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Abstract

Abstract

Mwasi, S. M. 2002. Compressed nature: co-existing grazers in a small reserve in Kenya.
Doctoral Thesis, Wageningen University, The Netherlands. ISBN 90-5808-669-0

Wildlife habitats in Kenya are getting more fragmented and isolated due to increasing
human activities within them. This has resulted in the establishment of several small
nature reserves where wildlife is protected from human interference. Grazers contribute
a large proportion of total herbivore biomass in these reserves, and their populations are
likely to increase due to stoppage of migration and reduction in their home range sizes
(for large home range holders) caused by fencing, human settlements or cultivation on
the periphery of the reserves. This might lead to changes in dynamics of grass-grazer or
grazer-grazer interactions, which are useful to understand for successful management of
these populations to take place. It was in view of this, that I conducted a study with the
following hypotheses: that a decline in a grazer species biomass in an isolated small
reserve is due to an increase in biomass of other co-existing grazers, and that there is a
high resource overlap among co-existing grazers in an isolated small reserve. I
considered an tsolated grazer assemblage comprising of ten co-existing grazers: defassa
waterbuck (Kobus defassa), African buffalo (Syncerus caffer), impala (Aepyceros
melampus), Grant's gazelle (Gazella granti), Thomson's gazelle (Gazella thomsoni),
warthog (Phacocoerus aethiopicus), Burchell’'s zebra (Equus burchelli), eland
{Taurotragus oryx), Chanler’s reedbuck (Redunca fulvorufula chanleri), and Bohor
reedbuck {Redunca redunca) in Lake Nakuru National Park. An analysis of the
development of the assemblage over a 24-year period (1976-1999) showed that by
1999, its total biomass had reached 134 kg ha' and that it was dominated by species
ahove 300 kg (buffalo and eland). Population growth rate of waterbuck and warthog has
declined, and Bohor reedbuck appears to have now disappeared from the system. The
study shows that larger grazer species did not facilitate smaller ones despite having high
habitat overlaps with them during the wet season when grass regrowth after cropping is
possible. There were also no indications of habitat segregation among grazers, but
competition was apparent through directional habitat use overlap indices. Large
similarities in diet composition were found between grazers across all seasons. Niche
breadth for diet was smallest during the dry season, and combined {diet + habitat use)
overlap was high between all pairs of grazers during all seasons indicating that there is a
high possibility of compelitive interactions among grazers in Nakuru. However, despite
utilising similar feeding sites, competitive interactions between impala and zebra might
have been reduced by their foraging strategy where they feed at different plant structure
(leaf/stem/flowering stalk) levels. In conclusion, it appears that the structuring of this
assemblage is most likely due Lo competitive interactions among the grazers, which
might increase in intensity during years of average or below average rainfall.
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General introdcution

Introduction

Wildlife reserves in Kenya are becoming increasingly isolated by activities associated
with the expansion of human population in their neighbourhood. Infrastructure
development, livestock rearing, cash and subsistence crop farming, poaching and
fencing can exert varied pressure on wildlife and its habitat. This pressure may in turn
cause fragmentation of wildlife ranges, closure of wildlife migratory routes (Bell 1971;
Borner 1985) and excessive harvesting of wildlife leading to extinction of some animal
varieties, such as the Nakurn hartebeest (Alcelaphus buselaphus nakurae){Gosling
1969; Kutilek 1974). These activities, if allowed to continue unabated, will pose a
serious threat to the survival of wildlife and ecological integrity of their habitats. This
potential threat has made the government of Kenya realise the urgent need to conserve
the remaining wildlife populations, even in areas already encroached by human
activities. Since [ate 1960s the government has embarked on an ambitious programme
to set aside some of these areas as wildlife reserves that are protected by law. Some of
these reserves have either partially or completely been fenced.

Fencing of reserves often leads to their complete isolation and in most cases,
wildlife habitats getting compressed (the reduction in wildlife home range size).
Compression might lead to an increase in wildlife biomass densities, although the
ecological mechanisms behind this expected increase are not clearly understood. Tt is
worth noting that some of the recently isolated reserves have now become important as
focal points of wildlife conservation in Kenya because of their localised high wildlife
diversity and close proximity to urban centres. In most cases, co-existing grazers
contribute the highest proportion of the herbivore biomass in these reserves and thus are
expected to play a crucial role in the functioning of the plant-herbivore subsystems
found here.

Co-existence

It is intriguing to observe how different grazer species whose needs are closely related
utilise similar resources (forage and habitat) ‘harmoniously” in the African savanna.
There is evidence that apart from sharing habitats, grazers in the savanna also share the
same food resources (Gwynne and Bell 1968; Bell 1970; Hansen et al. 1985)
Mechanisms of co-existence (the condition of ‘living together’ at the same time) as
suggested by (Harden 1960; Lamprey 1963; Bell 1971; Dunbar 1978; Leuthold 1978,
Jarman and Sinclair 1979; Schoener 1982; French 19835; Jenkins and Wright 1988;
Putman 1996; Prins and OIff 1998; Ritchie and OIff 1999) involve two basic principles
which ensure that herbivore species do not compete for similar resources. Firstly, the
species may utilise different parts of the same resource and secondly, for similar sized
species with similar metabolic needs, their diets are expected to differ from one another
(Schwartz and Eliis 1981) especially during periods when the amount of forage is
limited. In other words as Putman (1996} puts it, if species are to co-exist then there
should be no potential for competitive interaction. For co-existing herbivores to have
maximal niche differentiation, several species-specific adaptations have been suggested
to play a role.
Feeding styles among different herbivores, for example, can be used to explain
niche differentiation. Hoffman (1973) proposed three different feeding styles based on
3
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various anatomical differences in ruminants. These are concentrate selectors,
intermediate mixed feeders, and grass and roughage feeders. Most co-existing grazers in
East Africa belong to the intermediate mixed feeder and the grass and roughage feeder
type of Hoffman’s feeding styles. They have adaptive features (e.g., a large stomach
capacity and a long gut retention time) that enable them digest slow fermenting grass
cell walls. It is worth noting that despite these co-existing grazers being ‘lumped’
together into broad similar feeding styles, species-specific differences in their digestive
physiology within each class allow further niche differentiation among them so that they
are able to utilise distinct parts of the same food resource in the same habitat.
Differences in digestive strategies, i.e., browser-ruminants, grazer-ruminants, mixed
grazer-ruminants and non-ruminants hind-gut fermenters among co-existing grazers
make them utilise only a particular range of food items (Hoffman 1973; Van Soest
1982; Van Wieren 1996; lason and Van Wieren 1999). On the other hand, interspecific
differences in incisor arcade width, bite depth, bite volume and bite area are important
morphological characteristics that cause differences in feeding strategics among co-
existing grazers (Illius and Gordon 1987; Gordon and Hlius 1988; Schuette et al. 1998).

Prins and OUf (1998) used weight ratio (mean body weight ratio between
successive grazing species) from lightest to heaviest to explain species richness of
grazer assemblages in Africa, A low weight ratio is correlated with high species packing
and consequently a high number of co-existing species in the grazer assemblage. They
predicted that there is an optimum weight ratio between two species by which niche
differentiation is maximal. At this point, interspecific competition is expected to be
minimat.

Food facilitation by co-existing species might also reduce the potential for
competitive interaction. During facilitation, for example, as suggested by (Gywnne and
Bell 1968; Bell 1970; McNaughton 1976; Maddock 1979; Sinclair and Norton-Griffiths
1982) for co-existing grazers in Serengeti NP (National Park), four species of ungulates
feed on the same grass patch without showing signs of competition. These species
utilise the patch in an almost sequential manner. Burchell’s zebra (Equus burchelli) is
always the first to utilise the patch by foraging mostly on upper parts of grass which
comprise mainly of stems, inflorescence, and mature leaves which are low in quality
{crude protein concentration). Burchell’s zebra is able to tolerate a poorer quality diet
because of its digestive system’s ability o digest fibrous forage. The next grazer to
utilise the paich is topi (Damaliscus korrigunt) which feeds on the lower parts of grass
which are better in quality than the upper parts which zebra utilised as forage earlier.
The third to follow in this sequence is the wildebeest (Connochaerus taurinus) which
feeds on the leaves, and lastly the patch is occupied by Thomson’s gazelle which feeds
on the highly nutritious new shoots which sprout a day or two after the grass is cropped
by the other species. However, a grazing succession of this nature is difficult to prove
since data are generally lacking and for the little that are available, they do not clearly
show facilitation. De Boer and Prins (1990) did not observe facilitation by zebra in Lake
Manyara NP, probably due to grass always being kept short by the heavy grazing
pressure, and rarely do stem and flower parts that are expected to be eaten by coarse
grass feeders such as zebra during a typical grazing succession observed (Drent and
Prins 1987; Prins and Beckman 1989).

Jarman (1974) proposed that the nawre of dispersion of forage resources is
partly responsible for allowing co-existence. Jarman had in mind the fact that small-

4
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bodied herbivores would have an advantage over large-bodied ones while selecting
forage resources that are more discretely dispersed and therefore, too scarce for large-
bodied animals to rely on. High quality forage is usually more discretely distributed
than low to medium quality forage that large-bodied herbivores rely on. Small-bodied
herbivores need higher quality forage tc satisfy their relatively high metabolic
requirements. Therefore, they have to search more for discrete forage resources and in
doing so separate themselves from the large-bodied herbivores that utilise patches with
contiguously dispersed rescurces. Jarman’s proposition is plausible in explaining co-
existence of herbivores which feed on resources that are multi dimensional (different in
size), e.g., fruits or seeds. However, it falls short in explaining co-existence of
herbivores that feed on grass which is considered a single dimensional {(same sized)
resource.

Gordon and Tllius (1989} demonstrated the need for the availability of an
alternative forage resource which can be utilised by a subordinate {(a herbivore species
which is excluded from a mutually preferred resource) if co-existence was to occur at
least partly during the year. The alternative resource should be able to meet the
metabolic requirements of the excluded species after it has been forced out from the
mutually preferred resource at a time when there is no co-existence. In this case, the
excluded species is the bigger bodied herbivore. According to Gordon and illius, if the
dominant species is capable of effectively utilising both resources (the mutually
preferred and the alternative), then there would be no co-existence at all between these
two herbivore species, because the dominant one would force the subordinate to
extinction. Gordon and [llius went further to demonstrate that red deer (Cervus elaphus)
was the dominant herbivore, which excluded cattle from the mutually preferred species-
rich Agrostis-Festuca grassland to the alternative species poor Agrostis-Festuca
grassland during winter. However, in summer when mutually preferred resource is
abundant, both herbivores heavily prazed on it and therefore co-existed. Gordon and
Ilius (1989) concluded that cattle would not be able to fulfil their metabolic
requirements it they foraged on the species rich grassiand during winter because of its
reduced sward surface height. The species poor Agrostis-Festuca grassland where they
move to during winter could instead meet their maintenance requirements, because it
was taller and hence had a higher biomass per unit area despite being of poorer quality.

Co-existence among grazers has been shown in some cases to enhance chances
of detection of predators and self defence. De Boer and Prins {1990) suggested that the
association between herds of different species of grazers while feeding on certain food
patches might increase their ability to detect predators. They even went further to show
that zebra, wildebeest and African buffalo (Synceros caffer) associated positively on
Cynodon datvion patches, where there was a lower chance of predation by lion
{Panthera leo) on buffalo compared to Sporobolus spicatus patches where there was no
positive association between these grazers. Sinclair (1985) suggested that zebra
associated with wildebeest in the Serengeti-Mara ecosystem in order to gain protection
from predators. Therefore, predation to some extent can be presumed to play a role in
enhancing co-existence of large grazers in the savanna of East Africa.

Problem statement
Since most wiidlife reserves where co-existing grazers inhabit are getting closed up and
isolated with time under the prevailing socio-economic conditions in Kenya, it is

5
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imperative for conservation biologists to try and understand the dynamics of plant-
herbivore interaction after isolation so that appropriate strategies for future management
of these grazers can be formulated. Under circumstances where fewer habitats are
available, one would expect shared resources to dwindle, especially when herbivore
populations increase considerably without the option of emigration. Prins and Olif
(1998) predicted that species packing of an ecosystem that gets smaller due to increased
pressure from human activities (e.g., cultivation) would decrease because of an increase
in weight ratios of local assemblages in it. Increase in weight ratio is indicative of
species loss probably through resource competition. So far, there is little evidence to
suggest that resource competition has led to species loss in any of these recently isolated
small reserves, may be because species have not yet reached equilibrium (Western
1979). Despite this, I expect that with increased fragmentation and reduction of wildlife
habitats, and the subsequent reduction in spatial heterogeneity, competitive interactions
among co-existing species in local grazer assemblages within isolated reserves become
more pronounced. With this in mind, and the {act that there is lack of information about
how grazer species interact with one another and with their habitats when they get
compressed, and on their comparative population structures and dynamics after habitat
compression, I formulated a study with the following hypotheses to try and gain insights
into how apparently closely related grazers continue to co-exist in isolated small
[EServes:

(i) that a decline in a grazer species biomass in an isolated small reserve is due to

an increase in biomass of other co-existing grazers
(i1)  that there is a high resource overlap among co-existing grazers in an isolated
small reserve.

In order to test these hypotheses, I selected two isolated small reserves located on the
floor of the Rift Valley in Kenya as study areas. They were Lake Nakuru NP and Kenya
Wildlife Service TI (Training Institute) (Fig. 1.1). [ selected the latter specifically for a
foraging behaviour study since this could not be done in Lake Nakuru NP due to
unavailability of a suitable study site. I then considered a grazer assemblage comprising
ten co-existing grazers: defassa waterbuck (Kobus defassa), African buffalo, impala
(Aepyceros melampus), warthog (Phacocoerus aethiopicus), Grant’s gazelle (Gazella
granti), Thomson's gazelle (Gazella thomsoni), Burchell's zebra, eland (Taurotragus
oryx), Chanler’s reedbuck (Redunca fulvorufula chanleri) and Bohor reedbuck
(Redunca redunca).

Ecological history of study areas

Lake Nakuru National Park

The Nakuru wildlife area (the area occupied by the Park and the surrounding areas)
used to be a haven for wildlife in the early 1900s according to the limited documentary
evidence provided by early European explorers. The area was a habitat for a diversity of
large wild ungulate species including defassa waterbuck, impala, Bohor reedbuck,
Chanler’s reedbuck, hippopotamus (Hippoportamus amphibius), Thomson’s gazelle,
Grant’s gazelle, Burchell’s zebra, Coke’s hartebeest (Alcelaphus buselaphus cokii),
Nakuru hartebeest, Jackson’s hartebeest (A.b. jacksoni) which were abundant while
Masai giraffe (Giraffa camelopardalis tippelskirchi), African buffalo and black rthino
(Diceros bicornis) were uncommon. However, Coke's hartebeest and Jackson’s

6
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hartebeest which Chapman (1908); Meinertzhagen (1957) observed in early 1900s in
the area which is now Lake Nakuru NP have since gone locally extinct. The Nakuru
hartebeest is no longer found anywhere else in Kenya and is considered extinct.

Percival (1924) also reported that elephant (Loxodanta africana) used to make frequent
visits to Nakuru area from the Laikipia plains. It no longer makes such visits.

— Z

Lake Nakuru National Park Kenya Wildlife Service Training institule

Fig. 1.1 Location of Lake Nakuru National Park and Kenya Wildlife Service Training Institute.
Both wildlife reserves are found on the floor of the East African rift valley in close proximity to
large urban and farming areas where human settlements are ever increasing
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The Masai giraffe, which William (1970} observed in Nakuru, disappeared from
this area probably towards the end of 1960s. Park census records from 1970 onwards do
not indicate the presence of Masai giraffe. However, its place might have since been
taken over by the Rothschild’s giraffe (G.c. rothschildi) that was introduced into the
Park in 1977,

According to Percival (1928), Burchell’s zebra and Thomson’s gazelle from the
area where Lake Nakuru NP is located, used to undertake extensive seasonal migration
to Lake Baringo (c¢a. 100 km to the north) and Lake Elementeita (ca. 30 km to the
south). The east-west movements of large herbivores from this area are not documented
anywhere and chances are that they did not move much in this particular direction
probably because the steep escarpments found on both sides acted as formidable
barriers. However, the north-south movements alone give an indication of how
expansive the old Nakuru wildlife area might have been before increased human
activities led to its fragmentation and subsequent closure of the migratory routes.

Ecosystem processes operating in this reserve have become a subject of intense
biological interest during the past one decade or so. Most of this interest has been
ignited by this Park’s ability to host a high biomass density of large grazers in a fixed
sized habitat where emigration is no longer possible. The biomass density of species
which constitute the grazer assemblage in this study have been observed to fluctuate
from 1974 when the Park was extended to its present size to the time this study was
conducted. Buffalo has shown a sustained rise in its biomass density over the years
since 1974 with no apparent sign of reaching its peak. The situation, however, has been
different for waterbuck, which showed an ‘exponential’ increase in biomass density
between 1974 to 1990, followed by a decline since then. Biomass densities of the other
co-existing grazers in the assemblage have exhibited fewer fluctuations.

Kenya Wildlife Service Training Institute
Kenya Wildlife Service TI is a small isolated reserve established in 1985. It comprises
three portions of land adjacent to one another, separated by the old and new Nairobi-
Nakuru roads and the Nairobi-Nakuru railway (Fig. 1.2). The reserve is located about 70
km south of Lake Nakuru NP. The three blocks of land are Main campus, Annex and
Garne farm. Main campus (2.2 km?) is centrally located and completely fenced except
for five wildlife passages which allow Burchell’s zebra, impala and eland to move in
and out. Adjacent to it to the east and north east is the Game farm. It is the largest of the
three blocks, consisting of a land area of 4.1 km® To the west of Main campus
separated by the old Nairobi-Nakuru road and its adjeining old Nairobi-Nakuru railway
and a small undeveloped parcel of land belonging to Kenya Agricultural Research
Institute, lies the Annex (Fig. 1.2). It is the smallest block measuring 0.2 km? in size.
Large grazers observed in this area in the past (Williams 1970), but not
anymore, inciude Coke’s hartebeest, steinbok {Raphicerus campestris), Bohor reedbuck
and Chanler’s reedbuck. Bushbuck (Zragelaphus scriptus), which is now rare, is only
found at the Annex. Wildebeest, which Meinertzhagen (1957) observed in the area in
1902, has since gone locally extinct. Other herbivores that have recently gone locally
extinct include baboon (Papio spp.) and monkey (Cercopithecus spp.} (Abiya, pers.
com.). The fact that Naivasha area was mainly used as a hunting ground by European
settlers in the early 1900s (Meinertzhagen 1957} suggests that it might have had a high
diversity and density of large herbivores.

8
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In the Kenya Wildlife Service T1, large herbivores can move from one block to
another but the high vehicular traffic and human disturbance associated with the old and
new Nairobi-Nakuru roads might make it dangerous for them to attempt crossing.
However, eland, Burchell’s zebra and impala regularly cross between the three blocks
(pers. obs.). There is a possibility that Coke’s hartebeest, African buffalo, Masai giraffe
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and defassa waterbuck used to have larger home ranges than they presently do.
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I observed these species in Main campus in 1999 but only once, an area about 1 km east
of the Annex where buffalo, giraffe and waterbuck permanently inhabit. Coke’s
hartebeest does not usually occur in Kenya Wildlife Service TI but is instead found in
the Delamare estates to the north and Kedong ranch further south west. How it managed
to pet to Main campus remains a mystery because of the many barriers it had to pass
before reaching there.

In the past, there might have been relatively free movement of large wild
herbivores from the area where Kenya Wildlife Service TI is located, to those further
away from its immediate surroundings, e.g., Kedong ranch and the Delamere estates
(These extend all the way from Naivasha to the neighbourhood of Lake Nakuru NP).
This is because of the similar composition of large herbivore species and the almost
similar vegetation types, which these areas have. This movement might have been
unhindered until recently (1980s and 1990s) when human settlements, cultivation and
fencing within the larger Naivasha wildlife area intensified.

Thesis outline

Grass-grazer and grazer-grazer interactions in isolated small reserves, being the main
object of this study were investigated in a variety of ways and the results are presented
and discussed in this thesis. Chapter 2 explains the development of the grazer
assemblage in Lake Nakuru NP from the time the Park became compietely isolated to
the present. The process of structuring of the different co-existing grazer populations
and how ecological interactions between the grazers in the assemblage influence their
respective populations and biomass densities are examined, Chapter 3 examines
seasonal habitat utilisation by the co-existing grazers ir Lake Nakuru NP.

Several aspects of foraging by these co-existing grazers were investigated and
results reported in Chapter 4 and Chapter 5. Chapter 4 examines diet overlap and
combined resource (diet and habitat) overlap between the grazers in the Nakuru
assernblage. In Chapter 5, the process by which some of these grazers acquire their
food during the dry season is examined. In order to do so, foraging behaviour of two
sympatric grazers, a ruminant and a non-ruminant occurring in Kenya Wildlife Service
TI was studied. The effect of grass sward surface height, movement patterns and body
weight on foraging behaviour of impala and zebra were determined. The results were
used to provide insight into some aspects on how foraging by co-existing grazers
actually occur in a wild, free ranging situation. So far most studies on foraging
behaviour of grazers have focussed on captive or tame animals,

Chapter 6 provides a summary on how the results from the entire thesis can be
used to provide an insight into grass-grazer and grazer-grazer interactions under
conditions of high co-existing grazer biomass density. The management implications of
this study are also discussed in this chapter.
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Development of a grazer assemblage

Abstract

We studied the development of the grazer assemblage in Lake Nakuru National Park after its
enlargement o 188 km® and fencing in 1976, in the period 1976-1969. The assemblage
consisted of species that were either of the grazer or of the mixed feeder type: defassa
waterbuck (Kobus defassa), African buffalo (Syncerus caffer), impala (Aepyceros melampus),
Grant’s gazelle (Gazella granti}, Thomson’s gazelle (Gazella thomsoni), warthog (Phacocoerus
aethiopicus), Burchell’s zebra (Equus burchelll), eland (Taurotragus oryx), Chanler’s reedbuck
(Redunca fulvorufula chanleri), and Bohor reedbuck (Redunca redunca). Total biomass steadily
increased over the years but total numbers appeared to stabilise after 15 years of growth. The
assemblage shifted towards the smaller species (<100 kg) attaining highest population density
and the larger species (>300 kg) attaining highest biomass density. Apart from a regular pattern
in body weight distribution, no regular pattern could be detected in the population density
distribution. This was due to the different species reacting very differently towards the new
situation. Over the whole period Grant's gazelle, warthog, zebra, eland and buffalo showed high
growth rates, impala and Thomson's gazeile moderate to low growth rates while Chanler's
reedbuck, Bohor reedbuck and waterbuck declined. After 1990, Bohor reedbuck, warthog and
waterbuck strongly declined. Of all the species that showed a lower than expected population
response, Thomson's gazelle, warthog and waterbuck were possibly negatively affected from
competition with other grazers, notably zebra and buffalo. After 24 years of undisturbed
development, this grazer assemblage is now dominated by the impala in numbers and the
African buffalo in biomass.

Keywords Biomass density - Body weight - Grazer assemblage - Population density

Introduction

The functioning and structuring principles of ungulate communities are still poorly

understood. Nevertheless, the high diversity and high abundance of large herbivores in

the savannas of Africa has puzzled the scientific community for quite some time (Bell

1971; Van Wieren 1996; Prins and OIff 1998; Ritchie and OIff 1999). In the past

decades a number of key traits have been identified that have proved to be important in

causing niche differentiation between large grazers. These are:

0 physiological adaptations, leading to different digestive strategies (hindgut
fermenters, browser-ruminants, grazer-ruminants and mixed grazer-ruminants)
where each strategy is geared to exploiting a certain range of plant quality
(Hofmann 1973; Van Wieren 1996; Iason and Van Wieren 1999)

(i1) interspecific differences in incisor arc width and other morphological features,
leading to different strategies to exploit various sections of the quantitative food
base (Illius and Gordon 1987; Gordon and Illius 1988; Schuette et al. 1998).

Recently bedy weight has been added as a possible explanatory variable as many
ungulate communities can be characterised by a certain constancy in the body weight
ratio of the species present (Van Wieren 1996; Prins and OIff 1998). It can be postulated
that a certain optimal weight distance between two successive species exists whereby
niche separation is maximal and interspecific competition is minimal.

Although progress is being made with relevance to these qualitative aspects of
the make up of ungulate communities, very little is known about the guantitative
aspects. Does a regular pattern in body weight distribution also lead to a regular pattern
in the number distribution or the biomass distribution? How will different species
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mteract at the population level? As it is generally recognised that population density (N
km?) of mammals declines allometrically with body weight (Peters 1983), we
hypothesise that, given a regular pattern in the body weight distribution of a comrmunity,
the population density and the biomass density ((kg km?(ha")) distribution of this
community will also show rcgularlty For herbivores, various exponents (of the
allometric relationship Y=aW") have been suggested, ranging from b= -0.6[ to -0.93
(Peters 1983). Here we use a relationship compiled by Peters (1983), using data from
herbivores worldwide: Y=103W %, r’=0.71. For biomass density we then expect:

Y=103W"7,

In this paper we will analyse the population developments of the grazer
assemblage of Lake Nakuru National Park, Kenya, after the Park had been enlarged, and
fenced, substantially in 1976. From that time the grazer assemblage could spread freely
into a large enclosed empty area, a natural experiment in the community development of
ten interacting species.

Methods

Description of study site

Lake Nakuru NP lies between latitudes 0° 18’S and 0° 27°S; longitudes 36" 1.5°E and
39” 9.25°E on the floor of the East African Rift Valley. It is located about 160 km north
west of Nairobi and 3 km south of Nakuru town. The Park receives a mean annual
rainfall of 851 mm distributed in a bimodal pattern with rainfall peaks in the months of
April and November. It has undergone one major change in size since it was gazetted in
1968. The original size was 63.5 km® of which 42 km* was occupied by Lake Nakuru
and its shoreline (Vaucher 1973; Kutilek 1974). However, in 1973, the size was
increased to the current 188 km?® by the government in conjunction with World Wide
Fund for Nature after buying adjacent land surrounding the entire former Park’s
perimeter which was mostly under livestock rearing and subsistence farming. After this
expansion, large herbivores that were formerly confined to an original smaller area
around the shoreline of Lake Nakuru had the opportunity to utilise a larger area, The
Park was enclosed in 1976 along its perimeter by a chain link wire fence, which was
later reinforced by a 74 km long electric fence in 1987. It thus became the first
‘ecologically’ isolated nature reserve in Kenya in 1976 when the fence largely curtailed
movement of large herbivores into and outside the Park.

Species richness in Lake Nakuru NP is high. Of the ungulates, ten species
belong to the grazer assemblage studied here, the species being either of the grazer or of
the mixed feeder type: defassa waterbuck (Kobus defassa Riippell), African buffalo
(Syncerus caffer Sparrnan), impala {(Aepyceros melampus Lichtenstein), Grant’s gazelle
(Gazella granti Brooke), Thomson’s gazelle (Gazella thomsoni Giinther), warthog
{(Phacocoerus aethiopicus Pallas), Burchell’s zebra (Equus burchelli Gray), eland
(Taurotragus oryx Pallas), Chanler's reedbuck (Redunca fulvorufula chanleri
Rothchild), and Bohor reedbuck (Redunca redunca Pallas). However, despite being a
grazer, white rhinoceros (Ceratotherium simum) was not included in our study because
of not being a resident of the Park in 1976 when it was enclosed. In fact, it was
introduced recently in 1994 (Park records) and its biomass density is still low compared
to most of the other grazers in the assemblage.
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The Park is also host to a number of large carnivores that have been re-
introduced over the years. A total of 40 leopards (Panthera pardus) and 6 lions
(Panthera leo) have been translocated into the Park at different times between 1983 and
1993. Lion population stood at 35 in 1999 (Park records). Spotted hyaena {Crocuta
crocuta) has also been translocated into the Park during different periods between 1989
and 1993 but its population size has not been well established. There are also other
carnivores resident in the Park whose numbers have not been well documented. They
include cheetah (Acingnyx jubatus), silver backed jackal (Canis mesomelas) and bat
eared fox (Octocyon megalotis).

Census method

Our study made use of census data collected by the Park management hetween 1376 and

1999 (Park records). The Park has been divided into thirteen permanent counting

blocks. Monthly censuses of animal species >3 kg are carried out in all the blocks as

regularly as possible during the year. Each group of observers’ traverse the entire block
allocated to them by car although in some rare cases even on feot. The frequency of

censuses varied between years with the minimum being one in 1986 and 1997, and a

maximum of twelve in 1988. A sum for each monthly block count was computed per

herbivore species. These were tallied for all the blocks to constitute a species monthly
population size for the Park. In the case where only one monthly census was conducted
in a year, a species monthly population size was used to represent its annual population
size. However, in cases where there was more than one monthly census in a year, annual
population size for a species was estimated as mean of the different censuses.

The census data could have some inherent sources of variation. These might
have been due to a number of reasons:

(i) inconsistency in use of same observer to count a particular block over years.
Change of observer mostly occurred due to transfer of Park personnel to other
areas or retirement.

(ii) irregularity in the number of censuses in a year. The number of monthly
censuses between years differed, with some years having more censuses than
others.

Despite these limitations, we considered the census data to be reliable because they

were collected using the same technique for many years. Mean live body weights were

basgd on Prins and OIff (1998} and all densities were calculated from a land area of 146

km*.

Assemblage structure

As it can be expected that species with similar body weights will negatively interact,
species were grouped into three body weight classes to analyse the interaction of
different body sizes through time. Three 'moments in time', to catch three different
stages of development, were compared: the start (the average of the first three counts,
{x(1-4)), the middle (x(11-13)) and the last period (x(22-24)) of the entire study period.
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Results

Population developments

The results of the censuses are given in Table 2.1 while the general trend in numbers
and biomass density is presented in Fig. 2.1, Fig. 2.1 shows that total biomass has
steadily increased over the years (y=520.6x+1125.6; r2=0.9]7) and after 24 years there
are still no signs of a decrease. The trend in numbers is different: a rather strong
increase till year 15 (1990), thereafier total numbers seem to stabilise. These trends
demonstrate that the body weight pool of larger species grows faster than that of the
smaller species.

Table 2.1 Censuses of grazing ungulates in Lake Nakuru National Park during 1976-1999 and
exponential population growth rates during various periods. TG, Thomson's gazelle; CRb,
Chanler’s reedbuck; BRb, Bohor reedbuck; GG, Grant's gazelle; Im, impala; Wa, warthog; Wb,
defassa waterbuck; Ze, Burchell’s zebra; El, eland; Bu, African buffalo; BW, body weight in kg;
Gr, grazer; IF, intermediate feeder

Species TG CRb BRb GG Im Wa Wb Ze El Bu

Type Gr Gr Gr IF IF Gr Gr Gr IF Gr
BW 20 30 45 50 52 73 190 235 471 631
1976 522 28 120 10 1225 27 1287 10 0 41
1978 281 3 43 8 %00 23 1447 8 1 100
1979 G3 5 49 9 559 18 1173 7 0 Q0
1986 124 0 27 57 1566 406 2759 93 63 248
1988 464 ) 61 299 2946 751 3640 146 99 719
1990 409 40 51 196 4350 1214 4556 244 127 501
1991 371 7 49 213 3957 2291 2583 260 104 567
1992 530 3 20 217 3646 1782 1665 318 76 8§90
1993 714 5 17 212 3990 1712 1366 300 83 810
1994 629 4 15 211 4467 2453 1584 390 68 926
1995 568 4 11 232 5174 2319 1340 327 135 1309
1996 621 5 4 314 4384 2292 1247 553 8i 1498
1997 588 6 3 232 3816 1135 1262 414 126 1975
1998 561 0 8 270 3270 EBIS 954 575 40 2008
1999 610 0 0 358 3715 715 821 775 78 2189
I(124) 0.050 -0.032 -0.118 0.f74 0.079 0206 -0.013 0.212 0.147 0.164
T1-15) 0016 0061 -0.035 0266 0.109 0320 00% 0270 0410 0.182
T(15-24) 0.029 0 -0.320 0055 -0.008 -0.132 -0.130 0.119 -0.034 0.[70

Large differences are apparent in species-specific exponential growth rates
(Table 2.1). The growth rates have been calculated from the regression of numbers
against year: InN=rx+b. As overall increase in animal numbers seems to come to a halt
after 15 years, exponential growth rates have been calculated for the whole period (r;.
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2a3), and for the two sub periods (1.5, fs-24)). Zebra (1.29=0.212; r2=0.94) and buffalo
(ri-24) =0.164; ’=0.96) increased steadily and quite strongly over the whole period. In
both species there might have been a lag phase as starting numbers were low. Grant's
gazelle, warthog, and eland showed strong increase during the first 15 years and either

16000

12000 4

8000 4

N/kg km?

4600 1

0 T T T

Years
N Okg km*

Fig. 2.1 Trend in total numbers (N) and total biomass density (kg km?)} of the grazer
assemblage in Lake Nakuru NP in the period 1976 (year 1)-1999 (year 24)

stabilised (Grant's gazelle and eland) or declined (warthog), (re24 =-0.111; r2=0.57).
Impala and waterbuck had a moderate growth rate of 10% in the first period. Impala
numbers stabilised in the second period (r=-0.008, r*=0.03), but the waterbuck
population declined steadily (r=-0.111, r*=0.84). Chanler’s reedbuck was present at low

numbers throughout the whole period and little change was observed (r( .24, =-0.032,
2
-=0.08).
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Fig. 2.2 Exponentiat growth rates of the grazer species of Lake Nakuru NP during year 1-15
(1976-1990), and a general relationship between 1, and body weight of herbivorous mammals:
Iuax=1.5W % (Caughley and Krebs 1983). TG, Thomson's gazelle; CRb, Chanler’s reedbuck;
BRb, Bohor reedbuck; GG, Grant's gazelle; Im, impala; Wa, warthog, Wb, defassa waterbuck;
Ze, Zebra; El, eland; Bu, African buffalo
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The Thomson’s gazelle population also changed very little over time while the
Bohor reedbuck was the only species, which declined throughout the whole period. This
decline was relatively low in the first period (r;.;s =-0.035, r2=0.18) but very high in
the second (116.2¢) =-0.32, r*=0.76).

Since the highest growth rates were generally found in the first 15 years, we
compared these with a general allometric relationship between herbivore body weight
and maximum growth rate (rmm=1.5W'0'36)(Wcight in kg) (Caughley and Krebs 1983)
(Fig. 2.2). Only a few species had growth rates close to expected (Grant's gazelle,
warthog, zebra and buffalo). Growth rate of eland far exceeded the expected value while
most of the smaller species performed very poorly {Bohor reedbuck, impala, Thomson’s
gazelle and Chanler's reedbuck).

E1-300 kg
& R100-300kg
z 0100 kg
K(1-4) X(11-13) X(22-24)
Period
150§ ee e
b

=, 100 4 [1>300 kg
=
E 100-300kg

50 4 MO-100 kg

X{(1-4) X(11-13) X(22-24)
Period

Fig. 2.3 Density (N km?, a), and biomass density (kg ha™, b) of grazers in three weight classes
at three time steps during the study period. X(1-4)=mean of censuses of year 1-4; X(11-
13)=mean of censuses of year 11-13; X(22-24)=mean of censuses of year 22-24, (X(1-4)=1976-
1979; X(11-13)=1987-1989; X(22-24)=1997-199%)

Assemblage structure

The small sized species show a steady and strong increase in numbers while
simuitaneously exhibiting a less pronounced increase in biomass density compared to
the medium and large sized species (Fig. 2.3). The medium sized species initially
increase strongly both in population density and in biomass density but decrease
strongly thereafter. Species from the largest weight class steadily increase in population
density but do so very strongly in biomass density. In the last pertod, the small species’
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class is most abundant but the largest weight class outnumbers the medium sized
ungulates. The large species dominate the total biomass.

61 : '
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E 40 1 - IR ! [EAMF
Z 30 4 HGR
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Fig. 2.4 Density (N km?, a), and biomass density (kg km™, b) of grazers in the two feeding type
classes (MF, mixed feeders; GR, grazers) at three time steps during the study period. X(1-
A=mean of censuses of year 1-4; X(11-13)=mean of censuses of year 11-13; X(22-24)=mean of
censuses of year 22-24. (X([-4)=1976-1979; X{11-13)=1987-1989; X(22-24)=1997-1999)

Changes in species belonging to a certain feeding style are shown in Fig. 2.4.
The trend in population density and biomass density is dissimilar. In the first 12 years,
both grazers and intermediate feeders increase strongly in density but in the second
period grazers population density remains the same while mixed feeder population
density continues to increase. In the second period, the reverse trend is visible with
respect Lo biomass density. The structure of the grazer assemblage was analysed using
the most recent data (Table 2.2} since chances are high that the assemblage might have
reached a more ‘mature’ state than would have been the case shortly after the closure of
the Park. We thus compared this data with the expected densities derived from a general
allometric relationship between density and body weight (Fig. 2.5). Fig. 2.5 makes it
clear that in the grazer assemblage of Lake Nakuru NP no relationship exists between
body weight and population density {and hence biomass density). No power function
could be fitted through the data. The density of most species was (much) higher than
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expected and that of the buffalo exceeded by far all expectations.

Table 2.2 Population density (N km™) and biomass density (kg ha™')of the grazer assemblage in
Lake Nakuru Nakuru National Park in the period 1997-1999. BW, body weight in kg

Species BW N km™ kg ha”
Thomson gazelle 20 4.0 0.8
Chanler’s reedbuck 30 0.0 0.0
Bohor reedbuck 45 0.1 0.0
Grant's gazelle 50 2.0 1.0
Impala 52 245 12.8
Warthog 73 6.1 4.4
Defassa waterbuck 190 69 13.2
Burchell’s zebra 238 4.0 9.5
Eland 471 06 2.6
African buftalo 63] 14.2 89.8
]UUU - R o nes i B e P AL e M ARiem e < 1 b AR kR ,,,‘ME
E
.
10.0 P e J
®
o ® :
E ;
=
= 1.0 — T T
{ 200 hd 600 800
01 gl

BW (kg)

Fig. 2.5 Densities reached by the members of the grazer assemblage at the end of the stady
period (mean of 1997-1999) and a general allometric relationship between body weight and
herbivore population density: D=103W** (Peters 1983)

In Fig. 2.6, species were ranked according to body weight, population density
and biomass density. The average weight ratio of this assemblage was [.53 while the
species packing was quite regular (r*=0.956). The assemblage is not regularly structured
with regard to population density {and biomass density) and distinct irregularities are
apparent.

Discussion

Assemblage developments
From 1976 the study area was fenced, agricultural activities ceased, and the grazer asse-
mblage had all the opportunity to expand. It did so and both population density and
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biomass density started to increase (Fig. 2.1). The fast initial growth was likely
positively influenced by the elimination of diffuse competition from cattle, low
predation, lack of poaching, stoppage of migration due to fencing and lack of major
disease outbreaks. After 15 vyears, overall density stabilised while biomass density
continued to increase. This indicates that the different members of the assemblage
reacted differently to the changing situation and that the larger species became relatively
more important at the expense of the smaller species. This could also be made clear
when three weight classes were distinguished (Fig. 2.3). After the initial growth phase
all three classes had increased both in population density and biomass density, but in the
second period the medium sized species decreased while the large species increased
strongly, especially in biomass density. On the whole, the population density of the
grazers remained constant in the second period (Fig. 2.4) but biomass density kept
increasing, indicating that a shift had occurred in favour of the larger species within the
grazer feeding type. At all times, grazers were more prevalent than mixed feeders, and
especially after 20 years, large grazers dominated the assemblage. This finding is in
accord with the structure of other grazer assemblages on the rich volcanic soils of
Eastern Africa (Prins and Douglas-Harmilton 1990; Caro 1999).

Density of most species was higher than expected from a general relationship
developed by Peters (1983) (Fig. 2.5). The exponent of this function was -0.93;
indicating that population density declines close to the inverse of body weight. A similar
exponent (b=-1) was found by More (1947), but Damuth (1981) proposed that
population density declines as W%, In Nakuru, no clear trend was observed, although
the population density of the two reedbuck species may be considered outliers (see
species discussion below). There is no reason to believe that the high buffalo population
density is exceptional for the system under study {cf. Prins 1996; Caro 1999). Peters'
allometric relationship was based on population densities of herbivores from four
continents and in his data, obvious differences were apparent between temperate and
tropical species: temperate herbivores are ten to twenty times more numerous per unit
habitat, than tropical herbivores. This is most likely the result of a generally much
higher species packing in tropical herbivores (Van Wieren 1996). Even so, on the rich
soils of Eastern Africa, many herbivores can reach densities that match or exceed those
of the temperate regions while at the same time species richness is much higher. The
large intraspecific variation in population growth rates will have its repercussions on the
pattern of the assemblage structure with regard to population density and biomass
density (Fig. 2.6). With regard to weight ratio, the assemblage is regularly structured.
The average weight ratio is 1.53 and this compares well with other ‘grazer guilds’ in
Eastern Africa (Van Wieren 1996). With regard to biomass density no pattern is
apparent and successive species can either be lower or higher in rank than adjacent
species., We can not conclude yet that the lack of a regular pattern is either a unique
feature of this particular assemblage or a common phenomenon of grazer assemblages
because of lack of comparative data.

Population developments of species

The Thomson's gazelle population remained essentially constant throughout the whole
period and the 'ultimate’ density was 4 per km”. Apparently this species was not
facilitated by the large grazers as in the Serengeti (Gywnne and Bell 1968; Bell 1970;
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Fig. 2.6 Ranking of the species of the grazer assemblage (increasing body weight) according to
body weight (BW), population density (N km'z) and biomass density (kg km™). Population
density and biomass density data are census means of the period 1997-199%

McNaughton 1976; Maddock 1979; Sinclair and Norton-Griffiths 1982) and the lack of
an increase is puzzling. Essentially a specialist on the green flush (Stelfox and Hudson
1986), a substantial growth rate was thought possible. Competition with the reedbucks,
closest in body weight, is unlikely as these species did not increase but a negative
interaction with the other relatively small species: Grant's gazelle, impala and warthog,
can not be ruled out as these species had already reached (or were close to) their highest
density in 1990.

The two reedbuck species were only present at very low numbers in the mid-
nineties, and then disappeared towards the late nineties (Table 2.1). The Chanler’s
reedbuck was always low in population density and apparently its suitable habitat, i.e.,
steep mountain slopes and dense habitat has always limited this spectes. Both species
are dependent on water {floodplains) and the limited availability of this habitat probably
has played a role too. In other similar areas, the density of reedbucks was also low
{Katavi NP: 0.4 per km? Caro 1999), although in suitable -areas, reedbuck population
density can be as high as 79 per km® (Virunga NP, Muganga 1990). The Bohor
reedbuck, however, decreased steadily after 1990 and rising numbers of the Grant’s
gazelle may have influenced this. Given a considerable diet overlap, both species prefer
the same dense habitats with substantial cover (Estes 1991).

The fact that potential competitors, Thomson's gazelle, impala and warthog,
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either decreased or remained constant during the second period, does not presuppose the
involvement of competition and this might be an indication that Grant's gazelle may
have reached its ‘carrying capacity’ although 'final' density was not altogether high
(Table 2.2).

Impala, a mixed feeder, is one of the most successful species in this assemblage.
With a mean annual growth rate of about 8%, its numbers tripled. It aitained a ‘final’
density of 24.5 per km? (Table 2.2) which was higher than 4 per km? recorded in Katavi
NP (Caro 1999), but lower than 35 per km? recorded in Lake Manyara NP (Prins and
Weyerhaeuser 1987). The fact that Maskall and Thornton (1989) found that 30% of the
impala in Nakuru had blood copper levels below domestic normal levels does not seem
to have limited impala density at all.

In the first period, the warthog increased at ryy, (Fig. 2.2). The species was thus
successfully expanding in its new range. In the second period, the species decreased by
about 13% per year. The decline was especially severe after 1996 and this period
coincided with strong increases of the zebra and buffalo populations and competitive
displacement by these species is a likely explanation. The “final’ density of 6.1 per km®
is, however, still high compared to similar areas (I per km? in Lake Manyara NP, Prins
1987; 1.3 per km? in Katavi NP, Caro 1999).

Waterbuck density was the highest among the ungulate species and also the
highest ever recorded (31 per km®, Kutilek 1974) before enlargement of the Park. This
was attributed to the high percentage of favourable habitat available. After enlargement,
the waterbuck population grew by a moderate 10% per year till 1990 followed by a
collapse in two years (from 4556 animals in 1990 to 1665 in 1992). After that the
decline continued less dramatically. This collapse is not easy to explain as neither of the
other members of the assemblage changed substantially during that period. The sudden
decrease suggests some disease (possibly parasites) which probably went unnoticed. Its
furtner decrease might have been due to competitive interactions with the other large
grazers, notably buffalo and, to a lesser extent, zebra, As a species dependent on water,
cover and open grasslands (Estes 1991), it can be expected that waterbuck has a limited
and patchy distribution. But strangely enough Mwangi and Western (1998) found in a
study carried out in 1991/1992 in Nakuru that it preferred the widest ranges of habitats
and this is contrary to results of most other studies (Lamprey 1963; Hanks et al. 1969;
Spinage 1970). It is likely that waterbuck were able to occupy sub-optimal habitats
when overall density of the large grazers reached high levels, thus their utilisation of a
wide range of habitats. Asymmetric competition for resources has also been suggested
as the cause of population decline in the waterbuck in Umfolozi Game Reserve, South
Africa (Melton 1987). Despite its decline in the nineties, waterbuck density is still high
in Lake Nakuru NP (7 per km%) compared to other areas (Tarangire Game Reserve, 2.6
per km?, Lamprey 1963; Ruwenzori NP, 2.1 per km?, Spinage 1970; Katavi NP, 4.4 per
km?, Caro 1999).

Zebra increased rapidly in the first period and kept increasing in the second
albeit at a lower rate. Intraspecific density dependent effects can explain this lower
growth rate but some displacement by the buffalo can not be ruled out. The ‘final’
density of zebra is comparable with another similar area (Katavi NP, Caro 1999).

The eland population increased strongly in the first period but slightly decreased
in the second. Census data during the second period fluctuated widely. Being an
adaptive mixed feeder, competitive interactions with other members of the assemblage
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