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ABSTRACT

The manner in which herbivores respond to seasonal changes in the quality
and availability of food resources is dependant on the herbivores body size and
digestive system. This study focused on how seasonal changes in the quality and
availability of food resources influenced the foraging behaviour and movement of free
ranging white rhinoceroses (body mass exceeding 1000 kg) in the Hluhluwe
Umfolozi Park, South Africa. Body size theory suggests that, because large herbivores
tolerate lower quality food better than small herbivores, white rhinos should be
relatively unselective grazers, selecting grassland types rather than grass species. In
accordance with this prediction, | found that white rhinos selected mainly for
grassland types throughout the study period. However, despite being non-ruminants of
very large body size, white rhinos primarily fed on short to intermediate height swards
of green grass throughout most of the study period.

The foraging of large herbivores can be seen as a trade-off between diet
quality and quantity. To determine the trade-offs made by white rhinos during the dry
season, | compared seasona changes of dry matter intake and the intake of specific
nutrients. As the greenness and nutrient content of grass declined late in the dry
season, white rhinos responded by increasing their dry matter intake. Despite this
response, the intake of crude protein, P and Na declined throughout the dry season. |
suggest the possibility that instead of compensating for declines in nutritional gain
through the adjustment of dry matter intake, white rhinos rely on fat reserves to help
maintain them during periods of low food quality and availability.

A novel discovery of the study was that large scale movements, and possibly
dispersal, of subadults, may be facilitated by individuals following companions or

‘buddies’ (either adult females or other subadults) into novel areas. This “buddy



system” may be important in reducing the high costs potentially associated with

dispersal.
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CHAPTER 1
Introduction
AIMS AND OBJECTIVES
Broad Aim
To determine how food resources influence the movements of white rhinos and hence

potentially their dispersal.

Objectives

1. To determine how declines in the quality and availability food over the dry season
influence the use of different grassland types by white rhinos.

2. To determine how the selection of grass swards within the different grassland types
influences the intake rate and nutritional gain of white rhinos.

3. To determine how resource conditions influence larger scale movements of white

rhinos and possibly dispersal.

THE NEED FOR THE STUDY
In 1986, KwaZulu Natal Wildlife ingtituted a management policy for white

rhinoceroses (Ceratotherium simum) in the Hluhluwe-Umfolozi Park (HUP), South

Africa(28° 20" S, 31° 51’ E). This policy, termed the * Sink management policy’, was
based on the recommendations of a study conducted by OwenSmith (1973, 1981).
Owen-Smith (1973, 1981) recorded that white rhino population size was regulated
through the dispersal (i.e. one way movement of an animal away from its home range
to establish a new home range; Stenseth 1983) of individuals from areas of high rhino
density into areas of low rhino density. Prior to the enclosure of HUP with a ‘rhino-

proof fence’, white rhinos dispersed into areas beyond the reserve boundaries (Owen



Smith 1973, 1981). With the completion of the fence in 1965, however, white rhinos
were prevented from dispersing outside of the reserve. Thus, in an attempt to facilitate
the process of dispersal within the enclosed reserve, OwenSmith (1973, 1981)
suggested that areas of low white rhino density, termed vacuum zones (or dispersa
sinks), be established within the boundaries of HUP (OwenSmith 1981, Maddock
1992).

In line with these recommendations, the sink management policy divides the
southern section of HUP, the Umfolozi Game Reserve (UGR), into two areas; a
central core (approximately 258 kn) and surrounding vacuum zones (approximately
368 kn? ; Fig 1). In the core, the white rhino population is not manipulated and thus
alowed to grow (Maddock 1992). In the low density vacuum zones, however, all
catchable white rhinos (primarily subadults and solitary adults) are removed on an
annual basis. It is through these removals that the vacuum zones are maintained as
areas of low white rhino density. The idea behind the sink management policy is that
once food resources in the core are depleted by the white rhino population, individuals
(mainly subadults and a few adult males) will disperse from the core into the
surrounding vacuum zones. Due to the lower density of white rhinos in the vacuum
zones, it is hypothesised that there will be a greater availability of food resources
which may entice dispersing rhinos to stay (OwenSmith 1973, 1981). Individuals
which settle in the vacuum zones are then removed and sold in the annual game
auction to other parks and zoos. Thus, by managing white rhinos through the use of
the sink management policy the natural process of population regulation for the white
rhinos, dispersal, is allowed to operate within the enclosed reserve.

Prior to this study, the management staff of HUP raised concerns about how

well the sink management policy was working. Management questioned whether



white rhinos, found within the vacuum zones, were in fact residents or whether they
had made excursions into the vacuum zones to utilise the available food resources.
The main questions asked by management were; 1) What factors influence the
movement, and ultimately the dispersal, of white rhinos?, and 2) How do white rhinos
find the artificially created vacuum zones within HUP? Management felt that, with
answers to these questions, they would be better able to manage a long term viable
white rhino population within HUP, while at the same time limiting any negative
effects to the biodiversity of the park that may arise due to a large white rhino
population (i.e. habitat degradation due to over grazing). Thus, in an attempt to

address these questions, this study was initiated.

Rationale for the approach

The most common factor which influences the movement, and possibly
dispersal, of large herbivores is the search for food resources (Leuthold and Sae
1973, Western 1975, Sinclair 1983, McNaughton 1990, Turner et a. 1993, Scoones
1995). The white rhino provides a favourable species with which to study both
foraging and movement under free-ranging conditions because, 1) data can be
recorded in close proximity to individuals, 2) bites and steps are easily observed and
3) bite sizes can be determined from where arhino has grazed.

Foraging and movement data were gathered primarily from subadult white
rhinos, because 1) subadults are not restricted to specific home ranges or territories,
and thus more likely to move during the study period, and 2) subadults are the main
age class that disperse (OwenSmith 1973, 1988). Along with the movements of the
seven subadults used in the study, the foraging and movements of three adult females

were also monitored. This was done as it was felt that the foraging of adult females,



along with movements made within their home ranges, and the periodic excursions
outside of their home ranges (Owen Smith 1975), would give some insight into the

factors which influence movement.

LITERATURE REVIEW
Optimal foraging theory

A conceptual framework that has been used to examine the foraging behaviour
of large herbivores is provided by optimal foraging theory. Optima foraging theory
generally assumes that 1) an animal’s fitness is dependent on its foraging behaviour,
2) that there is a heritable component to foraging behaviour, and 3) that a currency
can be identified that links foraging behaviour with fitness (i.e. protein or energy;
Pyke 1984). According to optimal foraging theory an animal should seek to maximise
its long-term average intake of energy, or limiting nutrients, through a tradeoff
between the gains and the associated costs (Stephens & Krebs 1986).

Initially optimal foraging models were aimed at explaining the relationships
between carnivores and their food resources (i.e. great tits, Krebs et al. 1977). These
models, however, did not apply well to the foraging of large herbivores, as herbivores
do not feed on discrete, high quality prey, but on readily available, low quality food.
Owen-Smith and Novellie (1982) proposed an optimal foraging model for large
herbivores which focused on the selection of different food types by a short-term
optimiser. This ‘clever ungulate’ model attempted to identify an optimal dietary range
for a large herbivore, which varied for different nutrients and with foraging tactics
(i.e. time-minimiser, where an animal forages only long enough to obtain minimum
energy requirements (Schoener 1971, Ward 1992), verses energy maximiser, where

an animal forages so as to maximise its long-term energy intake (Stephens and Krebs



1986)). Model predictions differed from the observed foraging behaviour of kudus.
However, the model provided heuristic insight into how nutrients, diet breadth, spatial
heterogeneity of plants and the cues used by large herbivores to locate food may
influence foraging.

Belovsky (1978, 1981, 1984, 1986), applied linear programming models to
patch selection of several herbivore species. Linear programming models predict
dietary outcomes, at the level of broad food types, based on the intersection of
constraint lines, which are determined by physiological, anatomical and energetic
characteristics of the foragers (Belovsky 1978). Through the use of his linear
programming model, Belovsky (1986) concluded that most generalist herbivores are
not time minimisers, but energy maximisers. However, flawsin the biological basis of
the model become apparent, 1) regarding digestive constraints (Hobbs 1990), 2) the
high success of the model appeared statistically unlikely (Hobbs 1990; Huggard 1994)
and 3) the model was circular due to the constraint lines being estimated from the
average values of the governing parameters (OwenSmith 1996).

The use of optimal foraging theory in foraging studies in no way attempts to
prove that organisms are optimal (Krebs et al. 1983; Parker and Maynard Smith
1990), but provides a functiona approach to explain foraging patterns of herbivores,
including diet selection, patch selection and movements (Bailey et al. 1996).
Optimality can be useful in foraging studies in helping to idertify the upper limit of
potential performance (OwenSmith 2002).

Classical optimal foraging theory suggests that herbivores should accept food
types and food patches in an all or nothing manner. Thus, acceptance should be
dependant on the benefits obtained from consuming a food type or feeding in a patch,

outweighing the costs of searching for a more profitable food type or patch (Stephens



and Krebs 1986). Studies, however, indicate that large herbivores do not completely
reject inferior food types or patches, but forage in a graded manner in which inferior
food types and patches are utilised less frequently than preferred ones (Owen Smith
and Novellie 1982, Wilmshurst et al. 1995, van Wieren 1996, Illius et al. 1999, Fortin
et a. 2002). Many suggestions have been made as to why herbivores have such varied
diets, including variation between animals, discrimination errors in selecting optimal
food types or patches, and sampling (Wilmshurst et al. 1995, Illius et a. 1999), along
with the varied nutritional requirements of the herbivores (Belovsky 1978,

McNaughton 1988, 1990, Van Soest 1994, Fortin et al. 2002).

Patch selection

For herbivores, the potential energy which can be obtained in different food
patches is to some degree dependent on patch features (i.e. availability and quality of
food resources; Hanley 1984, Ungar and Noy-Meir 1988, Illius and Gordon 1993).
Availability (quantity and distribution) of food can effect the foraging of herbivores
through the mechanics of food-gathering (Ungar and Noy-Meir 1988, Illius and
Gordon 1993). Food quality (physical and chemical characteristics of food) can effect
foraging through a herbivore’ s selective grazing of plants or through differencesin the
digestion rate of different food items (Ungar and Noy-Meir 1988).

Where a herbivore eats and what food it selects can be influenced by a number
of factors. Herbivores may use cues gathered prior to or while grazing, such as the
intake rate of dry matter, bite mass, bite rate, sward height, biomass, grass colour and
olfactory cues, to determine patches in which to forage (Duncan 1975 (as cited in
Owen-Smith 1982), Black and Kenney 1984, Illius et a. 1992, Illius & Gordon 1993,

Distel et al. 1995, Gordon et al. 1996, Illius et a. 1999). Black and Kenney (1984)



suggested that sheep, given a choice of two patches in which to feed, selected the
patch in which they were able to eat at a faster rate. Distel et al. (1995) recorded a
similar pattern for cattle and hence suggested that the cattle used intake rate or bite
rate within a patch as a cue for patch selection. Illius et al. (1992), however, suggested
that grass height, and not intake rate, was a good indicator of patch selection by sheep.
However, as on average the selection of tall swards result in higher intake rates, it is
possible that sheep may use sward height as a cue of potential long term increase in
intake rate (Illius & Gordon 1993). Duncan (1975 as cited in OwenSmith 1982)

recorded that topi (Damaliscus lunatus) seemed to alter their seasonal habitat

preferences to favour grassland types that allowed them to maximise their intake of
green leaves. The topis selection for green leaf increased with increasing grass
biomass, but there was no clear relationship between preference and the protein
content of the green leaf (Owen-Smith 1982). Langvatn & Hanley (1993) indicated

that red deer (Cervus elaphus) feeding in patches of Timothy grass (Phleum pratense)

offering varying intake rates of digestible protein and digestible dry matter, utilised
patches in relation to the intake rate of digestible protein.

As a herbivore feeds, it depletes the food resources in a patch, thus reducing
the benefits gained from the patch. Charnov (1976) proposed the margina value
theorem to address the question of when a herbivore should leave a patch. The
marginal vaue theorem, suggests that an animal should leave a patch once the
benefits gained within the patch (i.e. intake rate or energy gain) decline to where they
equal the benefits gained from a new patch, taking into account the costs of moving to
the new patch. As giving up time is dependant on the rate of depletion of the patch,
the model predicts that animals should spend more time in higher quality than in low

quality patches.



Laca et al. (1993) recorded that cattle, feeding on patches of ryegrass created
by mowing, adjusted the time spent feeding in a patch in relation to the distance
between patches. In accordance with the marginal value theorem, cattle increased the
time spent feeding in a patch as the distance between patches increased. Jiang and

Hudson (1993) suggested that, during favourable conditions, wapiti (Cervus elaphus)

stopped feeding in grassand patches after the bite rate in a feeding station dropped
below seasonal expectations. Later in the seasonal cycle, when conditions were less
favourable, wapiti stopped feeding in patches when the bite rate dropped below
seasonal expectations in two consecutive feeding stations. The decision to leave a
feeding station, however, was not determined by seasonal expectations of bite rate but
rather by the latera neck angle of the wapiti reaching a critical point, suggesting a

biokenetic explanation (Jiang and Hudson 1993).

Diet selection

Large grazers forage in grasslands that exhibit spatial and temporal variability
in forage quality and availability through the seasonal cycle (O'Reagain 2001). It has
been suggested that the maximisation of both energy and nutrients are likely to be
achieved by foraging tactics which maximise the intake of digestible plant tissues
(IMius et a. 1992, Illius and Gordon 1993, van Wieren 1996). In most graminoids, the
majority of digestible dry matter is found in green leaves while the stem is comprised
mainly of fibre (McDonald et al.1981). As grasses mature and grow, the stem to leaf
ratio increases which increases the amount of fibre found in each plant (Dove 1996).
Thus, as grass matures, quality declines. Increases in plant fibre can lead to increased
handling and digestion times for herbivores (Janis 1976, Illius and Gordon 1992,

1993). On short, high quality swards, herbivores can obtain high bite rates but low



instantaneous intake rates, while on tall, low quality swards the opposite is observed
with herbivores obtaining low bite rates but high instantaneous intake rates (Fryxell
1991, Wilmshurst et a. 1995, Wilmshurst et a. 2000).

Fryxell (1991) suggested that, herbivores would maximise intake of energy by
foraging on swards of intermediate height and maturation stage. By foraging in these
swards, Fryxell suggested that herbivores would optimise dry-matter intake and
energy digestibility. Other authors (McNaughton 1988, 1990, Murray 1995), have
suggested the possibility that the selection of grass of intermediate height and
greenness may provide the best combination of minerals needed for growth, gestation
and lactation. Wilmshurst et al. (1995) tested Fryxell’s (1991) model by monitoring
the patch selection of wapiti in experimental pastures where the biomass of different
patches was manipulated through mowing. Wilmshurst et al. (1995) found that, as
predicted by Fryxell’s (1991) model, that daily rate of energy gain was greatest for
wapiti in patches of intermediate biomass and fibre. Wilmshurst et a. (1999)

indicated that wildebeest Connochaetes taurinus) in the Serengeti national park,

Tanzania, selected habitats in which to feed based on grass height and greenness,
selecting habitats with green grass of short to medium heights. However, within
habitats, wildebeest selected select feeding areas based on grass greenness and not

sward height.

Influence of physical features
A second aspect which can influence a herbivore's potential energy gain in
different patches are the physical features of the herbivore (i.e. body size and
digestive system (i.e. ruminant vs. nortruminant); Demment and Van Soest 1985,

[llius and Gordon 1992, 1993). For ruminants, daily food intake declines as fibre
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content of ingested plant material increases (Bell 1971, Janis 1976, Foose 1982). This
declineis aresult of the slower passage rate of fibrous materia through the rumen, as
fibrous material takes longer to break down to a size where it will pass out of the
rumen and into the remainder of the digestive tract (Bell 1971, Janis 1976, Foose
1982).

In comparison, nortruminants do not have structures which restrict the
passage rate of food particles through their digestive tract. Thus, it has been suggested
that the passage rate of fibrous materia for non-ruminants can be nearly twice that of
ruminants (Bell 1971, Foose 1982, Illius and Gordon 1992). On high fibre diets, this
faster passage rate allows non-ruminants to eat more food, and thus obtain more
nutrients per day from abundant lowquality food than ruminants (Foose 1982,
Duncan et a 1990). The ability for nonruminants to obtain more nutrients per day
may outweigh their reduced digestive efficiency compared to ruminants (Duncan et a
1990, Illius and Gordon 1992).

Bell (1971) and Jarman (1974) proposed that the allometric scaling of
metabolic rate influences the food quality requirements of mammalian herbivores, and
thus their food selection. The Bell-Jarman principle (Geist 1974) states that, due to
their higher metabolic rates, small herbivores require more energy and protein per day
per unit body mass than large herbivores. To achieve these requirements, small bodied
herbivores select food types of high quality, while large herbivores can survive on
food types of a higher fibre and lower protein content. Demment and Van Soest
(1985) expanded these ideas further by showing that the reason why large herbivores
should be better able to process and survive on poor quality food is because 1)
metabolic requirements scale with body weight raised to the power of three-quarters

(W°™) and 2) gut volume increases linearly with body weight (W°). Hence they
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suggested that large herbivores are better able to meet their metabolic requirements on
low quality food due to a greater extent of cell wall digestion resulting from increased
retention times.

Jarman (1974) suggested that there is a general relationship between body size
and food selection. Due to high quality food requirements, small herbivores tend to be
selective feeders, selecting for plant parts. Larger herbivores, however, due to their
ability to survive on lower quality food, tend to feed relatively unselectively. The
degree to which herbivores can be selective is limited largely by mouth size (Jarman
1974, Hanley 1982). Smaller herbivores can respond to seasona declinesin quality by
selecting for green leaves, while avoiding stems and senescent leaves (O'Reagain and
Schwartz 1995). Due to their broad mouths, large herbivores find it difficult to select
for plant parts. This difficulty, however, is compensated by the higher dietary

tolerance of large herbivores.

Functional response

Throughout the seasonal cycle, the availability of food resources in patches
changes due to plant growth and decay, and consumption. As food availability
changes, so may a herbivore's intake rate. Holling (1959, 1965) termed the
relationship between a predator’ s intake rate and the availability of food the functional
response. Holling (1959, 1965) identified three forms of functional response, termed
Typel, I, and IIl. In a Type | response, intake rate increases linearly with increasing
food availability until it hits a maximum limit where it levels off. This response is
typical of filter feeders, where food is available in fine particles that can be ingested
rapidly, thus handling time is negligible. In a Type Il response, intake increases with

increasing food availability, but then gradually decelerates into a plateau where intake
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does not continue to increase with increasing food availability. Type Il responses are
the result of animals having to pause to handle food items prior to continuing their
search for new food items, thus search time and handling time do not overlap. In a
Type 1ll response, the relationship between food availability and intake rate is
sigmoidal, with a ow increase in intake rate at low food availability. This response is
found when normally selected prey types become difficult to find and thus effectively
unavailable at low densities.

Holling's (1959, 1965) models, however, do not biologically reflect the
foraging of large herbivores. In an attempt to model the foraging of large herbivores,
Spalinger and Hobbs (1992) generated three models which addressed the influence
that different spatial and morphological characteristics of plants have on intake rate of
large herbivores. In the first situation (‘ Process 1), plants are dispersed and hidden,
thus herbivores must move and search for the next food item. In the second situation
(‘Process 2'), plants are dispersed but are easily detected by the herbivore, thus
herbivores do not need  move to search for food. The final situation (*Process 3')
most closely resembles the foraging of herbivores, where plants are concentrated such
that each bite adjoins the next one.

Spalinger and Hobbs (1992) suggested that, despite the intake rate of large
herbivores frequently resembling a Type Il functional response (Gross et al. 1993a,b,
Fryxell and Doucet 1993, Wilmshurst et a. 1995, Bergman et al. 2000), underlying
constraints differ between predators and herbivores. Spalinger and Hobbs (1992) that
large herbivores feed on food which is found in bite size clusters concentrated within
patches (i.e. grass swards, bushes and trees). For each bite, handling time (i.e. time
required to pluck, chew, and swallow food) may take only a few seconds. As a

herbivore feeds, search time between bites is negligible and can overlap with the
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handling time of the previous bite. Thus, for herbivores, search time and handling
time are not mutually exclusive as suggested for predators by Holling (1959, 1965).
Over snort time scales, when resources are abundant, a herbivore's search time is
minimal within food patches and thus intake rate is regulated by handling time.
However, when resources are sparse within patches, intake rate will be regulated by
the time required to search for bites (Farnsworth and Illius 1996, 1998). Over longer
time scales, intake will be influenced by the herbivores digestive system (ruminant or
non-ruminant) and the fibre content of the different food types ingested, both of which

influence passage rates (Owen Smith 2002).

Intake rate

Intake rate of large grazers is dependant on sward structure and the ingestive
behaviour of the animal (Distel et al. 1995, Bergman et al. 2000). Herbage height,
bulk density (herbage weight per unit volume) and biomass have been shown to be
important sward determinants of intake rate within a patch (Black and Kenney 1984,
Laca et a. 1992, Shipley et a. 1994, Bergman et a. 2000). Intake rate, however, is
also influenced by bite mass, as larger bites result in higher intake rates (Hodgson
1985, Spalinger et al. 1988, Gross et a. 19933, Lacaet al. 1994).

Assuming that a herbivore attempts to maximise its intake rate across different
bite masses, herbivores may compensate, to some extent, for changes in bite mass by
changing bite rates (Black and Kenney 1984, Wickstrom et al. 1984). However,
increases in bite rate cannot fully compensate for declines in bite mass (Hodgson,
1985, Wickstrom et a. 1984), as constraints such as mouth volume and chewing rate

make the cropping of new grass directly compete with chewing of grass already
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within the mouth (Laca and Demment 1991, Spalinger et al. 1988, Spalinger and
Hobbs 1992).

For herbivores, maximum bite rate is determined by mouth morphology (tooth
size, jaw musculature) and the mechanics of food consumption (cropping and
chewing processes, Shipley et a. 1994). Maximum bite rate seems to scale
alometricaly with body mass. For example, moose (Alces aces) achieve a maximum

bite rate of only 25 bites/min, while smaller kudu (Tragelaphus strepsiceros) and mule

deer (Odocoileus hemionus) obtain a maximum of 45 bitessmin (OwenSmith 2002).

For even smaller impala (Aepyceros melampus; Cooper and Owent Smith 1986) and

sheep (O'Reagain and Owen Smith 1996), maximum bite rate is about 60 bites/min,

while Thompson's gazelle (Gazella thomsoni) have been found to achieve bite rates

as high as 78 bitesmin (Bradbury et al. 1996). Shipley et al. (1994), suggested that
maximum bite rate is constrained by pendulum movements of the lower jaw which

are dependant on the allometric scaling of jaw length (M),

White rhino foraging

Due to their large size, white rhinos should be able to utilise a wider range of
vegetation components (i.e. grassland types and grass species) than is possible for
smaller herbivores (Owen Smith 1988). Thus as the dry season progresses and plants
senesce, white rhinos should be able to survive on low quality food available in a
wide range of grassland types, but should still prefer high quality food.

Owen-Smith (1973, 1988) recorded that white rhinos utilised four broad
grassland types throughout the annual cycle in the Umfolozi Game Reserve. In the
summer rainy season, when there was a high availability of short green grass, white

rhinos foraged primarily in short grassands dominated by Digitaria argyrograpta,
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Panicum coloratum, Urochloa mossanbicensis and Sporobolus nitens. At the start of

the dry season, as the rate of short grass regrowth slowed and the grass turned brown,

white rhinos utilised woodland grasslands containing Panicum maximum, where

green grass was ill available. Later in the dry season as the woodland grasses
senesced and turned brown, white rhinos shifted and foraged mainly in accessible
Themeda grasslands. By the end of the dry season, when the accessible Themeda
grasslands had been depleted through utilisation, white rhinos moved into the more
remote Themeda grasslands on hillslopes.

Analysis of whole plant samples of selected grass species in the Umfolozi
Game Reserve (Downing 1972) indicated that short grasslands offer protein levels
that can average up to twice that of other grasslands (e.g. Themeda). As white rhinos
may spend a large portion of the annual cycle foraging in short grasslands (Owen
Smith 1973, 1988, Shrader 1998), they thus seem to concentrate their foraging on the
most nutritious grasdands (OwenSmith 1973). From these findings, Owen-Smith
(1973; 1988) suggested that food resources may influence the movement of white

rhinos between grassland habitats, and hence possibly their dispersal.

Movement
Many factors, or combination of factors, like the search for mates (Sinclair
1983), habitat composition and spatial arrangement of habitats within a landscape
(Dunning et a. 1992), and man-made disturbances (Stephenson et a. 1996), can
influence the movement of large herbivores. However, probably the most common
factor which influences movement is the search for food resources (Leuthold and Sale
1973, Western 1975, Sinclair 1983, McNaughton 1990, Turner et a. 1993, Scoones

1995).
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Scoones (1995) suggested that seasonal movements of herds of communal
cattle between foraging areas in southern Zimbabwe were dependent on the
availability of grazing resources. As the dry season progressed, cattle shifted from
upland foraging areas to lower riverine and drainage areas as the quality and
availability of food resources in the upland areas decreased. Leuthold and Sale (1973)
suggested that elephants in the Tsavo National Park, Kenya, moved over considerable
distances in response to localised rainfall. On the basis of circumstantial evidence,
they assumed that the primary factor influencing these movements was a change in
the food supply due to the rains (i.e. flushes of green vegetation).

Throughout the annual cycle, the utilisation of different parts of an animal’s
home range may vary in response to changing seasona conditions and the resulting
gpatial variation in resources (OwenSmith 1975, Fryxell 1991, Tufto et a. 1996).
When conditions are favourable, and food and water resources readily available, an
animal may restrict its movements to a small portion of the home range, termed the
core (OwenSmith 1975). As conditions become worse, either through seasonal
changes or the depletion of resources, an animal may move out of the core and utilise
a larger area, which defines its home range. More mobile animals, however, may not
remain within one home range throughout the year, but may traverse an area, termed
the annual range (Jewell 1966). This annual range may include seasonal home ranges,
migration routes, and temporary excursions outside the normally occupied area.

Tufto et a. (1996) recorded that, during the summer, female roe deer

(Capreolus caprlus) partially expanded their home range in response to declines in the

availability of food resources (i.e. deciduous browse and dicotyledonous ground
flora). Owen-Smith (1975) recorded that adult female white rhinos utilised their home

ranges to different extents depending on seasonal conditions. When green grass and
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surface water were readily available, individua adult femaes restricted their
movements to the core of their home ranges (approximately 6-8 knt). However, as
the quality of the food resources declined, the adult female’ s movements expanded to
where they utilised 10-15 kn?. With the start of the rainy season in September-
October, the quality of the food resources increased, and the adult females restricted
their foraging primarily to the home range core (OwenSmith 1975). There were
occasions, however, when adult females made excursions outside of their home
ranges (OwenSmith 1973). During the dry season, when the availability of surface
water declined, adult females made temporary excursions outside of their home
ranges in search of water. Adult male white rhinos primarily restrict their movements
to specific mutually exclusive territories (0.75-2.6 kn?). However, similar to adult
females, adult males may make excursions outside of these areas in search of water
during the dry season (Owen Smith 1975).

Subadult white rhinos of both sexes differ from adults with regard to their
movement patterns (OwenSmith 1975). Unlike adults, subadults do not restrict their
movements primarily to specific home ranges or territories, but may move over large
areas. At about 4 years of age, subadults establish temporary home ranges (2-7 knr),
and remain in an area for a short period of time, before moving or dispersing
elsewhere. Subadult white rhinos continue to move until they reach socio-sexual
maturity (Owen-Smith 1975). For females, socio-sexual maturity occurs at first
parturition around 7 years of age, while males become solitary and settle within a

territory (1-2.5 kn) between 10 and 12 years of age (Owen Smith 1975).
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Dispersal

Dispersal is probably one of the most important processes in the life history of
many animals (Greenwood 1980, Dobson 1982). For many species, dispersal is
conducted through the one-way movement of individuals away from their natal areas
(Holekamp 1986, Woollard and Harris 1990, Beaudette and Keppie 1992). For most
mammals, dispersal is usualy mae biased, while for birds, femaes tend to be
dispersers (Greenwood 1980, 1983, Holekamp and Sherman 1989). White rhinos
differ in that both male and female subadults disperse (Owen Smith 1973).

For large herbivores, dispersal may be influenced through 1) the decline of
resources (i.e. food and water) below acritical level (OwenSmith 1973, Grant 1978,
Dobson 1979), and 2) possibly through a reduction in access to food, shelter or mates
due to competition from conspecifics (Lomnicki 1978, Dobson 1982, Moore and Rauf
1984, Waser 1985). Dispersal, however, may not just be limited to one of these
causes, but may be a combination of the two (Dobson 1982, Dobson and Jones 1985,
Hansson 1991).

OwenSmith (1973) suggested that the dispersal of subadult white rhinos was
possibly in response to declines in the availability of food and water resources.
However, social pressures such as territoriality may also play a role with regard to
subadult males (Owen-Smith 1973). As both male and female subadults disperse, it is
possible that either one factor influences the dispersal of both sexes (i.e. food

resources), or that separate factors influence the two sexes.

Thesis structure (a note for readers and reviewers)
This thesis has not been written in the traditional ‘thesis' fashion set out by the

University, but follows a style where the mgjority of the chapters have been written as
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individual papers. Thus, each chapter (except the Introduction and Conclusion)
contain an Abstract, Introduction, Methods, Results, Discussion and References. From
writing in this fashion there is some degree of repetition between the chapters (i.e.
study area and references), for which | apologise.

My initial goa in writing-up was to submit each chapter to peer reviewed
journals as they were finished. | was able to do this for two chapters before time
become a limiting factor. These two chapters have been included in their published
format as chapter 4 and in Appendix I.

The introduction of the thesis (Chapter 1) lists the broad aim and objectives,
gives the rationale behind my approach, provides a literature review on aspects of
foraging and movement and explains the reason why the study was conducted.
Chapters 2 and 3 address the foraging aspects of white rhinos (i.e. diet selection and
intake rate respectively). Chapter 4 reproduces the paper ‘ The role of companionship

in the dispersal of white rhinoceroses (Ceratotherium simum)’ (Behavioral Ecology

and Sociobiology 52:255-261), which was published in 2002. After this paper
appeared on the Behavioral Ecology and Sociobiology web site, Nature contacted me
and did an article about the ‘buddy system’ which appeared on their web site

(www.nature.com/nsu/) on 8 July 2002. This article resulted in other articles about the

buddy system being written for ‘Natiorel Geographic Kids magazine
(January/February 2003) and for at least 8 different web pages (including SOS Rhino,
and the German edition of Scientific American, Wissenschaft-online). Web articles
were from at least five different countries and in at least three different languages.
Lastly, the conclusion (Chapter 5) sums up the findings of the study, provides a

conceptual model on the mechanism behind the dispersal of white rhinos and
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addresses the implications of the ‘buddy system’ to the management of white rhinos
in the Hluhluwe-Umfolozi Park.

There are four appendices which cover 1) a manuscript on methods which was
published prior to the thesis being submitted and 2) aspects of the study that did not fit
into the central chapters. Appendix | contains the paper, ‘A new method for
implanting radio transmitters into the horns of black and white rhinoceroses
(Pachyderm 30:81-86), which was published in 2001. Appendix Il contains the home
range maps of the 10 study animals monitored during the study. Appendix 111 lists the
code for the ‘Rhino’ bite rate computer program for the Psion Organiser 11. Appendix
IV contains the estimates of crude protein, P and Na from short, woodland and
Themeda grasslands utilised to generate estimates of nutritional intake in Chepter 2.

It is my hope that, by writing in this fashion, the thesis is more concise and the

information more accessible.
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FIGURE CAPTION

Fig. 1. Position of white rhino vacuum zones (dispersal sinks) and central core areain

the Umfolozi Game Reserve as established in 1997. (Scale 1: 200,000).
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CHAPTER 2

Forage selection by a mega-grazer, the white rhinoceros
(Ceratotherium simum)

Abstract. The selection of food resources is influenced by a herbivore's body
size and digestive system. The predictions of body size theory suggest that a mega-
grazer (i.e. body mass exceeding 1000 kg), like the white rhinoceros, should be
relatively unselective, selecting grassand types rather than grass species. In
accordance with these predictions, | found that white rhinos favoured short grasslands
and neglected Themeda grasslands duing the dry season. Themeda grasslands,
however, became more utilised in the initial portion of the wet season when white
rhinos responded to flushes of green grass. The seasonal utilisation of the different
grassland types differed to patterns described in a previous study. However, compared
to the previous study, the present study probably had a greater relative availability of
food resources due to high rainfall and lower white rhinos density. This greater
availability of food resources thus alowed white rhinos to feed in short grasslands
throughout the dry season and neglect Themeda grasslands. Despite being non
ruminants of very large body size, white rhinos were similar to smaller ruminants in
that they primarily fed on short to intermediate height swards of green grass
throughout most of the study period. Results indicate that despite their higher
tolerance of low quality food, large bodied herbivores select high quality food when it
isavailable.

Key Words: body size; Ceratotherium simum; diet selection; grazing; habitat

use.
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INTRODUCTION

Large grazers forage in grassands that exhibit spatial and temporal variability
in forage quality and availability through the seasonal cycle (O'Reagain 2001).
Seasonal acceptability of different grassland types, grass species and sward structure
is ultimately influenced by a herbivore's body size and digestive system, which
determines the efficiency with which different foods can be consumed and utilised
(Demment and Van Soest 1985, Illius and Gordon 1992, 1993).

Bell (1971) and Jarman (1974) proposed that the allometric scaling of
metabolic rate influences the food quality requirements of mammalian herbivores, and
thus the level at which they select food (i.e. plant parts, plants, grassland types). The
Bell-Jarman principle (Geist 1974) states that, due to their higher metabolic rates,
small herbivores require more energy and protein per day per unit body mass than
large herbivores. To achieve these requirements, small bodied herbivores must select
for food types of high quality, while large herbivores can survive on food types of a
higher fibre and lower protein content. Demment and Van Soest (1985) expanded
these ideas further by showing that the reason why large herbivores should be better
able to process and survive on poor quality food is because 1) metabolic requirements
scale with body weight raised to the power of three-quarters (W ") and 2) gut volume
increases linearly with body weight (W°). Hence they suggested that large herbivores
are better able to meet their metabolic requirements on low quality food due to a
greater extent of cell wall digestion resulting from increased retention times.

Jarman (1974) suggested that there is a general relationship between body size
and food selection. Due to high quality food requirements, small herbivores tend to be
selective feeders, selecting for plant parts. Larger herbivores, however, due to their

ability to survive on lower quality food, can to feed relatively unselectively. The
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degree to which herbivores can be selective is limited largely by mouth size (Jarman
1974, Hanley 1982). Smaller herbivores can respond to seasona declinesin quality by
selecting for green leaves, while avoiding stems and senescent keaves (O'Reagain and
Schwartz 1995). Due to their broad mouths, larger herbivores find it more difficult to
select for plant parts. This difficulty, however, may be compensated by the higher
dietary tolerance of large herbivores.

Large herbivores achieve greater bite masses and hence intake rates on taller
swards than on short swards (Black and Kenny 1984, Illius and Gordon 1987, Laca et
al. 1992). Field studies, however, have indicated that large herbivores tend to prefer
swards of intermediate height and biomass, even when tall swards of high biomass are
available (Jarman 1974, McNaughton 1984, Langvatn and Hanley 1993, Wilmshurst
et a. 1995, Wilmshurst et al. 1999). Van Soest (1994) indicated that protein content
and digestibility of grass are usually negatively correlated with maturation stage. The
forage maturation hypothesis (McNaughton 1984, 1986, Fryxell 1991) suggests that
ruminants maximise dry matter intake and energy digestibility by feeding on swards
of intermediate height and maturation stage, rather than on taller more mature swards.
Fryxell (1991) suggested that the selection of intermediate swards should be more
pronounced in ruminants than in nonruminants, as daily intake is often more
constrained by the digestion and passage of fibrous food through the rumen than
through the hind-gut of non-ruminants (Bell 1971, Janis 1976, Foose 1982). Other
authors (McNaughton 1988, 1990, Murray 1995), however, have suggested the
possibility that herbivores select grass swards of intermediate height and maturation
stage because these swards provide higher concentrations of minerals needed for

growth, gestation and lactation than taller more mature swards.
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Body size theory suggests that, as the dry season progresses and plants start to

senesce, white rhinoceros (Ceratotherium simum), due to their large size, should be

able to feed less sdectively than smaller herbivores, and utilise a wide range of
vegetation components and grassland types (OwenSmith 1989). Melton (1987)

recorded that, in relation to smaller African herbivores (e.g. buffalo Syncerus caffer,

zebra Equus burchelli, wildebeest Connochaetes taurinus and waterbuck Kobus

elipsiprymnus), white rhinos in the Hluhluwe-Umfolozi Park, South Africa showed a

lower degree of selection at a landscape (i.e. habitat types), community (i.e. feeding
areas) and feeding station (i.e. grass species) spatial scales. As the dry season
progressed, white rhinos became even less selective and utilised a wider array of
habitat types, feeding areas and grass species.

In another study conducted in the Hluhluwe-Umfolozi Park, OwenSmith
(1973, 1988) documented how white rhinos changed their use of grassland types as
the availability of food resources declined over the seasonal cycle. Seasonally, white
rhinos transferred their feeding among four broad grassland types. In the summer wet
season, when green grass was readily available, white rhinos fed primarily in short
grasslands. At the start of the dry season, as grass senesced and started turning brown,
white rhinos fed mainly in woodland grasslands, where green grass was still available.
Later in the dry season, as the woodland grasses turned brown, white rhinos
transferred most of their foraging to accessible Themeda grasslands on gentle terrain.
By the end of the dry season, when the availability of food resources had declined in
the accessible Themeda grassands, white rhinos moved into and fed in Themeda
grasslands on hillslopes.

The main objective of my study was to determine how the diet selection of a

relatively unselective mega-grazer (i.e. body mass exceeding 1000 kg), the white
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rhino, would change during a period of resource limitation. Based on foraging theory,
the observations from previous studies, and the predictions of body size theory, |
hypothesised that 1) white rhinos would select for grassand types, and very little for
specific grass species within the different grassland types, 2) as the dry season
progressed, white rhinos would increase their utilisation of Themeda grassands, while
decreasing their use of short grasslands, and 3) early in the dry season, white rhinos
would select for intermediate height swards of green grass, however, as the dry season

progressed white rhinos would shift and utilise taller swards of brown grass.

METHODS

Study area

The study was conducted in the western section of the 950 km2 Hluhluwe-
Umfolozi Park (HUP) in KwaZulu-Natal, South Africa (28° 20" S, 31° 51' E). The
study area covered approximately 140 km? on the western side of HUP (Fig. 1).
Rainfall was measured by the management staff using a permanent rain gauge situated
in the western section of the park at the Mbuzane ranger station. Rainfall data used in
my analysis included rainfal from 7 months prior to the study, so as to cover the
previous wet season (October-February), which would influence the availability of
food resources during the dry season. Rainfall was below average (545 mm) during
the first seasonal cycle of the study (October 1998-September 1999), and above
average (791 mm) during the second seasonal cycle (October 1999- September 2000),
relative to the 690 mm long-term mean (1981-1998) for the western side of HUP
(KwazZulu-Natal Wildlife, unpublished data).

Grassland composition of the study area (Fig. 2) was estimated from four 5 km

transects located within the core of the study area, the 50 knf Ggoyeni basin (Fig 3).



39

The lengths of the segments through each grassland type were determined by
recording GPS positions at the start and end of each grassland type along the separate
transects. Boundaries of the different grasslands were delineated by changes in grass
species composition. GPS positions were plotted using the GIS program Acrview 3.2
(Environmental Systems Research Ingtitute, Inc. 1999) and the distance between the
points determined. The total length of the transects that passed through each grassland
type was then calculated by summing the individual lengths of each grassland type
along the transects. These total distances were then divided by the total distance of all
transects to determine the proportion of the study area occupied by each grassland
type. Measurements of grassland type distribution along each transect were made
three times during the study and the final proportions determined as the mean of these
three estimates. Multiple measurements were taken as the transects were not

permanently marked and thus the same pathway was not walked each time.

Data collection

To monitor changes in the selection and utilisation of grassland types, grass
species and grass sward structure, observations were made through the dry season
months (May-August 1999; April-September 2000) and into the start of the wet
season. This initial portion of the wet season (September-October 1999; October
2000) constituted the transitional period. September 2000 was considered part of the
dry season, as the rains did not start until after data collection for this month had been
completed.

White rhinos were located in the early morning and late afternoon, when they

were most active (Owen-Smith 1973, 1988), and approached on foot from downwind.
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Due to the poor eyesight of white rhinos, observations could be made from a distance
of 10-40 meters. Data were gathered from subadults of both sexes (2.5-7 years) and
from adult females (>7 years).

When a rhino was observed feeding, the area from which it had taken bites
was marked visualy in relation to landmarks. Once the rhino had moved a safe
distance away, bites were located along the easily discernible (approximately 70 cm
wide) feeding path. A set of ten successive hites constituted one feeding observation.
The dimensions of each bite were determined as the furthest distances between the
severed ends of grass leaves or stems. For each bite (typically 20 cm X 10 cm), the
single or multiple grass species ingested were recorded, along with grass greenness,
sward height and the broad grassland type in which the bites were taken. Percentage
greenness and sward height were estimated subjectively from grass of the same
species adjacent to each bite. Grass greenness was determined using Walker’s (1976)
eight point scale (0%, 1-10%, 11-25%, 26-50%, 51-75%, 76-90%, 91-99%, 100%).
Prior to analysis, however, estimates of grass greenness were combined into four
categories; very brown (0-10%), mainly brown (11-50%), mainly green (51-90%) and
very green (91-100%). Sward height was measured using a ruler and then classified in
one of three height categories (<10 cm, 11-30 cm, or >30cm).

Grasslands were categorised as short, woodland, Themeda, Sandy, Cynodon
or Bothriochloa (Downing 1972, OwenSmith 1973). Short grassland presented a

short lawn-like cover dominated by Digitaria argyrograpta, Panicum coloratum,

Urochloa mossambicensis and Sporobolus nitens. Woodland grasslands were found

under tree canopies and consisted primarily of Panicum maximum and Enteropogon

monostachyus. Themeda grasslands comprised primarily tall growing species

dominated by T. triandra. Sandy grasslands were of medium height and were found
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on loose sandy soils, dominated by Eragrostis spp. and Aristida spp. Cynodon
grasslands were lawn-like grassands found on loose riverine sands, dominated by

Cynodon dactylon and P. maximum. Bothriochloa grasslands consisted mainly of

isolated patches of medium height grasses, including Bothriochloa insculpta, Aristida

spp. and P._ maximum. Since white rhinos fed primarily in short, woodland and
Themeda grasslands during the study, the remaining grassland types were combined
into an ‘Other’ category. During both years, portions of the study area were burnt
during July and August. Burnt areas consisted primarily of Themeda grasslands, but
also included sections of short, woodland and ‘Other’ grassland types. After the rains
commenced (in September 1999 and October 2000), these burns provided areas of
green grass flush.

Monthly utilisation of the different grassand types was estimated from the
presence of white rhinos in the grassland types during the morning and afternoon
sampling sessions. A white rhino was recorded as present if it was observed feeding
in the grassland type during a sampling session. If a white rhino fed in more than one
grassland type during a sampling session, the rhino was recorded as present in each of
the grassland types. Observations, however, were not weighted (i.e divided into 0.5
and 0.5, if arhino fed in two grassand types), as only presence-absence data were
recorded and used in the calculation. In total, white rhinos were recorded present in
the different grassland types 221 times in 148 sampling sessions in 1999, and 223
times in 146 sampling sessions in 2000. For each month, the utilisation (U;) of the

different grassland types was determined as

Oi

tm
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where o, was the number of times white rhinos were recorded present in the it"
grasslard type, and t, was the total number of times white rhinos were recorded
present in all grassland types during the month.

The utilisation of grass species, was estimated from feeding observations (i.e.
10 hites) recorded along the rhinos feeding paths. In total, 810 feeding observations
were recorded on 195 separate days over the two years. In each feeding observation, a
70 X 70 cm quadrat was placed over each of the ten bites measured along a rhino’s
feeding path. The 70 X 70 cm quadrat was used to represent the feeding station
(approximately 1 metre wide) in which a white rhino could swing its head and feed
without having to move its front feet (Bailey et al. 1996). Within each feeding station,
the grass species freshly bitten, along with the other species present, were recorded.

The availability of grassin the different sward height and greenness categories
within the short, woodland, Themeda and ‘other’ grassland types was recorded
monthly within the study area. Sward height and greenness data were collected along
the transects within the Ggoyeni basin (Fig 3). When the transects were walked, the
categorical sward height and percentage greenness of the grass were estimated
approximately every 50 m (N=8103) within each grassland type walked through. The
dominant sward height in a metre square area was classified in one of the three sward
height categories, while the percentage greenness of the grass was estimated using
Walker's (1976) eight point scale and then combined into one of the four greenness
categories (i.e. very brown, mainly brown, mainly green and very green).

The acceptability and dietary contribution of grass species in the different
periods were determined from the combined data recorded in 1999 and 2000.

Combined data were divided into three periods, based on changes in rainfal: 1) early
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dry (May 1999, April-May 2000), 2) late dry (June-August 1999, June-September
2000), and 3) transitional (September-October 1999, October 2000). Changes in the
acceptability and dietary contribution of grass species were then determined between
these three periods.

Acceptability and dietary contribution of each grass species was estimated
from the grass species within the feeding stations (i.e. quadrats) recorded along the
rhinos feeding paths. Each feeding station was considered an independent observation
in which the white rhino either accepted or rejected the grass species present. The

acceptance frequency (A;) for each grass species was determined as

where @ was the number of quadrats in which the f" grass species was eaten, and p
was the total number of quadrats in which the " grass species was present (Owen-
Smith and Cooper 1987). Estimates of acceptability were determined only for grass
species which were recorded as available in >20 quadrats.

To determine the dietary contribution of the different grass species in each
period, the number of bites taken of each individual species was determined. Despite
the width of the rhinos’ mouths, 82% (N=8101 bites) of the bites recorded comprised
a single grass species. In instances where more than one species was ingested, the bite
was partitioned between the separate species (i.e. for 2 grass species ingested, each
species was considered 0.5 of the bite). The dietary contribution (C,) of each grass

species in the three periods was then determined as



_ bi
Co = tok

where by was the number of bites of the f" grass species recorded in the K" period,

and ty was the total number of bites recorded during the k' period.

Data analysis

Seasonal changes in the feeding selectivity of white rhinos were quantified at
the grassiand type, feeding station and sward structure spatial scales. A ? 2 test plus
Bonferroni confidence intervals (Byers and Steinhorst 1984) was used to test whether
white rhinos utilised grassand types and grass species in proportion to availability in
each seasonal period. The expected number of rhino observations in each grassland
type was generated by multiplying the proportional availability of each grassland type
by the total number of rhino observations in each seasonal period (early dry N= 82
observations; late dry N= 181 observations; transitional= 101 observations). At the
grassland type scale, the ‘other’ grassland type (2% of the study area) was not
included in the analysis, as the expected number of rhino observations during each
seasonal period were found to be less than five observations. Proportional availability
of each grassland type was recalculated using only the total transect lengths from the
short, woodland and Themeda grassland types.

Availability of grass species within the combined grassland types was
estimated from the presence of each grass species in the feeding stations recorded
along the rhinos feeding paths. Proportional availability of each grass species was
determined by dividing the number of times a species was recorded as present by the

total records of occurrence of all species. Within each season, availability was
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determined only for grass species which were recorded as present >20 times. In the
? %analysis, the number of times each grass species was eaten was compared to the
expected use of the grass species. Expected use within each seasonal period was
determined by multiplying by the total number of feeding stations for all grass species
by the proportional availability of each grass species within the seasonal periods
(early dry N= 1954 feeding stations; late dry N= 4249 feeding stations; transitional=
3137 feeding stations).

Overal selectivity at both the grassland type and feeding station levels was

determined using the S index (McNaughton 1978)

Pai - Pci
S:é |A2C|

where for grassland types, P was the proportional availability of the I grassiand
type in the study area, and R; was proportiona use of the I" grassland type, as
estimated by the presence of white rhinos in each grassland type. For grass species
within feeding stations, Py was the proportional availability of the f" grass species
aong the rhinos' feeding paths, and Pe was proportions of the " grass species eaten
by white rhinos. S values range between 0 and 1, with O indicating selection equal to
availability and 1 indicating maximum selectivity.

Ninety-five-percent binomia confidence limits were calculated for the
acceptance frequencies of each grass species in the different periods. The different
grass species were then listed in descending order of their initial acceptability

estimates in the early dry period, to determine whether grass species could be
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categorised into discrete acceptance clusters (i.e. favoured and neglected species;
Owen-Smith and Cooper 1987).

A 2-way ANOVA was used to analyse the variation in the daily dietary
contribution of the different grass species ingested during the different periods.
Categorical effects consisted of period (early dry, late dry and transitional) and grass

species (P._maximum, T. triandra, D. argyrograpta, P. coloratum, Heteropogon

contortus, E. monostachyus, S. nitens, U. mosambicensis and an ‘Other’ category).

Grass species used in the analysis consistent of the 8 species which made up the
majority of the white rhinos diet in al three periods, while the remaining species
were combined into a single ‘Other’ category. A Tukey honest significant difference
test was used for post hoc comparisons.

Independent feeding observations were generated by separating the feeding
data into days. Each day had to have a minimum of two observations (i.e. 20 bites) to
be used in the analysis. Days in which only a single feeding observation was recorded
were combined with the previous or following day. After combining, the total sample
consisted of 155 days with 1395 replicates of the daily proportions of the eight grass
species plus the ‘ other’ grass species category.

The dietary contributions (Cq) of the different grass species for each day were

then determined as

where by was the number of bites of the i" grass species recorded on the k" day, and
ty Was the total number of bites recorded during the K" day. The 155 days were then
divided into three periods. 1) early dry (May 1999, April-May 2000), 2) late dry

(June-August 1999, June-September 2000), and 3) transitional (September-October
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1999, October 2000), and differences between the periods analysed. Prior to anaysis,
the daily dietary proportions of the different grass species were arcsine transformed
for normality. Analyses were performed using the statistical package Statistica 5.5

(StatSoft, Inc. 2000).

RESULTS
Utilisation of grassland types

Short grasslands contributed between a quarter and almost half of the
observations of grassand type use in each month (Fig 4). Through the dry season
months of both years (May-August 1999 and April-September 2000), woodland
grasslands made up about a third of the observations. Just prior to the transitional
period (i.e. in August 1999 and September 2000), the utilisation of woodland
grasslands appeared to decline. The utilisation of Themeda grasslands by white rhinos
remained fairly consistent, at just under a quarter of the observations each month. Use
of the ‘Other’ grassand type was low for most of the study, but increased to
approximately a fifth of the observations during the transitional period in both years
(September-October 1999 and October 2000). With the start of the wet season (i.e.
September 1999 and October 2000), the utilisation of green grass flush on burns

contributed up to athird of the observations.

Sdection of grassland types
White rhinos were selective among grassiand typesin the early dry (2= 24.77,
df= 2, P<0.001), late dry (?2= 49.15, df= 2, P<0.001) and transitional periods (? °=
11.16, df= 2, P=0.004). In the early and late dry periods, white rhinos significantly

favoured short grasslands, showed marginally non-significant selection for woodland
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grasslands and neglected Themeda grasslands (Table 1). In the transitional period,
white rhinos continued to significantly favour short grasslands, and utilised woodland
grasslands a little less than in proportion to their availability, but increased their use of
Themeda grasslands such that these grasslands were utilised almost in proportion to
availability. The increase in the use of Themeda grasslands during the transitional
period may have been the result of the white rhinos responding to flushes of green
grass on burnt Themeda grasslands. Overall selectivity for grassland types by white
rhinos was low throughout the study period. Selectivity was similar throughout the
early dry (S= 0.27) and late dry (S= 0.24) periods, but declined with the start of the

rains in the transitional period (S= 0.14).

Acceptability of grass species
| drew a basic division between grass species with acceptance frequencies
greater than 0.5, and those with acceptance frequencies less than 0.5 using the
acceptance frequencies from the early dry period (Fig 5). Within these two divisions, |
subdivided grass species further between: 1) five species where acceptance frequency

was >0.67 in the early dry period (. maximum, H. contortus, Panicum deustum,

Digitaria_eriantha, D. argyrograpta), 2) three species where acceptance ranged

between 0.50 and 0.67 (Dactyloctenium spp., Sporobolus ioclados, S. nitens,), 3) six

species where acceptance was between 0.30 and 0.50 (U. mosambicensis, C.

plurinodis, T, triandra, E. monostachyus, P. coloratum, Eragrostis spp.), 4) two

species with acceptance between 0.10 and 0.30 (B. insculpta, Eragrostis superba), and

5) one species which had an acceptance of <0.1 (Aristida spp.; Fig 5).
All eight species which had an acceptance greater than 0.5 during the early dry

period remained above 0.5 through the late dry period (Fig 5). However, among these,
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the short grass species P. coloratum, Dactyloctenium spp., S. iocladosand S. nitens

showed lowered acceptances (i.e. <0.5) in the transitional period (September-October
1999 and October 2000), when rhinos largely fed on green grass flushes on burns. The

acceptance of both T. triandra and E. monostachyus increased significantly between

the early and the late dry seasona periods, and then further in the transitional period.
The acceptance of B. insculpta fell to below 0.1 during the late dry period, while E.
rigidior was not eaten during the transitional period despite being frequently available.

Throughout the study period, the acceptance of D. argyrograpta was

significantly greater than the acceptance of other short grassland species (i.e. S.

ioclados, S. nitens, U. mosambicensis and P. coloratum; Fig 5). In woodland

grasslands, the acceptances of P. maximumand P. deustum were significantly greater

than the acceptance of E. monostachyus in the early and late dry season periods.

However, in the transitiona period, no differences were recorded between the
acceptances of the three woodland species. In Themeda grasslands, during the early

and late dry season periods, the acceptance of both H. contortus and D. eriantha was

significantly greater than the acceptance of T. triandra. During the transitional period,
despite the significant increase in the acceptance of T. triandra during this period, the
acceptance of H. contortus remained significantly greater than the acceptance of T.

triandra.

Diet contribution
White rhinos consumed a minimum of 42 different grass species during the
study period. Only four uncommon grass species recorded in feeding sites were not

consumed by white rhinos. Diplachne eleusine, Tristachya leucothrix, Trachypogon

spicatus and Eleusine coracana. Twelve to fourteen species constituted approximately




50

95% of the diet in the different seasons during the study, while approximately 75% of
the diet was made up of 6 to 8 species (Table 2). Forbs made up only 1% of the food
ingested. Eight grass species constituted the core of the grass species eaten over the

three periods. P. maximum and E. monostachyus, both woodland grass species; T.

triandra and H. contortus, both Themeda grassland species; and the short grassland

species D. argyrograpta, P. coloratum, S. nitens and U. mosambicensis.

The contribution of the different grass species eaten by white rhinos differed
significantly (Fi6,1368=4.45, P<0.0001) between the three periods. The contribution of
P. maximum to the diet was significantly lower in the transitional period than in either
the early dry (X =0.33, P<0.0001) or late dry periods (X =0.22, P=0.03). During the
transitional period, when white rhinos fed on flushes of T. triandra on burns, the
contribution of T. triandra was significantly greater than in both the early dry
(X =0.06, P<0.01) and late dry periods (X =0.11, P<0.05).

Seasonal utilisation of the different grass species reflected the seasonal
utilisation of the different grassland types. In the early dry period, when white rhinos
utilised mainly woodland and short grasslands, three-fourths of the white rhinos' diet

comprised woodland (P._maximum and Dactyloctenium spp.), or short grassland

species (D. argyrograpta, U. mosambicensis and S. nitens). In the late dry period,

while white rhinos continued to feed mainly on woodland @. maximum, and E.

monostachyus) and short grass species (D. argyrograpta, P. coloratum, and S. nitens),

the dietary contribution of Themeda grassland species increased (T. triandraand H.
contortus). After the start of rains in the transitional period (i.e. September 1999 and
October 2000), the utilisation of woodland grasslands declined, and white rhinos fed

mainly on lawn-forming grass species D. argyrograpta and P. coloratum and species

flushing on the burns (T. triandra, H. contortus and E. superba).
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Selection of grass species
As with grassland types, white rhinos selected for specific grass species
throughout the early dry (%= 245.34, df= 16, P<0.001), late dry (?2= 475.64, df= 22,
P<0.001) and transitional periods 2= 366.65, df= 20, P<0.001). Throughout the
study, white rhinos utilised most grass species encountered along their feeding paths
in proportion to availability (Table 3). In the early dry period, white rhinos favoured

P. maximum, while neglecting P. coloratum, U. mosambicensis, T. triandra,

Eragrostis superba and Aristida spp. (Table 3a). During the late dry period, white

rhinos continued to favour P. maximum, but also selected for the green, lawn-forming

Heteropogon contortus found in Themeda grassands. The utilisation of T. triandra

increased to where it was used in proportion to availability, while Eragrostis superba,

Aristida spp., Eragrostis rigidior and B. insculpta were neglected (Table 3b). In the

transitional period, white rhinos favoured D. argyrograpta, H. contortus and T.

triandra. The selection of P. maximum declined to where it was used in proportion to

availability, while P. coloratum, E. superba, Aristida spp. and E. rigidior were

neglected (Table 3c). Overall selectivity of grass species by white rhinos remained
consistently low throughout the study period (early dry S= 0.16, late dry S= 0.13 and

transitional S= 0.16).

Selection of sward structure
Very green and mainly green grass were available later into the dry season in
2000 than in 1999 (Fig. 6a). Throughout the study period, white rhinos utilised the
greenest grass in proportions greater than availability in each month (Fig. 6 a and b).

In the early dry period (April-May 2000) white rhinos fed only on green grass swards
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and neglected the small amount of brown grass available. During the late dry period
(June-August 1999 and June-September 2000), as the availability of green grass
declined, use of green grass by white rhinos was about twice the proportional
availability of green grass. As the availability of green grass increased during the
transitional period, white rhinos predominately fed on swards of green grass.

White rhinos also utilised the different sward height categories in proportions
which differed from availability (Fig. 7 a and b). Throughout the study period, white
rhinos preferentially fed on short (<10 cm) and intermediate swards (11-30 cm), while
neglecting tall swards (>30 cm). During the early dry period, use of both short and
intermediate height swards was about twice the respective availability of these height
classes. In the late dry season, white rhinos showed strongest selection for
intermediate height. In the transitional period, with the high availability of short
swards of new growth, white rhinos again concentrated their use on short and

intermediate height swards.

DISCUSSION

White rhinos were found to select for grassand types throughout the study
period. These findings are similar to the predictions of body size theory (Bell 1971,
Jarman 1974) and the findings of a previous study (Melton 1987), which had
suggested that, due to their large body size and wide mouths, white rhinos should be
relatively unselective grazers, selecting primarily for grassland types. White rhinos,
however, differed from expectations in that they did not utilise grassland types in the
pattern previously observed by OwenSmith (1973, 1988). Instead of increasing their
utilisation of Themeda grasslands as the dry season progressed, white rhinos preferred

short grasslands throughout the dry season and neglected Themeda grasslands. Fryxell
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(1991) suggested that ruminants, due to daily passage rates being constrained by the
digestion and slow passage rate of fibrous food through the rumen, should show a
greater degree of selection for swards of intermediate height and greenness than non
ruminants. Somewhat at odds with these suggestions, however, white rhinos, despite
being extremely large bodied non-ruminants, were found to have a high degree of
preference for green grass swards of short to intermediate height throughout the study
period.

Overall selectivity for grassland types by white rhinos in the present study was
found to be lower than what was previously reported for the dry season by Melton
(1987; Table 4). Selection vaues from the two studies, however, cannot be directly
compared, as habitat levels were defined differently in each study. Melton (1987)
defined habitats based on tree species composition, while | used grassand types
defined by grass species composition. Melton (1987) also reported that habitat
selection of white rhinos was low during the dry season. However, it is unlikely that
the small difference between the wet and dry periods reported by Melton (1987) was
significant. In the present study, white rhinos were more selective for grassland types
during the dry season than in the transitional period. These findings indicate that
white rhinos fed relatively unselectively on the new growth and green grass flushes
available during the transitional period.

The utilisation of the different grassand types differed from what was
recorded previously by Owen-Smith (1973, 1988). In the previous study, the use of
short grasslands by white rhinos declined after April to where there was little use of
these grasslands by the end of the dry season in September (Fig 8). As the dry season
progressed, white rhinos increasingly shifted their feeding into Themeda grasslands

on flat areas, and later to the more remote Themeda grasslands found on hillslopes.
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OwenSmith’'s study (1973, 1988) area was located in the western section of
HUP, and partially over-lapped the present study area. The area in which OwenSmith
estimated seasona change in the usage of grassland types did not represent woodland
areas. Thus, to compare my findings to OwenSmith’'s, | generated estimates of
grassland type utilisation for short and Themeda grassland types, and excluded
woodland grassland use. As in the previous study, the relative use of short grassands
by white rhinos declined to its lowest point at end of the dry season in September (Fig
8). However, the use of short grasslands by white rhinos was proportionally greater
throughout the present study than in the previous study, even during September.
White rhinos utilised Themeda grasslands proportionally less through the dry season
than in the previous study, and did not, at any stage, utilise the more remote Themeda
grasslands on hillslopes available in the study area.

Variation in the use of the different grassland types between the two studiesis
probably due, in part, to OwenSmith’s (1973) study being conducted during a period
of generally low rainfal. Conditions during OwenSmith's study included a low
supply of food resources, coupled with a high rhino density of 5.7 rhinos/knf
compared to approximately 2 rhinogknf in the present study (KwaZulu-Natal
Wildlife unpublished data). Under those conditions, heavy utilisation of the food
resources probably caused the white rhinos to shift seasonally between the different
grassland types as the availability of food resources declined (OwenSmith 1973,
1988). In the present study, white rhinos most likely had a greater relative availability
of food resources. This higher availability allowed white rhinos to feed extensively in
short grasslands throughout the dry season, while neglecting Themeda grasslands.

Among the eight grass species, which made up the largest proportion of the

species selected by white rhinos, five are considered to be of high grazing value to
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cattle (P. maximum, T. triandra, D. argyrograpta, P. coloratum and U.

mosambicensis), H. contortus is considered to be of average grazing value, S. nitens

has alow grazing value, while the grazing value of E. monostachyus is unknown (van

Oudtshoorn 1999). The high acceptance of H. contortus was possibly the result of it
forming short lawn-like patches, which remained green late into the dry season.

Among common grass species, only B. insculpta and E. rigidior, two species

considered to be of average grazing value to cattle, and Aristida spp., considered to be
of poor grazing value (van Oudtshoorn 1999), were strongly neglected. Throughout
the study period, white rhinos accepted some grass species considered to be of low

grazing value to cattle (i.e. Melinis repens, Cymbopogon plurinodis, and Perotis

patens). However, combined, these species only constituted about 3% of the grass
species selected by the white rhinos. These findings suggest that white rhinos
primarily selected high quality grass species within the grassland types.

Selectivity for grass species during the present study appeared lower than the
values reported by Melton (1987; Table 4). However, as with grassland type selection,
these values are not directly comparable. In the previous study, selection for grass
species was derived from faecal analysis and related to regional availability of these
species. In the present study, the availability of grass species was determined from
feeding stations along the rhinos feeding paths. By restricting measurements to the
rhinos feeding paths, my measurements may only reflect the selection of grass
species available within the feeding patches utilised by white rhinos, and not the
selection of species available within each grasdand type.

Selection values reported by Melton, however, seem high when compared, not
only to the present study, but also to McNaughton’s (1978) findings of grass species

selection by wildebeest (S= 0.19), buffalo (S= 0.22), zebra (S= 0.32) and Thompson’'s



56

gazelle (S= 0.34) during the dry season in the Serengeti National Park and Masai-
Mara Game Reserve. Melton’s high values for species selection may be the result of
difficulties associated in identifying grass species in faecal samples. These difficulties
may have resulted in a higher representation of easily recognisable species and a
lower representation of species difficult to identify. It is thus possible that when
results from the faecal analysis were analysed using the S index (McNaughton 1978)
high selection values were determined. Another factor which may have lead to these
high values could be that availability in Melton’s study was measured at a broader
scale (landscape level) than either the present or McNaughton’s (1978) study, which
focused on the feeding station level. By looking at the landscape level, alarge number
of species that would be avoided by a herbivore are included in the analysis and thus
higher S values would have been generated.

Results seem to suggest that white rhinos were relatively unselective at the
grass species level. Instead of selecting for grass species, white rhinos may rather
have selected for feeding patches, possibly based on grass greenness or species
composition, and then fed relatively unselectively on grass species within these
feeding patches. However, as | did not focus on the feeding patch scale, | am unable
to determine the extent to which white rhinos selected for specific feeding patches
within the grassland types.

A second factor, which may have contributed to the low selection of grass
species, may be that white rhinos ingested a large number of different grass species
encountered along their feeding paths. However, within each seasona period, white
rhinos showed significant preference for a few species (e.g. P._ maximum and T.

triandra), and also significant rejection of a few species (e.g. E. superbaand Aristida

spp.). As the S index is a measure of the selection of all species available, overall
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selectivity of grass species by the white rhinos was determined to be low, because use
did not differ substantially from availability for most species.

The suggestion that white rhinos were relatively unselective with regard to
grass species, however, is not entirely convincing. First, despite the white rhinos
wide mouths, 82% of the bites recorded (N= 8101) comprised a single grass species,
suggesting some degree of selection of the individual bites. Second, despite the
ingestion of aminimum of 42 different grass species, approximately 95% of the white
rhinos diet was comprised of only 12 to 14 species, while only 6 to 8 species
comprised approximately 75% of the diet. As 5 of the 8 species which made up the
core of the white rhinos' diet are considered to be of high grazing value to cattle and
only one is considered to of low grazing value, findings suggest a degree of selection
for specific grass species. Third, seasonal changes in the acceptability of the different
grass species suggests that white rhinos reacted to changes in food quality by altering
their preference for specific grass species. However, the extent to which these
findings reflect the selection of specific grass species or possibly the selection of the
different grassland types in which the species were found still needs to be deter mined.

Fryxell (1991) suggested that the effects of sward maturation (i.e. height,
greenness, fibre content and biomass) would have a grester effect on the food
selection of ruminants like wildebeest and buffalo than nonruminants such as zebras

and elephants (Loxodonta africana). However, despite being norrruminants of very

large body size, and thus having a higher tolerance of lower quality forage (Bell 1971,
Jarman 1974), white rhinos generaly favoured short to intermediate height swards of
the greenest grass available throughout the study period. These findings are some

what at odds with Fryxell’s (1991) suggestion, but support Bell (1971) and Jarman
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(1974) in indicating that, despite their higher tolerance of low quality food, large
bodied herbivores should feed on high quality food when it is available.

In conclusion, results indicate that, despite their large body size, and thus an
ability to utilise a wide range of vegetation components and grassland types, white
rhinos were relatively selective feeders at the grassand type spatial scale. During the
dry season, white rhinos selected for short grassands and preferred a few grass
species (i.e. P._maximum and H. contortus), while concentrating their foraging
primarily on short to intermediate swards of green grass. As expected, late in the dry
season, as the availability of green grass declined, white rhinos increased their use of
tall swards of brown grass. The ability of white rhinos to remain selective throughout
the dry season may have been the result of the higher relative food availability during

the dry season, due to higher rainfall and low rhino density.
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FIGURE CAPTIONS

Fig. 1. Study area (140 knf) within the Hluhluwe-Umfolozi Park, Kwa-Zulu Natal,

South Africa.

Fig. 2. Composition of grassiand types in the 50 knf Ggoyeni Basin.

Fig. 3. Location of the four 5 km transects established in the Ggoyeni Basin.

Fig. 4. Seasona utilisation of the different grassland types by white rhinos in the
present study. Proportions generated from the presence of white rhinos feeding within

the different grassland types during the morning and afternoon sampling sessions.

Fig. 5. Acceptance (mean +95% binomia CI’s) of grass species by white rhinos
during the early dry (May 1999, April-May 2000), late dry (June-August 1999, June-
September 2000), and transitiona periods (September-October 1999, October 2000).

Grass species were P. max (Panicum maximum), H. con (Heteropogon contortus), P.

deu (Panicum deustum), D. eri (Digitaria eriantha), D. arg (Digitaria argyrograpta), D.

spp. (Dactyloctenium spp.), S. ioc (Sporobolus ioclados), S. nit (Sporobolus nitens),

U. mos (Urochloa mosambicensis), C. plu (Cymbopogon plurinodis), T. tri (Themeda

triandra), E. mon Enteropogon monostachyus), P. col (Panicum coloratum), E. spp

(Eragrostis spp.), B. ins (Bothriochloa insculpta), E. sup (Eragrostis superba), A. spp.

(Aristida spp.), C. cil Cenchrus ciliaris), C. gay (Chloris gyana), C. dac (Cynodon

dactylon), C. vir (Chloris virgata), P. pat (Perotis patens), E. rig (Eragrostis rigidior),

F. afr (Fingerhuthia africana).




Fig. 6. @ Availability and b) utilisation of grass in al three grassand types in the
different grass greenness categories (i.e. very brown (0-10%), mainly brown (11-
50%), mainly green (51-90%) and very green (91-100%)). Availability was estimated
from the number of 1 m? quadrats recorded in the different height and greenness
categories along the different transects each month in 1999 (April N=151, May
N=153, June N=139, July N=156, August N=197, September N=162, October
N=182) and 2000 (April N=186, May N=188, June N=174, July N=180, August
N=175, September N=170, October N=182). Proportion of use was estimated from
monthly bite mass observations recorded in 1999 (June N=42, July N=63, August
N=57, September N=96, October N=73) and 2000 (April N=37, May N=85, June

N=44, July N=43, August N=50, September N=40, October N=65).

Fig. 7. @) Availability and b) utilisation of grass in al three grassand types by white
rhinos in the different sward height categories (i.e. <10 cm, 11-30 cm, and >30 cm).

Samples sizes same asin Fig. 6.

Fig. 8. Comparison of the seasonal utilisation of short and Themeda grasslands by
white rhinos in the present and previous study (Owen-Smith 1973). Areas indicate the
mean monthly utilisation during Owen-Smith’s (1973) study, while the line divides
the mean monthly utilisation of the short (below the line) and Themeda grassland

types (above the line) during the present study.
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Table 1. Seasonal selection of grassland types by white rhinos. (* indicates significant
(P<0.05) positive selection and # indicates significant (P<0.05) regjection of a

grassland type relative to its avail ability.)

Grasdand Available Obser.ved Bonferroni intervals of
Season . proportion of
type proportion observed usage
usage
Early Dry Short 0.24 0.39 0.26<P<0.52*
N=82  \yoodiand 0.28 0.40 0.27<P<0.53
observations
Themeda 0.48 0.21 0.10<P<0.32#
Late Dry Short 0.24 0.43 0.34<P<0.51*
N=181 \yoodiand 0.28 0.33 0.25<P<0.42
observations
Themeda 0.48 0.24 0.16<P<0.31#
Transitional Short 0.24 0.39 0.27<P<0.50*
N=101 " \yoodiand 0.28 0.20 0.11<P<0.31
observations

Themeda 0.48 0.41 0.29<P<0.52
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Table 3 Dietary contribution (proportion of bites) of grass species that made up approximately 95% of the species eaten by white rhinos
during the different seasonal periods. Grass species are categorised into the grassland types in which they were most regularly found.

However, some species (i.e. P. maximum and T. triandra) were found in more than one grassand type.

. Early Dry Late Dry Transitional ~ Combined Seasons
Grassland Type  Grass Species N=25(Days) N=89(Days) N=41(Days  N=155(Days)
Short Digitaria argyrograpta 0.11 0.10 0.16 0.12
Panicum coloratum 0.04 0.10 0.11 0.09
Sporobolus nitens 0.05 0.05 0.03 0.04
Urochloa mosambicensis 0.08 0.02 0.05 0.04
Sporobolus ioclados 0.02 0.04 - 0.02
Woodland Panicum maximum 0.39 0.25 0.09 0.22
Enteropogon monostachyus 0.04 0.07 0.03 0.05
Panicum deustum 0.02 0.04 0.01 0.03
Dactyloctenium spp. 0.06 0.03 - 0.02
Themeda Themeda triandra 0.06 0.11 0.24 0.15
Heteropogon contortus 0.05 0.05 0.09 0.06
Digitaria eriantha 0.04 0.04 0.04 0.04
Other Eragrostis superba - 0.02 0.06 0.03
Eragrostis spp. - 0.03 - 0.02
Cenchrus ciliaris - - 0.02 0.01
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Table 3. Seasonal selection of grass species by white rhinos in the @) early dry, b) late dry

and c) trangitional periods. (* indicates significant (P<0.05) positive selection and #

indicates significant (P<0.05) rejection of a grass speciesrelative to its availability.) Asin

Table 2, grass species are categorised into the grassand types in which they were most

regularly found.

a

Early Dry N= 1954 feeding stations

Grasdand Grass Species Available F;’)gm%?l Bonferroni intervals
Type proportion of Usage of observed usage
Short Digitaria argyrograpta 0.10 0.12 0.10<P<0.14
Panicum coloratum 0.07 0.04 0.03 <P< 0.06#
Urochloa mosambicensis 0.11 0.09 0.07 <P< 0.10#
Sporobolus nitens 0.05 0.05 0.04 <P<0.06
Sporobolus ioclados 0.02 0.02 0.01<P< 0.03
Woodland  Panicum maximum 0.26 0.37 0.34 <P< 0.41*
Enteropogon monostachyus ~ 0.06 0.04 0.03 <P< 0.06
Panicum deustum 0.02 0.02 0.01 <P<0.03
Dactyloctenium spp. 0.07 0.08 0.06 <P<0.10
Themeda Themedatriandra 0.10 0.07 0.05 <P< 0.09#
Heteropogon contortus 0.02 0.03 0.02<P<0.04
Digitaria eriantha 0.03 0.04 0.02 <P<0.05
Cymbopogon plurinodis 0.01 0.01 0.001 <P< 0.01
Other Eragrostis superba 0.03 0.01 0.002 <P< 0.02#
Aristida spp. 0.02 0.002 0.001 <P< 0.004#
Eragrostis spp. 0.02 0.01 0.006 <P< 0.02
Bothriochloa inscul pta 0.01 0.004 0.001 <P< 0.01
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b.

Late Dry N= 4249 feeding stations
Observed

Grasdand Grass Species Availak_)le proportion Bonferroni intervals
Type proportion of usage of observed usage
Short Digitaria argyrograpta 0.10 0.12 0.10<P<0.13
Panicum coloratum 0.13 0.11 0.10<P<0.13
Urochloa mosambicensis 0.03 0.02 0.01 <P<0.03
Sporobolus nitens 0.05 0.05 0.04 <P< 0.06
Sporobolus ioclados 0.04 0.04 0.03 <P< 0.05
Woodland  Panicum maximum 0.16 0.23 0.21 <P< 0.25*
Enteropogon monostachyus ~ 0.07 0.07 0.06 <P< 0.08
Panicum deustum 0.03 0.04 0.03 <P< 0.04
Dactyloctenium spp. 0.03 0.03 0.02 <P<0.04
Themeda Themedatriandra 0.12 0.11 0.10<P<0.13
Heteropogon contortus 0.03 0.05 0.4 <P< 0.06*
Digitaria eriantha 0.03 0.04 0.03 <P<0.05
Cymbopogon plurinodis 0.01 0.01 0.01 <P<0.01
Other Eragrostis superba 0.04 0.02 0.01 <P< 0.02#
Aristida spp. 0.04 0.01 0.01 <P< 0.02#
Eragrostisrigidior 0.02 0.01 0.003 <P< 0.01#
Bothriochloa inscul pta 0.01 0.001 0.001 <P< 0.002#
Eragrostis spp. 0.04 0.03 0.02 <P< 0.04
Cynodon dactylon 0.01 0.01 0.003<P< 0.01
Chloris gayana 0.004 0.004 0.001 <P< 0.008
Perotis patens 0.004 0.004 0.001 <P< 0.004
Chloris virgata 0.004 0.004 0.001 <P< 0.004

Cenchrus ciliaris 0.004 0.004 0.001 <P< 0.007
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Transitional N= 3137 feeding stations

Observed

Grasdand Grass Species Availak_)le proportion Bonferroni intervals
Type proportion of usage of observed usage
Short Digitaria argyrograpta 0.13 0.17 0.15 <P< 0.19*
Panicum coloratum 0.17 0.12 0.10 <P< 0.14#
Sporobolus nitens 0.05 0.03 0.03 <P<0.05
Urochloa mosambicensis 0.07 0.06 0.05<P<0.08
Sporobolus ioclados 0.01 0.004 0.001 <P<0.01
Woodland  Panicum maximum 0.07 0.09 0.07 <P< 0.10
Enteropogon monostachyus ~ 0.03 0.03 0.02<P<0.04
Panicum deustum 0.01 0.01 0.01 <P<0.02
Dactyloctenium spp. 0.01 0.004 0.001 <P< 0.01
Themeda Themedatriandra 0.19 0.23 0.20 <P< 0.25*
Heteropogon contortus 0.05 0.08 0.06 <P< 0.09*
Digitaria eriantha 0.03 0.04 0.03 <P<0.05
Cymbopogon plurinodis 0.01 0.01 0.002 <P< 0.01
Other Eragrostis superba 0.11 0.07 0.05 <P< 0.08#
Aristida spp. 0.03 0.01 0.002 <P< 0.01#
Eragrostisrigidior 0.004 0 0 <P< O#
Bothriochloa inscul pta 0.004 0.01 0.001 <P< 0.01
Eragrostis spp. 0.02 0.01 0.004 <P< 0.02
Cynodon dactylon 0.02 0.01 0.01 <P<0.02
Cenchrus ciliaris 0.02 0.02 0.01 <P<0.03
Fingerhuthia africana 0.004 0.01 0.001 <P< 0.01
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Table 4. Seasonal selection of grassland types and grass species, as represented by the
S index, in the present and previous (Melton 1987) studies. In the present study,
seasons are divided into early dry, late dry and transitional periods, while in Melton

(1987) seasons were divided into winter (dry) and summer (wet).

Present Melton

Seasonal Period Study (1987)
S= S=

Grassland type Early Dry (N= 82 observations) 0.27 Winter
Late Dry (N= 181 observations) 0.24 0.07
Transitional (N= 101 observations) 0.14 0.11

Grass species Early Dry (N= 3317 feeding stations) 0.16 Wirter

Late Dry (N= 7632 feeding stations) 0.13 0.39

Transitional (N= 5950 feeding stations) 0.16 0.49







72

0.022

=
-
ik
=

Other

[1Short M Wood O Themeda

Fig. 2.



73

0/ 1 2 3 Kilometers;

e —

I:l Gaoyent Basin

“ Rivers
. Roads

Fig. 3.




100%

80%

60% r

Utilisation

20% r

0%
May

June

July Aug Sept

Oct

100%

60% [

Utilisation

20%

80% —__\/\

0%
April

Fg. 4.

May

June July Aug

Sept

O Short @ Wood O Themeda O Other

Oct

74



75

Late Dry

1.0

o S
o o o

Aouanbal4 aoueidadoy

P ],

Early Dry

_|
o
o

F——
F—o—
tod

bu 3
red d
A D
oep D
Aeb D
19D
dds 'y
dns '3
sul'g
dds '3
103 °d
uow ‘3
L
nid ‘D
sow N
n's
Jo1°'s
dds ‘g
Ble - q
us 'a
nap ‘d
uod 'H
Xew ‘d

dds 'y
dns '3
sul'g
dds '3
100 'd
uow '3
L
nd o
sow ‘N
Hu-'s
Jo1°'s
dds ‘g
bre 'q
us 'a
nap ‘d
uog 'H

Xew ‘d

1
o o N~

o o o o

o <
o o

Kouanbai4 aosueldadoy

Transition

oA

F——0—
F—d—
F—o-—
o
-0
oA
I—q
9
f——-o—
p—
o
[T—
e
o
—.||
Fo-

e o

bu ‘3

Jep 0
19"

dds 'y
dns '3
sul'g
dds '3
100 °d
uow '3
(L

nd o
sow N
n-s

d0l's
dds 'q
bre "q
us ‘g

nap 'd
uod ‘H

xewl "d

® ~ ©
o O o

< o
o o

Aouanbal4 aouridadoy

0.1

0.0

Fig. 5.



Proportion of Availability

April May June July Aug Sept Oct April May June July Aug Sept Oct
1999 2000
1.0
08 [
Q
S 06
©
c
xe]
g 04l
o
o
. Very Green
0.2 Mainly Green
[ Mainly Brown
[] Very Brown
0.0
April May June July Aug Sept Oct April May June July Aug Sept Oct

1999 2000

Fig. 6 (aand b).



1.0
a.

0.8
2
E
S 06
[
>
<
S
c
£ 04
o
Q.
o
o

0.2

0.0 - )

April May June July Aug Sept Oct April May June July Aug Sept Oct
1999 2000

1.0 1.0

0.8 0.8
3
> 0.6 0.6
°
c
=]
S 04 0.4
2
o

021 1O »>30cm 0.2

E 11-30 cm
<10 cm
0.0 0.0
April May June July Aug Sept Oct April May June July Aug Sept Oct
1999 2000

Fig. 7 (aand b).

77



Fig. 8.

Proportion of Observations

1.0

0.8

0.6

0211 Hil Themeda
[ ] Themeda
[ Short

0.0
April May

June

July

Aug

Sept

Oct

78



79

CHAPTER 3

Factors influencing food intake rate and nutrient gains of a
mega-gr azer, the white rhinocer oses (Ceratotherium simum),
through the dry season

Abstract. The foraging of large herbivores can be seen as a trade-off between diet
quality and quantity. | recorded changes in bite mass, bite rate, resultant intake rate, and
intake rate of specific nutrients to determine the trade-offs made by the white rhinoceros
(which exceeds 1000 kg in body mass), during the dry season in the Hluhluwe-
Umfolozi Park, South Africa. Intake rate was determined largely by bite mass, and bite
mass was determined by sward height. Maximum intake rate was approximately 120
g/min, which was at the upper end of the theoretical maximum for this body mass. A
weak inverse relationship was recorded between bite rate and bite mass in the dry and
early wet seasonal periods. As the greenness and nutrient content of grass declined late
in the dry season, white rhinos responded by increasing their bite mass and intake rate.
Despite these responses, intake of crude protein, P and Na declined throughout the dry
season. | suggest the possibility that instead of compensating for declines in nutritional
gain through the adjustment of dry matter intake, white rhinos rely on fat reserves to
help maintain them during periods of low food quality and availability.

Key Words: Ceratotherium simum, feeding ecology, food intake, large

her bivores, white rhinoceros.
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INTRODUCTION

Large mammalian herbivores forage within an environment that has a relatively
high availability of low quality food (lllius and Gordon 1993, Senft 1989). Within this
environment, the foraging of mammalian herbivores can be seen as a trade-off between
diet quality and quantity (lllius et a. 2002). For African herbivores, this trade-off
becomes readily apparent during the dry season with the decline in both food quality
and availability. As the dry season progresses, digestible dry matter and nutrients
decrease as plants senesce (Dove 1996), while the availability of food is depressed
through consumption by herbivores.

How herbivores respond to seasonal declines in food quality and availability is
dependent on a herbivore’s body size and digestive system, as these determine the
efficiency with which different foods can be consumed and utilised (Demment and Van
Soest 1985, Illius and Gordon 1992, 1993). The Bell-Jarman principle (Geist 1974)
states that, due to their higher metabolic rates, small herbivores require more energy and
protein per unit body mass than large herbivores. To achieve these requirements, small
herbivores must select for food types of high quality, while large herbivores can survive
on food types of a higher fibre and lower protein content.

For ruminants, dailly food intake declines as fibre content of ingested plant
material increases (Bell 1971, Janis 1976, Foose 1982). This decline is a result of the
dower passage rate of fibrous material through the rumen, as fibrous material takes
longer to break down to a size where it will pass out of the rumen and into the
remainder of the digestive tract (Bell 1971, Janis 1976, Foose 1982).

In comparison, nonruminants do not have structures that restrict the passage
rate of food particles through their digestive tract. Thus, it has been suggested that the

passage rate of fibrous material through a norrruminant’s gut can be nearly twice that of
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ruminants (Bell 1971, Foose 1982, Illius and Gordon 1992). On high fibre diets, this
faster passage rate allows nonruminants to est more food, and thus obtain more
nutrients per day from abundant low-quality food than ruminants (Foose 1982, Duncan
et a. 1990). The ability for nonruminants to obtain more nutrients per day may
outweigh their reduced digestive efficiency compared to ruminants (Duncan et a. 1990,
[llius and Gordon 1992).

As food resources decline in quality and availability, herbivores may
compensate by 1) widening their diet breadth to include previousy avoided species,
which may be less nutritious but offer higher intake rates than the rarer preferred species
(OwenSmith and Novellie 1982, Stephens and Krebs 1986, Owen-Smith and Cooper
1989, Owen-Smith 1994, 1997), 2) increasing their daily dry matter intake by increasing
daily foraging time and possibly the proportion of foraging time spent feeding (Owen
Smith and Cooper 1989, Owen-Smith 1994, 1997, Prins 1996), 3) maintaining a
constant intake rate by increasing bite size (Spalinger et al. 1988, Laca et a. 1994), or,
perhaps 4) buffering nutrient deficiencies by using fat reserves stored during the
vegetation growing season (Adamezewski and Hudson 1993, Parker et al. 1993, 1996).

Intake rate of large grazers is dependant on sward structure and the ingestive
behaviour of the animal (Distel et a. 1995). Herbage height and bulk density (herbage
weight per unit volume) are the most important sward determinants of intake rate within
apatch (Black and Kenney 1984, Laca et a. 1992, Shipley et al. 1994). Intake rate,
however, is aso influenced by bite mass, as larger bites result in higher intake rates
(Hodgson 1985, Spalinger et al. 1988, Gross et al. 1993, Laca et al. 1994). Assuming
that a herbivore attempts to maximise its intake rate, herbivores may compensate, to
some extent, for changes in bite mass by changing bite rates (Black and Kenney 1984,

Wickstrom et a. 1984). Studies of mammalian grazers have largely found that as bite
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size (or bite mass) obtained by herbivores decreases, bite rate increases (Hodgson 1985,
Spalinger et al. 1988, Laca et al. 1994). Increases in bite rate, however, cannot fully
compensate for declines in bite mass (Hodgson, 1985, Wickstrom et a. 1984), as
constraints such as mouth volume and chewing rate make the cropping of new grass
directly compete with chewing of grass aready within the mouth (Laca and Demment
1991, Spalinger et al. 1988, Spalinger and Hobbs 1992).

For herbivores, maximum bite rate is determined by mouth morphology (tooth
size, jaw musculature) and the mechanics of food consumption (cropping and chewing
processes; Shipley et a. 1994). Maximum bite rate seems to scale alometrically with
body mass. For example, moose (Alces alces) achieve a maximum bite rate of only 25

bites/min, while smaller kudu (Tragelaphus strepsiceros) and mule deer (©docoileus

hemionus) obtain a maximum of 45 bites/min (Owen Smith 2002). For even smaller

impala (Aepyceros melampus; Cooper and Owen-Smith 1986) and sheep (O'Reagain

and Owen Smith 1996), maximum bite rate is about 60 bites/min, while Thompson’'s

gazelle (Gazellathomsoni) have been found to achieve hite rates as high as 78 bitessmin

(Bradbury et a. 1996).

Shipley et al. (1994), suggested that maximum bite rate is constrained by
pendulum movements of the lower jaw which are dependant on the allometric scaling of
jaw length with body mass raised to the power of approximately negative one-sixth (M~

017 Owen-Smith (1973) recorded that white rhinoceroses (Ceratotherium simum)

achieved an average hite rate in short grass of about 72 bitessmin. It is probable that, as
white rhinos use their lips to crop grass (Owen Smith 1973), constraints on maximum
bite rate are likely to be dependent on the shorter pendulum movements of arhino’slips

and not on the longer pendulum movements of the lower jaw.



83

The understanding of how a herbivore’'s body size, physical features and
digestive system influences foraging allows us © hypothesize about how herbivores
should respond to seasona changes in food quality and availability. As the availability
of high quality food declines during the dry season, the time required to search for and
thus obtain high quality bites increases. As small ruminants require higher quality food
than larger ruminants and non-ruminants, small ruminants should focus their feeding on
scarce high quality food items (i.e. green leaves) during the dry season. Due to the
increase in search time between successive high quality bites, a small ruminant’s intake
of dry matter should decline. However, as small ruminants feed on high quality food
throughout the dry season, nutritional gain should remain relatively high.

Throughout the seasonal cycle large bodied ruminants and non-ruminants should
feed on high quality food when it is available (Bell 1971, Jarman 1974). However, as
the availability and thus intake of high quality food declines during the dry season, large
herbivores should incorporate previously avoided lower quality food. As nonruminants
are more tolerant of lower quality food than ruminants, nonruminants are able to
incorporate a greater variety of food types. By incorporating lower quality food, large
herbivores can maintain a high intake of dry matter during the dry season. Initially, this
high intake may compensate for seasonal declines in food quality. However, eventually
late in the dry season the high intake of dry matter will not compensate for declines in
food quality and thus the nutritional gain of large herbivores will decline (OwenSmith
and Cooper 1989, OwenSmith 1994, 1997).

To determine how a very large bodied nonruminant, the white rhino, coped
with seasonal declines in food resources, | focused on the trade-offs made between dry
matter intake rate (i.e. diet quantity) and nutritional intake rate (i.e. diet quality). The

aims of my study were to 1) determine changes in the availability (i.e. sward height) and
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quality (i.e. greenness and nutritional content as measured by crude protein (CP), P and
Na content) of grasses constituting food resources of free ranging white rhinos during
the dry season, 2) explain how changes in food quality and availability influence
changes in bite mass, hite rate, the resulting intake rate and nutritional intake rate, and
3) determine the degree to which white rhinos compensate for seasonal declines in

nutrients by increasing their intake of dry matter.

METHODS

Sudy area
The study was conducted in the western section of the 950 km? Hluhluwe
Umfolozi Park (HUP) in KwaZulu-Natal, South Africa (28° 20' S, 31° 51' E). Annua
rainfal patterns for HUP are characterised by a wet summer period, roughly from
September to March, followed by a dry winter period from April to August. Rainfall
was measured by the maragement staff using a permanent rain gauge situated in the
western section of HUP at the Mbuzane ranger station. Rainfall data used in my analysis
included rainfall from 7 months prior to the study so as to cover the previous wet season
(October-February; Fig. 1), which would influence the availability of food resources
during the dry season. Rainfall was below average (545 mm) during the first seasonal
cycle of the study (October 1998- September 1999), and above average (791 mm) during
the second seasonal cycle (October 1999-September 2000), relative to the 690 mm long-
term mean (1981-1998) for the western side of HUP (KwaZulu Natal Wildlife,
unpublished data). During both years, portions of all the grassland types available in the
study area were burnt during July and August. After the rains commenced (in

September 1999 and October 2000) these burns provided flushes of green grass.
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Bite mass, bite rate and intake rate

Radio telemetry was used so that feeding data could be recorded from specific
individuals on aregular basis. MOD- 125 radio transmitters from Telonics were inserted
into the anterior horns of ten white rhinos (5 subadult males (5-9 years of age), 2
subadult females (6-7 years of age) and 3 adult females (>10 years of age; see Shrader
and Beauchamp 2001 (Appendix ) for procedure).

Observations were made through the early (April-May 2000) and late dry season
periods (June-August 1999, June-September 2000) into the start of the wet season
(September-October 1999; October 2000). This initia portion of the wet season
congtitutes the transitional period. Rhinos were located using radio telemetry and
approached on foot from downwind. Due to the poor eyesight of white rhinos,
observations could be made from a distance of 10-40 meters. Data collection was not
restricted to rhinos with radio transmitters, but was also gathered from any subadult
(2.5-7 years) or adult companions (>7 years) of these rhinos.

During 1999, each of the ten radio-equipped individuas was located
approximately every five days, over a three week period each month, and feeding data
collected in either the morning or afternoon. During 2000, three pre-selected individuals
were observed each month. Two individuals were observed for ten consecutive days,
either in the norning or afternoon, while the third was followed throughout the day for
five consecutive days during the subsequent week.

Bite rate was recorded using a Psion Organiser |1 which had been programmed
to enable the number of bites taken per step and the number of bites per second to be
recorded (Appendix I11). Each bite rate observation comprised ten consecutive feeding

steps. A feeding step was defined as a step where the rhino took at least one bite before
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taking another step. Bite rate observations could nclude non feeding steps. However,
ten feeding steps were required for the observation to be used in the statistical analysis.
Bite rate for each observation was calculated as the total number of bites over the total
duration of the 10 feeding steps. Median duration of these observations was 48 seconds
(range 13 to 376 seconds, N=579). The median value is reported as the data were not
symmetricaly distributed. Consecutive bite rate observations were not taken from the
same individual at less than ten minute intervals, in an attempt to minimise serial
autocorrelation of the observations.

Bite mass observations were recorded from the same place where the bite rate
data had been recorded. Once the rhino had moved a safe distance away, the bite
volumes (cnt) of ten bites (a single observation) were recorded. Bites were readily
located along the easily discernible feeding path, measuring approximately 70 cm in
width. The length (L) and width (W) of each bite were measured as the furthest
distances between the severed ends of grass leaves or stems (typically 20 cm X 10 cm).
The height of the grass at the point of severance, above ground level, was then
measured in five places within the bite area and averaged (Hp). Five height
measurements were also taken from unbitten grass of the same species surrounding the
bite (Hunp). The height of grass removed in each bite was then estimated as Hyny-Hp and
the bite volume as LW (Hyns-Hp).

In the field, bulk density (dry weight per unit volume; Hodgson 1985, Laca et al.
1992) of the grass in the upper and lower stratum was categorised as either high,
medium or low. The lower stratum was defined as the portion of the grass below 20 cm
in height above ground level, prior to grazing, while the upper stratum was defined as

the portion of the grass above 20 cm. Bites within short grasslands were restricted to the
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lower stratum, while bites in the taler woodland and Themeda grasslands were
partitioned between upper and lower strata.

Bulk density estimates in each grassland type were determined by clipping 820
grass samples, which were representative of the different bulk density categories, from
areas where rhinos had previously been seen feeding. Each clipping approximated the
volume of arhino bite (i.e. 20 cm X 10 cm X height of grass removed). All clippings
were air dried out of direct sunlight in paper bags for over a month prior to being
weighed. The bulk density of each clipping was determined by dividing its dry weight,
in grams, by its volume (Hodgson 1985). From these clippings, median bulk density
was determined for the different bulk density categories in each stratum in the different
grasslands (Table 1). Median values were used as the data were not symmetrically
distributed. In two situations (woodland grassland upper stratum and Themeda
grassland lower stratum), estimates of bulk density were inconsistent (e.g. the medium
estimate was larger than the high estimate). Since the estimates did not differ
significantly (woodland t=1.47, df=68, p=0.147; Themeda t=-1.90, df=28, p=0.068), the
categories were combined (Table 1).

In the different grassland types, bite mass (grams of dry matter) of each bite was
estimated as the product of bite volume and the median bulk density for the stratum in
which the bite was taken. As a white rhino feeds, consecutive bites slightly overlap.
However, as consecutive bites were not measured in each bite mass observation, the
volumes of these bites were over-estimated. Estimates of bite mass for each bite were
corrected by being multiplied by one minus the median proportion of overlap of
consecutive bites; i.e. 0.2. Overlap of consecutive bites was determined by observing a
rhino take 10 consecutive bites. Estimates (N=79 estimates) were recorded in al three

grassland types. However, no difference was found between the grassland types, thus
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the data were combined. The area in which these bites were taken was marked visualy
in relation to landmarks. Once the rhino had moved a safe distance away, the number of
bites discernible within this area was recorded. The proportion of overlap of the bites
was then estimated as 1-(bites recorded)/(bites observed), where the observed number
was 10.

The corrected bite mass estimates of the individual bites were then used to
derive the mean dry matter bite mass for each bite mass observation (10 bites). The dry
matter intake rate of each observation was then determined as the product of the mean
bite mass of an observation and the corresponding bite rate which had been recorded in
the same place.

Other data recorded consisted of the broad grassland type (i.e. short, woodland
and Themeda grasslands;, Downing 1972, Owen Smith 1973) in which the bites were
taken, along with the percentage greenness of grass available and sward height in which
the rhinos fed. Percentage greenness and sward height were estimated subjectively from
grass of the same species adjacent to each bite. Grass greenness was determined using
Walker's (1976) eight point scale (0%, 1-10%, 11-25%, 26-50%, 51-75%, 76-90%, 91-
99%, 100%), while sward height was measured using a ruler and then classified in one
of three height categories (<10 cm, 11-30 cm, or >30cm).

The mean greenness estimate of bite mass, bite rate and intake rate observations

(i.e. total of 10 bites) were derived as

_ 05 &
G =—*(CL+CU)g bhij
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where ¢, and cy were the lower and upper bounds of each greenness category,
respectively; b; was the [ estimate of bite mass in the " category (i=0%, 1-10%, 11-
25%, 26-50%, 51-75%, 76-90%, 91-99%, 100%). The same equation was applied to
estimate the mean sward height of each observation, except that the number of height
categories was limited to three (i.e. <10 cm, 11-30 cm, >30 cm), while the lower and
upper category bounds were set at 0-10 cm, 11-30 cm and 31-100 cm, respectively.

Prior to statistical analysis, estimates of grass greenness were combined into
four categories; very brown (0-10%), mainly brown (11-50%), mainly green (51-90%)
and very green (91-100%). Monthly rainfall was recorded by the management staff in

the western section of HUP at the Mbuzane ranger station.

Nutrient measures

During the study, white rhinos foraged primarily in Short, Woodland and
Themeda grasslands (see Chapter 3), thus chemical analysis was limited to these
grasdand types. N, P and Na concentration for each of the four grass greenness
categories in the three grassland types were determined through the chemical analysis of
101 grass clippings. Clippings were taken from areas where white rhinos had previously
been observed feeding. Similar to bulk density clippings, each clipping approximated
the length and width of a rhino bite (i.e. 20 cm X 10 cm), while the height of the grass
removed varied. Clippings in each grassland type constituted a mix of species. In total,

48 clippings comprising Panicum coloratum, Sporobolus nitens, and Digitaria

argyrograpta were collected in short grasslands, 32 clippings of Panicum maximum plus

Enteropogon monostachyus in woodland grasslands, and 21 clippings solely of

Themeda triandra in Themeda grasslands. All clippings were air dried, out of direct

sunlight, in paper bags for over a month prior to being milled and analysed.
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Chemical analysis was conducted at the Ingtitute of Commercial Forestry
Research (ICFR) at the University of Natal, Pietermaritzburg, South Africa. Nitrogen
content was determined through the sulphuric acid digestion of organic nitrogen to
ammonium sulphate. Under akaline conditions, ammonia was distilled into a
hydrochloric acid solution and then back-titrated with a stardardised solution of HCI.
Nitrogen content was then expressed in terms of the dried grass sample. Crude protein
(CP) was then calculated by multiplying % N by 6.25 (OwenSmith and Cooper 1989).

Ammonium molybdate and antimony potassium tartrate reacted in an acid
medium with dilute solutions of phosphorus to form an antimony-phosphomolybdate
complex. With the addition of ascorbic acid, this complex then reduced to an intensely
blue coloured complex. As the colour of the solution was proportional to the
concentration of phosphorus within the solution, phosphorus concentration was
determined by measuring the solution at 880 nm. Sodium concentration was determined
by flame emission spectroscopy using an air-acetylene flame.

In Themeda grasslands, the nutrient concentration (% dry matter of CP, P and
Na) of bites taken within each greenness category was estimated as the mean nutrient
concentration of the clippingsof T. triandra (N= 21 clippings) taken within the different
greenness categories. In woodland grasslands, no significant differences in % CP
difference=2% dry matter, F;21=1.57, P=0.227), % P (x difference=0.1% dry matter,
F321=0.96, P=0.432), or % Na (x difference=0.1% dry matter, F3 21=2.42, P=0.094) were

found between P. maximum and E. monostachyus. Thus, nutrient concentrations were

estimated from the combined clippings of P. maximum and E. monostachyus. In short
grasslands, estimates of % CP (x difference=4% dry matter, Fs 36=2.59, P=0.04), % P (x

difference=0.1% dry matter, F535=5.62, P=0.0006), and % Na & difference=0.3% dry

matter, Fs 36=2.43, P=0.05) differed significantly between P. coloratum, S. nitens and D.
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argyrograpta in the different greenness categories. It is, however, possible that the

heterogeneity recorded between the short grass species may be spurious, as the anaysis

contained single samples of S. nitens and P. coloratum in the very brown and mainly
green categories (Appendix 1V). Despite this possibility, nutrient concentrations of
individual bites were determined using the estimates of CP, P and Na for the individual
grass species. In instances in short grasslands, where bites comprised T. triandra or the

woodland grass species P. maximum or E. monostachyus, the nutrient concentrations

estimated for Themeda and the woodland gassland type were used respectively. For
bites that did not contain one of the grass species chemically analysed, the mean
nutrient concentration of the short grassland species for the respective greenness
category was assigned.

The intake rate (g/min) of CP, P and Na was estimated by multiplying the
nutrient concentrations (% dry matter of CP, P and Na) of the grass clippings (see
Appendix 1V) by the estimates of bite mass (g) of the bites taken within short, woodland
and Themeda grassland types. Mean nutrient concentrations were then determined for
each of the 695 feeding observations. The mean concentration per observation was
multiplied by the corresponding bite rate (bites'min) to give the nutritiona intake rate

(g/min) of CP, P and Na.

Data Analysis
A 4-way ANOVA was used to analyse the variation in mean bite mass, bite rate
and intake rate among grassland types, months, sward height categories and percentage
greenness categories. Categorical fixed effects of the model consisted of month (April,
May, June, July, August, September, October), grassand type (short, woodland,

Themeda), sward height (<10 cm, 11-30 cm, >30 cm), and grass greenness (very green,
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mainly green, mainly brown and very brown). Random variation among individual
rhinos did not add any additional variance, thus the effect was dropped from the
analysis. Monthly differences in mean bite mass, bite rate and intake rate did not differ
significantly between years, thus data from the same month in the two years were
combined. Bite rate was normally distributed. However, bite mass and intake rate were
log transformed for normality.

A 2-way ANOVA was used to analyse the variation in % CP, % P and % Na
among grass species in the different greenness categories. Analysis was conducted for
grass species in short and woodland grassland types. Categorical effects for the separate

grassland types consisted of the grass species (short: P. coloratum, S. nitens and a

combination of D. argyrograpta plus P. coloratum; woodland: P. maximum and E.

monostachyus) and grass greenness classes (very brown 0-10%, mainly brown 11-50%,
mainly green 51-90% and very green 91-100%). Analysis was performed to determine
whether nutrient levels of the different grass species within each grassland type differed
significantly. If species were found not to differ, the nutrient concentrations for the
different greenness categories were derived using the combined data for each grassland
type. In the anaysis, estimates of % CP, % P and % Na were log transformed for
normality.

To determine whether white rhinos compensated in their intake rate for seasonal
declines in nutrients, a linear regression was fitted to determine the relationships
between dry matter intake rate and % dry matter of CP, P and Na. The slopes of these
regressions, however, were greatly influenced by the high intake rates of CP, P and Na
recorded in April 2000 (Fig. 2a-c). As these data were from the early portion of the dry
season, when high quality food was still available, they were removed from the

anaysis. To test the assumption that proportional declines in nutrients were matched by
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proportional increases in intake rate, both intake rate and percentage dry matter of CP, P
and Na were log transformed prior to analysis. If the 95% confidence limits of the
slopes of these relationships did not contain the slope of perfect compensation (i.e.
sdope= 1) white rhinos were considered not to have compensated for changes in % dry
matter of CP, P and Na by adjusting their dry matter intake rate. All analyses were

performed using the statistical package SAS 8.2 (SAS Institute Inc. 2001).

RESULTS
Seasonal changesin grass greenness and sward height
Mean grass greenness (Fig. 3a) and mean sward height (Fig. 3b) of grass
available in al grassand types declined throughout the dry season. Mean greenness
declined from approximately 88% in April to approximately 11% in August (Fig. 3a),
while mean sward height declined from approximately 51 cm in April to approximately
37 cmin August (Fig. 3b). With the onset of the rains and the emergence of new growth
and green flushes on burns, mean grass greenness increased to approximately 57% in
September and approximately 74% in October. Mean sward height, however, remained

low at approximately 32 cm in both September and October.

Seasonal changesin CP, P and Na concentrations of ingested grass
The six grass species anaysed chemicaly formed 55% of the grass eaten during
the early dry period, 58% during the late dry period and 54% during the transitional
period. Projected mean crude protein of the grass ingested by white rhinos was
approximately 10-12% of dry matter during the early dry period (April-May; Fig. 4a).

By the end of the late dry period in August, projected CP levels had dropped to
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approximately 6%. When rhinos fed on geen flush during the transitional period, mean
CP content of the ingested grass had increased to between 9% and 10% of dry matter.
The patterns of monthly change projected for both % P (Fig. 4b) and % Na (Fig.
4c) were similar to that of % CP. During the early dry period, P levels ranged between
0.13% and 0.27% of dry matter, while Na ranged between 0.24% and 0.40%. By
August, at the end of the late dry period, P levels had dropped substantially to
approximately 0.07% of dry matter, while Na levels had dropped to approximately
0.16%. In the transitional period, both P and Na levels increased, with P ranging
between 0.15% and 0.24% of dry matter, and Na levels approximately 0.26% of dry

matter.

Bite Mass

White rhinos obtained a geometric mean bite mass of 067 g (CL 0.64-0.71 g,
range 0.10 g to 3.44 g, N=695 observations) over the period April-October. Most bites
(75%) were lessthan 1 g. As grass greenness declined to below 25% in July and August
(Fig. 3a), mean bite mass increased from 0.70 g (CL 0.60-0.82 g) in June to 0.98 g (CL
0.87-1.11 g) in August (Fig 5a). However, with the new growth and green flushes in
September, resulting from the onset of the rains, mean bite mass dropped from 0.98 g
(CL 0.87-1.11 g) in August to 0.44 g (Cl +0.05 g) in September-October.

Mean bite mass obtained by white rhinos differed among grassland types, sward
height, and grass greenness categories. White rhinos obtained a larger mean bite massin
woodland grasslands (X =0.92g, CL 0.85-1.00 g) than in either Themeda ( X =0.77g, CL
0.71-0.85 g) or short grasslands (X =0.46 g, Cl £0.04 g; F,,679=17.86, p<0.0001). Mean
bite mass increased substantially from 0.29 g to 1.55 g as sward height increased from

<10 cm to >30 cm (F2679=455.89, p<0.0001; Fig. 6a). The largest mean bite masses
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were obtained in mainly brown (X =0.77 g, CL 0.70-0.85 g) and very brown grass
(X =0.82 g, Cl +0.09 g), with smallest bites masses in very green (X =0.64 g, CL 0.57-

0.73 g) and mainly green grass (X =0.55 g, CL 0.51-0.61 g; F3679=4.05, p=0.007).

Bite Rate

White rhinos achieved a mean bite rate of 57 bites/min (Cl +1 bite/min, range 34
to 83 bites/min, N= 483 hite rate observations) and a maximum of 83 bites/min during
April-October. When bite rate was regressed on bite mass only a weak inverse, although
statistically significant, relationship was recorded, aggregating all three grassland types
(slope=-6.8 htes per min/g; SE=0.66; F1481=99.49; P<0.001; R?=0.17). This weak
relationship was due to bite rate being highly variable towards low bite mass (Fig. 7).

Seasonally, when bite rate was regressed on bite mass, a weak inverse
relationship was recorded in each seasonal period (Fig. 7). In the early dry (slope=-4.8
bites per min/g; SE=1.47; F174=10.70; P=0.002; R*=0.13) and late dry seasonal periods
(slope=-4.2 bites per min/g; SE=0.73; F1,17=42.35; P<0.0001; R?=0.16), significant
relationships were recorded, while in the transitional period, the relationship was half as
great and nonsignificant (slope=-2.2 bites per min/g; SE=1.48; F 481=2.24; P=0.136;
R?=0.01). Bite rates achieved for the same bite mass differed between the three periods.
White rhinos obtained faster bite rates relative to bite mass on the new growth available
during the transitional period than on the more mature grass available in either the early
dry or late dry season periods.

Mean bite rate varied monthly in a pattern similar to that of grass greenness (Fig.
3a) and rainfal (Fig. 5b), but opposite to that of bite mass. As the dry season
progressed, bite rate declined from 58 bitessmin in April to 50 bites/min in August.

After the start of the rains in September, mean bite rate increased to 62 bitesmin in
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September-October as white rhinos fed on new growth and the green flushes on burns.
Mean bite rate differed between months, with the highest bite rates obtained after the
start of rains in September-October (X =62 bites/min, CI 1 bite/min; Fg457=4.47,
p=0.0002).

Among grassland types, lower bite rates were obtained in woodland grasslands
(X =52 bitesymin, CL=51-54 bites/min) than in either Themeda ( X =59 bites/min, CI £1
bite/min) or short grasslands (X =59 bites/min, ClI +1 bite/min; F;467=8.14, p<0.001).
Bite rate increased from 49 bitesmin to 63 bitesmin as sward height declined from tall
(>30 cm) to short €10 cm; F46,=63.70, p<0.0001; Fig. 6b), and increased as grass
greenness went from very brown to very green (very brown ( X =51 bites/min, CL 50-53
bites/min), mainly brown (X =53 bites/min, CL 52-55 bites/min), mainly green (X =60
bites/min, CL 58-61 bitesmin) and very green (X =64 bites/min, CL 63-66 bites/min);

F3.467=70.54, p<0.0001).

Intake Rate

The geometric mean intake rate achieved by white rhinos was 34 g/min (Cl +2
g/min, N=482 estimates of intake rate), but estimates ranged widely between 8 and 165
g/min. Intake rate varied in a similar pattern to bite mass (Fig. 5¢). Mean intake rate
increased from 36 grams/min (Cl £6 g/min) in June to 45 g/min (CL 39-52 g/min) in
August as grass greenness dropped to below 25% (Fig. 3a). The lowest monthly intake
rate obtained by white rhinos occurred in September (X =25 g/min, Cl £3 g/min) and
October (X =33 g/min, Cl £4 g/min) when white rhinos fed on new growth and green
flush (Fig. 5¢).

Mean intake rate was larger in woodland (X =44 g/min, CL 40-49 g/min) and

Themeda grasslands (X =41 g/min, Cl £4 g/min) than in short grasslands ( X =25 g/min,
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Cl £2 g/min; F; 465=16.81, p<0.0001). Mean intake rate increased substantially from 18
g/min to 74 g/min as sward height increased from short €10 cm) to tall (>30 cm;
F2462=356.71, p<0.0001; Fig. 6¢). Unlike bite mass, however, the largest mean intake
rates obtained were in very green (X =40 g/min, Cl £6 g/min), mainly brown (X =37
g/min, Cl £4 g/min) and very brown grass (X =38 g/min, CL 34-44 g/min), with the
smallest intake rate in mainly green grass (X =29 g/min, Cl £3 g/min; F468=20.20,
p<0.0001). These larger intake rates were the result of the large bite mass obtained in
mainly brown and very brown grass during the dry season, and the large bite mass and

bite rate of very green grass obtained during the early dry period in April and May.

CP, P and Na intake rate

The nutritional intake rates of CP, P and Na all declined as the dry season
progressed (Fig. 8 ac). The intake rate (g/min) of CP declined from approximately 6
g/min (Cl +1 g/min) in April to 2 g/min (CI +0.3 g/min) in September (Fig. 8a). CP
intake then increased during the transitional period from 2 g/min (CI +0.3 g/min) in
September to 4 g/min (CI +0.5 g/min) in October. Intake rate of P declined from
approximately 0.12 g/min (Cl +0.03 g/min) in April to its lowest point 0.03 g/min (ClI
+0.01 g/min) in July (Fig. 8b). As with CP, the intake rate of P increased during the
transitional period from 0.04 g/min (Cl +0.01 g/min) in September to 0.09 g/min (Cl
+0.02 g/min) in October. The intake rate of Na followed a similar pattern to that of CP
(Fig. 8c). Na intake declined from 0.19 g/min (Cl +0.04 g/min) in April to 0.06 g/min
(CI +0.01 g/min) in September, but then increased only marginaly to 0.08 g/min (Cl

+0.02 g/min) in October.
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Compensation for declines in percentage nutrients
Changes in intake rate were not found to compensate for changes in nutrient
concentrations. The slope of perfect compensation (i.e. slope= 1) was not contained
within the 95% confidence limits of the slopes of, 1) intake rate of dry matter and % CP
(slope=-0.33, Cl +0.73, R ¢=1.212, R=0.17), 2) intake rate of dry matter and % P
(lope=-0.26, Cl +0.54, F16=1.394, R=0.19), or 3) intake rate of dry matter and % Na

(slope=-0.23, Cl +0.52, F1 ¢=1.289, R°=0.18) over the dry season.

DISCUSSION

[llius et al. (2002) suggested that the foraging of mammalian herbivores can be
seen as a trade-off between diet quality and quantity. As the greenness and nutritional
quality of grass declined late in the dry season, white rhinos responded by increasing
their bite mass and intake rate. However, despite these adjustments, the white rhinos
intake of nutrients declined throughout the dry season.

Previous studies have indicated that to compensate for declines in food quality
and availability large herbivores may adjust their feeding rate, daily feeding duration, or
diet (Spalinger et al. 1988, Owen-Smith and Cooper 1989, Owen Smith 1994, Prins
1996). Owen-Smith (1994, 1997) recorded that, by increasing daily foraging time and
the amount of time spent feeding, kudus, a medium-sized ruminant, were able to
maintain their nutritional intake above maintenance requirements for most of the year.
However, despite these behavioural adjustments, daily energy gain declined
progressively as the dry season continued, owing to the ingestion of lower quality food.
During the present study, daily activity patterns of the white rhinos were not recorded.
However, observations suggest that, unlike what was observed by Owen Smith (1973,

1988), white rhinos did not spend 50% of the daylight hours feeding. In the early
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morning, white rhinos generally started foraging around sunrise and then fed for
approximately 3 to 4 hours before lying down and resting for the greater part of the day.
On many occasions, white rhinos only resumed feeding around sunset. Whether, white
rhinos increased their night time feeding, however, is uncertain.

Owen-Smith and Cooper (1989) recorded that kudus (Tragelaphus strepsiceros)

widened their diet breadth to include previously avoided plant species as the dry season
progressed. During the present study, however, white rhinos did not expand their diet,

but fed primarily on eight grass species (P. maximum, E. monostachyus, T. triandra, H.

contortus, D. argyrograpta, P. coloratum, S. nitens and U. mosambicensis) throughout

the dry season (see Chapter 2). Spalinger et a. (1988) recorded that, as bite size

declined, Sitka black-tailed deer (Odocoileus hemionus sitkensis) compensated by

increasing bite rate. During the present study, the availability of food resources did not
seem to be a limiting factor. However, white rhinos seemed to respond to declines in

grass greenness by increasing bite mass and intake rate.

Bite mass, bite rate relationship

Results indicate that, for white rhinos, changes in bite rate were to some degree
affected by changes in bite mass. Higher bite rates relative to bite mass were achieved
on new growth and green flush in the transitional period than on the more mature grass
in the dry season periods. Differences in the plant structural features (i.e. fibre content,
stem:leaf ratio, cell wall thickness and tensile strength of stems and leaves) of grass may
influence bite rate by increasing handling time (Spalinger et a. 1986, Spalinger et al.
1988, Dougherty et al. 1989 (cited in Laca et al. 1994), Bergman et a. 2000). As grass
matures, cellulose crystallises and bonds with lignin. These changes increase plant

strength but also increases the plant’s resistance to chewing and digestion by large
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herbivores (Spalinger et al. 1988, Dougherty et a. 1989 (cited in Laca et al. 1994),
Dove 1996). New growth, however, has a lower fibre content than mature plants (Dove
1996).

Spalinger et a. (1988) suggested that when plant availability is limiting, intake
rate will be a function of the rate at which herbivores can chew and swallow food.
Under experimental conditions, Spalinger et a. (1988) found that the chewing
(processing) time of Stika black-tailed deer increased as plant fibre increased.
Dougherty et al. (1989; as cited in Laca et a. (1994)) found that cattle chewed longer
per unit dry matter in swards of afafa which had a higher proportion of fibrous
material (i.e. stem). Bergman et al. (2000) indicated through experimental manipulation

of sward complexity that wood bison (Bison bison athabascae) reduced their bite depth

in tall swards to avoid ingesting high fibre stem. In short swards, however, bison did not
adjust their bite depth in response to increased stem proportions, and thus obtained
lower intake rates than on higher fibre swards. Thus, | suggest that the seasona
differences in hite rate relative to bite mass were the result of varying handling times

which increased as fibre content of grass swards increased.

Intake Rate
Shipley et a. (1994) determined that maximum intake rate of mammalian
herbivores scales allometrically at body mass raised to the power of approximately

three-fourths (M®"%). Using their formula, a 40 kg impala (Aepyceros melampus) is

predicted to have a maximum ntake rate of approximately 9 g/min, while a 650 kg
bison (Bison bison) is predicted to have a maximum intake rate of approximately 63
g/min. Feeding data were recorded from both subadult and adult female white rhinos,

which weighed between approximately 1000 kg and 1600 kg (estimated weights of
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subadult and adult female white rhinos respectively; HillmanSmith et al. 1986). Using
Shipley et a.’s (1994) formula, the maximum intake rate predicted for these animals
falls between 85 and 119 g/min.

During my gudy, 10 of the 483 samples of intake rate, (ranging between 120
and 165 g/min), were above the predicted maximum intake rate of 119 g/min, while
98% of intake rate estimates were within a range between 8120 g/min (N=475). The
eight estimates which were higher than 120 g/min gave values of 127, 132, 134, 136,
139, 143, 159 and 165 g/min. It may be possible that white rhinos were able to achieve
intake rates greater than the 119 g/min predicted by Shipley et a. (1994), as maximum
bite rate for white rhinos is not restricted by the longer pendulum movements of the
lower jaw, but by the shorter movements of the lips. However, the 8 estimates that were
above 120 g/min could have been the result of compounded measurement error (i.e.
estimates of grass height ard bulk density). Nevertheless, the possibility remains that
maximum intake rate for white rhinos could exceed 120 g/min.

Due to their large size one would expect that white rhinos would have a
maximum bite rate somewhat closer to the 25 bites/min recorded for a 350 kg moose
(OwenSmith 2002) and not higher than the 78 bitesmin recorded for a 17-20 kg

Thomson's Gazelle (Bradbury et al. 1996).

Metabolic requirements
Foose (1982) estimated that the daily energy requirements of adult female white
rhinos (approximately 1600 kg) would be met by a daily food intake of 1.5% of body
mass from grass hay, with approximately 50% overall digestibility, while the higher
metabolic requirements of subadults (approximately 1000 kg) would require a daily

food intake of 1.7% of body mass. These estimates of daily food intake would result in
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subadult and adult female white rhinos having to ingest between 17 and 24 kg of dry
matter/day. To achieve this, assuming Foose's (1982) 1.5% and 1.7% estimate of daily
food intake, white rhinos feeding at the recorded mean intake rate of 34 g/min would
need to feed between 8.5-11.8 hours a day. These estimates of daily feeding time are
less than the observations made by Owen Smith (1988), who reported that, as a year
round average, white rhinos foraged for approximately 50% of the 24 hour cycle.

By using Foose's estimates of digestibility | may have underestimated the daily
feeding time required for the white rhinos to achieve their daily energy requirements.
However, | may have also estimated that white rhinos would be able to achieve their
daily energy requirements in less time, as food resources may have been more readily
available and possibly of higher quality during my study than during the drought
conditions recorded during Owen-Smith’'s (1974, 1988) study (see Chapter 2).

Bell (1971) indicated that, due to their lower metabolic rate, large herbivores
lose condition more dowly on a sub-maintenance diet than smaller herbivores. Selous
(1899; as cited in Owen Smith 1988) and Cave and Allbrook (1958) reported that white
rhinos build up relatively large deposits of subcutaneous fat during the wet season. At

the extreme end of the body size scale, blue (Balaenoptera musculus; Sinclair 1983),

humpback (Megaptera novaeangliag Perry et a. 1999) and grey whales (Eschrichtius

robustus; Taber 1984) survive for several months while in their calving/breeding areas
by primarily utilising fat reserves stored while they are in their winter feeding areas.
The findings of the study suggest the possibility that white rhinos may not fully
compensate for seasona declines in grass nutrients through the adjustment of dry matter
intake, but that they may rely on the mobilisation of stored fat reserves to help maintain

nutritional gain.
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FIGURE CAPTIONS

Fig. 1. Monthly rainfal for the western section of the Hluhluwe-Umfolozi Park,

measured at the Mubuzane ranger station from October 1998 to October 2000.

Fig. 2. Variation in dry matter intake rate (g/min) relative to percentage dry matter a)
CP, b) P, and c) Na contents. Asterisk (*) indicates April 2000 data. (Note that

statistical analysis was performed on log transformed data.)

Fig. 3. Monthly changes in a) mean grass greenness and b) mean sward height in

relation to mean monthly rainfall.

Fig. 4. Mean monthly variation (+95% ClI) of estimated percentage of dry matter a) CP,
b) P, and c) Na contents of grass ingested by white rhinos, data for 1999 and 2000

combined in relation to mean monthly rainfall.

Fig. 5. Monthly changes in @ geometric mean bite mass (+95% CI), b) mean bite rate
(+95% CI) and c) geometric mean ntake rate (+95% CIl) obtained by white rhinos in

relation to mean monthly rainfall.

Fig. 6. Changesin a) bite mass, b) bite rate and c) intake rate, in relation to sward height

categories.

Fig. 7. Regression of bite rate on bite mass obtained by white rhinos in the early and late

dry and transitional periods.
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Fig. 8. Mean monthly variation (+95% CI) of nutritional intake rate (g/min) of a) CP, b)

P, and c) Narelative to dry matter intake.
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Table 1. Median bulk density estimates (g/100 cnt) for the upper and lower strata in
short, woodland, and Themeda grassiands. Estimates are given as g/100 cnT to
approximate a white rhino’s bite dimension. Estimates were derived from grass

clippings taken from within areas where rhinos had fed.

Bulk Density Category N= (g}\fggigg?) aggﬁe gﬁa'ﬁe
Short Low 50 0.10 0.06 0.18
Short Medium 50 0.11 0.09 0.16
Short High 30 0.15 0.11 0.20
Wood Low 50 0.06 0.05 0.10
Wood Medium 50 0.11 0.09 0.15
Wood High 40 0.15 0.12 0.21
Wood Upper Low 40 0.06 0.03 0.09
Wood Upper Medium/High 70 0.11 0.08 0.14
Themedal ow 40 0.09 0.06 0.11
ThemedaMedium/High 50 0.14 0.11 0.19
Themeda Upper Low 20 0.04 0.03 0.05
ThemedaUpper Medium 20 0.12 0.10 0.16

ThemedaUpper High 10 0.16 0.11 0.19
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Abstract Dispersal is a risky process, both through
social pressures and the uncertainty in finding resources.
The white rhinoceros is unusual among rhinoceros spe-
ciesin itsincipient sociality, manifested through the for-
mation of temporary or more persistent groups involving
subadults of both sexes plus adult females without small
calves. We describe the probing excursions made by sub-
adult white rhinos out of their established home ranges
which were invariably made with a companion. We sug-
gest additional benefits of companionship in such dis-
persal movements, besides diluting predation risk, via
(2) reducing the likelihood of being attacked by territori-
a males and (2) familiarization with a wider region of
the environment, guided by the companion. This “buddy
system” may be important in reducing the high costs
potentially associated with dispersal.

Keywords Associations - Buddy system - Dispersal -
Exploratory excursions - White rhinoceros

Introduction

Dispersal is an important life history trait for most spe-
cies of mammals and birds (Greenwood 1980; Dobson
1982). For many species, dispersal is conducted through
the one-way movement of lone individuals away from
natal areas (Holekamp 1986; Woollard and Harris 1990;
Beaudette and Keppie 1992). In a few species, however,
individuals disperse with conspecifics in groups rather
than singularly. Dispersal by groups of individuals has
been recorded for some primate species (Enomoto 1974;
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Cheney and Seyfarth 1977, 1983), lions (Panthera leo;
Schaller 1972; Hanby and Bygott 1987; Pusey and Packer
1987), bighorn sheep (Ovis canadensis; Geist 1967) and
suggested for voles (Microtus; Hilborn 1975).

Dispersal is potentially a risky process. Animals
move from familiar places where forage and water have
been available, even if under exploitative pressure, to
novel areas where resource locations must be learnt, or
where habitat conditions may even be unsuitable for
settlement. Many dispersal movements lead only into
population sinks, where reproductive performance would
be inadequate to sustain a population in the absence of
immigration (Pulliam 1988; Pulliam and Danielson
1991; Dias 1996). Conspecifics can play a role in the
dispersal of individuals by acting as cues for where
dispersers should ultimately settle (Stamps 1987, 1988,
1991, 2001; Smith and Peacock 1990; Reed and Dobson
1993; Dobson and Poole 1998). Through the presence of
conspecifics, dispersing individuals can gain evidence
that the local habitat is suitable (Stamps 1987).

The white rhinoceros (Ceratotherium simum) differs
from other species of rhinoceros in its degree of sociality
(Owen-Smith 1975, 1988). Thisis expressed through the
occurrence of cohesive pairs or larger groups involving
subadults, in addition to adult female-calf pairs. Subadult
white rhinos form persistent associations with one or
more subadults, of the same or opposite sex, or with an
adult female without a small calf (Owen-Smith 1975).
While groupings of 2-3 individuals are most common,
long-lasting associations among up to six animals have
been recorded. Groups including an adult female adopt
the home range of this adult female (9—15 km2), but dis-
solve when this female gives birth and no longer toler-
ates additional companions. Subadult groups seem to
establish temporary home ranges (2-7 km2), being ob-
served in a particular region for a period then disappear-
ing elsewhere. Overall, the subadult period extends from
when a calf is chased away by its mother at the time of
birth of a new offspring, at an age of 2-3 years, until so-
cio-sexual maturity is attained. For females this occurs at
first parturition around 7 years of age, while males be-
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come solitary and settle within a territory (1-2.5 km?),
either as a dominant or subordinate, between 10 and
12 years of age.

Rates of dispersal by subadult white rhinos, outwards
from the population core towards peripheral regions
where conditions were less crowded, were estimated to
be 7-10% per subadult per year, during a period when
the population was at high density and rainfall generally
below-average (Owen-Smith 1981, 1983, 1988). Be-
cause subadults of both sexes were involved, such move-
ments seemed to be primarily a response to resource in-
adequacy, rather than to social pressures (Owen-Smith
1973, 1974). During his study, Owen-Smith (1973) doc-
umented only two instances of dispersal. The first in-
volved a 6-year-old female, which made a short move-
ment of 5.5 km before eventually dispersing a further
20 km. The second case involved another 6-year-old
female which dispersed approximately 15 km.

Subadult males are potentially subject to territorial
aggression from dominant adult males, and even sub-
adult females may sometimes be attacked (Owen-Smith
1975). Adult females occupy extensively overlapping
home ranges, with little animosity. Subadult males bene-
fit from being associated in pairs, through diluting or
deflecting challenges by the dominant adult males whose
territories they occupy or traverse. Solitary subadult
males seem more likely to be attacked, and sometimes
even killed, than subadults in groups (Owen-Smith
1973).

Current management of the white rhino population in
the Hluhluwe-Umfolozi Park in South Africais based on
the source-sink concept, with animals being captured and
removed from designated sink areas around the periph-
ery of the fenced protected area (see Owen-Smith 1983,
1988).

In this paper, we present evidence suggesting the ben-
efits of companionship in facilitating dispersal, through
familiarizing animals with novel areas beyond the
bounds of their established home ranges, prior to eventu-
al emigration. The operation of such a*“buddy system” in
white rhinos may underlie the widespread success of
conservation actions to re-establish this species in areas
of its former occurrence through southern and eastern
Africa (Owen-Smith 1988), in contrast to the problems
experienced with the more solitary black rhinoceros
(Diceros bicornis; Brett 1998).

Methods

The study was conducted over 2 years (1999-2000) in the south-
ern Umfolozi section of the 896 km?2 Hluhluwe-Umfolozi Park in
KwaZulu-Natal, South Africa (28°20'S, 31°51'E). Rainfall was
below average during the first year of the study (614 mm), and
above average (893 mm) during the second year, relative to the
long-term mean of 690 mm. The total white rhino population was
approximately 1,600, mostly concentrated in the Umfolozi sec-
tion.

To enable individuals to be contacted regularly, MOD-125 radio
transmitters from Telonics were inserted into the anterior horns of
five males and two females (see Shrader and Beauchamp 2001 for

procedure). Subadults over 5 years of age, with horns sufficient to
accommodate the telemetry equipment, were selected. One individ-
ual without a radio observed regularly was also included in the
analysis. Observations were restricted to the dry season months
(March—October). During 1999, each of the seven radio-equipped
individuals were located approximately every 5 days. During 2000,
three pre-selected individuals were monitored each month. Two of
them were observed over 10 consecutive days, one in the morning
and one in the afternoon, while the third was followed throughout
the day for 5 consecutive days during the subsequent week. Infor-
mation routinely recorded on accompanying individuals included
sex, age (following Hillman-Smith et a. 1986) and identifying
marks, as well as location using a Global Positioning System
(GPS) device.

The two radio-equipped females (D and E) both gave birth in
early 2000, and so were socially subadult only during 1999. One
of the subadult males (B) became mostly solitary and appeared to
settle within a home range during 2000.

Data analysis

Associations were recorded as cohesive if individuals moved
together for several hours or longer. Those enduring more than a
month were regarded as stable (following Owen-Smith 1975). The
minimum duration of each association was estimated from the
period between the first and last sightings of the same individuals
seen together.

Home ranges were plotted by entering GPS positions from
both years into the home range analysis program Calhome (Kie
et a. 1996). Data from both years were used as areas utilized by
the rhinos remained consistent between years. A maximum of
two points per day were plotted, provided these locations were
recorded more than 6 h apart. Home range limits were identified
from the 85% utilization contour, using the adaptive kernel method
with the least squares cross-validation for the smoothing param-
eter (Worton 1995; Seaman and Powell 1996). This procedure
seemed most reliable for establishing the area regularly used,
alowing for fairly frequent excursions by subadults. Home ranges
delineated using the Adaptive Kernel, Minimum Convex Polygon
and Harmonic Mean procedures gave similar estimates of home
range extent for the 85% contour, but not when a higher propor-
tion of sightings was included. This was because excursions that
lasted longer than a day generated autocorrelated position records,
hence exaggerating the home range delineated by the estimation
procedure (Swihart and Slade 1985). Where necessary, the home
range boundaries indicated by Calhome were adjusted to coincide
with a physical barrier (e.g., a major river). GPS locations were
plotted using ArcView (Anon 1996). Rhinos located less than
1 km beyond the 85% contour were considered to be using the
periphery of their home ranges, while locations greater or equal to
1 km from this contour were interpreted as exploratory excursions.

To test whether subadults were more often accompanied by
companions when making excursions, than when within their
home range, we used a one tailed Fisher exact test (Zar 1996) to
compare the relative frequency of associations (as defined above)
with records where animals were seen alone, between these situa-
tions.

Results

Subadult white rhinos were observed in many different
associations, most of which were temporary, i.e. lasting
less than a month (93%, n=180 associations). Grouping
patterns closely matched those previously recorded by
Owen-Smith (1975). However, each of the two female
subadults was mainly associated with an adult female
rather than another subadult.
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Fig. 1 Locations of subadult male B, when he had formed a stable
association with an adult female. During the association subadult
B’s movements were restricted to the adult female's home range,
except when he followed her as she made two excursions (1 and
2a-2b), possibly in search of water. Excursions lasted less than a
day and covered approximately 5 km (1) and 6 km (2) outside of
the female's home range
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Rivers
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Fig. 2 Two exploratory excursions of subadult male G out of his
home range. Both excursions were made with the same stable sub-
adult companion. Each excursion lasted 1 day and covered ap-
proximately 10 km (1) and 4 km (2) outside of subadult G's home
range

Twenty excursions beyond home range limits were
recorded (Tables 1, 2 and 3). All eight of the monitored
subadults made such excursions. About one-quarter of
the excursions were made together with a subadult that
had been a stable companion (Table 1), and another
guarter with a long-term adult female companion
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Fig. 3 Exploratory excursion of subadult male B outside of his
home range. Excursion was made with an adult female and her
calf with which the subadult had formed a temporary association.
The excursion lasted 2 days, covered approximately 7.5 km out-
side of the subadult B’s home range and was into an area familiar
to the adult female

(Table 2). The remaining half of the excursions were
made with animals that had been companions for less
than a month, in a few cases just briefly for the duration
of the excursion (Table 3). Specific examples of some
excursions are described below, illustrated by maps.

1. Subadult male B attached himself to an adult female
and restricted his movements to her home range.
During the 3 months they were associated subadult B
accompanied this female on two excursions (1 and 2),
each lasting a day and extending about 3 km beyond
their shared home range limits (Fig. 1). The first (1)
was 2.5 km beyond her home range and occurred
12 days after he had joined this female, and the sec-
ond (2a—2b) was 50 days later and extended 3 km
beyond her home range. During this second excur-
sion, a territorial male accompanied the pair for 2 h,
but was not aggressive towards either individual.

2. Subadult male G accompanied another subadult male,
which he had been associated with for 12 days, on a
single day excursion 5 km beyond his home range
(Fig. 2, point 1). These same two subadults then made
another 1-day excursion 2 km beyond G's home
range, in a different direction, 69 days later (Fig. 2,
point 2). No other rhinos were encountered.

3. Subadult male B, previously solitary, joined an adult
female with a calf that occupied an overlapping home
range. The first day they were associated, he followed
this adult female on a 2-day excursion that took him
2.5 km beyond his home range limits (Fig. 3, points
1la-1c). On the second day, a territorial male joined
them. On the third day, this trio moved back within
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the home range boundary of the subadult, who re-
mained associated with this adult femae until the
afternoon of the following day.

. Male subadult C accompanied an older subadult male
A, who had been his companion for 33 days, on an
excursion taking him 4.5 km beyond his own home
range limits (Fig. 4, points la-1b). The next day,

3 Hilemeters

+ Locations of male C
I Reserve boundary
Rivers

[] Home Range

Fig. 4 Exploratory excursion of subadult male C outside of his
home range. Excursion was made with a stable subadult compan-
ion. However, subadult C split from the male during the excursion
and temporarily joined with an adult cow before returning to his
home range. The excursion lasted 2 days and covered 12 km out-
side of subadult C's home range

male C had separated from subadult A and had joined
a resident adult female plus calf (Fig. 4, point 1c).
That afternoon he was found alone, (Fig. 4, point 1d),
and was followed while he moved alone back into his
home range.

Subadults were significantly more likely to be associated
with a companion while making an excursion than was
found when they were seen within their home range (20
out of 20 cases, compared with 92% of 143 records,
P=0.013, n=163 associations).

Generally, subadults seemed to form associations with
individuals inhabiting an overlapping home range. In
two instances, two different subadults transferred their
attachment from the companion during the initial excur-
sion to another individual while they were out of their
home range. When subadults were associated with adult
females, they restricted their movements to the adult fe-
male’s home range. On six occasions, subadults accom-
panied these adult females while they made long dis-
tance excursions, possibly in search of water. On two of
these excursions, the adult females moved into areas
where they had been observed prior to the excursions.
On four occasions, excursions made by subadults out of
their home ranges were restricted to the companion’'s
home range or within an area familiar to the companion.
Howeuver, little information was known about many of
the different companions, so we are unsure to what ex-
tent the remaining 14 excursions were into areas previ-
ously known by the companion.

In some cases, multiple excursions were made by sub-
adults together with a single stable companion. Subadult
G made two excursions with the same subadult male
(Table 1; Fig. 4), while subadult D made three excur-

Table 1 Excursions of subadults made with stable subadult companions

ID Rhino Sex Companion Duration of Duration of Max. distance Total distance
age Age (years) association prior excursion from home of excursion
(years) and sex to excursion (days) range (km)
(days) (km)
G 56 g 73 12 1 5.0 10.5
G 56 g 70 81 1 2.0 4.0
GandH 5-6 g 560 17 1 25 4.5
C 7-8 g 100 13 1 15 2.0
C 7-8 g 9d 32 2 4.5 12.0
Table 2 Excursions of subadults made with adult females with which they had formed stable associations
ID Rhino Sex Companion Duration of Duration of Max. distance Total distance
age Age (years) association prior excursion from home of excursion
(years) and sex to excursion (days) range (km)
(days) (km)
D 6-7 Q Adult @ 51+ 2 7.0 14.0
D 6-7 Q Adult @ 114+ 1 25 4.5
D 67 Q Adult @ 160+ 1 1.0 2.0
B 7-8 g Adult @ 12 1 25 5.0
B 7-8 g Adult Q@ 62 1 3.0 6.0
E 6-7 Q Adult @ 69 1 15 35
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Table 3 Excursions of subadults made with adult females plus companions with which they had formed temporary associations

ID Rhino Sex Companion Duration of Duration of Max distance  Total distance
age Ages (years) and sex association prior  excursion from home of excursion
(years) to excursion (days) range (km)

(days) (km)

F 6-7 d Adult?,39,63,63,3C 4 2 15 3.0

F 6-7 d Adult®@,63 2 3 15 5.0

B 7-8 d Adult @, 1? 2 1 15 3.0

B 7-8 ad Adult@,1Q ? 3 6.0 14.0

B 7-8 d Adult@/<1@Q 0 2 25 75

B 7-8 d 3Q ? 1 2.0 4.0

C 7-8 d Adult®,33 0 1 4.0 75

C 7-8 d 103 21 1 2.0 4.0

C 7-8 d 4Q ? 1 4.0 8.0

sions with an adult female (Table 2) and subadult 20
made two excursions with the same adult female
(Table 2).

All subadults observed eventualy returned to their
own home ranges following excursions, either together
with the companion or alone. No subadults were ob-
served making solo excursions, and no long-term shifts
in home range were documented during the study period.

Discussion

The basic benefit of group formation by ungulates is
generally recognized to be a reduction in the risk of pre-
dation (Jarman 1974; Bertram 1978). While predation on
white rhinos by lions and other carnivores appeared to be
negligible in the study area, this fundamental benefit of
companionship cannot be excluded. Owen-Smith (1988)
noted how groups of subadults commonly adopted a
rump-against-rump defensive formation when disturbed,
which, although maladaptive against humans, could offer
some protection in the event of a predator attack. White
rhinos are probably big enough to be able to ward off at-
tacks by lions alone when they approach full adult size.

A second potential benefit of companionship is to re-
duce the chance of being attacked, and hence injured, by
territory holders. Territorial males have been recorded
violently attacking, chasing and in even a few instances
killing subadults that were intruding into their territories
(Owen-Smith 1975). Owen-Smith (1974) reports an in-
stance where a solitary subadult male (aged 11-12 years)
was challenged tensely for 32 min by a territorial male.
However, another territorial male had confronted this
same subadult only briefly 5 months earlier, when the
latter had a subadult male companion. This social securi-
ty from group formation would apply primarily to males,
athough subadult females are occasionally attacked
(Owen-Smith 1975).

During the present study, groups of subadults were
challenged only briefly, or ignored completely, by terri-
tory holders, except in two cases. In the first case, two
subadult males were chased from where they were sleep-
ing by a territorial male. The male chased the two sub-
adults for a few minutes, then left them and lay down.

The following day the subadults were found outside of
the adult mal€’s territory. In the second case, a territorial
male was courting an adult female when two subadult
males approached. The subadults were accosted and
chased by the territorial male for about 50 m. Solitary
subadults were rarely encountered, and never observed
interacting with territory holders.

A third potential advantage is familiarization with
new areas (Owen-Smith 1973). Through joining other
conspecifics, animals may be led through novel regions
of the environment, and more specifically towards the
locations of the food and water resources that these areas
contain (Stamps 1987; Johnson 1989). This “public in-
formation” (Valone 1989) may enable less experienced
animals to evade temporary resource shortfalls, and ulti-
mately guide them towards less crowded habitat into
which they may disperse. Geist (1967) suggested that a
similar process operates among bighorn sheep (Ovis can-
adensis), whereby young males are led towards winter-
ing areas, salt licks, rutting grounds, summer ranges and
migratory routes by following older males. Exploratory
trips prior to dispersal have been recorded for other spe-
cies of mammals (Lidicker 1976; Holekamp and Sherman
1989; Johnson 1989; Woollard and Harris 1990;
Lidicker and Stenseth 1992; Larsen and Boutin 1994;
Kunkele and von Holst 1996). However, in al of these
cases individuals moved alone.

The benefit of experience, passed on from older to
younger animals, has been widely recognized for ele-
phants (Laws 1969; Geist 1971; McKay 1973). How-
ever, elephants move in enduring family groups based on
mother-daughter associations (Owen-Smith 1988). Dis-
persal involving shifts in home ranges by such groupsis
evident from the history of elephant recolonization of
South Africa’'s Kruger National Park (Owen-Smith
1983). White rhinos, although comparably long-lived,
lack persistent mother-daughter bonds. Nevertheless,
through forming transient bonds with various other indi-
viduals, young white rhinos may gain some benefit from
the wider experience of older individuals. This was evi-
dent as in approximately a quarter of the excursions sub-
adults moved with rhinos that were familiar with the new
area. In particular, subadult white rhinos seemed to form
attachments preferentially with adult females, although
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such opportunities are restricted by the intolerance of
adult females with young calves for additional compan-
ions (Owen-Smith 1973).

In contrast to white rhinos, black rhinoceroses are
typically solitary, with social groups rarely extending be-
yond adult female-calf pairs (Goddard 1967). Subadults
do occasionally form temporary associations with adult
females and other subadults (Hamilton and King 1969;
Adcock et al. 1998), but such opportunities are limited
by the much lower densities attained by black rhino pop-
ulations, relative to white rhinos. High rates of mortality
among black rhinos translocated into new reserves have
posed a conservation problem (Hitchins 1984; Adcock et
al. 1998; Brett 1998). Deaths have been ascribed largely
to fighting, but include females as well as males. The ad-
ditional role potentialy played by nutritional stress
among animals introduced into unfamiliar areas has per-
haps not received adequate recognition.

We suggest that the “buddy system”, exemplified by
shifting temporary associations among subadult white
rhinos, and between subadults and some adult females,
could be of great importance in ameliorating the costs of
dispersal into unfamiliar habitat. Although we did not
observe actual dispersal, in terms of settlement within a
new home range, we were able to document some of the
probing excursions beyond established home ranges, in
detail. In all observed cases, these movements were con-
ducted together with one or more companions, either a
long-standing subadult or adult female associate or an
adult female sharing an overlapping home range. There-
by young white rhinos are able to explore an area much
larger than the home range they usually occupy, under
the guidance of another individual which potentialy is
familiar with the locations of resources in the novel area.
This experience may guide them when ultimately they
embark on the large scale dispersal movements docu-
mented by Owen-Smith (1988).
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CHAPTER 5
Conclusion and recommendations

The broad aim, established at the beginning of the study, was to determine
how food resources influenced the movements of white rhinos and hence potentially
their dispersal. The objectives that | set out to achieve were to determine; 1) how
declines in the quality and availability of food over the dry season influenced the use
of different grassland types by white rhinos, 2) how the selection d grass swards
within the different grassland types influenced the intake rate and nutritional gain of
white rhinos, and 3) how resource conditions influenced large scale movements of
white rhinos and possibly dispersal.

Due to the relatively high availability of food resources throughout the study
period, | was unable to determine how food resources influenced the movements of
white rhinos between grassland types. During OwenSmith’s (1973) study, when
rainfall was generally low and population density high, white rhinos transferred their
feeding among short, woodland, accessible Themeda and Themeda grasslands on
hillslopes as the availability of food resources declined over the seasonal cycle. In the
present study, however, with a higher relative availability of food resources, white
rhinos did not shift between the different grassland types to the same extent as
recorded by OwenSmith (1973, 1988), but continued to utilise short, woodland and
Themeda grasslands throughout the study period. Results from these two studies thus
suggest that white rhinos adapt to seasona variation in food availability through
changes in the utilisation of different grassland types. Results from the present study
suggest that during periods of high food availability white rhinos primarily utilise
preferred grassland types (i.e. short, woodland and Themeda grasslands). However,

during periods of low food availability, like during Owen Smith’s study, white rhinos
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adjust their utilisation of grassland types so as to include less preferred grassland
types (i.e. Themeda grasslands on hillslopes), which may help sustain them through
the dry season or possibly help prevent starvation during critical periods.

In response to a reduction in the availability of food resources during the dry
season, large herbivores may 1) widen their diet breadth (OwenSmith and Novellie
1982, Stephens and Krebs 1986, OwenSmith and Cooper 1989, Owen Smith 1994),
2) increase their daily foraging time, and possibly the proportion of foraging time
spent feeding (Owen-Smith and Cooper 1989, Owen Smith 1997, Prins 1996), or
perhaps 3) maintain their intake rate by increasing bite size (Spalinger et a 1988,
Laca et al. 1994). Despite the reduction in the quality and availability of food during
the dry season, it is possible that white rhinos could have made these adjustments to
help compensate for nutritional declines, but results suggest that they did not.
However, as daily activity patterns of the white rhinos were not recorded during the
study period, the extent to which white rhinos compensated for declines in nutritional
intake, by increasing daily foraging time, is unknown.

The selection of food resources is influenced by a herbivore's body size and
digestive system. In chapter 2, the main objective was to determine how the diet
selection of white rhinos, a relatively unselective mega-grazer (i.e. body mass
exceeding 1000 kg), would change during a period of resource limitation. Based on
foraging theory, the predictions of body size theory (Bell 1971, Jarman 1974), and the
results of a previous study (Melton 1987), | hypothesised that 1) white rhinos would
select for grassland types and very little for specific grass species within grassland
types, 2) as the dry season progressed, white rhinos would increase their utilisation of
Themeda grasslands, while decreasing their use of short grassands, and 3) early in the

dry season, white rhinos would select for intermediate height swards of green grass,
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but that, as the dry season progressed white rhinos would shift and utilise taller
swards of brown grass.

Results indicated that white rhinos preferred certain grassland types
throughout the study period. However, white rhinos utilised the grassland types in a
pattern that differed from the pattern observed previoudy by Owen Smith (1973,
1988). The findings of chapter 2 make two original contributions to science.

1. Results of the study established that, despite their large body size and
thus ability to utilise a wide range of vegetation components and grassland types,
white rhinos were relatively selective feeders at the grassland type spatial scale.
However, the suggestion that white rhinos were relatively unselective with regard
to grass species was not entirely convincing. Some findings suggested that white
rhinos also selected for grass species within the different grassland types
throughout the study period. However, the extent to which these findings reflected
the selection of specific grass species or possibly the selection of the different

grassland types is unk nown.

2. The white rhinos selection of grass swards was some what at odds with
Fryxell’'s (1991) suggestion that the effects of sward maturation (i.e. height,
greenness, fibre content and biomass) will have a greater effect on the food selection
of ruminants than nontruminants. Fryxell (1991) suggested that ruminants should
show a greater selection of swards of intermediate height and greenness than non
ruminants, as daily intake is often more constrained by the digestion and passage of
fibrous food through the rumen than through the hind-gut of nonruminants (Bell
1971, Janis 1976, Foose 1982). Despite being nonruminants of very large body size,

and thus having a higher tolerance of lower quality forage (Bell 1971, Jarman 1974),
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white rhinos where similar to smaller ruminants in that they generally favoured short
to intermediate height swards of green grass throughout the study period.

Few studies have investigated foraging of large herbivores under free-ranging
field conditions (Owen Smith and Cooper 1989, Wallis de Vries and Daleboudt 1994,
Fortin et al. 2002). In chapter 3, to determine how a very large bodied norruminant,
the white rhino, coped with seasona declines in food resources, | focused on the
trade-offs made between dry matter intake rate (i.e. diet quantity) and the intake rate
of specific nutrients (i.e. diet quality). The findings of chapter 3 make three original
contributions to science.

1. Under field conditions, results indicated that bite rates achieved for the
same hite mass differed between the three seasonal periods. Spalinger and Hobbs
(1992) suggested that large bites retard bite rate through mechanical constraints, as
larger bites require longer chewing times than smaller ones. Results, however, suggest
that seasonal factors may have a greater influence on bite rate than bite mass. White
rhinos obtained faster bite rates relative to bite mass on the new growth available
during the transitional period than on the more mature grass available in ether the
early dry or late dry season periods. Seasonal differences in bite rate may have been
due to differences in fibre content of grass. Data collection, however, did not extend
to measuring fibre content, thus | was unable to determine the extent to which
differences in fibre content influenced seasonal differences in bite rate.

2. Results indicate that the maximum intake rate of white rhinos (i.e. 120
g/min) was at the upper end of the theoretical maximum for 1000kg to 1600 kg white
rhinos (85 g/min to 119 g/min) using Shipley et d.’s (1994) formula. As white rhinos
use their lips to crop grass (OwenSmith 1975), it is likely that a faster bite rate may

be achieved, as constraints on maximum intake rate will be dependent on the shorter
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pendulum movements of a rhino’s lips and not the longer pendulum movements of the
lower jaw, as predicted by Shipley et a. (1994).

3. Results suggest that, despite increasing bite mass and dry matter intake rate
at the end of the dry season, white rhinos did not compensate for declines in nutrient
intake rates. It is possible that, as white rhinos build up relatively large deposits of
subcutaneous fat during the wet season (Selous 1899), they may have mobilised these
fat reserves to sustain them through the dry season. This raises the possibility that
white rhinos may follow a strategy similar to large marine mammals, which survive
for several months in their calving/breeding areas by utilising fat reserves stored from
when they were in their winter feeding areas (Sinclair 1983, Taber 1984, Perry et al.
1999). The utilisation of fat reserves is aso prevalent in northern hemisphere
ungulates, which mobilise fat reserves for survival during winter when they have to
contend with extreme reductions in food resources and possibly snow (Parker et al.
1993, 1996).

A novel discovery of the study in chapter 4 was that the large-scale
movements, and possibly dispersal of white rhinos, may be facilitated by subadults
following companions (or ‘buddies’) into new areas. For white rhinos, dispersal does
not happen on an annual basis, or a specific times of the year (OwenSmith 1973).
Unfortunately, during the study period, none of the subadults monitored dispersed.
However, by focusing on a few individuals and monitoring them frequently, | was
able to determine that social interactions, and not changes in food resources, seem to
be the main factor that may facilitate the dispersal of white rhinos. Through moving
with conspecifics, subadults may be able to reduce the high costs potentialy
associated with large-scale movements, and possibly dispersal. By moving with

companions (or ‘buddies’) white rhinos may benefit by 1) reducing the likelihood of
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being attacked by territoriadl males, and 2) familiarisation with a wider region of the
environment, guided by a companion.

FUTURE RESEARCH

Buddy system dispersal

Findings of the present study indicate that subadults, through the formation of
associations with conspecifics, make exploratory excursions that may lead to
dispersal. However, | suggest the possibility that this ‘buddy system’ may not only be
limited to exploratory excursions from temporary home ranges by older subadults, but
may aso be the mechanism by which younger subadults move from their mother’s
home range to where they establish temporary home ranges. Based on observations
made during the present study, | propose the following conceptual model for the
dispersal process.

For white rhinos, dispersal seems to start at about 23 years of age, when
caves are chased away from their mothers. After being chased away, caves are
considered to be subadults (OwenSmith 1975). New subadults will move alone
within their mother’s home range until they form a temporary association with one or
more individuals (i.e. either subadults of both sexes or an adult female lacking a
young cf), living in an over-lapping home range (Owen Smith 1975). Both Owent
Smith (1975) and Shrader and Owen Smith (2002), found that during associations
with adult females, subadults adopted the home range of the adult female, and thus
restricted their movements to within her home range. It is possible, however, that
subadults may adopt the home ranges of al companions with which they form
associations (i.e. adult females and other subadults). As a companion’s home range
may extend beyond the boundaries of a subadult’s mother’s home range, it is possible

that, by moving with and following companions similar to older subadults making
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exploratory excursions (Shrader and OwenSmith 2002), young subadults may be led
into novel areas outside their mother’s home range.

Associations between subadults and companions (or ‘buddies’) may last
anywhere from half a day to over a year (Owen-Smith 1973, Shrader and Owen Smith
2002). While white rhinos are subadults, they may move with, and transfer between, a
large number of different companions (Owen Smith 1975, Shrader and Owen Smith
2002). | suggest that, by transferring between companions, subadults have the
potential to explore and move over a large portion of the Hluhluwe-Umfolozi Park
(HUP) prior to establishing temporary home ranges when they are about 4 years of
age (Fig. 1).

Shrader and Owen Smith (2002), suggested that, from these temporary home
ranges, subadults may then make exploratory excursions with ‘buddies’, which may
lead them into areas where they may ultimately disperse. As white rhinos consistently
form associations during the time that they are subadults (Owen-Smith 1975), and as
subadults may move with and transfer between multiple ‘buddies’, it is possible that
dispersa may be a process which lasts the entire time that white rhinos are subadults
(i.e. 1-2 years for females and up to 10 years for males). Thus, for white rhinos, the
‘buddy system’ may be the mechanism by which subadults disperse from their

mother’ s home range to where they ultimately settle as adults.

RECOMENDATIONS
Implications of the ‘ buddy system’ for the sink management policy
When the vacuum zones (or ‘dispersal sinks') were established within the
Hluhluwe-Umfolozi Park (HUP) in 1986, physical features such as maor rivers,

roads, dreams and ridge crests were used to delineate the boundaries separating the
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vacuum zones from the central core area. These boundaries, however, are features that
do not restrict the movement of white rhinos between the two management areas. As
the location of the boundaries was ‘man-made’ it is likely that the home ranges of
some individuals were bisected by these boundaries, and thus portions of their home
ranges were located in both the core and vacuum zones. With regard to the sink
management policy, it is these individuals which are likely to play an important role
in guiding subadults towards the low density vacuum zones into which they may
disperse.

Owen-Smith (1973, 1988) recorded that, as the dry season progresses, and the
quality and availability of food resources decline, white rhinos use a greater extent of
their home range. For white rhinos with home ranges spanning both the core and
vacuum zones, this increase in utilisation will result in white rhinos spending a
proportion of the annua cycle within the vacuum zones. Through forming
companionships with these individuals while they are in the core, and then following
them as they utilise a greater proportion of their home range, it is possible for subadult
white rhinos to be lead from the core into the vacuum zones (Fig. 2). Thus,
individuals with home ranges spanning both the core and vacuum zones are important
to the sink management policy, as these individuals may ultimately guide subadults
into the vacuum zones where they may disperse.

The importance of these individuals may be evident in the low white rhino
density in the Okhukho section of HUP. In the late 80's and early 90’ s rhino poaching
was a maor problem along the fence line in Okhukho. In an attempt to reduce
poaching, a mgjority of the white rhinos within Okhukho were removed. At the time
of the present study, despite a very low removal of white rhinos from the area, white

rhino numbers in the Okhukho section had not reached previous levels. It is possible



136

that, due to the heavy removals in the 80’'s and 90's, there are very few individuas
remaining with home ranges spanning both Okhukho and the centra core. If thisis
the case, then the low white rhino density in the Okhukho section could be the result
of alack of individuals to guide subadult white rhinos from the core into this section.

It is thus important, with regard to the continued management of white rhinos
using the sink management policy, that a proportion of the individuals with home
ranges spanning both the core and vacuum zones be left and not removed for the
annual game auctions. As adult females have more established home ranges than
subadults, and as groups of subadults (2-6 individuals) have been known to form
associations with adult females (Owen-Smith 1973, 1975), it is likely that adults
females are the main class guiding dispersing subadults from the core into the vacuum
zones. Thus, to limit the removal of these individuals, it is recommended that adult
females found within 1 km of the vacuum zone boundaries not be removed, as their
home ranges may span into the core and thus be the main catalyst helping subadults

find and disperse into the vacuum zones.
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FIGURE CAPTIONS

Fig. 1. Possible pattern of dispersal for a subadult white rhino as it moves from its
mother’s home range at about 2-3 years of age (1), with buddies through their home

ranges (2-5), to where it establishes a temporary home range at about 4 years of age

(6).

Fig. 2. Dispersal of subadult white rhinos from an established home range within the
core, to the surrounding vacuum zones in the Hluhluwe-Umfolozi Park, by way of
forming a companionship with an individual who's home range spans the boundary of

both management areas.



141

N

(7
20 km? — ‘ 6 Temporary Home Range

1 Mother’'s Home Range

Fig. 1.



142

Core Vacuum Zone

20 km?

20 km’

Home Range

Fig. 2.



141

APPENDIX |

Shrader, A.M. and B.A. Beauchamp 2001. A new method for
implanting radio transmitters into the horns of black and
white r hinocer oses. Pachyder m 30:81-86

(See Pages — in attached Pachyderm)
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APPENDIX 11

Home Ranges

The home ranges of the ten white rhinos with radio transmitters, along with two
frequently seen rhinos (adult female 'L’ and male subadult ‘A’), were estimated by
entering GPS positions into the home range analysis program Calhome (Kie et a.
1996). Home range limits were identified from the 85% utilization contour, using the
adaptive kernel method with the least sguares cross validation for the smoothing
parameter (Worton 1995; Seaman and Powell 1996). This procedure seemed most
reliable for establishing the area regularly used, allowing for fairly frequent excursions
by subadults and occasional excursions by adult females. Home ranges delineated using
the Adaptive Kernel, Minimum Convex Polygon and Harmonic Mean procedures gave
smilar estimates of home range extent for the 85% contour, but not when a higher
proportion of sightings was included. Excursions lasting longer than a day gnerated
autocorrelated position records, and hence could exaggerate the home range delineated
by the estimation procedures (Swihart and Slade 1985). Where necessary, the home
range boundaries indicated by Calhome were adjusted to coincide with a physical
barrier (e.g., a mgor river). GPS locations were plotted using ArcView (Anon 1996).
Locations of each individua located outside the 85% contour identifying the home

range boundary were interpreted as exploratory excursions.
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Fig 1. Home range (16.7 knt) of the 9-10 year old subadult male ‘A’.
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Fig 2. Home range (5.54 knt) of the 8-9 year old subadult male ‘B’.



I ”
"x\
\
\
\
bS
b il
I
'l-\.
h
i
.I'J =5
i)
J
{
!
IIII| -
-
s .
.f'r -
.'l.: -
"!l - ¥ 1 1] i 2

3 Hilometers

154

| | Boundary
" Rivers

+ Rhino *C’
[] Home Range

4

.fl
e

Fig 3. Home range (19.7 kn) of the 7-8 year old subadult male ‘C'.
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Fig 4. Home ranges of the adult female ‘D’. First home range (left) was estimated to be

66.4 knt. Following a fight, where she was wounded by another white rhino, she

moved and settled in a new area (right; 23.4 knt).
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Fig 5. Home range (11.1 knt) of the 6-7 year old subadult female ‘E’.
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Fig 7. Home range (15.4 knt) of the 5-6 year old subadult male ‘G’ . Observations were

made between April and October 1999.
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Fig 8. Home range (13.6 knt) of the 5-6 year old subadult male ‘H’. Observations were

made between April and October 1999.
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Fig 9. Home range (4.1 kn?) of the subadult males ‘G’ and ‘H’ after they paired up..

Observations were made between October 1999 and October 2000.
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Fig 10. Home range (6.2 knt) of the adult female ‘I’.
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Fig 12. Home range (4.7 knt) of the adult female ‘K’.
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APPENDIX 111
Psion program
The computer program ‘Rhino’ was used to record the number of bites that an
individual rhino took per step (i.e. bites per feeding station). The program was written

for aPsion Organiser 11 by James Murry at Psion, South Africa.

Keys and their functions:
Y- Initiated the program and printed the date (day/month/year) and ‘Start’
followed by the time (hour/minute/second).
Z- Terminated the program and printed ‘Stop’ followed by the time
(hour/minute/second).
S- Recorded asingle bite.
T- Recorded a step, printed the time (hour/minute/second) and reset the bite
counter for the next step.
M- Paused the program and printed the time (hour/minute/second) when the

program was paused.

Once started, the program requested the ID number of the animal that was being
observed. In the study, the last three digits of the rhino’s transmitter frequency (i.e. 110
for 148.110) or a two letter code (i.e. FF for adult (F), female) was entered for animals
without radio transmitters. Once the ID number had been entered, the program was
ready for input. To initiate the program the ‘Y’ key was pressed when the rhino took
what was the first step of the feeding observation. When ‘Y’ was pressed, the date and
start time of the initial step were printed. The number of bites taken by the rhino in a

feeding station were recorded by pressing the 'S’ key each time the animal took a bite.
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The ‘T’ key was pressed when the rhino took a step, and thus moved to another feeding
station. Each time that the ‘T’ key was pressed, the time of the step was printed and the
bite counter reset for the new feeding station.

To insure that a complete feeding observation (ten feeding steps) was recorded,
the program was designed to count the number of feeding steps recorded. Once ten
feeding steps had been recorded, the Organiser |1 beeped three times. Once the
Organiser 11 had beeped, the *Z’ key was pressed to terminate the program and print the
stop time.

When an animal forages, it divides its time between looking for and ingesting
food. While feeding an animal may decide to stop ingesting food and chew (or process)
what is in its mouth. As the study focused on feeding time and not foraging time, a
‘pause’ function was put into the program. If a rhino stopped feeding and started
chewing the grass in its mouth, the ‘M’ button was pushed on the Psion. When ‘M’ was
pushed, the time and the word ‘ Pause’ was printed. If the rhino resumed feeding without
taking a step, the ‘S button was pushed to record the additional bites within the feeding
station. When the ‘S button was pushed while the program was paused, the time that
the bite was taken along with the word ‘Resume’ was printed. If, however, the rhino
took a step and moved to a new feeding station before resuming to feed the ‘T’ button
was pushed. Pushing ‘T’ while the program was paused completed the feeding step and
printed the time and reset the bite counter for the next step.

The only problem (or ‘bug’) with the ‘rhino’ program was that if the pause
button (*M’) was pushed during a feeding step, the program would not recorded the step
as a feeding step. This resulted in more than ten ‘true’ feeding steps being recorded in
the sample before the Psion would beep. This was not considered to be a serious

problem as more than the required ten steps were recorded.



167

Bite rate of each feeding observation was derived by summing the total number
of bites in the observation and then dividing that number by the total time spent feeding

during the observation.

The Psion computer code for the ‘Rhino’ program is listed below.
rhino:
local kp%,rhino$(10),b$(250),cnt%,pse%

if exist("abites")
open "abites',a,a%
dse

create "abites',a,a$
endif

ds

print "Rhino:"

edit rhino$

if rhino$=""

return

endif

a.a$=rhino$

3ppend
a.a$=mid$(datim$,5,11)
append

do
kstat 1
kp%=get
if kp%=%Y
if len(b$)
aad=b$
appen
b$:II "
endif
cnt%=0
pse%=0
print "Start "+right$(datim$,9)
a.a$="Start"+right$(datim$,9)
append
elsaif kp%=%Z
if len(b$)
aab=b$
appen
b$:ll n



endif
cnt%=0
print "Stop "+right$(datim$,9)
a.a$="Stop"+right$(datims,9)
append
break
elseif kp%=%S
if psedo=1
print "Resume "+right$(datim$,9)
a.a$="Resume"+right$(datim$,9)
append
pse%=0
endif
b$=b$+"S"
dsaif kp%o=96T
pse%=0
if len(b$)
cnt%=cnt%+1
print b$
aad=b$
gppend
endif
print " Step "+right$(datim$,9)
a.a$="Time"+right$(datim$,9)
append
elsaif kp%=%M
pse%=1
if len(b$)
cnt%=cnt%+1
print b$
aab=b$
append
endif
print "Pause "+right$(datim$,9)
a.a$="Pause"+right$(datim$,9)
append
else
beep 200,200
endif
if cnt%=10
beep 250,200
beep 280,230
beep 250,200
print "10 steps withbites"
cnt%=0
endif
until O
return
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The Psion used in the study was unable to delete the data files generated by the
above Rhino program. Once the data had been transferred from the Psion to a PC, the
following program was run to delete the bites/step data stored on the ‘A’ drive in the
Psion.

Delfile:

if exist(“abites’)

kstat 1

if view (2, “Delete Bites File (Y/N)” + chr$(63))=%Y
delete “abites”

endif

endif
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APPENDIX IV

Grass nutrients

Table 1. Mean % crude protein for whole plant samples of the different grass greenness
categories in the short, woodland and Themeda grasslands. Greenness codes are very
brown (VB), mainly brown (MB), mainly green (MG) and very green (VG). Grass

species in the short grassands are Panicum coloratum (P), Sporobolus nitens (S),

Digitaria argyrograpta (D) and the combination of P. coloratum and D. argyrograpta

(DP).
Habitat/ Species Greenness N= Mean %CP -95% CL  +95% CL
Short
P VB 3 5.24 3.73 7.36
P MB 3 8.07 5.36 12.16
P MG 1 17.06 - -
P VG 2 20.17 1.65 246.61
S VB 1 11.81 - -
S MB 5 9.06 6.55 12,51
S MG 1 9.81 - -
S VG 7 21.43 17.56 26.16
DP VB 4 6.04 4.93 741
DP MB 11 8.34 1.44 9.35
DP MG 6 8.71 5.94 12.78
D MG 4 9.34 541 16.13
Woodland
VB 3 5.98 3.16 8.80
MB 8 7.94 6.63 9.24
MG 12 8.95 7.40 10.50

VG 9 11.47 8.41 14.52
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Table 1 (cont.)
Themeda Greenness N= Mean %CP -95% CL  +95% CL
VB 3 3.22 0.92 11.23
MB 6 441 3.71 5.23
MG 6 5.36 4.16 6.91
VG 6 8.28 4.88 14.04
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Table 2. Mean phosphorus levels of whole plant samples in the different grass
greenness categories in the short, woodland, and Themeda grasslands. Greenness and

grass species codes same as Table 1.

Habitat/ Species Greenness N= Mean %P -95% CL  +95% CL
Short
P VB 3 0.05 0.03 0.09
P MB 3 0.10 0.09 0.12
P MG 1 0.13 - -
P VG 2 0.45 0.0002 1174.63
S VB 1 0.01 - -
S MB 5 0.01 0.003 0.02
S MG 1 01 - -
S VG 7 0.74 0.43 131
DP VB 4 0.06 0.04 0.05
DP MB 11 0.11 0.14 0.08
DP MG 6 0.13 0.10 0.16
D MG 4 0.05 0.003 0.66
Woodland
VB 3 0.06 0.04 0.11
MB 8 0.09 0.08 0.11
MG 12 0.10 0.07 0.14
VG 9 0.143 0.09 0.22
Themeda
VB 3 0.06 0.01 0.39
MB 6 0.06 0.04 0.08
MG 6 0.07 0.04 0.10
VG 6 0.14 0.05 0.39
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Table 3. Mean sodium levels of whole plant samples in the different grass greenness
categories in the short, woodland, and Themeda grasslands. Greenness and grass species

codes same as Table 1.

Habitat/ Species Greenness N= Mean %Na  -95% CL +95% CL
Short

P VB 3 0.17 0.07 0.40

P MB 3 0.28 0.10 0.84

P MG 1 0.85 - -

P VG 2 0.81 0.61 1.08

S VB 1 0.20 - -

S MB 5 0.15 0.11 0.21

S MG 1 0.22 - -

S VG 7 0.60 0.35 1.01
DP VB 4 0.17 0.11 0.29
DP MB 11 0.41 0.34 0.48
DP MG 6 0.36 0.25 0.52

D MG 4 0.33 0.13 0.88

Woodland
VB 3 0.11 0.04 0.28
MB 8 0.29 0.23 0.38
MG 12 0.19 0.14 0.27
VG 9 0.24 0.13 0.44
Themeda
VB 3 0.05 0.01 0.31
MB 6 0.07 0.04 0.12
MG 6 0.07 0.04 0.14
VG 6 0.05 0.02 0.13




