer, the males used the habitats in proportion to their area (%= 9.776 P>0.1) but in winter,
there was a significant difference (3= 44.498 P<0.001). The herd strongly selected for particular habitats
in both seasons (summer: %= 11.603 P<0.05; winter: %= 31.808 P<0.001). The orphans also exhibited
heterogeneous habitat use throughout the year (summer: y*= 28.205 P<0.001 winter: x*= 33.376
P<0.001). Acacia-Marula Woodland was selected for by both the cow herd and males in summer and
avoided in winter. In the winter River Line Thickets were heavily used. All three groups showed

increased use of Fuclea Thickets during winter. The mixed Acacia Woodland was selected for by the

orphans in both seasons, and by the males in winter.
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Table 2. The home ranges of elephant groups in the Pongola Game Reserve, 2000-2001

Elephant Season Year Total home range Core home range
Group (95% Kernel) (Km?) (50% kernel) (Km?)
Males Summer 2000 40.0 10.8

Summer 2001 33.6 19.4

Winter 2000 71.5 315

Winter 2001 61.2 18.7

Herd Summer 2000 20.6 9.0
Summer 2001 17.5 43

Winter 2000 36.7 21.0

Winter 2001 36.7 18.9

Orphan Summer 2000 40.6 13.8
Summer 2001 26.8 8.1

Winter 2000 10.5 1.7

Winter 2001 60.5 11.3
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Table 3. Habitat selection of the herd, males and orphans.

Summer Winter

Vegetation % of Total % of Total Sighting Preference % of Total Sighting Preference

Area No. (=n) Ratio No. (=n) Ratio
Cow Herd
Acacia & Marula Woodland 26.5 37 (45) 1.40 14 (17) 0.53
Mixed Acacia Woodland 32.8 31 (38) 0.95 36 (45) 1.10
River Line Thicket 13.7 16 (20) 1.17 29 (36) 2.12
Combretum Woodland 0 0 (0) 0 0(0) 0
Flood Plain Grassland 11.9 11(13) 0.92 6(7) 0.50
Fuclea & Acacia Thicket 8.5 2(3) 0.24 13 (16) 1.53
Old Land 6.6 3(4) 0.45 2(3) 0.30
Males
Acacia & Marula Woodland 39.8 50 (57 1.26 24 (26) 0.60
Mixed Acacia Woodland 21.9 19 (22) 0.87 30 (32) 1.37
River Line Thicket 17.8 17 (19) 0.96 37 (40) 2.08
Combretum Woodland 7.0 6(7) 0.86 0(0) 0
Flood Plain Grassland 6.0 33 0.50 2(2) 0.33
Euclea & Acacia Thicket 4.2 0(0) 0.00 7(7 1.67
Old Land 3.3 5(6) 1.52 0(0) 0.00
Orphans
Acacia & Marula Woodland 39.8 323D 0.80 16 (14) 0.40
Mixed Acacia Woodland 219 34 (33) 1.55 33 (28) 1.51
River Line Thicket 17.8 15 (15) 0.84 27 (23) 1.52
Combretum Woodland 7.0 0(0) 0 0(0) 0
Flood Plain Grassland 6.0 16 (16) 2.67 6 (5) 1.00
Euclea & Acacia Thicket 42 1(1) 0.24 15 (13) 3.57
Old Land 3.3 2(2) 0.61 3Q2) 0.91
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Summer 2000 Winter 2000 Summer 2001 Winter 2001

Figure 2. Home ranges of the herd, males and orphans in different seasons and years. Dark shading

indicates core home range (50% kernel) and light shading indicates total range (95% kernel).
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Discussion and Conclusions
Dispersal

There are two possible explanations for the lack of dispersal in the reserve: either the small size of the

area or the constant availability of water and forage on the lakeshore.

Home Ranges

The results from several studies appear to indicate that boundaries to home ranges often lie along rivers or
roads that can easily be crossed (Leuthold, 1977; Thouless, 1996; Whyte, 2001). However, the ability of
elephants to recognise these features in the landscape and respond to them in terms of defining home
range boundaries has not previously been emphasized in the literature. It is worth noting that it is unlikely
that every elephant in the group responds in the same way to these features, which suggests that the size

and configuration of the home range may be strongly determined by the matriarch.

The size of home ranges reported in the literature for cow herds vary widely from 240 km® in the Kruger
National Park, South Africa, to 1800 km? in Tsavo East National Park, Kenya (Owen-Smith, 1988). The
maximum area of the range for the cow herds reported in this study (36.7 km? for 95 % kernel) is
therefore considerably smaller. The 95% ranges of males are slightly larger than those described at Addo
Elephant National Park (100% range based on minimum convex polygon = 52.8 km?; reserve area =
103km?) (Whitehouse & Schoeman, 2003) but smaller than those described for males in Pilanesberg
National Park (95% range based on Kernel Analysis = 99.7 km?; reserve area = 500 km?) (Slotow & van
Dyk, 2004). Apart from the fact that the males in PGR cross the railway line freely, their ranges may also
be larger than that of the female groups due to their greater body size, independent ranging behaviour and
their reproductive strategy of actively seeking females during musth periods (Owen-Smith, 1992; Poole,
1994).

The distribution of water is known to affect home range size (Osborn, 2004). The permanent widespread
supply of drinking water and the abundance and clustering of relatively high nutritional quality forage in
small patches of different vegetation types (Fig 1), probably account for the relatively small ranges
observed in PGR for both males and females. This was further influenced by the abnormally high rainfall
during both years of the study, which led to abundant forage availability during the wet summer season
and therefore enabled the elephants to satisfy their energy demands in very limited ranges. The larger
winter range could be explained in either of two ways. Food availability may be limited compared to the
abundant summer season, thus forcing animals to move over a wider area in search of foraging

opportunities. Alternatively, the spatial distribution of habitat types of higher nutritional quality may
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result in a wider area being traversed in winter. In the dry season, lake levels drop and a narrow band of

comparatively good quality grazing becomes available on the lake edge. At the same time, away from the
lake, there is a reduction in the quality and availability of forage. The River Line and Euclea thickets that
are the preferred habitats in winter (Table 3) lie perpendicularly to the lake edge and are widely separated
(Fig 1). The combination of these three factors appears to result in the elephants covering a greater area in

order to satisfy their nutritional demands during winter.

Naturally occurring lakes are rare in Africa. However, there are many man made dams in conservation
areas, along which subpopulations of elephants occur. The effect of these water bodies on the movement
of elephants has not been established but it appears from this study that there may be negative impacts on
vegetation because of reduced home range size around lakes and dams. When there is no shift in the
seasonal range, impact is likely to be higher than when movement occurs. The similarity in position of the

core home ranges in both seasons in both years (Fig. 2), indicates that there may be cause for concern.

Habitat Occupancy

As water availability in PGR is not limiting, it is likely that nutritional demand and social factors drive
elephant ranging behaviour. Over the period of the study, both wet seasons were well above average, so
resources were most likely abundant. Lake levels were high in summer and a large proportion of the
floodplain grasslands were covered. Acacia — Marula woodland which is dominated by a wide range of
highly palatable species (Table 1), was heavily used for in both summers (Table 3 and Fig 2). The Mixed
Acacia woodlands have fewer palatable species. In addition the Lower lying areas in the Mixed Acacia
woodlands and Drainage Line Thickets might have been avoided because they were relatively muddy,
compared to the Acacia — Marula woodlands that occur on steeper slopes (Fig 1). Females exhibited
greater habitat selectivity in the summer, when compared to males. This may indicate either a more
selective foraging approach or avoidance of habitats due to perceived risk. Male elephants are more likely
to forage in ‘riskier’ ha