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Abstract

The vegetation of Mwea National Reserve can be categorized into three distinct types

characterized by distinctive woody plant species. These vegetation types are the

woodland, bushland and the wooded grassland as previously defined by Van de Weg and

Mbuvi (1975) and Chebures (1989). These vegetation types, however, can be further

classified in relation to dominance and co-dominance of two woody species and

structural composition of woody species common to all vegetation types. This latter

classification was found important in determining vegetation dynamics, which is critical

to future management of the reserve. The woodland vegetation type was split into two

vegetation types namely the Acacia mellifera bushed woodland and Commiphora

africana bushed woodland while the other vegetation types remained as previously

described. However, there have been evident changes in vegetation types since their

classification by Chebures (1989) where for instance the wooded grasslands were

showing massive invasion by woody species common 111 the woodlands while the

previously cultivated areas are now under the thick bushland.

The elephant population density in the reserve is currently high at 0.88±0.31 krn" but has

not effected serious ecological changes through vegetation destruction. The elephants are

only responsible for approximately 20% impact on woody plants in the reserve.

Elephants seriously browsed on 7% of these woody plants while approximately 13% of

the plants were slightly browsed. Proportions of dry biomass off-take and preference

ratios on woody species show that Acacia ataxacantha and Grewia bicolor were the two

most preferred woody species. Elephants, however, show disproportionate utilization of

woody plants within height classes both within and between vegetation types. The height

class I-3m high and height class >3m high were mostly preferred to height class <1m.

The mean seasonal growth rate of woody plants was high as evidenced by changes in

coppice heights of selected woody species utilized by elephants, especially for Acacia

brevispica (94.51±6.26cm) and A. ataxacantha (93.S1±6.26cm). The elephants, however.

did not show preference for emerging coppices as food items. Elephants were similarly
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not found to browse or impact on previously browsed woody species by the elephants in

the reserve with the exception of Grewia virosa and G. bicolor.

Elephant use of vegetation types has no cascade effect on habitat use by other

mammalian species in the reserve. For instance, there were no significant associations

(p>O.05) between elephants and other mammalian species during the wet season and the

dry season. The bushbuck, however, showed close association with the elephant during

the dry season while the dik-dik, the sunni and the waterbuck were closely associating

with the elephant during the wet season. Similarly, very few animals showed seasonal

preference for various habitats in the reserve. All vegetation types were important to all

species of wildlife found in the reserve in that the species had ubiquitous distribution.

Very few wildlife species showed preference for a particular vegetation type in any

season. It was only the elephant that showed avoidance of the wooded grassland habitat

among species that were not recently introduced into the reserve. Pasture conditions

within the wooded grasslands are poor, judged from high presence of invasive herb

species and low diversity of grass species due to lack of a regular burn. Burned wooded

grassland areas were found to have improved in species composition and biomass

compared to unburned wooded grasslands. Low reserve occupancy by mammalian

species, thick vegetation, poor infrastructure and poor road connectivity are a hindrance

to promotion of sustainable tourism activities in the reserve.

To maintain and evaluate the ecological integrity of Mwea National Reserve. a number of

characteristic indicators are suggested for future monitoring and intervention

management. They include changes in woody species density, diversity, woody species

structural composition, and change in numbers of indicator species for plants.

Mammalian species succession, distribution and change in their physical conditions

among others are good indices to consider in evaluating the ecological health of the

reserve, These ecological indicators will help the management to monitor and determine

ecological changes, the direction they are taking and when to undertake management

interventions.
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CHAPTER ONE

INTRODUCTION AND LITERATURE REVIEW

1.1. Introduction

The African elephant (Loxodonta africana Blumenbach, 1797) is known to greatly affect

the structure and dynamics of vegetation. Whenever the population density is high,

elephants cause severe damage to their habitat (Laws et al., 1975; Coetzee et al., 1979;

Parker, 1983, Western, 1990; Kabigumila, 1993; Ruggiero, 1993; Tchamba, 1995;

Leuthold, 1996). Because the species ecological importance, the elephant has been

described as a keystone species (Western, 1989). The level of elephant damage to

vegetation in their home range has continued to increase due to natural and human

induced alterations. Ecosystems that used to be prime habitats for elephants have

continued to dwindle due to human encroachment. The human settlements have taken up

the formerly extensive migratory routes and dispersal areas, thereby confining elephants

to small home ranges. Some of the resultant habitat fragments cannot support sedentary

elephant populations (Douglas-Hamilton, 1971; Thouless, 1995).

Elephants have been highly valued for their ivory and this has led to local extermination

of the species in some of its former ranges in Africa through poaching (Douglas-

Hamilton, 1979, 1988a; Western, 1987). Poaching in Kenya, for instance, led to drastic

reduction of the national elephant population from 167,000 in the early 1970s to the

present population of 30,000 elephants (Douglas-Hamilton, 1979, 1988a, b). Apart from

poaching, elephant population decline has been attributed to competition with humans for

land, especially in areas with high agricultural potential (Poole et aI., 1992; Waithaka,

1993; Lindeque, 1995). This competition has led to elephant-human conflicts, which are

manifest, inform of damage to crops, infrastructure, injuries and deaths to people and

livestock leading to heavy social and economic losses. To mitigate these conflicts,

elephant barriers have been constructed on the peripheries of conflict areas.



Such wildlife barriers are namely; barrier crops, moats, ditches or trenches; high tensile

steel wire fences and electrified fences. Some of these barriers, particularly electric

fencing, have left some elephant populations isolated and in small habitats that are prone

to destruction as the density of elephants increases. Mwea National Reserve, which was

fenced in 1998, is one example of an isolated conservation area with a high elephant

density. Fencing Mwea reserve was carried out after trans locating a family group of 23

individuals to Tsavo East National Park in 1996 leaving approximately 27 individuals.

The aim was to reduce the elephant density in the reserve, which was then 1.18 elephants

km". Mwea National Reserve is one of the smallest elephant conservation areas in the

country with an elephant density of O.6km-2 (1998 census) within an area of 42km2. As

the elephant population in the reserve increases it will precipitate vegetation changes

thereby altering the ecology of the reserve. This may have cascading effects on the

ecology of other mammalian species sharing this small reserve with elephants.

There are no other major or significant factors likely to compliment elephant impact in

changing the structure and dynamics of vegetation in the reserve. For instance. fires are

currently infrequent and other large mammalian species occur in low numbers. Elephants

are therefore the only large mammalian species that can be responsible for any significant

alteration of the structure and dynamics of vegetation in the reserve. Previous studies in

Mwea National Reserve have focused on broad classification of vegetation types

(Chebures, 1989) and soils (Van de Weg and Mbuvi, 1975). Other studies mainly

concentrated on assessing number of mammalian species (Chebures, 1989; Poole et al ..

1992; Litoroh, 1994; Njumbi et al., 1995) but did not address the ecological role played

by individual species. The aim of this study was to establish the effects of the existing

elephant population on vegetation after their confinement and how this impacts

mammalian species. The study also gives baseline information on vegetation

characteristics as well as the seasonal dynamics of vegetation utilization by elephants and

other mammalian species.
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1.2. Literature Review

1.2.1. History of Elephant Population in Africa

The African elephant was more or less continuously distributed over Africa south of the

Sahara until the 16th Century (Western, 1987). Over the last 200 years, however, the

distribution range and population of elephants have declined all over the continent. The

elephant population in Africa was estimated at 1.3 million in 1979 (Douglas-Hamilton,

1979) had reduced to about 700,000 elephants by 1987 (Western, 1987). This drastic

decline posed a serious challenge to the then existing conservation policies. During the

1970s and 80s elephants were widely poached (Douglas-Hamilton, 1979; 1988a,b; Moss,

1994) and an estimated eight hundred tonnes of ivory, equivalent to 70,000 or more

elephants annually (twice the annual elephant natural recruitment) found their way into

the world market (Western, 1987). Pilgram and Western (1986) predicted that the

elephant population in Africa was to be reduced by half within ten years if that rate of

exploitation were to continue unchanged.

It is estimated that the maximum population growth rate of elephants is between 3 to 7%

per year. This growth rate was estimated from individuals of a domesticated herd of 17

animals that increased to 108 in 27 years in Addo Park, South Africa (Lindsay, 1986).

This maximum rate of increase is associated with optimal conditions, usually a small

population that has been introduced into a new habitat, or a population reduced to levels

well below the carrying capacity of the habitat. The slow rate of growth makes elephants

relatively easy to over-harvest. Poaching exacerbates this situation, which usually targets

individuals with big tusks (males), thereby altering the operational sex ratio and group

dynamics (Poole, 1989a). There are two factors, which influence the rate of increase

namely; the age of sexual maturity, and the mean calving interval, that is the average time

between the birth of two successive calves to females in the population. In most elephant

populations, females reach sexual maturity at the age of 11-14 years, but under the ideal

conditions ovulation may occur at the age of 8-10 years. The mean calving interval in

rapidly expanding populations, generally, averages from 3 to 4.5 years (Calef, 1988).

3



Several recent surveys in Africa have reported a drastic decline of elephants to near

extinction in much of their range, especially during the two decades of uncontrolled

poaching. This decline occurred in Serengeti (Dublin and Douglas-Hamilton, 1987),

Selous (Douglas-Hamilton et al., 1986), Ruaha (Barnes and Douglas-Hamilton, 1982;

Campbell, 1988) in Tanzania. In addition, the elephant population declines were noted in

Tsavo (Cobb, 1976; Olindo et al., 1988) in Kenya and Murchison Falls North and South

(Eltringham and Malpas, 1980; Douglas-Hamilton et al., 1980) in Uganda. A drastic

decline of elephants during the two decades also occurred in Garamba (Savidge et al.,

1976; Hillman et al., 1983) in Democratic Republic of Congo (DRC), Bamingui (Spinage

et al., 1977; Douglas-Hamilton et al., 1985 both cited in Poole, 1989a), and Luangwa

(Caughley and Goddard, 1975; Burrill and Douglas-Hamilton, 1987) in Zambia. This

decline was blamed on poaching of elephants for ivory as later supported by models

based on hunting patterns data collected on ivory sold in the world market (Pilgram and

Western, 1986).

Overall, the African elephant has declined numerically and in distribution range (Brook

and Buss, 1962; Stewart and Stewart, 1963; Laws et al., 1975; Douglas-Hamilton, 1979;

Kingdon, 1979; Burrill and Douglas-Hamilton, 1987) and this trend began even much

earlier. Skead (1980) reported that elephant population was already on the decline in the

Cape area of South Africa during the 1ih Century, while a similar phenomenon was

documented in West Africa and Ethiopia during the is" Century by Parker (1979) and

Largen and Yalden (1987) respectively. The declines in the 19th Century coincided with

accelerated human population increase, suggesting competitive exclusion between

elephants and the people (Parker and Graham, 1989). Poaching for ivory, however, was

the main cause of elephant population decline (Douglas-Hamilton, 1979; Pilgram and

Western, 1986). The introduction of a global ban in ivory trade by the Convention on

International Trade in Endangered Species (CITES) in 1989 resulted in reduced poaching

in subsequent years (Douglas-Hamilton and Michelmore, 1991; Dublin and Jackmann,

1992).
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1.2.2. Trends in Elephant Population in Kenya

In Kenya, the elephant population declined from 167,000 in 1974 to less than 30,000

individuals by the 1990s (Douglas-Hamilton, 1979, 1988a,b; Poole et al., 1992). At the

peak of poaching in 1970s and 80s, the number declined to below 20,000 individuals

although declines in numbers were not uniform throughout the country with some areas

retaining stable and growing numbers while others underwent drastic reduction (Poole et

al., 1992). For instance, elephants were reduced from an estimated 30,000 in the 1970s to

less than 600 in 1995 in the larger Tsavo ecosystem (Anonymous, 1995). They were

wiped out in much of North Eastern Province while Meru National Park lost over 90% of

its population. The Amboseli elephant population, however, remained stable and

relatively undisturbed (Western and Lindsay, 1984; Poole et al., 1992).

The history of Kenya's elephant population trends is characterised by five overlapping

phases (Poole et al., 1992). The first phase (1830-1899) was documented by explorers

and can be found in ivory trade records. During this phase, East Africa's elephant

populations were drastically reduced through ivory trade (Spinage, 1973 cited in Poole et

al., 1992). According to existing records, elephants were exterminated in much of the

Great Lakes Region where they were known to be quite abundant 20 years before the

1878-1879 period (Thompson, 1885 cited in Poole et al., 1992). These early explorers

also noted that elephants were sparse in Tsavo and along the coast, virtually absent from

the Amboseli area, and isolated in Mt. Kenya and the Aberdare. They were only found in

great numbers in northern Kenya from the Lorian swamp and Uaso-Ngiro River up to as

far north as Lake Turkana (Lydekker, 1884; Elliot, 1896; McCabe, 1969; Thompson,

1885; all cited in Poole et al., 1992).

The second phase (1900-1949) saw the introduction of game laws followed by a gradual

recovery of many elephant populations over a period of fifty years (Poole et al., 1992).

During this period, hunting licences restricting the number to be hunted and prohibiting

hunting of cow elephants were introduced and certain areas were set aside as game

reserves. Pressure from poaching subsequently decreased and elephants remarkably

increased in most districts. The elephant sex ratio, however, was noted to be skewed in
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favour of females and the remaining males had small tusks (Poole et al., 1992). The

exponential increase in elephant numbers necessitated shooting to control the population.

Despite the overall increase in elephant numbers in many parts of Kenya, they continued

to decline in some parts of the country, especially in heavily settled agricultural areas of

Central Kenya, and in northern Kenya, where ivory merchants continued to trade in

ivory. Elephants also continued to disappear from the East and West of Lake Turkana,

and much of Nairobi area, Central Kenya, Western and Nyanza regions (Poole et al.,

1992). Some of these declines were as a result of government policy to mini mise conflict

between farmers and wildlife.

The third phase (1950-1960) was characterised by compression and rapid increases in

elephant numbers within strictly protected national parks and game reserves during the

1950's and 60's (Poole et al., 1992). The protected areas provided refuge for elephants as

human-elephant conflicts intensified. Increase in elephant densities in protected areas

resulted in vegetation destruction that prevented tree regeneration, a phenomenon

observed in Tsavo National Park. These observations precipitated controversial

management debates and options by different protagonists ranging from a laissez faire

policy of minimum intervention (Sheldrick, 1972), to active management through culling

programmes (Laws, 1969; 1970).

During the fourth phase (1970-1988), uncontrolled poaching for ivory became the

dominant factor in elephant demography even before the two management opinions (as

noted above) expressed by the protagonists were resolved (Poole et al., 1992). This phase

was characterised by an unprecedented rise in the price of ivory in the world market, an

incentive that led to increased killing of elephants. It was further accelerated by

breakdown of law and lack of enforcement of game regulations (Poole et al., 1992).

There was accelerated killing of elephants especially in easily accessible and unprotected

areas of the country, for instance the Tana River. Mathews and Ndoto Ranges, and much

of northern Kenya. By 1977 there was an estimated 65.000 to 75,000 elephants remaining

in the country down from 167.000 estimated in 1974 (Poole et al., 1992). Further

elephant declines were recorded in subsequent years, notably in mid 1980's and by 1987
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only an estimated 20,000 elephants were recorded in the country (Douglas-Hamilton,

I988b). The selective poaching of elephants in many populations skewed the sex ratio in

favour of females at 95% compared to 5% for males by 1989. Similarly, most elephant

family groups were composed of females less than 30 years of age leaving many family

groups without old matriarchs, which were selectively shot for their large tusks (Poole,

I989b). Elephants normally live in family groups of closely related individuals under the

leadership of a matriarch or a number of senior females. Much of their knowledge of

migratory routes, dry season ranges and other information is learned and passed on from

generation to generation in a form of non-genetic inheritance. Shooting of matriarchs

breaks the chain of traditional knowledge and may leave survivors without effective

leadership.

Due to elephant massacres that characterised the 1970s and 80s, there was a worldwide

outcry to stamp out elephant poaching which marked the fifth phase of elephant

conservation in the country. In 1989, Kenya and other African elephant range states

proposed the listing of elephant on Appendix I or II of the Convention on International

Trade in Endangered Species (CITES), which subsequently banned trade in ivory and

other elephant derivatives placing the elephant under Appendix I (Poole et al., 1992).

Elephant surveys in the subsequent years indicated that elephants still existed in 29 of

Kenya's national parks and reserves despite the heavy poaching. Some populations were

reduced to unviable relics. Some of the remnant populations that suffered heavy poaching

included for instance, those in Arawale, Boni, Dodori, Kamnarock, Kora, Bisanadi, North

Kitui, Rahole, Tana River and Meru. These populations were thought to be still

decreasing after two decades of poaching due to their then highly skewed age structures,

sex ratios and relatively low densities (Poole et al., 1992). Several parks and reserves,

however, still contained large viable populations that survived the poaching years through

protection provided by forest cover (for example the Aberdare, and Mt. Kenya), tourism

(Mara, Amboseli and Samburu) or by their large original population size (Tsavo) (Poole

et al., 1992). There also existed viable elephant populations outside these protected areas

in Laikipia, Samburu Districts and in the forest reserves of Aberdares, Mt. Kenya, the

Mau, the Mathews Range, Maralal and the Nguruman (Poole et al.. 1992).
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Mwea National Reserve, with an area of 42km2was enclosed with an electric fence in

1998. A few of elephants were enclosed by the electric fence. Although the available past

information on the population status is limited, Chebures (1986) reported 49 elephants in

the reserve while Poole et al. (1992) estimated 40 individuals. Litoroh (1994) estimated a

population of 50 individuals in four distinct groups while Njumbi et al. (1995) recorded

48 elephants. Before intensive human settlement in the area, elephants were free ranging,

moving down the Tana River to Kiambere forest and probably as far as North Kitui

National Reserve and back. Although human settlements have now curtailed this free

movement, it is not known how much of this elephant movement took place before the

electric fence was erected in 1998. However, a few elephants were known to move to

Ndune Hills, 7km northwest of the reserve during the dry season (Litoroh, 1994). The

reason for this movement is not well known but is thought to be due to the presence of

salt licks in the area (Chebures, 1986). Due to fencing, Mwea elephant population has

now been isolated from surrounding populations in the Aberdares, Mt. Kenya and the

larger MerulKoraINorth Kitui and Tsavo conservation areas.

1.2.3. Elephant Management Concerns and Options in Africa

After the ivory trade ban in 1990, elephant range states in Africa developed elaborate

elephant management policies outlined in Elephant Conservation Action Plan for each

country (DICE, 1996). The most preferred approaches were minimal intervention and

active management (Taylor and Cumming, 1993). The former implies minimal

interference with ecological processes, where elephant numbers are allowed to rise and

fall regardless of their effects on their habitats. Under the active management approach,

the population is controlled through culling or translocation to maintain a target elephant

density that is often related to the desired habitat conditions. Botswana, Namibia. South

Africa and Zimbabwe adopted an active management policy where they have set target

densities for specific elephant conservation areas (Taylor and Cumming, 1993: DICE.

1996). Countries like Tanzania adopted a similar management policy. However, there has

been no need for population control yet, since the elephant population densities are still

lower than preferred due to intensive poaching. South Africa and Zimbabwe both stated
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that translocation is preferred over culling as a means of population redistribution.

However, there are still dissenting voices in South Africa over elephant relocation

programmes (Taylor and Cumming, 1993). In contrast, Kenya adopted a mixed strategy

of active management options through relocation, fencing and intensified anti-poaching

operations. Mwea elephant population was managed through relocation and fencing.

1.2.4. Current Issues on Elephant-Human Conflicts

Human-elephant conflict manifested in damage to crops, infrastructure, injuries and

deaths to people and livestock in certain areas, occurs in virtually all range states, and is

increasing in Kenya and Tanzania (Waithaka, 1993), Namibia (Lindeque, 1995) and

Zimbabwe (Dublin et al., 1994). Several methods of dealing with these conflicts are in

use, including prevention through appropriate land use planning to reduce the human-

elephant interactions, use of deterrents, barriers and translocation problem animals, drive-

away or shooting (AESG. 1994; Hoare, 1995; Kangwana, 1995; Ngure, 1995).

Wildlife habitat loss, two decades of poaching and the human encroachment have

precipitated the wildlife-human conflict in Kenya. To mitigate these conflicts, different

wildlife barriers have been constructed on the periphery of protected areas and also on

private land to restrict movement of wild animals, especially elephants, due to their high

propensity of invading agricultural lands. Another approach to resolve these problems has

been raising human tolerance levels through monetary compensation schemes. Local

communities usually use fires, noise, shooting with arrows or spears and general

disturbance to deter wildlife from entering croplands but animals can easily become

habituated to these efforts. In contrast, thorn enclosures (bomas) are effective but they

exact high environmental costs through vegetation clearing. In most African countries, a

major management problem outside protected areas is the Problem Animal Control

(PAC). Though PAC has. however, been adopted in much of the elephant range states, it

has been demonstrated to have very little effect in reducing crop damage. The PAC

targets the most notorious crop raiders for elimination.
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Physical barriers involve planting barrier such as sisal and cactus, construction of moats,

ditches or trenches, high tensile steel wire fences and electrified fences. Electric fences

have proved most effective in controlling the movement of large mammals compared to

all other wildlife barriers. They are, however, expensive to erect and are dependent on

effective maintenance, which places them out of reach of many local communities.

Kenya has used a wide variety of these methods to control crop raiding by large

mammals, especially elephants. In the 1980s, emphasis in the Aberdare and Mt. Kenya

areas was on maintaining moats and ditches, while high tensile steel wire fences were

erected on the western boundaries of Meru National Park. Other methods used included

brush fences, vegetation barriers, stonewalls and wooden stockades, all of which have

failed for various reasons.

The introduction of electric fence technology in Kenya has proved to be the most

effective form of physical barrier to control wildlife movement. Examples of parks,

reserves and community areas, where this technology has been effectively used to control

problem animals are Aberdares and Mt. Kenya National Parks, Lake Nakuru National

Park, eastern part of Nairobi National Park, Shimba Hills National Reserve, Mwea

National Reserve and Meru Community fence.

The most senous environmental impact of fencing is the resultant bio-geographical

islands, especially in ecologically sensitive areas. Electric wire fencing, just like human

settlement on elephants' migratory corridors curtail their seasonal movement resulting in

habitat destruction once the carrying capacity of the enclosed habitat is exceeded.

Therefore, fencing should not be viewed as the ultimate solution in conflict resolution.

wildlife conservation and management but as a stopgap strategy to minimise wildlife-

human conflicts.

1.2.5. Elephant Response to Habitat Change

Several studies have documented seasonal changes in distribution and habitat selection

by elephants in Africa (Laws et al., 1975; Williamson, 1975; Eltringham, 1977: Leuthold,

1977a; Western and Lindsay, 1984; Lewis, 1986). These changes in elephant distribution
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and habitat selection coincide with seasonal climatic changes and the corresponding

changes in food and water availability. Elephants, however, exhibit a great deal of

variation in their movement, with some populations being very sedentary (Douglas-

Hamilton, 1971; Thouless, 1995), while others are nomadic or disperse in the wet season

(Lindeque and Lindeque, 1991). Seasonal changes in the use of habitats are an important

mechanism of survival and optimum utilisation of resources, while at the same time

reducing the impact on the dry season grazing areas (Viljoen, 1989). Thouless (1995),

however, noted that erection of game control fences or other developments that interfere

with traditional movement patterns of wildlife may have disastrous impact on mobile

elephant populations and their habitats. The study also observed that elephants known to

move over long distances are more affected when confined in small fragmented habitats,

resulting in habitat destruction.

In areas of past elephant poaching or conflicts with humans, the overall range of elephant

became restricted and led to notable woodland reduction (Laws, 1970; Laws et al., 1975;

Western, 1990; Waithaka, 1994), perhaps affecting other animal communities (Laws.

1970, Thompson, 1975). The impact of elephants on their environment has been found to

be significant in nearly all studies of their ecology. There is evidence that they are

capable of modifying habitats and have a direct impact on vegetation by breaking of plant

parts during feeding, trampling on seedlings, debarking, felling and uprooting mature

plants (Owen-Smith, 1988). This kind of impact has resulted in the transformation of

woodlands across the African elephant range, particularly where elephants have been

compressed resulting in high local densities. Such observations were made in Addo Park,

South Africa (Penzhorn et al., 1974), Murchison Falls National Park, Uganda (Laws et

al., 1975), Chirazira National Park, Zimbabwe (Cumming, 1981a,b) and Tsavo National

Park, Kenya (Parker, 1983). Their densities in all these areas were over 3 elephants km",

which led to significant habitat changes. Elephants, however, are known to cause damage

even at lower densities. For example, in Kruger National Park, South Africa, it was noted

that at a mean density of 0.4 km", the impact of elephants on the woodland was causing

concern (Coetzee et al., 1979; Pellew, 1983). In the Seronera area of Serengeti, Tanzania,

a local density of elephant bulls of only 0.2 km" caused considerable damage to Acacia
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woodlands (Coetzee et al., 1979; Pellew, 1983). Similar recent studies have confirmed

that elephants also greatly affect the structure and dynamics of vegetation, whenever they

occur, and if their density is compressed, they could seriously damage their habitat

(Kabigumila, 1993; Ruggiero, 1993; Tchamba, 1995). These observations led to the

elephant being described as a keystone species (Western, 1989). Elephant acts as a

keystone species by influencing use of their habitat by other mammalian species.

Elephant damage on vegetation may precipitate the effects of other interactive factors; for

example, trees damaged by elephants are probably more susceptible to infections by

pathogens and the effect of fire (Campbell et al., 1996). Trees, which have been debarked

or heavily "tusked" by elephants, are rapidly destroyed by wood boring insects and

termites whereas those partially uprooted may persist for years (Eltringham, 1980).

Elephant bulls have also been observed to adversely affect the density of trees, especially

when concentrated and confined in a given area (Barnes et al., 1994a). Barnes et af.
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tree species, irrespective of those species densities, while for other species elephants kill

a decreasing percentage as the densities of these species decline. This gave different

destruction trends in tree species browsed upon by the same elephant population.

In Lake Manyara National Park, Tanzania, Kalemera (1989) observed that elephants

generally took woody species in proportion to their abundance except for a few species,

which were avoided. For instance, Acacia tortilis was generally taken in proportion to its

abundance. It formed the largest proportion of the elephant's diet in A. tortilis high-

density areas and less at low-density areas where other woody species were available.

Barnes (1983) also observed that elephants in Tanzania killed a constant percentage of

Commiphora ugogensis trees, whatever the density of the trees, but the percentage of

Acacia albida trees killed declined as the density of the trees fell. The consequence of

this was a different trend in C. ugogensis and A. albida numbers when browsed upon by

the same elephant population especially if the elephant population was increasing.
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More recently in Kenya, high elephant densities have been shown to be linked to

devastating damage to natural vegetation. A mean elephant density of 1.6km-2 in Shimba

Hills National Reserve was observed to have a considerable impact on the vegetation

(Schmidt, 1991; Davies and Bennun, 1993; Hoft and Hoft, 1995; Mwathe, 1997). The

result was reduction in biodiversity within the reserve. In the Amboseli ecosystem,

compressed elephant densities were shown to be the major cause of death of Acacia sp. in

the central basin (Western, 1990). This phenomenon was not evident in the past when

elephants used to range freely. In Aberdare National Park, Tsavo National Park and

Laikipia area, it was found out that high elephant density caused habitat degradation

resulting in low biological diversity, reduced habitat heterogeneity and reduced structural

complexity (Waithaka, 1994). He observed that absence of elephants in savannahs,

results in bush encroachment and low plant diversity while in forests, presence of

elephants creates gaps by knocking down trees and enhance herbaceous biomass

production and thus promoting biodiversity (Waithaka, 1994).

Several studies have shown that woodlands have declined in many areas of eastern,

southern and central Africa; for example in Serengeti-Mara ecosystem (Glover, 1965,

1968; Lamprey et al., 1967; Russel, 1968); Tsavo National Park, Kenya (Laws, 1969);

Ruaha and Lake Manyara National Parks, Tanzania, (Savidge, 1968; Barnes, 1982,

1983); Queen Elizabeth and Murchison Falls National Parks, Uganda (Buss, 1961;

Brooks and Buss, 1962; Buechner et al., 1963; Buss and Savidge, 1966; Field and Laws,

1970; Field and Ross, 1976); Sengwa Research area, Zimbabwe (Anderson and Walker,

1974; Guy, 1976,1981) and Kruger National Park in South Africa (Van Wyk and Fairall,

1969). There have been different explanations as to the cause of these declines of

woodlands in parks and reserves in much of savannah Africa (Pienaar, 1969; Laws, 1970;

Caughley, 1976). One of the most widely supported hypothesis is that woodland loss was

caused by continued concentration of elephant populations into smaller areas as a result

of the expansion of cultivation and settlement to meet the needs of increasing human

population (Guy, 1976; Dublin and Douglas-Hamilton, 1987).

13



Ecological studies in the African savanna have predicted two stable states in vegetation

change (Dublin et al., 1990). The first hypothesis recognizes elephants as the primary

initiators of woodland change, while wild fires act to maintain the vegetation in grassland

phase thereafter. Good examples that support this hypothesis have been reported in

Budongo, Uganda (Eggeling, 1947); Muchinson Falls National Park, Uganda (Buechner

and Dawkins, 1961; Hatton and Smart, 1984; Smart et al., 1985); Serengeti National

Park, Tanzania (Lamprey et al., 1967; Ruess and Halter, 1990); Tsavo National Park,

Kenya (Laws, 1970); Queen Elizabeth National Park, Uganda (Field, 1971); Arusha

National Park, Tanzania (Vesey-Fitzgerald, 1973); Kidepo Valley National Park, Uganda

(Harrington and Ross, 1974; Field and Ross, 1976); Segwa area, Zimbabwe (Guy, 1976);

Ruaha National Park, Tanzania (Barnes, 1982); Lake Manyara National Park, Tanzania

(Mmalyosi, 1987).

The second hypothesis predicts that human-induced fires were the pnmary agent of

vegetation change that maintained grasslands due to its frequency (Dublin et al., 1990).

This suggests a one stable state in vegetation regulation in woodland savannahs (Buss,

1961; Lawton and Gough, 1970; Norton-Griffiths, 1979; Pellew, 1983). Dublin et al.

(1990), however, observed that other factors are also responsible for woodland loss in the

northern Serengeti and Mara region, where they attributed the loss to fire, antelope

browsers, migratory wildebeest and elephants. The authors recognised that elephants

could hold the woody plant recruitment rates below the level necessary to balance adult

tree mortality rates. Their hypothesis supported the two criteria for stable state, where fire

was recognised to have changed the vegetation structure and elephants and other

mammalian species as the new factors that helped in holding the system in a new state.

Evidence that declines in tree population in woodlands are as a result of a combination of

effects of elephants, fire and other large herbivores, is limited (Norton-Griffiths, 1979;

Ben-Shahar, 1996; Van de Vivjer et al., 1999). The influence of fire differs between plant

species and its differential effects are likely to enhance the existing variations ll1

vegetation structure between different woodland types (Ben-Shahar, 1993; 1996). A
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combination of factors, disproportionately, therefore, exerts pressure In reducing

savannah woodlands (Dublin et al., 1990; Ben-Shahar, 1993, 1996).

In Kenya, based on vegetation trends since 1950's, there has been a debate as to whether

re-growth of woody plants in Tsavo National Park was impeded by over-utilisation of

trees by elephants or fires (Napier-Bax and Sheldrick, 1963; Glover, 1963; Laws, 1969;

Confield, 1973; Leuthold, 1977). Leuthold (1996) attributed vegetation re-growth to

substantial reduction of elephants in Tsavo and the impacts of fire. The elephants In

Tsavo National Park were reduced through poaching, from an estimated 30,000 in 1970

to 600 in 1994 (Anonymous, 1995). Leuthold (1996) observed three considerable

changes in vegetation, where, one; there was an increase in number of Acacia species,

which by 1994 had reached a growth stage that was still more or less shrub-like in the

vicinity of Voi River; and two, an establishment of and/or increase in number of young

trees of genera Commiphora and/or Boswellia in areas where these had existed formerly

but had largely disappeared by 1970. This was most evident in areas near the Galana

River and Manyani-Mudanda Rock. There was re-growth of riverine vegetation within

the riverbed and floodplain of the Galana River. The species were mainly the Doum Palm

(Hyphaene coriacea), the Tana River Poplar (Poplus ilcifolius) and Acacia elatior.

Outside the actual riverbed, various shrubs had appeared in considerable numbers, for

instance, Premna resinosa and/or P. hildebrandtii, Anisotes sp. and Senna longiracemosa

(Leuthold, 1996). He summarised his observations by indicating that the apparent change

in elephant range utilisation was well reflected in the spatial distribution of vegetation

recovery. His second observation was that where fires had occurred frequently, the

woody vegetation had increased little or not at all. Leuthold (1996) support the

hypothesis that fire (preventing regeneration of woody plants) and elephants (over-

utilisation) have a combined influence on vegetation. Elephants, however, tend to avoid

burnt areas where they tend to cause less damage to trees (Barnes, 1982). This is due to

removal of herb layer and also due to scorching of leaves and twigs. which make up an

important component of their diet (Bell and Jackmann, 1984).
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1.2.6. Elephant Census Methods

During the last three decades, there have been considerable efforts in counting the

elephants for management purposes (Norton-Griffiths, 1978; Barnes and Jensen, 1987;

Burrill and Douglas-Hamilton, 1987; Douglas-Hamilton, Michelmore and Inamdar, 1992;

Said et al., 1995). Aerial surveys are commonly employed to count elephants in open

habitats (Norton-Griffiths, 1978) as this method covers large area economically. It is also

used for censusing areas where access on the ground is difficult, for instance in swampy

and hilly areas. However, this method is limited where vegetation is thick and animals

cannot be seen from the air, especially in equatorial forests and closed bushland habitats.

Many individuals will be missed, for example a review of 17 tests of the accuracy of

aerial counts of large terrestrial mammals showed that only between 23% and 89% of

individuals were seen (Caughley, 1974). The proportion of individuals seen may vary

markedly according to the observer's experience and the ground visibility (Sutherland,

1996). Similarly, the proportion of animals seen decline with increase in flight speed and

the number of animals.

Vehicle road counts are practicable in small and medium sized areas (Norton-Griffiths,

1978). This method is important in studies of small resident species, for example their

seasonal patterns of distribution within different vegetation types, behaviour and

condition of the animals. The method is limited when the ground access is difficult,

ground visibility is low or when the animals are elusive (Sutherland, 1996). Foot count

can also be used if other methods are impossible, especially in thick forests and bushland.

The method may be classified into direct and indirect foot counts. The former method

may be used to estimate the density of small resident species and for determination of

age/sex classes in a population. Indirect foot method is commonly used for species that

are both secretive and occur at low densities or where ground visibility precludes direct

census methods (Barnes, 1996). As a result of the problems above, other indirect

measures are often used, such as the density of dung, footprints or feeding signs. These

techniques usually give an index of abundance rather than a measure of animal density

(Sutherland, 1996).
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Dung count requires one to positively identify the species using its dung (Wood, 1988).

The length of time dung persists may vary between habitats and between time periods,

depending on the weather (especially rainfall), dung decomposition rate, fibre content,

and the number of dung beetles and termites. There are two ways of overcoming this

problem. One, by clearing the dung from marked areas, and returning before any fresh

dung has had time to decay, and counting the dung deposited in the interval. Two, by

marking some very fresh dung and on the second visit, use this to compare the dung in

the field and ignore any dung that looks more decayed (Sutherland, 1996). Counting dung

provides a useful measure of relative density in different areas. By assessing the amount

of dung produced per day from either field observations or studies of captive individuals,

it is possible to convert dropping densities to number of mammal days (Sutherland,

1996). This is often the only practical method for surveying many elusive species as the

rate at which dung disappears can be quantified with this method.

Indirect elephant dung count to estimate their numbers in forests and bushlands is based

on these factors i.e. estimate of elephant defeacation rate, mean rate of dung decay,

number of dung-piles, or the density of dung-piles per krn". Combining these three

estimates gives an estimate of elephant numbers or the density of elephants per km2

(Barnes, 1982; Barnes and Jensen, 1987).

1.3. Justification

With an area of 42km2 Mwea National Reserve is one of the smallest elephant

conservation areas in the country. It has an elephant density of O.6km-2 (1998 census).

The population was enclosed with an electric fence in 1998 after translocating a family of

23 elephant individuals to Tsavo East National Park. The resident elephant number will

eventually build up changing the ecological status of the reserve. Other factors known to

work in concert with the increasing elephant numbers in changing the structure and

dynamics of the vegetation are conspicuously absent. Fires, for instance, are infrequent

and other large mammalian species are absent or in low numbers. The elephants,

therefore, are the only potential factor that can be responsible for any alteration of
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vegetation In the reserve. Previous studies in the reserve were mainly on broad

classification of vegetation types (Chebures, 1989) and soils (Van de Weg and Mbuvi,

1975). In addition, other previous ecological studies in the reserve mainly concentrated

on assessing mammalian species numbers and did not address the ecological role played

by each species (Chebures, 1989; Poole et al., 1992 and Litoroh, 1994). In order to

understand the ecological dynamics of the reserve and chart out appropriate management

and conservation strategies for maintaining or improving the ecological integrity of the

reserve, more information is required on the relationships between vegetation, elephants

and other mammalian species.

1.4. Hypotheses of the Study

Three hypotheses were set for this study. Firstly, that elephants selectively utilize and

impact on specific plant species within their habitat. Secondly, that elephant spatial and

temporal distribution influences the use of the same habitats by other mammalian species.

Thirdly, that vegetation structure and composition are the primary factors that determine

habitat utilization by elephants in Mwea National Reserve.

1.5. Objectives of the Study

The main objective of this study was to investigate interactions between elephants and

their habitats in Mwea National Reserve, their consequences to management of other

mammalian species, and to determine the temporal and spatial distribution of elephants

within the reserve. The specific objectives were;

1. To establish vegetation structure and composition in the reserve.

2. To determine elephant population size and interactions with other mammalian

species,

3. To determine the temporal and spatial distribution of elephants and other

mammalian species in the reserve, and

4. To determine elephant habitat utilisation, and their impact on habitat dynamics.
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CHAPTER TWO

STUDY AREA

2.1. Study Area Location and Legal Status

Mwea National Reserve is located in Mbeere District of Eastern Province, Kenya. It lies

between latitudes 0° 45' and 0° 52' South and longitudes 37° 35' and 37° 40' East and at

an altitude of between 950m and 1150m above sea level (asl). The reserve lies at the

confluence of Thiba and Tana Rivers to the northeast and south of the reserve

respectively (Figure 1). The reserve borders Kamburu reservoir to the east, the second

dam on the upper reaches, in series of the country's five hydroelectric power dams along

the Tana River. The reserve is easily accessible from Nairobi, 180km away via the Thika-

Garissa road by turning north at the Kitui-Embu junction, 71km east of Thika

Municipality. On this road, the reserve is accessible by turning left into a murram road at

Machang'a shopping center, a few kilometers from Kivaa Township, another distance of

11km to Makima Trading Center. The other alternative route is through Embu

Municipality, through the Embu-Kamburu-Kivaa road and turning right at Machang'a

again, 40km from Embu (Figure 1).

Mwea National Reserve forms a part of the northern tourist circuit that has not been

exploited for a period of time. This has been as a result of poor communication and lack

of facilities as well as lack of promotion alongside other important conservation areas

within this circuit. Kenya Wildlife Service has now realized the need to market the

reserve. Several stakeholders' workshops were organized to strategize the way forward in

improving the attractiveness of the reserve to tourists and also improve the infrastructure

to and within the reserve (KWS, 1998). The stakeholders identified the need to improve

animal species diversity and enhance tourism through mammalian species re-

introduction. The re-introduction started with the Rothschild's giraffe and 30 Burchell's

zebras in 2000 in 2001 respectively.
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Figure 1: Mwea National Reserve Location showing infrastructure development
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2.2. Historical Background

The land around the reserve was not inhabited before 1914 and wildlife roamed the area

freely where all mammalian species common to this eco-climatic region were well

represented. When human settlement started in the area, it was unchecked and

subsequently, increased tremendously giving way to poaching and other wildlife

malpractice. In 1972, the first warden visited Makima trading center accompanied by the

area District Commissioner with the aim of educating the people on the need to conserve

wildlife (KWS, 1998). It was not until 1975 that the area was declared a game reserve

and the first headquarters established at Githecu. The established game reserve covered

an area of 68km2 and was placed under the jurisdiction and management of the then

largerEmbu County Council.

Wildlife and peasant farmers with their livestock occupied the reserve before its

gazettement. The farmers were later evacuated in 1975 and allocated 10 acre plots outside

the 68km2 area of the reserve (Chebures, 1989). In 1976, the Kamburu Dam was

constructed giving the reserve a worthwhile water frontage. In 1978, part of the reserve

was annexed during land adjudication of the entire location, leaving the current area of

42km2 with its headquarters shifting to its current site near Namuri village. The reserve is

now vested under the jurisdiction of the Mbeere County Council (KWS, 1996). The

reserve has a road network of 90kms (Figure 1) of which only half is motorable by all

categories of vehicles during the dry season. During the rains, most of the roads are

impassable and are motorable by four-wheel drive vehicles only.

2.3. Geology and Topography

The geology of the area is mostly a basement system of granite and igneous rock (Bear,

1952). Most of the reserve is moderately undulating peneplain with some portions in the

western part being slightly undulating peneplain (Van de Weg and Mbuvi, 1975).
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2.4.Soils

Soilsare developed on undifferentiated basement system rocks, well drained, shallow,

dark red to yellow red stony loamy to clay (Van de Weg and Mbuvi, 1975). Black cotton

soilsoccur in three patches along the western boundary of the reserve. The grey sandy

soilsoccupy about three-quarters of the total area of the western part of the reserve while

reddishbrown soils occupy one quarter of the eastern part of the reserve (Figure 2). The

soilsare very dusty in the dry season and muddy in the wet season and are well drained

apart from the black cotton soils. The soils are highly erodable especially in areas that are

overgrazed or denuded by wildlife and along the existing road network (Chebures,

\989).

2.5. Rainfall

Rainfall in Mwea National Reserve and its surroundings is bi-modal and is not well

distributed over the year. The dry season starts in June ending in September while the

highest rainfall is received between October and January, during the short rains period.

Therainfall slightly decreases again in February before it peaks again in March and April

during the long rainy season to May before the dry spell set in. The least rainfall IS

received during the period June-September and the highest in November (Figure 3).

The area lies within eco-ecological zone five, which is suitable for millet, dwarf sorghum,

green grams, moth beans, cowpeas, cotton and sunflower (Pratt, Greenway and Gwynne,

1966). The rainfall is also suitable for establishing pasture due to the predominant

horsetail grass (Chloris roxburghiana) within the bushland areas.

2.6. Water Resources

Apart from Tana and Thiba Rivers, which are permanent, the rest of the rivers are

seasonal, running intermittently during seasonal rainfall as floods. Much of their water

runs off superficially in small valleys and is channelled into the two major rivers. The

reserve also partially covers part of one of the five hydroelectric reservoirs, the
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Kamburu reservoir, constructed in 1976 by the then Tana River Development Authority

(now Tana and Athi Rivers Development Authority). To the west down stream along the

Tana River, is Gitaru reservoir while up stream is Masinga reservoir, which were

constructed in 1974 and 1982 respectively (Chebures, 1989).
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Figure 3: Mean±SE monthly rainfall in Mwea National Reserve (Headquarters 1989-

2002) - Source: Mwea National Reserve Kenya Wildlife Service office

2.7. Vegetation

The vegetation of the reserve falls broadly under the Pratt, Greenway and Gwynne (1966)

classification of ecological zone five. The vegetation of Mwea National Reserve was

earlier studied in some details by Chebures (1989). The vegetation is characterized by

changes over a short distance, in response to underlying topography and soil types. Areas

covered by wooded grasslands have black cotton soil; grey sandy and reddish soils while

areas with riverine vegetation have deep alluvial soils. Fire and clearing due to human

activities in the past have played a role in the vegetation structure seen in the reserve

today (Harrington, 1974 cited in Chebures, 1989).
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bushland, wooded grasslands and woodland. Approximately 19km2 was classified as

bushland and approximately 15km2 as wooded grasslands while approximately 15km2 of

was under woodlands (Figure 4). The area classified under grasslands by Chebures

included the grasslands near Thiba River, which are currently outside the 42km2 of the

reserve.

2.7.1. Bushland

Bushland vegetation was categorized into the following characteristic vegetation types on

the basis of species and structural composition (Chebures, 1989), namely:

i) Thicket

The bushland thicket vegetation type was not very extensive (Figure 5). This

vegetation type was mainly found towards the confluence of Thiba and Tana

Rivers. The common tree species were Acacia mellifera, A tortilis and

Commiphora africana. Acacia ataxacantha, A. brevispica and Combretum

exalatum dominated the shrub layer. Other bushes were of Grewia bicoior,

Grewia virosa and Grewia tembensis. Aspilia massambicensis, Achyranthus
,

aspera, and Solanum rechii dominated the herbaceous layer in this vegetation

type.

ii) Open Bushland .
C africana trees interspersed with A. mellifera and A. tortilis being the two other

fairly common tree species in this vegetation type dominated this vegetation.

Common shrub species were G. bicolor and G. virosa while Brachiria dejlexa.

Brachiria laersiodes and Cenchrus ciliaris dominated the herbaceous layer.
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iii) Dense Bushland

Thisvegetation type was found in areas formerly cleared by local people for settlement

beforethey were moved out in 1975. The common tree species found in this habitat were

A. tortilis, A. mellifera, Albizia anthelmintica, Dalbergia melanoxylon and Terminalia

brownii. The shrubs included G. virosa, G. bicolor, G. tembensis, A. brevispica and C.

exalatum while A. mossambicensis, TrimfJetta jlavescens and S. renchii dominate the

herbaceous layer.

2.7.2. Wooded Grasslands

This vegetation type previously stretched from near Masinga Dam (now a settlement

area) through the Reserve's Headquarters to the area near Makima trading centre and

further stretched east reaching the settlement areas adjacent to Thiba River (which is now

outside the reserve). The wooded grassland vegetation type was characterized by T

brownii, Combretum sp., Acacia hockii, Acacia senegal, and in some sections by

Ormocarpum kirkii. Shrubs were usually scattered and included G. bicolor and Premna

resinosa. The herbaceous layer in this vegetation type included Dyschorite hildebrandtii,

Endostemon teleticaulis, Helichrysum sp. and Indigofera sp. among others. Andropogon

sp., Eragrostis caespitosa and Heteropogon contortus dominated the grass species in this

vegetation type (Chebures, 1989).

2.7.3. Woodland

This vegetation type occurred in the central part of the reserve and was characterized by

A. mellifera, C. africana and A. tortilis, as the upper canopy trees. Shrubs that include C.

exalatum, G. bicolor, G. virosa and P. resinosa mainly constitute the middle canopy. T

flavescens, S. renchii and A. mossambicensis dominated the dicots that constitute the

understory layer of this vegetation type. The grasses common to this vegetation type

included Themeda triandra, Enteropogon macrostachyus, C. ciliaris and Digitaria

scalurum among other grass species.
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2.8. Fauna

Thereserve had a wide variety of wild fauna common to this eco-climatic region, before

peopleheavily settled in the area. Between 1982 and 1986, eighteen wildlife species were

recorded in the reserve. The largest animal was the elephant (Loxodonta africana), which

migrated in and out depending on the season. During the wet season the elephants used to

move out of the reserve to Ndune hills, 13km west of the reserve, and during the dry

season moved back into the reserve. The African buffalo (Syncerus caffer) was confined

in the reserve but would occasionally raid the neighbouring farms before the electric

fence was erected in 1998. The hippopotamus (Hippopotamus amphibius) still occur in

both Tana and Thiba Rivers and also the Kamburu reservoir. They normally graze near

the banks at night and are currently the problem animal invading farms. Other animals

previously common to this area are bushbuck (Tragelaphus scriptus), bushpig

(Potamochoerus porcus), kongoni (Alcelaphus buselaphus), Common waterbuck (Kobus

ellipsiprymnus), dik-dik (Rhynchotragus kirkii), warthog (Phacochoerus aethiopicus),

impala (Aepyceros melampus), lesser kudu (Tragelaphus imberbis), grey duiker

(Cepha/aphus jentinkii, olive baboon (Papio anubis), spotted hyena (Crocuta crocuta)

and black-backed jackal (Canis mesomelas). Some of these species namely, bushpig,

kongoni, lesser kudu, spotted hyena and the jackal are now locally extinct due to human

factors ranging from hunting to competition and habitat destruction. Recently, Kenya

Wildlife Service (KWS) introduced the rothschild giraffe (Giraffa camelopardalis

rothschildii and the burchell's zebra (Equus burchelli). The reserve is also home to over

73 bird species ranging from waterfowls to passerines (Chebures, 1989).
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CHAPTER THREE

VEGETATION CHARACTERIZATION IN THE RESERVE

3.1. Introduction

There has been very little intensive ecological work on vegetation structure and

composition trends in Mwea National Reserve since the area was declared a national

reserve In 1975. Chebures (1986; 1989) classified the vegetation types through

inventories of plant species characteristic of each vegetation type. However. the

inventories were specifically for developing a management plan for the reserve. His work

is the initial baseline information although no quantitative data was generated for future

monitoring activities to detect ecological changes and the direction taken by such

changes. Further the impact of fencing needs to be established through quantitative data

to be able to track down future changes in relation to possible changes.

In this study, vegetation classification system for Mwea National Reserve was adopted

from that of Chebures (1989), who designated vegetation types into woodland. bushland

(open bushland, dense bushland and thicket) and wooded grasslands (see Chapter 2 and

Figure 4). However. in this study the woodland type was further re-classified in relation

to the most dominant species characterizing different sections of the central area of the

reserve. This further vegetation re-classification was used to determine whether there are

differences in woody species density, diversity and species associations in reference to

most dominant woody species. The bushland was treated as one entire vegetation type

without further subdivisions as in Chebures (1989) classification. The wooded grasslands

have common woody species peculiar to this vegetation type that required no further sub-

divisions. This categorization was to enable identification of any changes in vegetation

trends in reference to elephant utilization.

The criteria used in naming and classifying vegetation was adopted from GTZ (1993)

where woodlands are defined as having most trees of approximately 20m in height.

crowns usually do not touch. but canopy cover is over 20%. There is usually a well-
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developed herbaceous and/or dwarf shrub understory. The bushland are also defined as

consisting of woody plants, which often have multiple stems, most of which not grow to

more than 10m. Crowns are often interlocking and canopy cover approximately 20%. The

trees are scattered but conspicuous. The herbaceous understory is usually sparse. The

wooded grasslands are a mixture between woodlands and grasslands, where grasses and

sedges dominate with conspicuous woody plants, and canopy between 2% and 20%.

Elephants are known to effect structural vegetation changes differently (Barnes, 1983:

Kalemera, 1989; Barnes et al., 1994a) where either woody species are selected depending

on their density or regardless of their density in a given vegetation type (Barnes, 1983).

Change in woody species density as a result of elephant impact result in changes in

species associations, composition and eventually affect plant diversity. Elephants have

also been shown to impact differently on woody species height classes in a number of

studies (Caughley, 1976: Ross et al .. 1976; Dublin et al .. 1990; Ruess and Halter. 1990:

Tchamba, 1995: Tchamba and Mahamat, 1992). For instance, height classes 2m and 3m

were found to be best predictors of vegetation damage by elephants in Serengeti National

Park, Tanzania (Ruess and Halter, 1990). The two vegetation parameters (density and

height classes) are important in understanding the role of elephants in habitat dynamics

by determining the changes effected by elephants, on different plant species of varying

densities, and their impact on woody species height classes, species composition and

associations. Continued utilization of species at low density may have immediate changes

to a given habitat compared to when elephants are utilizing high-density species in the

same habitat. Similarly. regeneration woody plants should be safe from elephant

destruction. In any given vegetation, the regeneration plants are important in replacing

those dying through elephant destruction and other causes. The study quantifies the

woody species in each vegetation type and brings out the compositional and structural

differences between vegetation types. The results are later considered in reference to

elephant impact in each vegetation type and the possible cascade effect of such impact on

other mammalian species.
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The reserve's vegetation is totally different from that of the nearest elephant habitats of

the Aberdares and Mt. Kenya National Parks. This makes Mwea a unique habitat in the

region, which is only comparable to that of the Tsavos and MerulKoraINorth Kitui

complex further to the east of reserve. The current study in vegetation characteristic of

the reserve is critical owing to the confinement of the resident elephant population. The

results will provide an analysis of effects of elephants on vegetation in one of the smallest

elephant sanctuaries in the country with opportunity to upgrading to small areas for future

monitoring and our understanding of such small elephant habitats.

3.2. Materials and Methods

3.2.1. Vegetation Classification

Vegetation classification was based on land-cover map that was derived from Landsat

TM imagery captured in January 2002 for Mwea National Reserve. An extensive field

survey was carried out the same month using a GPS receiver to locate training points for

use during digitization. These points were used in the evaluation of consistency with

which land-cover types could be correctly identified from the colours of the

corresponding pixels on the Landsat. The exercise aimed at collecting mid-point GPS

reading of homogenous plots in each vegetation type of at least 30m2
, a minimum

sampling area approximately equivalent to the imagery spatial resolution of a pixel.

These points were used in creating classification criteria for the land-cover types and for

accuracy assessment. Satellite imagery interpretation and geo-referencing was done using

Arcview computer programme. The programme was used to collate the field observations

and data with the satellite imagery to discriminate colour patterns for vegetation types.

3.2.2. Vegetation Types and Species Characterization

The aims of the present study were to quantify the various vegetation types through the

Point Centred Quarter (PCQ) method of vegetation sampling and analysis. The method is

most suitable in areas of scattered woody species. The quadrat method could also be used

but would require large dimensions making it laborious and time consuming. The PCQ

method is well adapted for sampling communities in which individuals are widely spaced

or in which the dominant organisms are moderately large (Cox, 1990). The data collected
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through PCQ method were used to determine the woody species density, dominance,

frequency and their relative values. The summation of the three relative values gives a

measure of species importance value. The study also aimed at quantifying the structural

composition of the woody species, a factor that can be used to assess changes due to

elephant utilization of woody species. The density and diversity of the woody species

were also determined, as vegetation parameters that will serve as baseline information for

future analysis on trends in density and diversity. The profile diagrams aimed at showing

the current structural composition with more emphasis on woody species constituting the

upper, middle upper, lower middle and lower canopies.

A grid map was used to locate the sampling sites. Representative vegetation stands

characterized by homogeneity in species composition and physiognomic structures were

selected for stratified sampling. In each of these sites. line transects starting points were

randomly selected. Transects orientation from the starting point was determined by the

nature of the topographic features of the area, with transects cutting across drainage

channels. A total of 49 Point Centred Quarter (PCQ) transects, each 200m long were

established to determine woody species composition in various vegetation types

(Appendix 1a). Fourteen transects were set-up in A. mellifera woodlands, 12 transects in

C. africana woodland and wooded grasslands while a further I 1 transects were

established in the bushland. The transects were sampled systematically at every 10m

intervals, where the area around each point was divided into four equal parts. or quarters

by use of a second line perpendicular to the line transect at the sampling point. The

individual woody species nearest to the point in each quarter was located and its basal

diameter. heightand point-to-individual distance determined. Woody species with basal

diameter less than lcm were not considered for PCQ analysis. The point-to-individual

distances were measured to the centre of the plant (Cox. 1990). The point-to-individual

distance was estimated by use of a measuring tape. woody species diameter by use of

Venier-callipers and height was estimated by use of a Haga-gauge. The PCQ data were

collected between August 1999 and April 2000.
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The point-to-individual distances were first totalled for all species at all points and the

mean point-to-individual distance calculated. The mean point-to-individual distance

squared gave the mean area per individual, which was the average area of surface on

which one individual occurs. The density per hectare in the area sampled was obtained

through the following equation (Clarke, 1986; Cox, 1990).

T Id . f II . 10,000m2

ota ensity 0 a species = 2
(Mean point - to - individual distance (m))

The basal area values for individuals for each woody species were summed and divided

by the number of individuals of the species to give average dominance values for various

species (Cox, 1990). The average dominance values simply represent the average basal

area of one individual of each species. Absolute and relative values for density.

dominance and frequency together with importance value for each woody species were

determined by the following equations (Cox, 1990).

1)R I . d . Xllmber of individuals of a species 100
e attve ensity = x

Total individuals of all species

2')D
. Relative density of a species x Total density of all speciesenstty = .

100

3) Dominance = Density of species x Average dominance value for species

. Dominance of a species
-/)Relative dominance = . x 100

Tolal dominance for al/ species

-) F Number of points at which a species occurs) req lIency = -------'-. --"- ---C:'--- _

Total number of points sampled

Frequency value (or species
6) Relative frequency = . x 100

Total frequency value for all species
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7)Importance Value = Relative density + Relative dominance + Relative frequency

3.2.3. Density and Diversity of the Herbaceous Layer in the Four Vegetation Types

A total of 22 transects were established immediately after the wet season for herbaceous

layer sampling (Appendix 1a). The data represent information on herbaceous layer

standing crop and frequency after the end of the short rains in October and November

2001.A section of wooded grassland adjacent to human settlement accidentally burned in

2000, was sampled and data acquired and compared with that collected from the

unburned areas of the wooded grasslands. Twelve transects were randomly established in

the wooded grasslands, four of which were in the burned areas and eight in the unburned

areas. Six transects were established in bushland habitats and four each in A. mellifera

and C africana woodlands. All transects established in the reserve were 200m long. In

February of the year 2002, wooded grassland transects were re-sampled for herbaceous

layer in the dry period.

While woody species composition was determined using PCQ, the herbaceous layer was

sampled using lxlm quadrats. A quadrat was randomly placed within each SOm section

along each transect. All transects were randomly selected within each vegetation type

from a grid map. Individual dicots and grass species were enumerated in each quadrat.

Each quadrat was later clipped and individual species separated. Their wet weights were

immediately determined by use of a hand held balance, dried to a constant weight at 80°C

in the laboratory and their oven-dry weight recorded using an electronic balance.

The data on dry weights for all transects were converted to mean standing crop m-2 for

each species, where a species standing crop from quadrats were added and divided by the

number of quadrats to give the mean standing crop. The data were also analysed for

species composition, diversity, frequency and results grouped by vegetation types. The

diversity index was determined using the Shannon-Wiener equation (Cox, 1990).
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Where HI = diversity and Pi = decimal fraction of individuals belonging to the jth species.

Species frequency was calculated as in section 3.2.2 equation 5. The results for wooded

grasslands were further categorized in relation to management interventions that occurred

in the year 2000, through fire. Pair-wise t-tests were performed to determine the

differences in diversity indices between vegetation types (Zar, 1974). The frequencies of

the herbaceous species were calculated using similar formulae (see section 3.2.2 equation

5). The wet season data was also analysed using the same procedure for the dry season as

indicated above.

3.2.4. Vegetation Profile and Structure for Different Habitats in the Reserve

Four vegetation profile and structure belt transects were established in the Acacia

mellifera, Commiphora africana woodlands and Bushland habitat, on a 1km long

baseline between August 2000 and June 2001. In the wooded grasslands, two transects

were established on 100m long baseline in June 2005. One transect was located in the

grasslands north of the reserve while the other was on the southern section of the reserve

(Appendix 1b). Systematic sampling was used in all habitats except in the wooded

grasslands, where four sampling sections (a. b. c and d) were placed at a pre-determined

distance of 200m from each other on the 1km long baseline. Each sampling belt was 10m

wide and 100m long. but the data considered for profile and structure diagrams were

within 5m wide and 100m long for each belt. The 5 x 100m diagrams were considered

appropriate to avoid overcrowding of woody species on the profile and structure diagram

compared to lOx 100m of the belts sampled.
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In each belt. information on species. their height above ground. crown height. horizontal

distance from the starting point and crown diameter along the baseline were recorded.

The horizontal distance and crown diameter were estimated by use of a measuring tape.

while the woody species height above ground and crown height were estimated by use of

a Haga gauge. The information was used to plot vegetation profile and structural



diagrams for each vegetation type giving an idea of their structural and physiognomic

appearance. The data were also analysed to give the proportional contribution of each

woody species to total woody individuals of all species within each canopy layer. The

results of this analysis were used as indicators of each woody species structural

contribution and composition to the upper (>6m high), upper mid (4-6m high), lower mid

(2Am) and the lower canopy (O-2m high).

Individuals of a species were also summed up in all transects representing each

vegetation type and depending on area covered, total density of all individuals per hectare

was then calculated for each vegetation type. The proportional contri bution of each

species per canopy layer and the plant density in each vegetation type were assessed for

belt transects measuring lOx 100m2 as opposed to profile and structured diagrams which

represent only 5x 100m2 in each vegetation type.

3.2.5. Woody Species Structural Composition and Abundance
The PCQ transects from each vegetation type were further analysed for eight woody

species frequently encountered along the transects in the reserve. The woody species

relative frequencies were determined to establish the proportion and contribution of each

woody species encountered in each vegetation type.

The data were further analysed for woody species population structure, categorized into

percentage woody species within the following height classes: I-2m, 2.1-3m. 3.1-4m.

4.1-5m, 5.1-6m and >6m. The data were used to determine the proportionate contribution

of each height class to total number of individual woody plants in each vegetation type.

The absolute density (number per hectare), number of species and species diversity

indices for each vegetation type were also determined. The diversity index was

determined using the Shannon-Wiener equation (see equation 8. section 3.~.3).

ANOV A and pair-wise comparison between vegetation types for significant differences

in population structural composition and distribution between height classes and relative

percentage frequency were conducted using SPSS statistical package. Arcsine data
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transformations for percentage values were conducted before subjecting them to

parametric tests. Diversity indices were tested for differences using at-test (Zar, 1974).

3.2.6. Similarity Indices be/ween Vegetation Types

From the PCQ data collected on woody species composition, Sorensen similarity

coefficient for pair-wise comparisons between vegetation types were calculated using the

following equation:

9)
2as=---

2a+b+c

Where: Ss = Sorensen similarity coefficient
a = number of species common to both vegetation types
b = number of species in vegetation type 1
c = number of species in vegetation type 2

The Sorensen coefficient gives weight to the species that are common to the vegetation

types rather than those that only occur in either vegetation type.
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3.3. Results

3.3.1. Vegetation Classification

Table I shows vegetation classes In Mwea NR, the area covered by each, their

description in relation to dominant woody species and. A mosaic of vegetation types

occurred in the reserve (Figure 5). The map shows the location of various vegetation

types with poorly defined boundaries between the various vegetation types. The main

vegetation types were bushland, woodland (A. mellifera and C afrieana woodlands),

wooded grasslands and riverine vegetation.

Table 1: Description of vegetation types and their total surface area in the study area.

Vegetation Area Cover Description
type/Dam (km ')

A. mellifera 7.78 Dominated by A. mellifera
woodland
C afrieana 11.65 Dominated by C africana I

woodland
Bushland 7.32 Dominated by A. mellifera, C africana , G.

bicolor and A. ataxaeantha
Wooded 4.25 Dominated by T brownii
grasslands
Riverine 7.40 Dominated by a composite of riverine species, but
(developing) more of terrestrial species
Kaburu Dam 5.07 Open water
Total 43.47

The riverine vegetation was excluded from this study since it constituted a very narrow

strip along the shoreline. Much of what used to be riverine vegetation was submerged

when the Kaburu dam filled-up. The vegetation succession process has not given rise to

real riverine vegetation along the dam shoreline. However, the riverine is showing some

evidence of riverine species that are now slowly colonizing this zone, for instance Acacia

elatior. Most of the woody plants found here mainly consist of woody species found in

other vegetation types in the reserve.
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Legend
_ Acacia mellifera woodland

Bushland habitat
_ Commiphora africana woodland
_ Kamburu Dam
_ Riverine vegetation
_ Wooded grassland

Figure 5: Vegetation types in Mwea National Reserve digitised from Landsat 2002
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3.3.2. Vegetation Types Characterization

The study classified vegetation types into four physiognomic classes with vanous

floristic characteristics (Table 2). The classes included:

• A. mellifera woodland

• C africana woodland

• Bushland habitat

• Wooded grasslands

Areas of the reserve were assigned to these different classification types USIng the

Relative Dominance Values of each woody species. In particular, the woody plants that

had the highest dominance value in each vegetation type determined how the vegetation

was classified (for example A. mellifera woodland was dominated by A. mellifera with

relative value of 46 (Table 2). Relative proportions were used to identify the herbaceous

layer species that contributed the highest mean standing crop of all species. The results

also show the proportional contribution of woody species to various canopy levels as an

indication of elephant food resource distribution along canopy height gradient. The four

vegetation types are described in detail below.

3.3.3. Acacia mellifera Woodland

Thirty-five woody species were encountered in this vegetation type and were dominated

by A. mellifera (Table 2; Appendix 2). Other woody species common in the habitat are C

africana, G. bicolor, C aculetum, G. virosa. Lannea sp. and G. tembensis (Appendix 2).

The herbaceous layer was dominated by Eragrostis caespitosa. Hibiscus calyphyllus.

Barleria eranthemoides and Barleria micrantha. while Entropogon macrostachyus. C

ciliaris. Themeda triadra and Setaria pumila were the main grasses (Table 2: Appendix

3).
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Table 2: Relative dominance for woody and herbaceous species in various vegetation
types.

Vegetation Dominant Relative Dominant herbaceous Relative
type Woody species Dominance species Dominance

(%) I (%) 2

A mellifera A. mellifera 45.99 E. Caespitosa 15.7
woodland C africana 24.64 H. ealyphyl/us 9.4

Others 29.37 Others 74.9
C. afrieana C africana 53.44 B. rnicrantha 29.9
woodland A. mellifera 12.38 E. macrostachyus 27.0

Others 34.18 Others 43.1
Bushland C africana 33.38 Sehima netvosum 21.2

A. mellifera 15.90 S. pumila 18.1
Others 50.72 Others 60.7

Wooded T brownii 28.31 S. nervosum 40.7
grasslands C afrieana 16.38 Andropogon. sehirensis 15.4

Others 55.31 Others 43.9
I- based on stem basal areas
2 _ based on standing crop (g m -2)

In terms of cover, the upper canopy was dominated by A. mellifero at 36% followed by A

tortilis at 11%. A. mellifera. accounted for 31% of the upper-mid canopy followed by C

aculeatum at 18%, while the lower mid canopy was mainly of G. bicolor at 17%

followed by A. mellifera. which contributed 14%. The lower canopy was composed of A.

mellifera and G. virosa each constituting 19%. The four woody species were the most

dominant in all the four canopy layers.
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Figure 6 a & b: Acaci a mellifera woodland vegetation profile and structure diagrams
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Legend for Figure 6: Plant species code for A mellifera woodland vegetation
and structure diagram (figure 6c and 6d) showing the common and rare species
canopy levels

Species code i Common woody species Species code I Ra re wood y species
I I A ataxacantha 29 I A. brevispica

23 IA etbaica 27 C fascicularies
2 jA mellifera 8 C schimperi
--,

/A tortilis 22 ! B angustifoliaJ

4 I A. anthelmintico 25 I C monoica
7 ! C ofricana 24 I L rime
9 I G. bicolor 13 I 0 kirkii
10 I G tembensis 28 P capensis
19 j C aculeatum 15 R. natalensis
21 I G virosa 16 S renchii

I C exalatum 18 ' A. rubifolius
P. resinosa 26 B. eagyptiaca
M puttrickioides

(Although C exalatum. P. resinosa and M puttrickioides were the II'. 12" and the 13' 1 most comm
woody species in this vegetation type. they were not, however. represented on the Sm x 100m profile a
structure diagrams but were found in the IOm x 100m sections sampled along (he transect. occurring in0

belt transect (see methods»
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There were, however, 13 woody species characterizing all the four canopy layers (Figure

6). These 13 species contribution to the upper canopy was at 90%, upper mid-canopy

(92%), lower mid-canopy (93) and lower canopy 84%. A. mellifera woodland had dense

undergrowth compared to other vegetation types as indicated by the profile and structure

diagrams (Figure 6). The 12 woody species most preferred by elephants were wel)

represented within the 13 species contributing most to the four canopy levels (see Figure

6 and section 3.3.7)

3.3.4. Commiphora africana Woodland

A total of thirty-five woody species were encountered in this vegetation type. These were

dominated by C africana (Table 2) followed by A. mellifera, P resinosa, G. bicolor. A.

tortilis. G. virosa and Lannea sp. (Appendix 4). The herbaceous layer was dominated by

E macrostachyus and S. pumila grass species, while in the dicot herb were mainly

Barleria micrantha followed by B. eranthemoides and B. deflexa among others (Table 2;

Appendix 3). The profile and structure diagrams show the contribution of woody species

to various canopies in this habitat (Figure 7).

Out of the 35 species encountered during PCQ sampling, nine of these woody species

were common to all canopy levels while another 15 woody species were rare, showing up

in small numbers in each canopy level (Figure 7). The nine woody species contributed

98% canopy cover of woody plants to the upper, 90% to the upper mid. 86% to lower

mid and 87% to the lower canopy.

The upper canopy. however. was dominated by C africana at 74% followed by C

aculeat um at 10%, while the upper mid canopy was mainly of C africana at 43% and A.

anthelmintica at 13% of the woody plant forming the canopy. G. tembensis dominated

the lower mid canopy at 22%. closely followed by G. virosa at 19%. while the lower

canopy was more of G. virosa at 32% and G. lembensis at 25% of all woody plants

within this canopy. There were differences in the crowding of woody species between

different locations in C africana woodland areas as evidenced by Figures 7 a, band c.
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Legend for Figure 7: Plant species code for C. africana woodland vegetation profile a~
structure diagram (Figure 7a and b) showing the common and rare species at all canop
levels

Species code Common woody species Species code Rare woody species
'" A. mellifera 17 I A. brevispica-'
18 A. tortilis 13 B. angustifolia
II A. anthelmintica 10 A ataxacantha
2 P. resinosa 6 ' C. exalatum
I C. africana 7 C. edulis
9 G. bicolor 5 C. monoica
8 G tembensis 22 O. inermis
14 T brownii 19 G. latifolia
12 G. virosa 20 L. rime r

15 .\1. edulis :
16 0. kirkii
21 C Mvriocoides ,
4 S. renchii i

7'" T prunioides !--'
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Legend for Figure 7: Plant species code for C africana woodland vegetation profile
structure diagram (Figure 7c) showing the common and rare species at all canopy lel'e

Species code 'Common woody species Species code Rare woody species
..,

: A. mellifera 17 A brevispicaJ
I

18 I A tortilis 13 B angustifolia
I 11 A onthelmintica 10 A ataxacantha

2 P resinosa 6 C exalatum
I C africana 7 C edulis
9 G. bieolor 5 C monoica
8 G. tembensis 22 o inermis
14 C aculeatum 19 G. latifolia

12 G. vtrosa 20 L rivae

I 15 M edulis
16 o kirkii
21 C myriocoide s
4 S renchii

23 T prunioides
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Figure 7c: Commiph_9~ africana woodland vegetation profile and structure diagrams

14

Section C: 100m north of Central Road (see methods)
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The understory was not as crowded with woody species as in A. mellifera woodland. All

these nine woody species common to all canopies were also among the most preferred by

elephants as food items, except for T brownii (see Figure 7 and section 3.3.7). They

represented over 85% of canopy cover in all the canopy levels, which was a high

proportion of food resource.

3.3.5. Bushland Habitat

Thirty-four woody species were recorded during the study in this vegetation type. where

C africana was the most dominant species (Table 2). Others were A mellifera, G

bieolor, A. ataxacantha and P resinosa (Appendix 5). Most of the woody species in this

habitat were mainly bushes with multiple stems. Grass species were dominated by S.

nervosum, S. pumila followed by E. caespitosa, while the dicots were mainly of B.

micrantha, B. eranthemoides and Commelina benghalensis (Table 2; Appendix 3).

The woody species contributed disproportionately to vanous canopy layers in this

vegetation type. There were, however, only 13 woody species common to all canopy

layers (Figure 8). In terms of canopy cover, A. mellifera contributed 37% of woody plants

to the upper canopy followed by C africana at 21 %, while the upper mid canopy was

mainly of A. brevispica at 28% followed by C edulis at 12%. The lower mid canopy was

mainly of C exalatum at 19% and A. brevispica at 16%. The lower canopy was

composed of G. virosa at 19% followed by C exalatum and 0. inermis. each at 8% of

woody plant in this canopy.

The thirteen woody species contributed 7 I% to the upper. 84% to the upper mid canopy.

93% to the lower mid and 8 I% to the lower canopy as a total proportion of woody plants

within each canopy. Out of the 13 woody species common to all canopy level. nine were

among the 12 woody species most preferred by elephants as food items (see Figure 8 and

section 3.3.7). These results show that the elephant food items were well distributed

among canopy layers.
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Legend for Figure 8: Plant species code for bushland vegetation profile and struc
diagram (Figure 8a and 8b) showing the common and rare species at all canopy levels

Species code Common woody species Species code Rare woody species
8 A. ataxacantha 29 A etbica

" A. brevispica 9 A. tortilisJ
2 A. mellifera 28 Albizia amara
5 B. angustifolia 21 A. anthelmintica
7 P. resinosa 13 Bauhinia tormentosa
12 C exalatum I C schimperi
10 Cafricana 25 C monoica
14 C edulis )" G tembensis_J

16 a. inermis 17 L rivae
18 G. bicolor 22 Lannea sp
I I Abrus schimperi 27 Lonchocarpus eriocalyx
6 C myriocoides 26 Pychostachys umbrosa
19 G. virosa 24 S renchii

IS C aculeatum
20 M angolensis

53



Fig. 8 a&b: Bushland vegetation profile and structure diagrams
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Legend for Figure 8: Plant species code for bushland vegetation profile and str
diagram (Figure 8c and d) showing the common and rare species at all canopy levels

S ecies code Common woody s ecies code Rare woody s
8 A. ataxacantha 29 A. etbica

3 A. brevis iea 9 A. tortilis
2 A. mellifera 28 A. amara
5 B. angustifolia 21 A. anthelmintica
7 P. resinosa 13 B. tormentosa
12 C exalatum 1 C schimperi
10 C africana 25 C monoica
14 C edulis 23 G. tembensis
16 0. inermis 17 L. rivae
18 G. bieolor 22 Lannea sp
II A. sehim eri 27 L. erioealyx
6 C myrioeoides 26 P. umbrosa
19 G. virosa 24 S. renchi i

15 C aculeatum
20 M. angolensis
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Figure 8c&d: Bushland vegetation profile and structure diagrams

Section C: 100m south of Central Road (see methods)
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3.3.6. Wooded Grasslands

Forty-seven woody species were encountered in this vegetation type, among which, T

brownii was the most dominant (Table 2). Other woody species included C. africana, 0

kirkii, Acacia hockii, C molle, S africana, M pullrickioides and Lannea sp. (Table 2;

Appendix 6). The wet season analysis shows that S nervosum, A. schirensis, H. contortus

and A. distachyus dominated the grass species, while the dicot were dominated by Ruellia

patula and E teleticaulis in the unburned area (Appendix 7a). However, the burned

wooded grasslands were dominated H. con/or/us, S nervosum, Hyperthelia dissoluta, T

triandra and A. schirensis grasses, while the most dominant dicot were Indigofera sp., E

teleticaulis and R patula (Appendix 7a).

The wooded grassland profile and structure diagram (Figure 9) shows that there were 13

woody plants dominating this habitat. There were no woody plants forming an upper

canopy (>6m high) compared to other vegetation types in the reserve. The upper-mid

canopy (4-6m) was, however. dominated by both T brownii and C molle each

accounting for 40% of the canopy cover.

The lower-mid canopy was mainly of T brownii at 20% followed by a. ins ignis, which

contributed 20%. P. resinosa dominated the lower canopy at 20% followed by a. kirkii

and M puttrickioides each contributing 16% of the woody species canopy in this habitat

(Figure 9). The wooded grassland was characterized by woody species that were not

commonly encountered in the other three vegetation types in the reserve.

The dry season analysis for herbaceous layer shows that the unburned wooded grasslands

were dominated by Hyparrhenia lintonii. Digitaria macrocephala and Rhynchelytrum

repens grass species. while the dicot layer was dominated by Dyscholiste depressa.

Hyparrhenia lintonii. C roxburghiana. S nervosum and T triandra grasses dominated

the burned wooded grasslands. while dicot were dominated by D. depressa and T

flavescens (Appendix 7b).
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Legend for Figure 9: Plant species code for wooded grassland vegetation prof
structure diagram (Figure 9a and b) showing the common and rare species at (
level.

Species code Common woody species Species code Rare woody spec
10 T brownii 1 A. hoekii
6 C molle 4 G. bicolor
II o insignis 7 D. rotundifolia
" P. resinosa 8 C africanaJ

2 o kikii 9 M senega/ens is
5 M puttrickioides 12 R. natalensis

58



Vl
-.0

Fig.9a 8. b: Wooded grassland profile and structure diagrams

6

Section A: Northern Reserve Grasslands

(~\
\ i4

E 60

2

30 40 so10 20

.-s:
en
Q,J
s:

Q,J
Q,J...
~

6

'\

Section B: Southern Reserve GrassLands

10
4

2

10 10

10

r-----'.,
\ 10 \11>
\ \

5

70 80 90 100

10

,5

o 10 20 30 40 50 50
OP/ .... sotrOdJ. t ,U I' Ill" "'f" (. \",1 I' ",'1'.111.(1'" hl.1] '>\/.1 It\-, .' i q\4\.hj

100

T,.. .....I"'\"" •.••.••• 1. I - - ••

70 80 90



3.3. 7. Comparison between Vegetation Types

Based on vegetation characteristic and species composition in Mwea National Reserve,

there were several differences that emerged, worth considering while looking at elephant-

vegetation dynamics. The differences between vegetation types include relative

frequency of most common woody plants (abundance), proportion of woody plants height

classes, density and diversity of woody species and also the relative frequency of 12

woody plants that constituted the main food items for the elephant in the reserve. These

differences are discussed below.

3.3.7.1. Common Woody Species Abundance between Vegetation Types

Thirteen woody species were found to have the highest abundance in the reserve. Their

proportions are important in the description of these vegetation types. The thirteen

common woody species were A. mellifera, C africana, Grewia bicolor, C aculeatum. G.

virosa, G. tembensis, P. resinosa. A. ataxacantha. T brownii. 0 kirkii. A hoekii, :'vi

puttrickioides and S afrieana. The data further complement characterization of

vegetation types through both the PCQ (Point Centred Quadrat) method and the profile

and structure diagrams.

A. mellifera, C africana, G. bicolor, C aculeatum, G. vtrosa, G. tembensis P. resinosa

and A. ataxacantha were the most abundant woody species in the A. mellifera woodland,

C africana woodland and bushland habitat (Figure lOa). Eight of these woody species

constituted 72% of all the woody species in A. mellifera and C africana woodlands.

while in the bushland habitat they constitute 59% of all woody plants encountered in each

vegetation type. There were, however. differences in their proportional abundance

between vegetation types (Figure lOa) for example. A. mellifera constituted 21.2% of all

woody plants found in A mellifera woodland compared to 12.5% in C Africana

woodland.

60



Legend for Figure 10: Common woody species abbreviations as used in various figurel
and their scientific names

Species Abbreviation Species Scientific Name
Aea. me!. A. mellifera
Comi. afri. e afrieana
Grew. bie. G. bieolor
Comb. acu. e aeuleatum
Grew. vilo. G. virosa
GreHI. tem. G. lembensis
Pre. res. P. resinosa
Aea. ata. A. ataxacantha

Ter. bro. T brownii
Orm. kir. 0. kirkii
A ea. hoc. A. hockii
May. put. M puttrickioides
Ste. afri. S. africana
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30 Aca. mel. • Comi. Afri. 0 Grew. bic.• Comb. Acu. 0 Grew. vilo. 0 Grew. tem. II Pre. Res. Aca. ata.

25

20

10

5

o +--, __ L..-

A. mellifera woodland C. africana woodland

Vegetation type

Bushland

Figure lOa: Comparison of eight common woody species mean abundance in three
vegetation types in Mwea National Reserve. (The vertical bar are S.E. of the
mean)
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Figure lOb: Comparison of seven common woody species mean abundance in four
vegetation types in Mwea National Reserve. (The vertical bar are S.E. of the
mean).
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The wooded grasslands (Figure l Ob) were characterized by T brownii, 0. kirkii, C

africana, A. hockii, M puttrickioides, P. resinosa and S africana as the most frequent

plant species with their relative frequency decreasing in that order. The seven woody

species constituted 56% of the total woody species in this habitat. The T brownii and 0.

kirkii were the most abundant woody species in this vegetation type making the

vegetation quite different from the other three vegetation types in the reserve (Figure

lOb). The habitat, however, shared only three of the most abundant species (C african, P

resinosa and 0. kirkii) with the other vegetation types. In comparison, the three woody

species relative frequencies were at 26% in wooded grasslands, 17% in A. mellifera

woodland, 36% in C africana woodland and 21 % in bushland. It is evident that the

wooded grasslands were dissimilar to other vegetation types in terms of its species

composition and abundance.

3.3.7.2. Differences ill Woody Plants Height Classes in the Reserve

Figure 11 shows relative frequency of six height classes of woody plants in the reserve.

Similarly Figure 12 shows the population structure denoted by relative frequency of

woody plants in each height class for all vegetation types. The height classes include 1-

2m, 2.1-3m, 3.1-4m, 4.1-5m. 5.1-6m and >6m in height. The relative frequency denotes

the population structure (woody plants height class distribution) in the Reserve. The

results show the proportion of regenerating, recruitment and mature woody species in

each vegetation type. The results are later reviewed in relationship to elephant utilization

to determine the height classes most impacted and its consequences to vegetation

dynamics of each vegetation type and the reserve in general

The Tukey-B post range test found no significant differences between the mean±SE

proportion of woody plants within height classes I-2m and 2.1-3m high at 31.9% and

25.7% respectively (Figure 11), although the two height classes had higher mean

proportion of woody plants compared to all other height classes in the reserve (F:i.288=

21.5; p<O.05). The population structure was skewed in favour of smaller woody plants,

both at regenerating and recruitment stages.
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3.3.7.2.1. Acacia mellifera Woodland

Thewoody species distribution within each class reflects that of the whole reserve where

height classes 4m in height and below constituted 67% of all woody plants encountered

(Figure 12). The Tukey-B post range test found significant differences between different

height classes (FS,72 = 4.1; p<O.05). The mean±SE proportions of individuals within

height classes 5.1-6m and above 6m high at 8.5% and 8.4 respectively, were significantly

lower compared to those within height classes I-2m and 2.1-3m high. This vegetation

type was, however, dominated by woody plants within height classes below 4m.

15

10

5

o
1-2m 2.1-3m 3.1-4m 4.1-5m 5.1-6m >6m

Height class

Figure 11: Population structure denoted by relative frequency of woody plants
height classes in Mwea National Reserve. (The vertical bar are S.E. of
the mean)

3.3. 7.2.2. Commiphora africana Woodland

The woody plants height classes below 4m high constituted 69% of all woody plant in

this vegetation type, a population structure in favour of the lower height classes. The
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Tukey-Bpost range test found significant differences in the proportion of woody plants

amongdifferent height classes. The mean±SE proportion of woody plants within height

class2.1-3m at 30.9% (Figure 12) was significantly higher compared to those in all other

heightclasses in this vegetation type (F5,66 = 14.7; p<O.OS).There were also significant

differencesin the proportion of woody plants in height class I-2m at 19.81% and height

classesS.I-6m and above 6m, both of which had lower means. Similarly, height class

>6mhad a lower mean proportion of woody plants at 6.4%, which differed significantly

fromthat of height class 3.1-4m high. The highest proportions of woody plants in C.

africana woodland were found within height classes below 4m in height, while the least

wereamong those above 6m high.
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Bushland hct>itat Wooded grasslands

Vegetation type

Figure 12: Population structure denoted by relative frequency of all woody plants height
classes in four vegetation types in Mwea National Reserve. (The vertical bar
are S.E. ofthe mean)
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3.3.7.2.3. Bushland Vegetation Type

The population structure in the bushland was also skewed in favour of height classes 2.1-

3m and 3.1-4m high, which constituted 54% of all woody plant found here (Figure 12).

This was a deviation in trend from the other vegetation types, which had higher

percentages of woody plants within height classes I-2m and 2.1-3m. However, the height

categories below 4m constituted 72% of all woody plant, which compared well with other

vegetation types.

The Tukey-B post range test found significant differences in the proportion of woody

plants between height classes (Figure 12) in favour of lower height classes (F 5.60 = 9.7;

p< 0.05). The mean±SE proportion of woody plants found within height class 2.1-3m at

30.2% were significantly higher compared to all other height classes. In addition, the

mean proportion of woody plants within height class 3.1-4m at 23.9% were also

significantly higher compared to those of height classes 5.1-6m and over 6m high.

3.3.7.2.-1. Wooded Grasslands Vegetation Type

The population structure in the wooded grasslands was in favour of height class I-2m,

which constituted 65% of all woody plant species in this vegetation type (Figure 12).

Approximately 91 % of all woody species in this vegetation type were below 4m in

height. The population structure defined by proportion of woody plants within height

classes. also showed a significant difference as in the other vegetation types (Fs.66 = 49;

p<0.05). The mean proportion of woody plants within height class I-2m high at 65.2%

was significantly higher compared to those of all other height classes (Figure 12).

3.3.7.3. Differences ill Abundance of 12 Com mon Woody Species Utilized by
Elephants

Elephant preferred 12 woody species as food items. which were also found to be common

to all vegetation types in the reserve (see Chapter 5). These species were ..1. mellifera. C

africana, C edulis. C schimperi. G. bicolor, G. tembensis, G. virosa. P. resinosa, C

aculaetum, A. ataxacantha, A. brevispica and A. tortilis (Table 3). The 12 woody species

contributed 78% of all woody species in the A. melli{era woodland, 85% in the C

africana woodland. 72% in the bushland vegetation type and 22% in the wooded
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grasslands (Table 3). The low percentage of the 12 woody species in wooded grasslands

makes the habitat markedly different from the other three in its species composition. The

Tukey-B post range test found significant differences in the 12 woody plants relative

frequency between vegetation types (F 3,44 = 6.1; p<0.05), where the mean proportion of

the 12 woody plants in the wooded grasslands at 5.4% differed significantly from those

of other habitat types. There were more of these 12 woody species in other vegetation

types compared to the wooded grasslands vegetation type.

The structural composition of the 12 woody species (distribution among height classes)

was in favour of woody plants within height classes I-2m and 2.1-4m as was the case

with all other species in the reserve (see Figure 12), Height class I-2m high for instance,

dominated the wooded grasslands while woody plants below 4m dominated other

vegetation types. Woody plant species of 4m or below constituted 85% of all woody

species in the reserve. 65% of which were the 12 most common woody species utilized

by elephant in the reserve.

The structural composition of the 12 woody species (woody plants distribution between

height classes), however, did not differ significantly between these four vegetation types

(F3,2o = 0.10; p>0.05). The vegetation types in Mwea National Reserve may therefore be

broadly defined by the dominance (or co-dominance) of one of the identified 12 common

woody plant species utilized by elephants.

3.3.7.4. Differences ill Woody Species Density and Diversity

The density of woody species was estimated to establish whether elephant utilization of a

species was dependent on the species density. Change in density has a bearing to

diversity in cases where elephants eliminate a preferred species at 10\\ density. The

diversity baseline data may be used for future monitoring purposes. Density values were

calculated for all woody species including those with basal diameter of less than 1cm that

were not taken into account during the PCQ data analysis. Figure 13 shows the woody

species densities for four vegetation types in Mwea National Reserve. A. mellifera

woodland had the highest density of woody plants followed closely by C africana

woodland, while the bushland habitat had the least density.
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Table 3: Relative frequency of 12 woody species by vegetation types in the reserve

Vegetation type
Species A. mellifera C africana Bushland Wooded

woodland woodland habitat grasslands
A. mellifera 20.49 12.31 7.70 1.47
C africana 13.29 24.14 10.43 12.23
G. bicolor 12.68 9.97 10.11 2.77
G. tembensis 3.90 2.80 2.41 0.65
G. virosa 9.51 i 7.17 4.82 0.00
P. resinosa 2.07 ! 9.50 9.47 2.94
C aculeatum 6.46 I 4.67 5.46 0.16
A. ataxacantha 2.56 4.52 10.43 0.00
A. brevispica 2.32 2.18 3.53 0.00
A. tortilis 1.34 3.43 2.25 1.47
C edulis 1.59 2.80 1.77 0.49

C schimperi 2.07 I 1.40 3.53 0.00
Total 78% I 85% 72% 22%

The Tukey-B post range test found significant differences between vegetation types.

There were significant differences in mean density of all woody species (FJ.45 = 7.36,

p<0.05) between the four vegetation types in the reserve. The mean density of woody

species in the wooded grasslands at 1.205/ha was significantly lower than in the Acacia

mellifera at 1,868/ha, C africana at 1.635/ha woodlands and in the bushland habitat at

1,652/ha (Figure 13). The woody plants' density was also assessed in the profile and

structure quadrats where the highest recorded was in A. mellifera woodland at 1,605/ha

followed by that of C africana woodland at 1.410/ha and the least was in bushland at

1,396/ha. The differences in woody species densities in vegetation type between the PCQ

and quadrat (profile and structure diagram) methods were due to inclusion of woody

plants below l cm in density calculation using the PCQ method. The diversity indices

were also calculated for all woody species including those with basal diameter of less

than 1em. The wooded grassland had the highest woody species diversity index at 1.33

followed by the bushland at 1.31 and A. mellifera woodland at 1.17. The least in diversity

was ('. africana woodland at 1.09. Two of the four vegetation types, A. mellifera and C

africana woodlands were found to be significantly different in their species diversity
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fromthe rest of the vegetation types (Appendix 8). The wooded grasslands and bushland

habitats were, however, not significantly different in their woody species diversity.
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Acacia mellifera Commiphora africana Bushland Habitat

Woodland Woodland
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Figure 13: Mean total Density of all woody species in various vegetation types in Mwea
National Reserve. (The vertical bar are S.E. of the mean)

3.3.8. Similarity between Vegetation Types

Figure 14 is a dendrogram showing the patterns of similarity in species composition in

various vegetation types in Mwea National Reserve. Results were obtained by taking the

pair with the highest similarity and joining them with a horizontal line at the level of their

similarity coefficient on the vertical axis. The pair was treated as a single sample and

compared with the rest of the vegetation types. The highest emerging similarity index

shows where the incoming vegetation type connects with the first pair. The triple

vegetation types were again treated as a single pair and compared with the rest of the

vegetation type. C. africana woodland and bushland had the highest similarity at 46%,

and are more similar to A. mellifera woodland at 36% than the wooded grasslands at 30%

(Figure 14).
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3.4 Discussion

The PCQ results show that Mwea National Reserve (MNR) vegetation types can be

distinctively characterized by the dominance or co-dominance of one or two of the 12

woody species. The four main vegetation types are dominated or co-dominated by either

A. mellifera, C africana, G. bicolor, G. virosa or A. ataxacantha although in different

proportions with the exception of the wooded grasslands. The wooded grasslands were

dominated by T brownii and C afrieana among other woody species, making it unique

from other vegetation types. The vegetation types, however, shared three species. namely

the C afrieana, 0 kirkii and P resinosa (see Figure lOb). The woody species

compositional difference between A. mellifera woodland, C afrieana woodland and the

bushland from the wooded grasslands can be explained mainly by differences in edaphic

factors. For instance, the areas covered by wooded grasslands have black cotton, grey

sandy and reddish soils. while the areas covered by woodlands and the bushland have

reddish to grey sandy soils (Bear, 1952). The wooded grasslands had the most distinctive

woody and herbaceous species composition from other vegetation types making it the

most diverse in species composition.

The proportion of the 12 woody species again shows the compositional difference and

abundance of woody species between the wooded grasslands and other vegetation types.

Although the three vegetation types, A. mellifera and C Africana woodlands, and

bushland habitat show much similarity in their species composition (Figure 14) their

diversity indices were significantly different (Appendix 8). The wooded grasslands had

the highest diversity compared to other vegetation types although it had significantly

lower mean density of woody plants (h45 = 7.36; p<O.05). Other vegetation types did not

show any differences in their woody species densities. The profile and structure diagrams

for A. mellifera woodland, C africana woodland and bushland similarly showed high

representation of the 12 woody species in all the canopy level. These species constituted

over 80% of woody plants in each canopy level. Continued utilization of the 12 woody

species in the reserve by unchecked number of elephants would completely change their

proportion and ultimately the structural complexity of these vegetation types. The impact
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would be severe when regenerating woody plants do not have refuge from elephants. The

trends in the utilization of the 12 woody species should be monitored regularly to prevent

over utilization by elephants.

The population structure of woody plants in the reserve was in favour of plants below 3m

in height. The mean percentage of woody plants below 3m in height in A. mellifera

woodland (59%), C africana woodland (59%) and bushland (57%) were lower.

compared to those of the wooded grasslands at 79% (Figure 12). The increase in woody

plants within height classes I-2m in the wooded grasslands indicates invasion of this

habitat by young woody species or probably lack of their utilization by elephants.

Elephant visitation of the wooded grasslands was lower compared to other vegetation

types (see chapters 4 and 5). There was, however, no significant variation in the structural

composition (Fs,288 = O.I: p>0.05) between vegetation types in that they were all

dominated by woody plants below 3m compared to those above 3m in height. This

observation is a clear indicator of a healthy plant community with high recruitment rate

and lack of serious perturbation by elephants (see Chapter 5). It is evident from this study

that the proportion of woody plants at the recruitment stage are capable of replacing

mature woody plants drying through elephant related mortality and other causes at the

time of the study. The vegetation in MNR does not show evidence of high elephant

pressure on seedlings and recruitment classes (see Chapter 5). Switching to these two

height classes for food by elephants may in the future have serious repercussions on

vegetation in the reserve, In comparison, Dublin et at. (1990) noted that in the 1990s,

there were few trees in the larger height-classes in the Serengeti-Mara ecosystem and

elephants were feeding on the small seedlings. The scenario was different in the 1960s

where elephants largely ignored seedlings (Croze. 1974). Norton-Griffiths (1979) and

Dublin et 01. (1990) further observed that although the switching from older to younger

woody plants may have been a reflection of availability rather than preference. it had

important repercussions. This is because woodlands seem to be far more sensitive to

impact on regenerating seedlings than on mature trees (Norton-Griffiths (1979); Dublin et

al. 1990). Caughley's (1976) "Stable limit cycle hypothesis" of woodland recovery

requires that seedlings have a safe refuge from elephants. Destruction of young trees
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«1m height) is an important factor (Ross et al., 1976) and it raises concern when it

reaches 50% of total woody plants within this height class. Increased destruction and

reduction of seedlings in MNR should serve as a future signal for immediate reduction of

number of elephants in the reserve, especially where destruction of seedlings (I-2m

height) for each of the 12 commonly utilized woody species goes above 50% of the total

in this class.

It is necessary to strike a balance between the elephant population density and the

woodland to provide adequate relief for trees seedling. Ross et al . (1976) observes that

this balance would be achieved when the number of young trees entering the mature age

. class is approximately equal to the number of mature trees dying while still considering

factors other than tree mortality from the effect of elephant browsing. Constant

monitoring of woody plants height classes may help in determining the timing of the

most appropriate future management intervention to reduce habitat destruction by

elephants and other causes.

Wooded grasslands had several invasive herbaceous and woody species mainly common

to woodlands and the bushland. These invasives are reducing the available pasture area.

pasture quality and quantity of food resources to grazers. However. sporadic fires in the

wooded grasslands near the human settlements seem to have improved the grass species

composition and biomass.

A number of studies have shown that savannas ecosystems are a function of rainfall.

herbivores, soils and fires (Sinclair, 1975; Norton-Griffiths, 1979: Deshrnukh and Baig.

1983; Deshrnukh, 1984; Boutton et al., 1988a; Boutton et al .. 1988b: Dublin. et al.. 1990.

Dublin. 1995, Mwangi and Western, 1998). Management and maintenance of the

grassland phase in an ecosystem could be achieved by use of tires with all other

conditions remaining constant. For instance it was observed that fire by itself in the

Serengeti-Mara ecosystem in the 1960s and 1970s could hold woody species recruitment

rates well below adult mortality rate even at conservative burning rates (Sinclair. 1975:

Norton-Griffiths, 1979). Conversely, even under the most extreme conditions of
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elephant-related tree mortality, elephants alone were not able to reduce woody species

recruitment rates below adult mortality rates causing a decline in woodland vegetation

(Dublin et af., 1990). Dublin et af., (1990) observed that elephants were not solely

responsible for the loss of vegetation canopy in the northern Serengeti and Mara. Craze

(1974) and Norton-Griffiths (1979) made the same observations. However, the scenario

in 1980s was different from that of the 1960s, where elephants were found to prevent

woodland recovery by holding recruitment rates below those necessary to balance adult

tree mortality rates (Dublin et af., 1990). The two factors act in synergy in woodland

conversion and maintenance of grassland phase in ecosystems as evidenced by these

studies.

Mwea National Reserve may not be an exception compared to Serengeti-Mara where

these observations on the effects of fire and elephants on woody species recruitment rates

were made. It is probable that the two factors (fire and elephants) may act in concert in

changing the woody species recruitment rates and composition in the long term in the

wooded grasslands. Absence of fire in the reserve has resulted in the accumulation of

dead herbaceous biomass, which on burning may have damaging effects on woody

species less than 3m. Fire has highly variable effect on grasslands. Typical responses

include a flush or forb germination and flowering and transient increase in overall

productivity as the removal of litter enhances the availability of nutrients, space. and light

(Harrison et al.. 2003: Lesica and Martin. 2003). Carefully timed fires are often

successful at suppressing particular weeds and may sometimes increase the cover or

diversity of native species (Harrison et aI., 2003). In low degraded or low productivity

grasslands, however, fire may create monoculture of fire-resistant species. and in some

cases fire may be a significant promoter of exotic species (Harrison et al., 2003).

It is evident that gazing by livestock may enhance grassland species diversity through the

classical mechanism of reducing biomass and slowing species competitive displacement

(Harrison et al .. 2003). Harrison et al. (2003) further observes that grazing is used by

conservation-oriented grassland managers to suppress exotic species and enhance native

species. However. livestock grazing may also eliminate sensitive species and promote the
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spread of exotic species in grasslands, and its positive effects on species richness may

only be seen at small spatial scale (Harrison et al., 2003). However, almost no

generalizations are available about how the effects of grassland fires or livestock grazing

are modified by ecological variations at landscape scale (Harrison et al., 2003). Similarly,

seasonal timing of fire may affect vegetation response (Lesica and Martin, 2003). Early

and late dormant-season (dry-season) fires are commonly used in restoration and natural

areas management (Lesica and Martin, 2003) and may have different effects on

vegetation. The interaction of season-specific fire severity and plant phenology

determines how season of burn affects different species (Lesica and Martin, 2003).

Timing of prescribed fire within season is also important. Relative cool burns before

germination may stimulate seeds to germinate, whereas fire after germination could cause

high mortality of young seedlings (Lesica and Martin, 2003). From these studies

(Harrison et al.. 2003; Lesica and Martin, 2003), it is evident that timed burning regimes

and mammalian grazers may restore the quality of pasture in the reserve although other

ecological factors e.g. rainfall and landscape variables for instance soils also come into

play. However, more studies are required to determine how fire would affect the woody

species recruitment rates in the wooded grasslands before elephants start utilizing the

habitat.

Fire removes aboveground biomass, increasing light penetration to the soil surface and

often raising surface temperatures (Lesica and Martin. 2003). Furthermore. combustion

of live and dead fuels may result in enhanced nutrient availability (Dudley and Lajtha.

1993; Brewer, 1995). These changes often result in increased productivity and flowering

of vegetation (Menges. 1995; Grigore and Tramel'. 1996). Fire may stimulate germination

of species adapted to fire-disturbed habitats. promoting species diversity by removing

litter and creating safe sites for regeneration (Leach and Givnish, 1996: Lesica and

Martin, 2003). Managers use prescribed fires to control woody plants encroachment and

restore population viability of rare or endangered species (Lesica and Martin. 2003). It is

therefore evident that, usage of fires in Mwea, its timing and frequency are the main

solutions in controlling the current encroachment of wooded grasslands by woody and

herbaceous plants. However, it is necessary to continue monitoring the effects of tire.
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elephant browsing and other mammalian species trampling of vegetation in the reserve

for management purposes. Elephant browsing and other mammalian species trampling

and browsing were hypothesized to hold the Serengeti-Mara within the current new state

after fires in 1960s and 1970s, where woody species recruitment rate were below those

necessary to balance adult tree mortality rates (Dublin et al., 1990).
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CHAPTER FOUR

HABITAT USE BY ELEPHANTS AND OTHER MAMMALIAN SPECIES

4.1. Introduction

After the height of poaching in Africa and Asia in the 1970's and 80's, biologists have

put considerable efforts in enumerating the number of African elephants Loxodanta

africana Blumenbach (Burrill and Douglas-Hamilton, 1987; Douglas-Hamilton et ai.,

1992; Said et al., 1995), and the Asian elephant Elephas maximus (Linn.) (Dawson, 1990;

Sukumar et al., 1991). Aerial surveys have been commonly applied to count elephants in

open habitats either through total counts or sample counts (Norton-Griffiths, 1978;

Douglas-Hamilton, 1996; Mbugua, 1996). Other methods include direct counts from the

ground using line transect sampling and stratification (Jachmann, 1996). fecal counts

(Barnes, 1996), and intensive ground-based surveys providing total counts by means of

registration of individually known animals (Douglas-Hamilton, 1972; Hall-Martin, 1980;

Moss, 1996).

Mwea National Reserve has four distinctive vegetation types but only three are strongly

impacted by elephants. The impact by elephant on these habitats may definitely change

the trends in plant species composition, density and structural composition, especially

once the elephant population increases. These changes may have a cascade effect on

other mammalian habitat use. This study aimed at establishing the role of elephants in

determining the distribution of other mammalian species and to establish baseline

information on the current mammalian species distribution. The other aim was to

document the pattern of habitat utilization by elephants and their interactions with other

mammalian species; and ultimately to give recommendations on how the ecological

integrity of the reserve can be enhanced.

The conventional direct count of elephants has proved imprecise through either

underestimation or overestimation of numbers in thick forests, where animals are

impossible to observe from the air (Barnes. 2001). This prompted biologists to evaluate
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alternative techniques so as to improve the accuracy of counts. Dung count technique for

in forests has been in use since the 1980's, for instance, in both West and Central Africa

(Short, 1983; Merz, 1986; Barnes, et al., 1994b). The same techniques have also been

applied for Asian elephants in several studies (Dawson, 1990; Santosh and Sukumar,

1995; Varman et al., 1995). An estimate based on dung counts usually requires three

variables, the dung pile abundance on the ground (i.e. dung piles km"), defecation rate

and dung decay rate, which are all later combined to give the final estimate of elephant

numbers (Barnes, 200 I).

The dung count technique has its own inherent inaccuracy. For instance, overestimation

in elephant numbers using the droppings can arise from the actual counting technique and

estimate of decomposition rate and accumulation rate of droppings. Overestimation of

number of droppings may occur if boli of a defecation are spread over a considerable

distance. Double counting of a defecation by the enumerators counting in adjacent sites

may also occur. Dung counts have also been used for deer (Odocoileus spp.) population

estimates in temperate forests (Barnes, 2001). On comparing the dung estimates to known

population estimates, it was found that population estimate through dung counts

compared well with the actual deer population. Barnes (2001) observed that for ungulate

populations of fewer than 1,000 animals, estimates from dung counts correlate strongly

with estimates from different methods for instance drive counts. Aerial surveys are often

inaccurate, as is the case with dung counts. Aerial counts underestimates animal numbers

because observers do not see all the animals along given transects (Caughley and

Goddard, 1972; Caughley, 1974; Caughley et al., 1976).

Mwea National reserve vegetation structure precludes visual wildlife census techniques

because in most of the vegetation types (A. me/lifera woodland. the riverine, C africana

woodland and the bushland) visibility is reduced to between 5 and 10m by the thick

undergrowth. Translocation of a family of 23 elephants to Tsavo East National Park in

1996 traumatized the elephants that were left behind, which are now shy and cryptic in

their behaviour. This characteristic behaviour further reduces enumerator's chances of

counting the elephants directly. Poaching of animals for subsistence has reduced the other
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mammalian species in the reserve to low densities making it impossible to conduct a

directcount to determine their numbers. Due to these direct count limitations, an indirect

technique using mammalian droppings was used to determine their population density,

habitatutilization and distribution within the reserve.

4.2.Materials and Methods

4.2.1.Elephant Dung Density Estimation

Elephant dung density was estimated along 17 non-fixed transects established in various

vegetation types (Appendix 1c). The method was adopted from the method Barnes and

Jensen (1987) used in estimating the distribution of droppings of elephants in forested

areas. This method is based on the principle that the probability of detecting an object

decreases with increasing distance from the transect centreline. Once a dropping(s) was

seen by the observer walking along the transect centreline, its perpendicular distance Xi

from the centreline was measured using a tape measure. The Xi value from all the

droppings was used to estimate the probability density function rex). This is the

probability of finding a dropping at a particular perpendicular distance from the

centreline. From the probability density function, an estimate for reO) was obtained,

which is an estimate of frequency with which droppings occur on the centreline. The reO)
was calculated using a computer programme adopted from Burnham, et al., (1980). For

each transect, the estimate of dropping density (elephant dung density krn"), Y, was

calculated using the formula

y = nf(o)
2L

(10)

Where, n = number of dung piles in the transect

L = total length of the transect

4.2.2. Indirect Elephant Count

An elephant population count was carried out in September 1999. The method of dung-

pile enumeration was adopted from Barnes (1982) and Barnes and Jensen (1987).
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Seventeen transects measunng between I -1.9km long were established in vanous

vegetation types. Four transects were established in the bushland habitat, lOin the

woodlands (A. mellifera and C africana woodlands combined) and three in the wooded

grasslands (Appendix lc). The observer walked slowly along the transect centreline,

scanning the habitat floor on either side. When an elephant dropping was seen, the

following data were recorded.

a) distance covered along the transect, measured by topofil

b) the perpendicular distance Xi, of the dropping from the transect centreline

c) stage of decomposition of the dung pile (classified from stages A to E of

decomposition as in Barnes (1982); Barnes and Jensen (1987))

d) notes on vegetation types and other features, for instance, dry riverbeds

Barnes (1982), Barnes and Jensen (I987) method of grading dung-pile by its state of

decomposition adopted in this study are as follows;

Stage A:

Stage B:

Stage Cl:

Stage C2:

Stage D:

Stage E:

boli intact, very fresh, moist, with odour,

boli intact, fresh but dry, no odour,

some of the boli have disintegrated, but more than half IS still

distinguishable as boli,

<50% of the boli are distinguishable; the rest have disintegrated.

all boli completely disintegrated: dung-pile now forms an amorphous flat

mass

decayed to the stage where it would be impossible to detect at 2 meters'

range in the undergrowth; it would not be seen on the transect unless

directly underfoot.

The elephant defecation rate was assumed to be 17 defecations per elephant per day

(Wing and Buss, 1970). Elephants in Mwea National Reserve were shy and therefore not

easy to follow to determine their rate of defecation per day. The daily rate of elephant

dung decay was established by marking 62 dung piles in different vegetation types. The
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dung piles were visited on weekly intervals to establish when they pass from stage D to E

(when they are deemed to have disappeared). The decay rate, (r) was calculated using the

equation:

en(Nn) - eneH-)r = --'----'---'---'--
t

(11)

Where, No = the initial number of elephant dung droppings

N, = the number of elephant dung droppings left after t days

r = the rate of decay of the elephant dung

t = number of days

Using the value r derived from this equation, E, the number of elephants per square

kilometre was calculated using the equation E =Y x rID, where

E = number of elephants per square kilometre

D = number of droppings produced per elephant per day

Y = number of droppings per square kilometre (mean dropping density for all transects)

r = the daily rate of decay of the elephant dung

4.2.3. Other Mammalian Species Counts

Indirect animal counts in Mwea National reserve were conducted in 2001 at the middle of

the dry season and end of the wet season. The frequency of encounter of dung piles

provides indices of habitat utilization by various species (Komer and Brotherton, 1997;

Koster and Hart, 1998). The dung count was done independent of the elephant dung

count (see section 4.2.2). The results were used to determine habitat occupancy by

mammalian species in the reserve during the dry and the wet seasons. Faecal pellets were

identified and assigned to various species depending on their shape and size (Hashim and

Deffula, 1996). The dung piles were counted in 22 transects set-up in the various

vegetation types (Appendix 1d). These transects were established in the A. mellifera

woodland (6), C africana woodland (4). bushland habitat (5), wooded grasslands (7).

The riverine and the transition zone were treated separately as distinct vegetation type.
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The transition zone was defined as the ecotone between the major vegetation types

described in chapter 3 of this thesis. The dung belt transects were 10m wide running the

lengthof transects between 300-500m long as opposed to the long transects (between 1-

1.9km) used separately for elephant dung counts (see section 4.2.2). The results were

expressed as dung piles per hectare. The dung density per hectare was used as an index of

distribution, utilization and abundance. Testing for differences in mammalian species

distribution between seasons was conducted using t-test for independent samples. The

Tukey-b post range test was used to test for significant differences in mammalian

abundance and distribution between vegetation types. G-test analysis for goodness of fit

wasused to determine association between elephant and other mammalian species in both

dry and wet seasons. The associations were meant to establish whether other mammalian

species distribution was related to that of elephants in the wet and the dry season.
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4.3. Results

4.3.1. Elephant Numbers and Density

Table 4 shows the mean elephant dung density estimates within 95% confidence limit

(Cl.) for the 17 transects. The mean (±SE) dung density was 5647.08±1971.19 boli km"

at 95% confidence limit for the whole reserve. The mean coefficient of variation was

11.44%. Transects 13, 15 and 16 in the wooded grasslands and transects 14 and 17 in the

bushland had very low number of dung pile sightings an indication that elephants did not

prefer some areas of the reserve. The low dung count data was low for any meaningful

analysis using the computer programme on dung density and, therefore, did not return

any results on estimated dung density along the transects (Table 4)

When the data were analysed by vegetation type, the estimated dung density was highest

in woodland (8404.48±3742.36), followed by the bushland habitat (6026.14±1779.06)

while it was less than 1 in the wooded grasslands. Conversely, the dung sightings per

habitat were higher in the bushland (982 dung piles) than in the woodland habitat (548

dung piles). However, although the number of transects were not similar in these two

habitats, the dung index (mean number of dung sightings per kilometre) was higher in the

woodland (99.6) than in the bushland (67.3). There were very few elephant dung piles in

the wooded grasslands with only two recorded in transect number 13. The lowest dung

index for the wooded grasslands indicates that elephants least visited this vegetation type.

After marking 62 newly defecated dung piles and monitoring their stage of

decomposition on a weekly basis. the rate of decay was calculated after a large proportion

(two-thirds) of the dung passed from stage 0 to E, at which point it was deemed to have

decomposed (Barnes, 1982; Barnes and Jensen. 1987))_ The rate of decay (r) was

estimated to be 0.00265, where 0.265% of the dung pile was estimated to disappear daily.

This translated into elephant density (E) of 0.88±0.31 elephants per square kilometre for

the whole reserve, which gives an estimate of 45.83±15.91 elephants (an estimated

elephant population of between 22 and 45 individuals) within 37.88km2 of the area

currently under the woodlands, bushland, riverine and wooded grasslands (see Chapter 3
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on the current areas of each vegetation type). The elephants were rare in the wooded

grasslandsas shown by absence of elephant dung in this habitat.

Table 4: The mean (±SE) dung density estimate at 95% CL for transects in the reserve

Transect Length Habitat Dung Estimated 95%CL CV
(km) type piles Dung Density

sighted (boli km")
I 1.5 Bushland 123 8146.72 2529.31 15.84%
2 1.5 Woodland 108 9396.42 2574.41 l3.98%, 1.1 Bushland 104 10014.61 2840.06 14.47%J

4 1.6 Bushland 96 5280.75 1631.93 15.77%
5 1.0 Bushland 58 7355.79 2871.69 19.92%
6 1.9 Bushland 73 5197.82 1703.66 16.72%
7 1.5 Woodland 70 8101.23 2784.07 17.53%
8 1.5 Bushland 96 6472.26 2361.46 12.86%
9 1.5 Bushland 194 15239.65 3302.95 11.06%
10 1.3 Bushland 86 4674.38 1299.79 15.l3%
11 1.2 Woodland 144 13544.48 4015.92 14.19%
12 1.3 Woodland 226 2575.80 5595.06 11.08%
13 1.6 Grasslands 2 Void Void Void
14 1.7 Bushland 75 Void Void Void
15 1.0 Grasslands 0 Void Void Void
16 1.3 Grasslands 0 Void Void Void
17 1.5 Bushland 77 Void Void Void
Total 24 1532 96000.37 33510.3
Mean 1.41 90.12 5647.08 1971.19 10.50%
Void: Indicates where encountered elephant dung piles were very few for estunation of dung

densities

Elephants were, however, found to occasionally utilize the wooded grasslands on transit

to other vegetation types. If the wooded grasslands were not considered in the analysis

due to their low visitation to this habitat, the woodlands would have a mean elephant

dung density of 8404.48±3742.36 boli krn", while the bushland and the fringing riverine

vegetation types would have 6026. 14±1779.06 boli krn". These elephant dung densities

would translate into elephant density of 1.3±0.58km-2 (about 25± 11 elephants within an

area of 18.93km-2 which constitute the current woodlands) and elephant density of

O.94±0.28km-2 (l4±4 elephants within an area of 14.72km-2 which constitute the current
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bushland and the fringing riverine). The results show the importance of the two habitats

to elephants in the reserve. However, the results on elephant preference for the woodland

and bushland/riverine habitats cannot be compared at this point since the count was

conducted only once. The elephant dung density for all the habitats in exception of the

wooded grassland was 72IS.31±2760.71 boli km" translating to elephant density of

1.12±0.43km-2 in the current area of 33.6Skm-2
, which constitute the woodlands,

bushland and the riverine vegetation types. This density gives an elephant population of

between 23 and S3 individuals in these vegetation types.

4.3.2. Seasonal Herbivore Densities and Distribution

Figures IS to 20 show the large herbivore dung densities in the reserve during the dry and

the wet seasons. The dung densities were analysed with respect to vegetation types and

dung densities were used as an index of habitat occupancy and preference by various

species. The results show that the dung densities for all species were generally more per

hectare during the dry season compared to the wet season.

4.3.2.1. Acacia mellifera Woodland

Figure IS shows the dung densities for various large herbivores that were enumerated in

the A. mellifera woodland vegetation type. In exception of the warthog, waterbuck,

giraffe and zebra, all other herbivore species encountered in the reserve utilized this

vegetation type. The impala and the duiker had a higher occupancy in this vegetation type

compared to others during the dry and the wet seasons. The rest of the species had dung

densities of less than 20/ha each in both the dry and the wet seasons. The baboon had a

significantly higher mean dung density at 17.9S/ha (t(l) 8 = 3.69; p<O.OS)during the wet

season (Appendix 9) while the impala mean dung density at 106.68/ha was found to be

significantly higher during the dry season (t(l) 10 = 2.98; p<O.OS). The rest of the

herbivore species were not found to have any significant differences in their occupancy

of A. mellifera woodland.
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4.3.2.2. Commiphora africana Woodland

C. africana woodland (Figure 16) had a high herbivore occupancy compared to other

vegetation types as evidenced by high dung densities, which were above 20 dung piles

per hectare for most species.
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Figure 15: Mean dung density as an index of utilization of the A. mellifera woodland by
large herbivores during the dry and wet seasons. (The vertical bars are S.E. of
the mean).
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The dung densities for most herbivores were generally more per hectare during the dry

season compared to the wet season. The habitat was most preferred by the elephant in

bothseasons and in the dry season by both the impala and the warthog.

Herbivore occupancy in this vegetation type between seasons did not change significantly

except for the duiker at 26.821ha (t(l) 6 = 2.59; p<0.05) and the sunni at 2 1.98lha (t(l) 6 =

4.21; p<0.05). These species had a higher mean dung density in the dry season compared

to the wet season (Appendix 9). Other herbivore species did not show seasonal preference

for this habitat.

4.3.2.3. Bushland Vegetation Type

The bushland habitat was generally preferred by herbivores during the dry season

compared to the wet season except for elephants, as evidenced by their dung densities

(Figure 17). The habitat was significantly more utilized by the bushbuck (t(l) 6 = 2.68;

p<O.05), the dik-dik (t(l) 6 = 2.76; p<0.05) and the warthog (t(l) 7 = 11.22; p<O.05) during

the dry season (Appendix 9). Other herbivore species did not show any change in habitat

preference between the two seasons. High herbivore dung densities at above 20lha for

most species in the bushland in either of the seasons show the importance of this habitat

as is the case for C africana woodland. This vegetation type was the principal habitat for

the elephant, the impala and the baboon in both wet and dry seasons. The buffalo, the

giraffe and the zebra were, however, conspicuously absent in this habitat during the two

seasons. The latter two species had just been relocated into Mwea National Reserve.

4.3.2.4. Riverine Vegetation Type

The riverine vegetation type was preferred by a few herbivores during the dry and the wet

seasons (Figure 18). The habitat was not significantly utilized by any of the species

although there was a proportionately higher number of impala found here during the dry

season as evidenced by their dung density (Appendix 9). It was a principal habitat for

baboons that used it during both the dry and the wet seasons. Other animals in this habitat

had dung densities fewer than 20 dung piles per hectare during the two seasons. A higher
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proportion of herbivores found in the A. mellifera woodland, C. africana woodland and

the bushland were not represented in this habitat.
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Figure 17: Mean dung density as an index of utilization of the bushland vegetation type
by large herbivores during the dry and wet seasons. (The vertical bars are
S.E. of the mean).
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4.3.2.5. Wooded Grasslands

Thewooded grasslands were the principal habitat for the giraffe and the zebra and these

animals were not found in any other vegetation type in the reserve (Figure 19). This

vegetation type was also an important habitat for the impala and the buffalo. The four

herbivore species were most pre-dominant in this vegetation type as shown by their dung

densities of about 20 dung piles per hectare. Conversely, the bushbuck and the sunni

occupancy was low in this habitat. Herbivore occupancy in this habitat did not show any

significant difference between the dry and the wet seasons (Appendix 9).

4.3.2.6. Transition Zone

Herbivore species were poorly represented in this habitat compared to all other habitats in

thereserve (Figure 20). The only herbivores found to prefer this habitat were the baboon,

the elephant and the impala. They, however, had proportionately higher dung densities

per hectare during the dry season compared to the wet season, although no significant

differences were recorded in their occupancy between the two seasons (Appendix 9).

4.3.3. Herbivore Habitat Preferences and Distribution

The mean dung densities of herbivores did not show any significant difference among

different habitats during the dry season, except for sunni (Appendix 9). The mean dung

density for the sunni at 21.98/ha in C africana woodland was only significantly higher

than in the wooded grasslands (F3.13 = 3.78; p<0.05). The buffalo showed preference for

wooded grasslands during the wet season (t(\) 8 = 3.29; p<0.05) compared to the A.

mellifera woodland (Appendix 9). Similarly, the elephant mean dung density of 90.65/ha

in the bushland habitat was significantly higher than in A. mellifera woodland, the

riverine vegetation type and the transition zone (F4,18 = 3.98; p<0.05). These significant

differences indicate preferences by elephant for the bushland habitat during the wet

season. Other herbivores did not show preference of any of the vegetation types in terms

of their occupancy during the wet season (Appendix 9).
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4.3.4. Elephant Habitat overlap with Other Mammalian Species

Table 5 shows the G-test critical values of elephant association with other mammalian

species in the A. mellifera, C. africana woodlands, bushland and riverine vegetation

types. These four vegetation types were the main habitats commonly utilized by

elephants in the reserve. The distribution of other mammalian species in the reserve was

found to be independent of that of the elephants in the dry season, except that of the

bushbuck, which corresponded with that of the elephants (Table 5). The situation did not

change much during the wet season as evidenced by data of Table 5. The distribution of

most mammalian species during the wet season was not found to closely associate with

that of the elephants (Table 5). The dik-dik, the sunni and the waterbuck were the only

species found to closely associate with elephants in their habitat overlap during the wet

season. This close association may not have any ecological explanation but may probably

be due to wide distribution of the dik-dik and sunni in their preferred habitats in the

reserve.

Table 5: G-test critical values in elephant habitat overlap with other mammalian
species in the reserve (3df).

Species Dry season Wet season
G-value G-value

Baboon 26.39* 85.66*
Bushbuck 7.37 192.5*
Buffalo 51.12* 13.3* .
Dik-dik 14.32* 4.6
Duiker 59.82* 13.35*
Impala 80.59* 507.95*
Sunni 34.91* 5.06
Waterbuck 9.99* 1.57
Warhog 7.82* 23.53*

*- Denotes significant ofp<O.OS
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4.4 Discussion

Prior to the removal and translocation of 23 elephants from Mwea National Reserve in

1996, aerial counts had indicated a slight increase in elephant population in the reserve

(Chebures, 1986; Poole et al., 1992; Litoroh, 1994; Njumbi et al., 1995). However, the

elephant numbers fell to 27 individuals after 23 individuals were translocated to Tsavo

East National Park in 1996 to mitigate elephant-human conflicts that were previously

rampant in the area. Since then there were no other aerial or ground counts to determine

trends in elephant population in the reserve. The current elephant count using dung piles

indicates that the elephant population range between 22 and 45 elephants. The wide range

is, however, high considering that there were only an estimated 27 individuals that were

left in the reserve in 1996 after translocation. This could be as a result of inherent bias

associated with the dung counting method.

This bias on elephant density estimate may have arisen from estimation of Y (estimate of

dropping density), D (number of droppings produced per elephant per day) or r (the daily

rate of decay of the elephant dung). Errors in each of these variables are additive (Barnes

and Jensen, 1987) resulting in an overestimate of elephant numbers in the reserve. For

instance, a 10% error in each parameter may cause a 30% error in elephant density (E)

(Barnes et al., 1991). Further more, there is the assumption that the dung is in a steady

state where production rate are equal to disappearance (Nchanji and Plumtre, 2001).

Elephant dung decay rate is also known from other studies to be correlated to rainfall

amounts (Barnes et al., 1997; Nchanji and Plumtre, 2001). In practice the system is rarely

stable and violations of steady state assumption may give erroneous results (Barnes,

2001). Estimation of elephant density depends upon estimates of defecation and dung

decay rates. The former has been estimated at 17 droppings per elephant per day (Wing

and Buss, 1970). Savanna elephant defecation rates show wide variations (Barnes, 1982),

which may also lead to further problems in estimating elephant density.

The vegetation types appear to be important to all species of wildlife found here in that

the species had ubiquitous distribution with very few animals showing preferences for
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particular vegetation types at any season. It was only the elephant that showed partial

avoidance of the wooded grassland habitat among the animal species. Elephant absence

in the wooded grasslands is probably due to their shy or cryptic behaviour. These

characteristics exhibited by elephants may result in different trends in habitat utilization

thereby impacting less on woody species in the wooded grasslands. The introduced

giraffe and zebra are both confined mainly in the wooded grasslands and are slowly

dispersing into other vegetation types in the reserve. The giraffe is known to feed at the

same level as the elephant and show almost similar food requirement (Ross et al., 1976).

As the species population increases in the reserve and disperse to other vegetation types,

direct competition for food resources with elephants will become inevitable.

Once the competition between elephant and giraffe becomes intense, the feeding

behaviour of the giraffe may be affected. If such competition is intense competition, the

giraffe may become a useful indicator of environmental changes induced by the elephant

(Ross et al., 1976). For example, in the Kidepo Valley National Park, Uganda, the

elephant was observed to compete directly with giraffe for food in the dry season. The

elephants were also known to destroy trees, which giraffe fed on. During such periods,

there were marked browse lines on the mutually preferred trees which only mature males

giraffe could reach at full stretch (Ross et al., 1976). The Mwea giraffe population is

currently small, but slowly building-up with future potential direct competition with

elephants. Changes in giraffe feeding behaviour as observed in the Kidepo Valley, may

serve as an early sign for competition between the two species. Potential conflict also

exists between zebra and buffalo, which are both coarse feeders. This high habitat

convergence creates the potential for competition, especially if the two species increase

in density.

There were no significant associations between elephants and other mammalian species

during the wet season and the dry season. The bushbuck, however, showed close

association with the elephant during the dry season while the dik-dik, the sunni and the

waterbuck were closely associated with the elephant during the wet season in terms of

habitat occupancy. Similarly, very few animals showed seasonal preference among the
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varioushabitats in Mwea National Reserve. Seasonal changes in elephant distribution and

habitat selection have been well documented elsewhere in African (Laws et al., 1975;

Williamson, 1975; Eltringham, 1977; Leuthold, 1977b; Western and Lindsay, 1984;

Lewis, 1986). As a keystone species, elephants may also influence the distribution of

other mammalian species in a given ecosystem (Western, 1989). Other studies have also

established that water availability and distribution are the most important factors

affecting or limiting elephant local movement (Laws, 1970; Weir, 1972; Poche, 1974;

Kerr and Fraser, 1975). The elephant distribution and habitat selection coincide with

seasonal weather changes and the corresponding changes in food and water availability

(Viljoen, 1989). The seasonal use of habitat is probably an important mechanism of

survival and optimum utilization of resources by elephants (ViJjoen, 1989), while at the

sametime reducing the impact on dry season habitat.

The Mwea elephant population used to exhibit marked seasonal movements before the

erection of the electric fence in 1998. These movements probably conferred recovery

time for vegetation resulting in reduced damage on vegetation in the reserve. Curtailment

of these movements by the fence and subsequent increase in elephant density in the

reserve may in the future exacerbate elephant impact on vegetation. In addition, the

availability and distribution of water was not a critical factor in influencing elephant

distribution and movement within the MNR. This observation is true because the reserve

is endowed with the current large water frontage of the Kamburu Dam, where animals

walk a short distance in search of water. Most of the other mammalian species did not

exhibit seasonal changes in their distribution within the reserve. The short distance

moved in search of water may probably also explain this phenomenon. This observation

may further be supported by the fact that the evergreen riverine vegetation was not

significantly selected as the preferred habitat in the dry season (p>0.05). The animals

were using the riverine vegetation equally as they used other vegetation types further

away from the riverbank probably due to accessibility of water along the Thiba and Tana

rivers during the dry season.
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CHAPTER FIVE

THE EFFECTS OF ELEPHANT FORAGING ACTIVITIES ON NATURAL
VEGETATION

5.1. Introduction

Theimpact of elephants on their environment has been found to be significant in nearly

allstudies of their ecology (Penzhorn et al., 1974; Laws et al., 1975; Cumming 1981a,b;

Parker, 1983; Western, 1989). There is evidence that they are capable of modifying

habitats through direct damage on vegetation by breakage of plant parts during feeding,

trampling of seedlings, debarking, felling and uprooting of mature plants (Owen-Smith,

1988).Elephant bulls have also been observed to adversely affect the density of trees,

especially when concentrated and confined in a given area (Barnes et al., 1994a). Barnes

e/ al. (l994a) further observed that elephants will selectively kill a certain percentage of

some tree species, irrespective of those species densities, while for other species

elephants kill a decreasing percentage as the densities of these species decline. This gives

different trends in species browsed upon by the same elephant population. This kind of

impact has transformed woodlands across African elephant range particularly where

elephant population has been compressed, resulting in high local densities.

Elephant damage on vegetation may aggravate the effect of other factors. For instance

treesdamaged by elephants are probably more susceptible to infection by pathogens and

the effects of fire (Campbell et al., 1996). Trees, which have been debarked or heavily

"tusked" by elephants, are known to be rapidly destroyed by wood boring insects and

termites whereas those uprooted in an undamaged state may persist for years

(Eltringham, 1980).

Elephant utilization of woody vegetation In Mwea National Reserve had not been

assessed before the current study. Elephant damage to woody plants in the reserve may

not have been serious before the erection of the electric fence since elephants habitually

moved out of the reserve during the rainy season and back during the dry season

(Chebures, 1986). This migration pattern may have allowed a recovery period on
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damagedplants, minimizing the rate of vegetation destruction by elephants. The current

elephantconfinement may cause drastic changes in woody species structural composition

and density and may affect the diversity of fauna and flora of the reserve.

Severallines of evidence so far suggest that elephants in Mwea currently have any on

vegetation (see Chapter 3). However, a more detailed analysis is necessary to confirm

thisand to quantify the level of change in the vegetation by elephants. In this study,

woody species were assessed for elephant damage, including broken branches, broken

stems, uprooting, trampling, pushing, browsing and debarking. These forms of impacts

are characteristic of elephant activities, especially in the absence of other large

mammalian species feeding at the same level. The other large herbivores were

exterminated in the study area in the 1970s and 1980s at the height of commercial and

subsistence poaching. The elephant may target specific woody species of specific height

classes, and may consequently alter the abundance and the structural composition of the

woody species. This may have cascading effects on other mammalian species dependent

on such habitats and, therefore, on the ecological stability of the reserve.

Previous ecological studies in the reserve mainly concentrated on assessing mammalian

numbers and did not address the ecological role played by each species (Chebures, 1986;

Poole et al., 1992; Litoroh, 1994). For co-existence of the current mammalian species,

there is need to assess the quantity of resources available and the role that the elephant

plays as a keystone species. The mammalian assemblage in the reserve is getting more

complex due to the on going introduction of large mammals, for instance the nine

Rothschild giraffes (translocated in 2000) and the 30 burchell's zebra (translocated in

2002) and the fact that the reserve is enclosed. Therefore, a better understanding of the

ecology of the reserve is paramount, especially during and after these re-introductions.

The study seeks to address one of the key species, the elephant, and its possible

ecological role and the influence of its activities on the ecological dynamics of the

reserve.
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Threevegetation types were analysed in this study, namely; the A. mellifera woodland, C

ajricana woodland and the bushland habitat. The wooded grasslands were characterized

by lack of damage on woody plants due to low visitation levels by elephants and were,

therefore, not considered in the analysis. The extent and rate of damage on woody species

in these vegetation types were good estimators of elephant-habitat interactions, and may

havefar reaching effects to both the elephant and other mammalian species. The species

diversity, abundance, structural composition of the 12 woody species can also be used as

ecological indicators to assess the role of elephants in habitat dynamics. Attempts were

made to convert elephant utilization of the 12 woody species into oven-dry biomass off-

take (the actual dry-biomass removed from a particular woody species whether consumed

or not). The 12 woody species constituted a given proportion of the elephant's dietary

requirements in the reserve. Dry weights of these woody species were estimated to

establish the proportion removed by elephants in each season, to give indications of food

resource base per hectare in each vegetation type as well as the possible trends in its

quantities. Correlation of field measurable parameters and actual biomass gives a

relatively easy estimator of biomass for a future rapid appraisal of the woody species

biomass removed by elephants.

The objective of this study was to determine the elephant habitat utilization, and their

impact on habitat dynamics. This was achieved by establish feeding preferences of

elephants on various woody species found in Mwea National Reserve and the elephant's

possible impact on woody species structural composition, abundance, density and

diversity.

5.2. Materials and Methods

5.2.1. Woody Species Preference Ratios

Forty-four transects (2x 200m) were randomly selected in various vegetation types except

in the wooded grasslands. Twelve transects were established in A. mellifera woodland, 16

in C africana woodland, 13 in bushland and three in wooded grasslands (Appendix Ie).

The data were collected monthly between September 1999 and June 2001. All individual
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woody plants encountered along the 44 transects were enumerated and assigned the

following age classes (Tchamba, 1995);

(1) Regeneration woody plants (seedlings) <1m in height,

(2) Recruitment woody plants (immature), which will recruit into mature class, I-3m

height;

(3) Mature woody plants, >3m height.

Information on vegetation utilization by elephants was also categorized into six classes.

(i) Not browsed or slightly browsed;

(ii) A quarter of the woody plant browsed;

(iii) Half of the woody plant browsed;

(iv) Three quarter of the woody plant browsed;

(v) All the woody plant browsed and

(vi) Woody plant uprooted.

Woody plants in categories (ii) and (iii) were considered "browsed", and woody plants in

categories (iv) to (vi) were considered "seriously browsed". Other forms of elephant

damage recorded, independent of the six classes, were broken branches, broken stem,

pushed, debarked, and trampled woody plants encountered within the belt transects.

Classification of woody species into browse categories may introduce biases if browsing

arose from other animals rather than the elephants. However, during this study, any

browsing or breakage of woody plants that could not be attributable to elephants was not

included in the data collected. This was ensured since elephants have characteristic

feeding behaviour from other mammalian species. Incidences of woody species having

been impacted by other mammalian species were insignificant due to low numbers of

other large mammalian species in the reserve.

A semi-objective method (Tchamba, 1995) was used to determine and distinguish

between preferred woody species from those not preferred in relation to elephant

utilization. A preferred food plant was defined as a plant species that was uti lized

proportionately more frequently by elephants than its abundance in the immediate

environment (Petrides, 1975; Viljoen, 1989). A preference ratio was calculated for each
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species where the percentage of plant species utilized was divided by the percentage

availability of that species in terms of abundance.

Preference ratios for the different plant species utilized by elephants were calculated by

useof the following equation (Petrides, 1975; Ishwaran, 1983; Viljoen, 1989).

P ,I", . I . (PR,) Percentage Utilization (U)rejerencza ratio = ----=------'-~
Percantage Availability (A)

where

Numberof fully utilized woody plants of a givenspecies
per unit area

Percentageutilizatiot (U) = xlOO
Total numberof fully utilized woody plants of all species
within the same area

Number of available woody plants of a given species
per unit area

Percantage availability (A) = xlOO
Total number of available woody plants of all species
within the same area

The preference ratio values obtained centred on 1 as a reference point (Petrides, 1975;

Viljoen 1989). According to Barnes (1976), Ishwaran (1983) and Viljoen (1989), woody

species with preference values above 1 are those that are sought out and preferred while

rating of below 1 represented species, which are avoided. Species with a preference ratio

of exactly 1 are neither preferred nor avoided but are eaten precisely in proportion to their

abundance in the field. Species, which are totally avoided, have a zero preference ratio.

5.2.1.1. Data Analysis

Attempts were made to distinguish between old and recent elephant utilization. Recent

elephant damage was that which had occurred since the previous season. The previous

damage over two seasons was notable since it becomes characteristically greyish in

colour after rain soaks the exposed inner plant parts (Ben-shahar, 1996). Attempts were
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madeto avoid introducing bias in favour of slightly utilized plant species by converting

their partial utilization to fully utilized plants. This was achieved by incorporating

weighting factors in the calculation of the preference ratios (Barnes, 1976; Viljoen,

1989). The weighting factors were used to convert the number of partially utilized plants

tonumber of fully utilized plants, where 100% of the canopy of a species was considered

removed. For instance, the number of quarter-browsed plants (25% of the canopy

removed) was divided by four to convert it to number of fully utilized plants with 100%

of the canopy removed. Therefore, the corresponding weighing coefficients for obtaining

the number of fully utilized plants within the various utilization categories i.e. quarter-

browsed, half-browsed, three-quarter browsed and all browsed were 0.25 for quarter-

browsed, 0.50 for half-browsed, 0.75 for three-quarter browsed and 1.0 for all browsed

respectively. Tukey-B post range tests were performed to compare results between

vegetation types. Arcsine transformations were done before percentage values were

subjected to Tukey-B post range test for differences between vegetation types and woody

plant height classes. Preference ratios were tested for linearity with the total density of

woody species and relative percentage abundance of available woody species.

5.2.2. Elephant Woody Species Preference and its Effects on Habitat Dynamics

Potential rate of utilization of various height classes was assessed for the 34 woody

species sampled in the 44 transects. Woody species were categorized into height classes;

namely those less than 1m, between I-3m and above 3m in all the vegetation types. The

density of each woody species, percentage utilization, percentage availability and

elephant preference ratios for woody species in each height class were calculated as in the

section 5.2.1 above. The results were used to determine the woody species height class

most preferred by elephants in each vegetation type as well as differences in utilization of

the three height classes between vegetation types. Differences in densities of woody

species utilized by elephants were assessed between height classes using Tukey-B post

range test for each vegetation type. Arcsine transformations for percentage values were

conducted in order to subject the results to parametric analysis. Student's t-tests for

independent samples were also performed for pair-wise comparisons of data between

height classes. The results were used to determine changes in species density, percentage
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availability,percentage utilization and preference ratios of utilized species among height

classes. These parameters were used to determine the effects of elephant on habitat

dynamicsin each vegetation type and the reserve in general.

5.2.3.Estimation of Woody Plants Biomass and Off-take by Elephants

Toestimate the aboveground dry biomass for each species, destructive sampling of 18

individual woody plants within each height class was carried out with a handsaw. The

study was conducted between November 2001 and February 2002. A total of 648 plants

were felled and wet weight of each component (stem and branches) was determined in

the field using a weighing balance of maximum weight of 100kg and a hand held balance

of maximum weight of 5kg for small samples. Other growth parameters recorded for each

individual woody species were stem basal diameter, branch diameter near the stem,

branch length, canopy diameter, height to canopy, total height, number of stems and stem

length. A portion of each component (stem and branch) were collected, weighed to assess

the field wet weight and later dried at 80°C in the laboratory to constant weight and

weighed immediately after removal from the oven. Linear regression equations on the

relationships between dry weights and various woody species parameter of each species

were developed separately. A combination of growth parameters were also attempted and

regressed against oven-dry weight to determine the best dry weight estimator. The

regression equations for best estimator were used to estimate each woody species oven-

dry weight utilized by elephants per hectare in each height class in the three vegetation

types. The quarter-browsed, half-browsed, three-quarter-browsed and all-browsed

individual woody species were all converted into oven-dry weight respectively. The

conversions into oven-dry biomass yields were later converted into biomass removed by

elephant per hectare using the best estimator.

To estimate the aboveground biomass yield for various species in the reserve, linear

regression equations were developed relating growth parameters (independent variables)

and oven-dry biomass (dependent variable) as in the following equation (Goel and Behl,

2000).
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Y = a + b(x) where

Y = biomass yield in kg (dependent variable)

X = growth parameters e.g. total height, basal diameter etc (independent variable)

a, b = regression constants

Five sets of equations were developed to estimate the amount of standing oven-dry

biomass for various species in the reserve. The first set used stem basal diameter (bd), the

second canopy diameter (cd), third set total height (h), the fourth set basal diameter

squared (bd2
) and the fifth set both basal diameter squared and total height (bd2h). Basal

diameter squared (bd2
) and basal diameter squared multiplied by height (bd2h) were the

two best estimators for standing total dry biomass in the field for most species. The

equations were used to convert woody species into oven-dry biomass utilized by

elephants in each height class in each vegetation type. Tukey-b post range tests were

conducted to assess for differences in oven-dry biomass for woody species utilized by

elephants between height classes within and between vegetation types.

5.2.4. Elephant Foraging Intensity on Woody Plants

In the 44 transects set up in the reserve, 10,634 woody plants were encountered. The

woody plants were categorized into (i) quarter-browsed, (ii) half-browsed, (iii) three

quarter-browsed, (iv) all-browsed, (v) uprooted woody plants and (vi) non-browsed

woody plants (see section 5.2.1). These categories were further analysed to determine the

foraging intensity on woody plants in the reserve. Foraging intensity was defined as the

proportion of woody plants in each category of utilization to the total individual woody

plants encountered in each vegetation type. Woody species within categories (i) to (vi)

were further grouped by height classes to determine the proportion of individuals under

each category to total individuals enumerated within each height class. Chi-square tests

were conducted to determine differences in types of utilization across height classes.

Woody plants foraged by elephants were further categorized into damage classes where

woody plants in category (i) and (ii) were considered "browsed", and woody plants in

category (iv) to (v) were considered "seriously browsed". The data were used to compare

the level of damage on woody plants in each vegetation type and also among the woody
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plantsheight classes. Chi-square tests were conducted to determine differences in level of

damageacross height classes.

5.2.5.Selection of Previously Utilized Woody Plants

Thedata for previously utilized woody plants were collected in August 2002 along 10

randomlyselected transects out of the 44 established in the reserve. The study was aimed

atestablishing whether elephants selected woody plants they had previously utilized.

Each freshly utilized woody plant was assessed for past breakage of the main

stemslbranches, two or more seasons previously. The period or time interval was chosen

in such a way to ensure that coppicing would have taken place during the interval

(Smallieand O'Connor, 2000). Coppices were defined as plant shoots that emerge from

thewoody stumps that result from elephant feeding. Five woody species were found to be

preferred by elephants and that their coppicing response was high after utilization. The

woody species selected for analysis were Acacia ataxacantha, A. brevispica, Grewia

bicolor, G. tembensis and G. virosa. All the selected individual woody plants were

assigned to one of the following four classes: freshly utilized but not utilized in the past;

freshly utilized and utilized in the past; utilized only in the past and those woody species

notutilized at all. Associations between these four classes were tested using a G-test (Zar,

1974).

5.2.6. Coppices Growth Rate and Elephant Foraging on Selected Woody Species

Coppice studies targeted five woody species preferred by elephants as food items in the

reserve as shown by several lines of evidence (see Chapters 3 and Chapter 5 section

5.2.5). Three coppices were marked per individual plant encountered in each of the 10

randomly selected belt transect (2 x 200m) and their height and diameter measured to an

accuracy of 0.1cm using a tape measure and a Vernier-callipers respectively. A total of

925 coppices were marked and assessed for change in diameter and height. The initial

measurements were taken between August and September 2002 at the end of the dry

season and later in February 2003 at the end of the short rains. To assess coppice heights

utilized by elephants, coppices with similar diameter with those previously utilized by

elephants had their heights measured. The heights of parent woody plants from which the
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threecoppices were selected were also measured to estimate the mean height of woody

plants utilized by elephants in the reserve for each species. Pair-wise comparisons for

independent samples were conducted to assess differences in growth rates after the rain

season.

5.3.Results

5.3.1.Preferred Woody Plants

Elephants preferred a total of 34 woody plant species as food items in Mwea National

Reserve. Appendices 10 and 11 show the density of each species, percentage availability,

percentage of woody plants fully utilized and preferential ratio values (see section 5.2.1)

shown by elephants. Figure 21 shows the preference ratio values for the 12 woody

species most preferred by elephants in the A. mellifera and C. africana woodlands and

bushland habitat. Elephants showed higher preference for A. ataxaeantha, G. bieolor and

S. renchii, which had ratio values above 1.5 in all vegetation types. A. ataxaeantha and

G. bicolor were the most preferred plants by elephants, in all vegetation types as

evidenced by their higher preference values (Figure 21). Elephant preference ratios for

the rest of the 12 woody species were mainly below 1.5 and showed more variation

between vegetation types compared to the three woody species.

The preference ratios shown by the elephants did not show a significant correlation with

the overall density of preferred woody plants in A. mellifera woodland (r = -0.29; p>O.05;

df = 18), C. africana woodland (r = 0.0002; p>0.05; df = 18) and bushland habitat (r = -

0.27; p>0.05; df = 18). Woody species revealed a negative linear relationship between the

preference ratio values and percentage availability representing abundance in A. mellifera

woodland (r = -0.80; p>0.05; df = 18), while none was recorded in C. africana woodland

(r = -0.03; p>0.05; df = 18 and bushland habitat (r = -0.26; p>0.05; df = 18). The results

indicate that elephant choice for woody plants was not dependent on the woody plants'

density in the three vegetation types.
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Figure 21a: Preference ratios of woody species most preferred by elephants in the A.
mellifera woodland
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Figure 21b: Preference ratios of woody species most preferred by elephants in the C.
africana woodland
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Figure 21e: Preference ratios of woody species most preferred by elephants in the
bushland habitat
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Analysisfor woody plant densities took into consideration all individuals irrespective of

theirdiameter size. The Tukey-B post range test found no significant difference in overall

densityof woody species (Table 6) among the three vegetation types in Mwea National

Reserve(F2.57 = 0.35 p>0.05). Similarly there was no significant difference recorded in

hedensity of woody species utilized by elephants among the three vegetation types (F2,57

0.15; p>0.05). All vegetation types were basically the same in terms of overall woody

pecies densities and utilized woody species densities.

able 6: Vegetation mean density ±SE/ha, percentage availability, percentage utilization and
elephant preference ratios of woody species in Mwea National Reserve.

ariable A. mellifera C. africana
woodland woodland

IS2.49±28.32 F 2.57 =0.3478
>O.OSilized density 28.29±7.12 16.09±4.01
>O.OSverall density 226.S7±S6.SS IS3.29±32.3S

Bushland
habitat

F-value P-value

IS.37±3.74 F 257 = 0.1504
Availability 3.14±0.08 3.S8±0.OS 3.02±0.03 F 257 = 0.9009 >O.OS
Utilization 3.4S±0.08 3.38±0.08 3.32±0.06 F 257 = 0.99S8 >0.05
eference ration 1.24±0.0 1 O. 9S±0.0] 1.20±0.0 I F 257 = O.SOSI >O.OS
Denotes significant differences

ose examination of the data revealed that there were no significant differences In

rcentage availability (F2,57 = 0.90; p>0.05), percentage utilization (F2,57 = 1.0; p>O.05)

d preference ratio values of woody species (F2,57 = 0.51; p<0.05) among the three

getation types.

3.2. Elephant Woody Species Preference and its Effects on Habitat Dynamics

is section gives an analysis of elephant preference of woody species height classes as

attempt to establish the effects of such utilization on the future dynamics of the

getation. The section is divided into two sub-sections, where the first one establishes

the level of utilization for different height categories based on preference ratios for

preferred woody species while the second subsection compares the amount of biomass

removed by elephants from the regeneration, recruitment and mature trees in each

vegetation type.

5.3.2.1. Preference of Woody Species Height Classes by Elephant

Preference was assessed based on woody species on the basis of three height classes

«1m in height - seedlings, I-3m - immature and >3m - mature woody plants). The
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preference by elephants for each height category was calculated and rated as in the

previous section (see section 5.3.1, and see also Appendix 12-15). Direct comparison

between height classes was attempted to determine elephant preference. The three

vegetation types considered in the analysis were A. mellifera woodland, C africana

woodland and bushland habitat.

In the A. mellifera woodland, there were nine of the 12 common woody species most

preferred by elephants (Appendix 12). Elephant preference ratio values were above I for

A. ataxacantha, C africana and S. renehii in all height classes (Figure 22). Elephants,

however, had higher preference for height classes <1m and I-3m for C sehimperi, while

height classes I-3m and >3m were the most sought out for G. bieolor. Elephant

utilization of the woody height classes varied between species where for instance

regeneration classes «1 m) for C schimperi, S. renchii, and C afrieana were more

preferred compared to other woody species. Elephants preferred the recruitment (I-3m)

and mature classes (>3m) of A. ataxacantha, G. tembensis and G. bieolor (Figure 22).

There were 16 woody species preferred by elephants in C afrieana woodland (Appendix

13 and 14). Out of these, nine were among the 12 common woody species with high

preference ratios, although these ratios varied between height classes (Figure 23).

Elephant preference ratio values were low for C aeuleatum and P. resinosa in all height

classes. In addition, elephants differed in their preference of other species, for example A.

ataxacantha, C. afrieana and G. bieolor had preference ratios of above 1.5 for two of

their height classes. It is also evident that elephant preferred recruitment and mature

plants for A. ataxacantha, A. mellifera, G. bieolor and S. renehii and regeneration classes

for C africana, G. tembensis and G. virosa.

Appendix 14 and IS show that elephants selected 21 woody species as food items in the

bushland as shown by their high preferential ratios. Eleven out of these woody species

were among the 12 woody species common to all vegetation types (Figure 24). It is

evident that elephant differed in their preference for some species, for example A.

ataxacantha, C. africana, C edulis, G. bieolor and S. renehii showed preference ratio
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values of above 2.00 for most height classes compared to others species (Figure 24). In

addition, elephants preferred regeneration plants of S. renchii, C africana and C edulis

and recruitment and mature classes mainly of A. ataxacantha.
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Figure 22: Elephant preference ratio for nine woody species height classes in A.
mellifera Woodland
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Woodland
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Figure 24: Elephant preference ratio for eleven woody speci es height classes in the
bushland habitat

5.3.2 2. Comparison between Height Classes Preferred by Elephants

The Tukey-B post range test showed no significant difference in woody species mean

densities between height classes in A. mellifera woodland (F2,24 = 2.19; p>O.05) (Table 7).

There was, however, a significant difference in woody species mean densities between

height classes <1m and I-3m in C. africana woodland (F2,45 = 2.97, p<O.05) and in the

bushland (F2,60 = 6.53, p<O.05), where height class <1 m differed from the rest (Table 7).

In addition, there existed a significant difference in the mean densities of utilized woody

plants between the three height classes in A. mellifera woodland (F2,24 = 5.24; p<O.05), C.

africana woodland (F2,45 = 4.68; p<O.05), bushland habitat (F2,60 = 4.34; p<O.05), where

mean density of utilized woody species in height class <1m was significantly lower than

those in height class I-3m (Table 7). So, in spite of the fact that all habitats were

relatively uniform in vegetation characteristic, elephants preferred woody species within

I-3m height class. This indicated that elephants preferentially foraged on woody species

within I-3m height class in the three vegetation types in the reserve.
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Therewere, however, no significant differences recorded in the percentage utilization of

woodyspecies, percentage availability of woody species in terms of abundance and

preference ratios for woody species preferred by elephants between the three height

classesin the three vegetation types (Table 7).

Theseresults indicate that elephant selection of food items was not density dependent.

Selectionwas not based on woody plants density in any of the three height classes. It is

evidentthat A. ataxaeantha and G. bicolor were the most preferred woody species in the

threevegetation types as indicated by their high preference ratio values (Figures 22-24).

Similarly, most of the selected woody plants were within height classes I-3m and> 3m

forthese two species.

Table 7: Vegetation mean density ± SE/ha of woody species height classes in the three vegetation
types in Mwea, their mean ± SE utilized density, proportional availability, percentage utilized and
theirpreference ratios by elephants

Acacia mellifera woodland
Parameter Woody species Woody species Woody species F-value p-

<1m high I-3m high >3m high Value
Overall density 82.16±22.89 203.71±49.63 139.3l±45.51 F2.24 = 2.19 p>O.05
Utilized density 7.34±2.36 3I.l6±7.56 16.46±4.46 F224= 5.24* p<O.05
% Availability 7.97±O.21 7.69±0.18 6.6l±O.24 F224= 0.096 p>O.05
% Utilization 8.55±O.24 8.16±0.16 7.23±0.19 F2.24= 0.07 p>O.05
Preference ratio 1.28±O.O6 1.28±0.01 1.28±O.O2 F224= 0.002 p>O.05

Commiphora africana woodland
Parameter Woody species Woody species Woody species F-value p-

<1m hizh I-3m hizh >3m hizh Value
Overall density 32.11±8.83 93.36±24.57 59.74±16.37 F245= 2.97* p<O.05
Utilized density 1.57±0.58 IO.43±2.52 7.72±2.54 F245= 4.69* p<O.05
% Availability 4.04±O.08 4.54±0.08 4.54±0.O8 F245= 0.09 p>O.05
% Utilization 3.32±0.22 4.76±0.09 4.ll±O.15 F2.45= 0.17 p>O.05
Preference ratio 0.67±O.O3 I.02±0.01 0.82±O.OI F245= 0.68 p>O.05

Bushland habitat
Parameter Woody species Woody species Woody species F-value p-

<1m high I-3m high >3m high Value
Overall density 38.83±8.21 97.31±17.82 47.04±8.68 F260=6.53* p<O.05
Utilized density 1.64±O.60 7.49±1.60 5.48±1.78 F 260= 4.34* p<O.05
% Availability 3.64±O.04 3.64±0.04 3.71±O.O.03 F 260= 0.003 p>O.05
% Utilization 1.84±2.01 3.20±0.06 2.56±0.IO F 260= 0.52 p>O.05
Preference ratio 0.44±0.03 0.92±0.01 0.59±0.OI F260=I.03 p>O.05
* - Denotes significant differences
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5.3.3.Estimation of Woody Plants Biomass and Off-take by Elephants

This section shows the results of woody species biomass estimate and dry biomass off-

take(the actual biomass removed from a particular woody species whether consumed or

not) by elephants for each of the 12 woody species most utilized in Mwea. The section

alsocompares woody species biomass off-take by elephants among the vegetation types.

5.3.3.1Woody Plants Biomass Estimators

A summary of output for the best two dry biomass estimators (bd2 and bd2h) for A.

ataxaeantha and Grewia bicolor with their various correlation coefficients and constants

are shown in Appendix 16. The two species were the most sought out by elephants as

food items (see sections 5.3.1 and 5.3.2). The correlation coefficients for the 12 woody

species were also found to be highly significant at p<O.OO1 in most cases. There was a

marked increase in biomass with each corresponding increase in bd2 and bd2h of each

plant species. There was dilution effect in the total biomass estimation by using other

biomass components (for instance canopy diameter (cd), total height (h)), either on their

own or in combination (e.g. cd2h or bdh). These resulted in an increase in values of

constant a and b.

The results above were used to estimate the standing dry biomass in the field for various

species. The results were also used to transform and quantify levels of vegetation

utilization by elephants (e.g. quarter-browsed, half-browsed individuals, etc) into dry

biomass off-take for each species by elephants in the three vegetation types in the

reserve. The estimates were both for multi-stem (i.e. mean bd for stems) and single stem

species.

The estimator (bd2
) in the equation y = a + b(bct) was adopted instead of y = a +

b(bcth) since bci was observed to give better r2 values compared to bcih for most plant

species (Appendix 16). The r2 values for the basal diameter component as estimator for

dry biomass ranged between 0.512 for S. renehii to 0.912 for G. bicolor, which was

highly significant while the other species r2 values, were above 0.710. Other biomass

component parameters (bd, cd and h) were found to have low values of r2 and were

III



therefore considered to be poor estimators in predicting the dry biomass of vegetation in

the reserve.

5.3.3.2. Biomass Estimation and Elephant Off-take

The regression equation based on bd2 was used to assess biomass per hectare for 12

woody species common to the three vegetation types (see Chapter 3) in the reserve (Table

8 to 10). The results are categorized into height classes for each vegetation type to

determine the woody species height class biomass that was most utilized or removed by

elephants. The dry biomass for each species is also shown as a proportion of the total dry

weight of the 12 woody species off-take by elephants in each height class.

In A. mellifera woodland, C. africana and A. mellifera contributed 77% and 9% of the

total dry weight off-take by elephants for the 12 woody species below the height of 1m

respectively (Table 8). Similarly, the two woody species contributed 19% and 22% of the

total dry biomass of the 12 woody species off-take by elephants in height class I-3m in

height, while 80% and 10% of the total biomass off-take by elephants for the 12 woody

species above 3m were from A. mellifera and C. africana respectively. Generally, the two

species constituted the highest biomass off-take by elephants in the A. mellifera

woodland (Table 8).

In C. africana woodland, of the 12 woody species, the highest biomass off-take by

elephant (61 %) was composed of C. africana species within height class less than 1m

high (Table 9). Moreover, of the 12 woody species, C. aculeatum and C. africana

contributed 31% and 17% of biomass off-take within height class I-3m respectively

(Table 9). Within the> 3m-height class, elephants mostly utilized A. mellifera and C.

africana, which accounted for 71% and 13% biomass off-take of the 12 woody species

respectively. These two species constituted the highest proportion of biomass off-take by

elephants in the habitat.
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Table 8: Acacia mellifera woodland: Oven-dry weight and the proportional contribution of
each species to total dry weight per hectare for 12 woody species utilized by elephants in
each height class

Species
A. ataxaeantha
A. brevispiea
A. mellifera
A. torti/is
C. aeu/eatum
C. afrieana
C. edu/is
C. sehimperi
G. bicoior
G. tembensis
G. virosa
S. renehii
Total

Total dry
weight

(kg)
<1m
1.19
0.00
5.24
0.00
0.16

44.92
0.23
0.23
0.54
0.39
3.31
1.89

58.09

% of the
total

weight
<1m

2
o
9
o

0.3
77.2
0.4
0.4

1
0.7
5.7
3.3
100

Total dry
weight

(kg)
1-3m
21.30

3.01
310.60
149.40
22.49

271.42
18.08
18.08

207.39
97.80

223.81
68.05

1411.42

% of the
total

weight
1-3m

1.5
0.2
22

10.6
1.6

19.2

1.3
1.3

14.7
6.9

15.9
4.8
100

Total dry
weight

(kg)
>3m
16.48

2.36
1343.73

48.33
1.12

176.70
6.71
6.71

59.85
6.81
8.94
1.65

1679.38

% of the
total

weight
>3m

1
0.1
80

2.9
0.1

10.5
0.4
0.4

3.6
0.4

0.5
0.1
100

Table 9: Commiphora africana woodland: Oven-dry weight and the proportional contribution
of each species to total dry weight per hectare for 12 woody species utilized by elephants in each
height class

Total dry % of the Total dry
weight (kg) total weight

weight (kg)
<1m 1-3m

3.3 49.32
0.2 23.11

13.8 74.65
o 67.01

0.4 403.27
60.9 215.48

o 2.70
o 9.01
o 99.80

9.6 87.24
6.1 207.31
5.7 63.70
100 1302.59

Species
A. ataxaeantha
A. brevispiea
A. mellifera
A. tortilis
C. aeu/eatum
C. afrieana
C. edu/is
C. sehimperi
G. bicolor
G. tembensis
G. virosa
S. renehii
Total

<1m
0.55
0.04
2.32
0.00
0.06

10.22
0.00
0.00
0.00
1.61
1.03
0.96

16.79
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% of the
total

weight
1-3m

3.8
1.8
5.7
5.1
31

16.5
0.2
0.7
7.7
6.7

15.9
4.9
100

Total dry
weight

(kg)
>3m

109.85
4.69

1199.08
73.78

3.91
218.97

1.16
5.88

56.08
5.76
2.12
0.84

1682.12

% of the
total

weight
>3m

6.6
0.3

71.4
4.4

0.2
13

0.1
0.3
3.3
0.3
0.1

o
100



Inthe bushland habitat, A. ataxacantha and C africana accounted for 39% and 25%

respectivelyof biomass off-take by elephants from woody plants below lm-height (Table

/0). It is also evident that of the 12 woody species, A. mellifera and C aculeatum,

contributed17% and 13% respectively of total biomass off-take by elephants within

heightclass I-3m. However, within height class >3m elephants mostly utilized A.

ataxacantha and A. tortilis. which represented 62% and 12% of total biomass off-take by

elephantsrespectively (Table 10).

Table 10: Bushland habitat: Oven-dry weight and the proportional contribution of each species
to total dry weight per hectare for 12 woody species utilized by elephants in each height
class

Total dry % of the Total dry % of the Total dry % of the
weight total weight total weight total

(kg) weight (kg) weight (kg) weight

Species <1m <1m 1-3m 1-3m >3m >3m
A. ataxacantha 10.45 39.2 67.41 7.7 114.84 8.9
A. brevispica 0.38 1.4 53.84 6.2 31.78 2.5
A. mellifera 2.88 10.8 147.11 16.9 803.07 62.1
A. tortilis 0.00 0 75.86 8.7 149.89 11..6

C. acu/eatem 0.38 1.4 109.05 12.5 8.16 0.6
C. africana 6.65 24.9 46.16 5.3 135.93 10.5
C. edu/is 0.56 2.1 18.56 2.1 6.50 0.5
C. schimperi 0.00 0 60.65 7 8.20 0.6
G. bicolor 0.65 2.4 61.88 7.1 29.81 2.3
G. tembensis 0.12 0.4 83.65 9.6 0.89 0.1
G. virosa 0.44 1.6 93.54 10.7 0.36 0.1
S. renchii 4.21 15.8 54.01 6.2 3.18 0.2
Total 26.72 100 871.72 100 1292.60 100

In general, A. mellifera, C africana, C aculeatum, A. tortilis and A. ataxacantha were

the five woody species that constituted the highest dry biomass off-take by elephants in

all the three vegetation types and within each of the three height categories. The biomass

off-take by elephants for any two of these woody species accounted for 50% of total

biomass utilized in each of the three height classes.

Figure 27 shows the proportion of available biomass off-take by elephants for each of the

12 woody species preferred by elephants in the reserve.
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Figure 25a: Proportion of the total available dry biomass off-take by elephants for each
woody species in the A. mellifera woodland
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Figure 25b: Proportion of the total available dry biomass off-take by elephants for each
woody species in the C. africana woodland
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Figure 25c: Proportion of the total available dry biomass off-take by elephants for each
woody species in the bushland habitat
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Itis evident that elephants utilized a high proportion of A. ataxacantha and G. bieolor in

all vegetation types compared to other woody species. The off-take by elephants for these

twospecies in each vegetation type was above 20%. The proportion off-take for other

woodyspecies differed greatly between vegetation type except for A. mellifera and S

renchii, which closely followed that of the two woody species. For instance, the

percentage biomass off-take for C edulis was higher in A. mellifera woodland compared

toother vegetation types.

5.3.3.3.Elephant Biomass Off-take by Vegetation Type

Elephants in the reserve did not utilize biomass of woody species differently across

vegetation types. The Tukey- B post range test (Table 11) found no significant difference

between mean biomass of the 12 woody plants among vegetation types (F2.los = 0.44,

p>O.05).However, elephant in the reserve utilized biomass of woody species differently

across height classes (F2,los = 4.56; p<0.05). The mean biomass utilized by elephants

(Table 11) in height class <1m was significantly lower than in height classes I-3m and

>3m. Similarly, in C africana woodland, there were differences (F2,33 = 5.75; p<O.05), in

biomass utilization across height classes where utilization in height class <1m was lower

than in height class I-3m. However, there were no significant differences in biomass

utilization by elephants across height classes in A. mellifera woodland (F2.33 = 1.19;

p>O.05)and bushland habitat (F2,33 = 1.99; p>O.05).

Table 11: Vegetation mean dry biomass ± SE of woody species off-take by elephants in the reserve
and mean dry biomass ± SE for woody species utilized by elephants by height classes

Parameter A. mellifera C. africana Bushland F-value P-value
woodland woodland habitat

12 Woody species mean 87.47±38.53 53.37± 14.56 60.86±22.60 F2.IOS = 0.44 p>O.05
± SE dry biomass

utilized by elephants

Mean Biomass ± SE for woody species hei ht classes utilized by elephants
Vegetation type Woody species Woody species Woody species F-value P-value

<1m high I-3m high >3m high
Reserve 2.82± 1.28 99.60±15.59 99.28±42.47 F 2 10S = 4.56* p<O.05

A. mellifera woodland 4.84±3.67 117.62±32.02 139.95±11O.38 F233 = 1.19 p>O.05
C. africana woodland 1.40±0.83 108.55±33.19 50.18± 19.98 F233 = 5.75* p<O.05

Bushland habitat 2.23±0.96 72.64±9.56 107.72±65.24 F2.JJ = 1.99 p>O.05
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5.3.4. Elephant Foraging Intensity on Woody Plants

A total of 3,525 individual woody plants were sampled in A. mellifera woodland, 23% of

which were browsed by elephants. Elephant browse was categorized into six forage

categories (Figure 28), quarter-browsed representing 9% of the woody species sampled,

half-browsed (7%), three quarter-browsed (4%), all-browsed (3%), uprooted woody

plants (0.2%) and non-browsed representing 77% of all woody plants in this habitat. In

the C africana woodland, 3,051 woody plants were sampled. Elephants foraged on 19%

of these woody plants of which an estimated 8% were quarter-browsed, 4% either half-

browsed or three quarter-browsed, 3% all-browsed, 0.2% uprooted while 81% were not

used (Figure 28). In the bushland habitat, 3,682 woody plants were sampled and

elephants foraged on approximately 18% of these plants. In addition, 8% of these woody

plants were quarter browsed, 5% half-browsed, 3% three quarter-browsed, 2% alI-

browsed, 0.2% were uprooted while 82% were not used (Figure 28).
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Figure 26: Percentage level of browse on woody plants by elephants in each of the
three vegetation types and in the reserve
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A total of 10,634 woody plants were sampled in the reserve and elephants foraged on

20% of these woody plants. The distribution of woody plants between height classes was

as follows: height class <I m 20% (2, I74 plants); height class I-3m 50% (5,260 plants);

and height class> 3m high 30% (3,200 plants) of woody plants in the reserve. Out of the

total woody plants sampled, elephants foraged on 8% of regeneration trees «1m in

height), 23% of recruitment woody plants (I-3m in height), and 23% of mature (>3m in

height) woody plants. A total of 20% of the woody plants were foraged by elephants

where approximately 8% were quarter-browsed, 5% half-browsed, 4% three quarter-

browsed, 3% all-browsed, 0.2% uprooted and 80% not used (Figure 28).

Figure 29 shows elephant forage categories on woody plants among height classes in the

reserve. Most of the woody plants foraged by elephants in the reserve were within I-3m-

height class in all forage categories, except for those uprooted.
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Figure 27: Percentage level of browse on woody plants by elephants in each
height class in Mwea National Reserve

The mode of foraging among the three height classes by elephants differed significantly

from random expectation in the reserve (X2 = 12I; p<0.05; df = 8), in Acacia mellifera
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woodland (i = 62; p<0.05; df= 8), in Commiphora africana woodland (X2 = 18; p<0.05;

df = 8) and in the bushland (X2 = 61; p<0.05; df = 8) (Figure 29 and 30). Most woody

plants foraged by elephants in the reserve and all vegetation types were within 1-3m-

height class. Woody plants above 3m-height were more foraged by elephants that those

within less than 1m-height class. Elephants, however, uprooted woody plants mainly

within height class of> 3m high in each of the vegetation types and also in the reserve in

general (Figure 29 and 30).
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Figure 28: Percentage level of browse on woody plants by elephants in each
height class in the A. mellifera and C. africana woodlands and bushland

KEY: Am - A. mellifera woodland; Ca - C. Africana woodland; BL - Bushland habitat

5.3.5. Damage Level of Woody Plants by Elephants

Figures 31 and 32 show the proportional of woody plants utilized by elephants in each

height class among vegetation types. Woody plants in class-ii (quarter-browsed) and

c1ass-iii (half-browsed) were considered "slightly browsed" while those in class-vi (three

quarter-browsed), class-v (all-used) and class-vi (uprooted) were considered "seriously
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browsed" by elephants. Among woody plants encountered in A. mellifera woodland, 16%

and 7% of all woody plants were slightly browsed and seriously browsed by .elephants

respectively, while 12% of woody plants were slightly browsed and 7% were seriously

browsed in C africana woodland. The bushland habitat had 13% of its woody plants

slightly browsed and 5% seriously browsed by elephants.

In general elephants slightly browsed 13% of woody plants in the reserve while 7% were

seriously browsed. The height class I-3m and >3m were characterized by woody plants

slightly browsed by elephants (Figure 31), while those within height class <1m were

dominated by seriously browsed woody plants (Figure 32).
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Figure 29: Proportion of woody plants slightly browsed by elephants among all woody
plants utilized by elephants in each height classes in three vegetation types and in
the reserve

1-3m >3m

There was significant difference in slightly browsed and seriously browsed woody plants

among the three height classes in the reserve (x2 = 537; p<O.05; df = 2). Similarly, there

were significant differences between slightly browsed and seriously browsed woody
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plants among height classes in A. mellifera woodland (X2 = 37; p<O.05; df = 2) and

bushland habitat (X2 = 18; p<O.05; df = 2). However, no significant difference was

recorded in C. africana woodland (X2 = 5.69; p>O.05; df = 2) among the height classes,

between slightly browsed and seriously browsed woody plants.
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Figure 30: Proportion of woody plants seriously browsed by elephants among all woody
plants utilized by elephants in each height classes in three vegetation types and in
the reserve

Impacts of elephant on vegetation are manifested in form of broken stems, broken

branches, uprooted plants, etc. Each type of impact can be used to explain the age/sex

ratio, where for instance mature males are known to uproot a certain percentage of one

woody species (Barnes, 1994a). Figure 33 shows frequency of the different types of

impact caused by elephants as a percentage of the total individuals impacted by elephants

in the reserve. Most woody plants damaged by elephants in A. mellifera woodland had

broken stems, broken branches or were trampled by elephants. In both C. africana

woodland and bushland habitat most woody species damaged by elephants had broken

branches and broken stems.
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5.3.6. Selection of Previously Utilized Woody Plants by Elephants

Fresh utilization of some woody plants in the reserve was not found to be positively

associated with the past use of their stems. These were A. ataxacantha (G = 2.12; df = 1;

p>0.05), A. brevispica (G = 1.80; df = 1; p>0.05) and G. tembensis (G = 0.37; df = 1;

p>0.05) (Appendix 17a, b and c). Woody plants freshly utilized and also utilized in the

past made up 82.4% of all A. ataxacantha woody plants used previously by elephants

(Appendix 17a), while those freshly utilized but not in the past constituted 70.4% of

woody plants of this species not previously utilized.
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Figure 31: Relative frequency of different types of impact on all woody plants damaged
by elephants in Mwea National Reserve

Similarly, 22.4% of A. brevispica woody plants were freshly utilized and also utilized in

the past out of all woody plants used previously by elephants (Appendix 17b). In

addition, out of individuals of this species not previously utilized, 14.9% were freshly

utilized but not in the past. In G. lembensis woody plants freshly utilized and also utilized

in the past constituted 6.7% of all those used previously while 5.4% were freshly utilized

but not in the past out of all woody plants not previously utilized (Appendix 17c). There
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was,however, a positive association between fresh use and past use of woody plants for

G. virosa (G = 8.93; df = 1; p<0.05) and G. bieolor (G = 12.85; df = 1; p<0.05)

(Appendix 17d and e). Woody plants freshly utilized and also utilized in the past

constituted 19.8% and 40.7% of all G. virosa and G. bieolor woody plants used

previously respectively. However, woody plants freshly utilized but not in the past made

up 5.2% of G. virosa and 15.7% of G. bieolor to the total individual woody plants

previously not utilized by elephants (Appendix 17d and e).

5.3.7. Growth Rate of Coppices and Elephant Foraging of Selected Woody Species

Figure 34 shows the mean height of parent woody plants from which three coppices were

selected and assessed for changes in height and diameter after the rain. The heights of

parent plants ranged from 399±17cm for A. ataxaeantha to 221±67cm for G. virosa,

which also show a wide variance in height between individuals sampled than in all other

parent woody species considered. The five woody species showed variations in mean

growth rates of coppices and mean heights of coppices utilized by elephants in the

reserve (Figure 35). The mean seasonal growth rate was highest for A. brevispiea

(94.51±6.26cm) followed by A. ataxaeantha (93.94±8.55cm) while G. tembensis had the

lowest mean seasonal growth rate (27.22±2.19cm). The woody species mean heights

utilized by elephants were 123.73±9.62cm for A. brevispica, 105.96±8.93cm for G.

virosa while G. bieolor coppices were utilized at a mean height of 85.84± 7.95cm. G.

bieolor coppices were utilized at a lower mean height compared to other woody species.

The mean height of coppices utilized by elephants (Figure 35) was not significantly

higher than that which emerged within one season of rain for A. ataxaeantha (t(l) = 0.6,

p>0.05, df = 76). The mean increase in coppice heights after rains for A. brevispiea was

significantly lower than the mean height of woody plant usually utilized by elephants at

123.73cm (t(l) = 1.48, p<0.05, df = 40) (Figure 35). Similarly the coppices mean heights

after rains were significantly lower for Grewia bieolor (t(l) = 4.5, p<0.05, df = 37), G.

tembensis (t(l) = 6.67, p<0.05, df = 24) and G. virosa (1(1) = 3.94, p<0.05, df = 22) than

those utilized by elephants (Figure 35).

The seasonal mean increase in diameter for the five woody species showed great

variation between species, as is the mean increase in the coppices height. The rate of
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increase in mean diameter per season ranged from 0.37±0.03cm for A. ataxacantha to

0.1 S±O.O 1em for G. tembensis while mean diameter of coppices known to be selected by

elephants ranged between 2.67±O.07cm and 1.4 I±O.03cm for these two woody species

respectively. Figure 36 shows the mean percentage increase in height and diameter of

woody species coppices for the five species after the rainy season. Coppices being

utilized by elephants had significantly higher mean diameters compared to those of

coppices emerging after the rainy season for all the woody species. Significant

differences were recorded for A ataxacantha mean diameter increase after rains at

O.S7cm, which was lower than that utilized by elephants at 2.67cm (t(l) = 21.09, p<O.OS,

df = 108). Similarly, the mean increase in diameters after the rainy season were also

lower in A. brevispica ((I)t = 30.8, p<O.OS, df= 127), G. bicolor (t(l) = 46.S7, p<O.OS, df=

349), G. tembensis (t(1) = 39.SI, p<O.OS, df= 142) and G. virosa (t(l) = 47.S6, p<0.05, df

= 176) compared to coppices utilized by elephants. The highest increase in mean height

was observed in G. virosa at 33±4.33%, while the lowest was recorded in A ataxacantha

at 19±8.82%. The percentage increase in diameter after the rainy season was between

9±0.02% and 2±0.03% for G. virosa and A. brevispica respectively.
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Figure 32: Mean±SE height of parent woody plants from which coppices were selected
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5.4 Discussion

Elephants mainly impacted on 34 out of over 150 woody species in Mwea National

Reserve as evidenced by the woody species preference ratios. In all vegetation types there

were no positive relationships between elephant preference for woody species and

percentage availability or woody species overall density. This indicates that the elephants

selected woody species regardless of their densities in the reserve. Similar observations

were made by Barnes et al. (1994a) in Ruaha National Park, Tanzania, where elephants

selectively killed a certain percentage of one tree species they utilized irrespective of its

density. There were no significant differences (ANOV A p>0.05) in woody species

overall density, density of utilized woody plants, percentage availability and percentage

utilization among vegetation types. From the elephants' perspective, the three vegetation

types analysed here were equivalent in woody species density, utilized wood species

density, preference ratios, percentage availability and percentage utilization of their

woody species.

Elephants were noted to effect different changes in woody species density between height

classes in the reserve. They impacted on a higher density of woody plants within height

class I-3m compared to height class <1m in all vegetation types. The density of woody

plants utilized in height classes <1m and I-3m did not differ significantly (ANOVA

p>0.05) within and among vegetation types. The frequency of damage of woody plants

was found to be more pronounced within the woody plant height class I-3m in all

vegetation types. These results compare well with those of Ruess and Halter (1990) in

Serengeti National Park, Tanzania, where most predictor of vegetation stand damage

were within height 2m and 3m while height class 1m was not as affected. The elephant

selective impact on height I-3m gives different trends in vegetation utilization that may

precipitate changes in vegetation structural composition and dynamics. A. ataxacantha

and G. bicolor were the commonly preferred woody species by elephants in height class

I-3m, although in C. africana woodland, C. afrieana was the most preferred. In general

A. ataxaeantha and G. bicolor were the main woody species most impacted by elephants

as evidenced by their high preference ratios in all vegetation types.
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Apart from elephant preference ratios as an estimator of impact on woody species, this

studyfurther evaluated the elephant off-take of woody species biomass for each of the 12

common species identified through PCQ. It has been observed through other biomass

estimation studies that height and diameter of a tree are the major yield components that

closelypredict the amount of harvestable wood (Vasudevan, et al., 1986; Chaturvedi and

Behl, 1996; Parresol, 1999; Nelson et al., 1999; Goel and Behl, 2000). It is possible to

useheight and diameter to derive functional relationship between growth parameters and

biomass that can be used to predict above ground biomass with considerable accuracy.

(Vasudevan et al., 1986; Chaturvedi and Behl, 1996; Goel and Behl, 2000). For instance,

Gael and Behl (2000) found that linear regression equation [y = a + b(nd2h) measurement

of height and diameter of the most dominant shoot and counting number of coppice

shoots per plant] was the best predictor of biomass in estimating dry biomass yield for

Prosopis juliflora.

Goel and Behl (2000) obtained better predictions by using a combination of parameters

(e.g. d2h, nd2h) where biomass equation based on d2h and nd2h of P. juliflora shoot

showed significant relationships (r2 = 0.89 and 0.93) respectively. Other studies reported

height to be a redundant factor while basal radius indicated an almost linear relationship

with weight in Adhatoda vasica (Singh et al., 1990). Madgwick et al. (1991) obtained

reliable estimates of stem weight in Eucalyptus species from basal area and mean stand

height with significant relationship. In comparison, this study obtained bd2 (basal

diameter squared) as the best estimator for dry-weight of the 12 woody species, with

significant levels at p<O.OO1. The r2 values for woody species varied from species to

species indicating that each species may require further evaluation of its best estimator.

Incorporating the number of stems in future as in Goel and Beh1 (2000) study for multi-

stemmed species for instance A. ataxacantha, A. brevispica, G. bicolor and G. virosa

would probably give better correlation coefficients, improving biomass estimates. These

species, however, had their r2 values between 0.76 and 0.91, which were highly

significant (p<O.OOI). However, there is lack of published information on elephant
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biomass off-take predictions of woody plants using allometric regressions to compare

withthis study.

In terms of biomass, A. mellifera, C afrieana, C aeuleatum, A. tortilis and A.

ataxaeantha woody species constitute the highest biomass off-take by elephants in the

reserve. A. ataxaeantha and G. bieolor, however, had the highest proportion of their

available dry biomass utilized by elephant in all the vegetation types. The two species

percentage biomass off-take by elephants was above 20% of their total available in each

vegetation type (Figure 27). On average elephants in Mwea National Reserve impacted

on approximately 20% of all woody plants. The off-take currently is not worrying in that

it is low at less than 35% for A. ataxaeantha and less than 25% for G. biclor (Figure 25).

The two woody species have been shown in this study to coppice immediately after use

and, therefore, recover quickly from elephant browsing. In addition, the proportion of

each of the two woody species impact by elephants may be used as a future ecological

indicator. Elephants did not show difference in biomass off-take across vegetation types

in the reserve. They, however, utilized significantly lower (ANOY A p<O.OS) biomass of

woody species in height class <1m compared to other height classes in the reserve. A

similar trend was noted in C africana woodland but not in other vegetation types where

elephants utilized woody species in all height classes equally. The results are a proof that

the regeneration woody species have a refuge from elephants and are therefore capable of

replacing woody species killed by elephants and other causes.

Woody plants in the reserve exhibited differences in forage intensity by elephants in each

vegetation type and for the reserve in general. The elephant was responsible for

approximately 20% browsing of woody plants found in any of the three vegetation types

in the reserve. Foraging intensity ranged between 23% on woody plants in the A.

mellifera woodland to 18% in the bushland. Elephants seriously browsed on 7% of all

woody plants in both A. mellifera and C afrieana woodlands while they seriously

browsed on 5% of woody plants in bushland. In general, elephants impacted on 20% of

all woody plants in the reserve and slightly browsing on 13% (quarter and half-browsed)

while seriously browsing on 7% (three quarter, all-browsed and uprooted) of the woody
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plants.Elephants seriously browsed woody species mostly in height class <1m mainly

throughtrampling. Continued destruction increasing the proportion of browsed woody

plantsin height class <I m may affect the composition, structure and dynamics of woody

plantsin the reserve. Serious browsing, however, accounted for only 7% in all vegetation

typesand the reserve in general. The results compare well with elephant preference ratio

findings where some woody species were most preferred by elephants at their

regeneration stage «1 m) with potential of affecting their recruitment to maturity. Woody

species within height class I-3m (recruitment) and >3m (mature) fell within the slightly

browsed class (quarter-browsed and half-browsed) and were found to coppice fast

enough. These height classes showed signs of retardation but were not killed by elephants

andtherefore capable of regenerating.

Elephants greatly affect the structure and dynamics of the vegetation and where their

densities are high they can bring about changes to the habitat (Kabigumila, 1993;

Ruggiero, 1993). In Mwea National Reserve, the percentage impact on vegetation is

comparatively lower than that observed by Tchamba (1995) in Waza National Park,

Cameroon, where elephants browsed on 15% and seriously browsed on 20% of Acacia

seyal. Similarly the Mwea elephant percentage impact on woody plants is comparatively

lower than that observed on six major tree species at 64% to all trees in the Seronera

valley, Serengeti (Ruess and Halter, 1990). Tchamba and Mahamat (1992) found that

elephants browsed on 53%, seriously browsed on 44% and did not browse on 3% of trees

in Kalamaloue National Park, Cameroon. In comparison to these three studies, the 7%

serious browse to woody plants in Mwea NR by elephants does not at present appear

worrymg.

The results showed that elephants mainly uprooting woody plants within height class

>3m high. De-barking and uprooting of woody plants were the least forms of impact on

woody plants in the reserve. This clearly indicates that elephants have not yet had serious

impacts on vegetation structure and dynamics through de-barking and uprooting.

Elephant bulls have been observed to selectively kill a certain percentage of one tree

species especially when concentrated in an area (Barnes et al., I994a). Vegetation in
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MweaNR does not show evidence of high elephant pressure as documented in Serengeti-

Marawhere males have been observed to push over and de-bark trees more than females

(Dublin,1995). High number of males is also known to damage trees, which have been

pushedover in Tembe Elephant Park, South Africa (Hall-Martin, 1988). This suggests

thatindividual elephant behaviour is important and has to be taken into account, along

withnumbers, in accessing the potential risk to trees (Eltringham, 1980). De-barking,

pushingand uprooting of woody plants by elephants may be used as an early ecological

indicatorof changes in elephant density and adult sex ratios in Mwea National Reserve.

Elephants in the reserve were observed to select some woody plants that were previously

utilized in the past two or more seasons while others were not selected on basis of their

past utilization as food items. Woody species selected on basis of past-use were G.

bicolor and G. virosa, which were also recognized to be among woody plants most

sought-out by elephants as food items. Elephant selection of the two woody species,

which they had previously utilized, is probably because of availability of preferred size of

branches. The young coppices, which emerge after browsing, could also be a source of

high quality foliage, although elephants did not utilize them immediately after rains.

These suggestions are in accordance with observations made by Smallie and O'Connor

(2000) in Venetia-Limpopo Nature Reserve, South Africa.

The mean increases in heights for the five woody species after a ram season were

tremendous. This suggests that Mwea National Reserve vegetation and especially woody

species utilized by elephants are quickly replenishing themselves through coppices wi thin

a very short time period. This growth rate is quite high in comparison to other areas. For

instance, in the Sweetwaters Game Reserve, trees were found to have an annual growth

rate of 19.1±2.1cm year" (Birkett, 2002). In comparison the mean growth rate of woody

plants in Mwea NR were between 94.51±6.26cm and 27.22±2.19cm in a rainy season

although the mean increase in height was based on coppices. The quick and positive

response of coppices to rainfall shows that the amount of food available to elephants after

a rainy season may probably be replacing that utilized before the rains. This observation

is further supported by lack of significant differences between coppices heights emerging
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after the rain season and those found to be utilized by elephant for A. ataxaeantha. The

mean height of coppices emerging after rains for A. ataxaeantha was within the range

that may constitute food for elephants. However, elephants were not found to be utilizing

emerging coppices from the woody species sampled. Elephants probably utilize the

emerging coppices after more than one season at a time when they are much bigger in

size.

There was a significant difference (t-test p<O.05) between the mean diameter of utilized

coppices of the sampled woody species and the mean diameter of coppices assessed after

the rain, where the latter was lower. It is, therefore, appropriate to conclude that elephants

do not return immediately to the same individual woody plants for emerging coppice.

This observation is supported by elephant preference of previously utilized woody plants

in case of G. virosa and C. bieolor where emerging coppices after one season were not

utilized. Such behaviour by elephants enables the coppices to attain optimum size

utilizable by elephants in later seasons. Evidence of present and past utilization of

individual woody plants by elephants should be a clear indicator, in the future, of a food

resource that is diminishing calling for necessary management interventions.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER ACTION

6.1. Introduction
This Chapter represents an analysis of the results arising from the findings of this study.

It analyses the ecological issues with respect to elephant conservation and habitat

management but also touches on activities that may assist in strengthening the reserve as

a tourist destination without compromising its integrity as a conservation area. The

Chapter addresses the study objectives as stated in Chapter One. The main objective of

this study was to investigate interactions between elephants and their habitats in Mwea

National Reserve, and their influence on the ecology of other resident mammalian

species. The specific objectives were four fold, namely; i) to establish vegetation

structure and composition in the reserve, ii) to determine elephant population size and

interactions with other mammalian species, iii) to determine the temporal and spatial

distribution of elephants and other mammalian species in the reserve, iv) to determine

elephant habitat utilization, and its impact on habitat dynamics.

6.2. Vegetation Structure and Composition

This section gives an overview of vegetation characteristics in the reserve and their

unique features that make them important to elephants and other mammalian species. In

addition, it also gives the baseline information on the quality of vegetation and the

implications of the elephant growth. Mwea has five major vegetation types (Figure 5;

Table 1). These are Acacia mellifera and Commiphora Africana woodlands. bushland

habitat and the wooded grasslands. The results of this study indicate that young woody

plants that are eventually recruited into mature trees dominate all vegetation types (Figure

12). The vegetation structural composition may be altered by a number of factors that

include elephants, fires and other mammalian species but since fire is not used as a

management tool and other mammalian species occur in low numbers. the elephant

remains the major agent of vegetation change. Characterization of the herbaceous layer in

the wooded grasslands gives baseline information on its quality and what this portends on

other mammalian species utilizing it.
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The structural composition of vegetation in Mwea National Reserve was generally

dominated by woody plant species below 4m in height. However, wooded grasslands

were dominated by woody plant species within the I-2m height class. The woody

vegetation in the reserve was composed mainly of 12 species, cornmon to all vegetation

types (Table 3). Terminalia brownii trees and several other woody species were restricted

to this habitat dominated wooded grasslands. This study established that elephants

utilized 12 woody species in Acacia mellifera woodland, Commiphora africana

woodland and bushland, but did not utilize the wooded grasslands. The 12 species

commonly utilized by elephants as food items were namely; Acacia mellifera,

Commiphora africana, Commiphora edulis, Grewia bicolor, Grewia tembensis, Grewia

virosa, Premna resinosa. Combretum aculaetum, Acacia ataxacantha, Acacia brevispica

and Acacia tortilis. These species occurred widely in all the three vegetation types.

Woody plants that were either 4m high or less constituted 85% of all woody species in

the reserve, 65% of which were the 12 woody species utilized by elephants. The 12

species of food plants constituted 78% of all woody plants in Acacia mellifera woodland,

85% in Commiphora Africana woodland and 72% in the bushland. There were no

significant differences (ANOY A p>0.05) in woody species densities among the three

utilized vegetation types. This was an indication that there was abundant food for

elephants in the reserve. Furthermore, a decrease in density and dominance of the 12

woody species within height class 4m and less was indicative of habitat change as a result

of elephant utilization. This observation was further supported by the fact that although

elephants mostly utilized woody plants within height class I -3m high, the preferred

woody plants within this height class still constituted 50% of all woody plants in the

reserve. This kind of structure is evidence of a plant community that has not yet

succumbed to heavy impact by elephants since it is still dominated by immature woody

plants. which were also at high density in the three vegetation types utilized by elephants.

Wooded grasslands showed very little impact by elephants. Further more, the habitat was

not in good ecological condition, owing to invasion by unpalatable woody herbs, such as
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Tjlavencens. It also showed reduced grass species composition, frequency and density.

Thehabitat had also a high dry grass biomass that has accumulated for between 10-20

yearswithout being burned according to the reserve's records. The resident mammalian

species use only a small proportion of the primary production each season due to their

low numbers. Wooded grasslands are the principal habitat for zebra, which had been

introduced into the reserve (Figure 19). Due to the vast amount of accumulated biomass

andinvasion by unpalatable woody plants, in this habitat, there is need to institute a new

management strategy so as to increase its occupancy by other herbivore species,

especially the elephants, buffalo and impala. Similarly, the undergrowth within the

woodlands presents a resource that is not sufficiently utilized by various mammalian

species resident in the reserve. The resource is available to either mixed feeders or

browsers. There is, therefore, need to further study this herbivore food resource and

recommend suitable animal species that can occupy this niche with an aim of re-

introducing them. Herbivore species, such as the black rhino and the lesser kudu that

were once common in this ecological zone are suitable candidates for re-introduction.

6.3 Elephants Habitat Use and Dynamics

This section deals with the relationship that emerged between elephant utilization of

woody species in the three habitat types and the impact this has on vegetation dynamics.

Plant species that were preferred by elephants as food items are potentially the best

indicators of the relationship between elephants and the overall vegetation dynamics.

Their changing structural composition in the reserve can serve as an early warning sign

on elephant impacts or damage on vegetation. The section also relates the level of

utilization and density of preferred woody species in various habitat types in the reserve.

Although the results indicate that elephant utilization of woody plants was not related to

species density in the reserve (Table 7), the proportion of woody plants utilized will

eventually change the density of these species. This is particularly so especially if the

consumed plant species is not able to replace itself as fast as elephants remove it. There

was, however, no concern regarding woody species killed (uprooted and all-browsed) by

elephants because plants in this category constituted less that 4% of all woody plants in

the reserve.
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Mwea National Reserve is one of the smallest elephant sanctuaries in the country with a

fast growing elephant population. Its enclosure with an electric fence in 1998 curtailed

free movement of elephants out of the reserve. The seasonal migrations probably used to

confer ecological recovery to the reserve's vegetation. Due to the confinement, the

vegetation has started showing some few signs of elephant damage. This is true for some

plant species, for instance Acacia ataxacantha, Grewia bicolor, Acacia mellifera, Acacia

brevispica, Commiphora africana, Grewia virosa and Grewia tembensis. These plant

species were found to be the main food items for elephants in the reserve. These woody

species also constituted over 70% of all woody species in the reserve. Their density and

frequency, however, far outnumbered the rest of the woody species (Appendix 10-12).

However, they were fewer and least damaged in the wooded grasslands, due to low

visitation by elephants. A. ataxacantha and G. bicolor were the most utilized by elephants

in A. mellifera woodland, C africana woodland and the bushland. Elephants utilized over

20% of the total available biomass of A. ataxacantha or G. bicolor in each of these

vegetation types (Figure 25).

The utilization of these woody species by elephants may in the future intensify if the

elephant population is left to increase unchecked. Heavy utilization will, consequently,

alter the woody species density, dominance and frequency as well as changing the

structural composition of the reserve's vegetation. The current elephant population has

not seriously impacted on the vegetation judging from the current levels of utilization,

which were approximately 20% of all woody species. In comparison. the 20% utilization

of woody species in Mwea National Reserve is lower than that observed on six major tree

species in Seronera Valley, Serengeti at 60% of trees (Ruess and Halter, 1990).

Similarly. "slightly browsed" (quarter and half-used woody plants) and "serious

browsed" (three quarter-used, all-used and uprooted woody plants) resulting from

elephant utilization of woody species were 13% and 7% respectively. In comparison,

Tchamba and Mahamat (1992) found that elephants slightly browsed on 53%, seriously

browsed on 44% and did not browse on 3% of trees in Kalamaloue National Park,
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Cameroon. Therefore, woody species in Mwea National Reserve show comparatively low

levels of utilization where only 7% were seriously browsed while 80% were not browsed

at all (Figure 26). An enhanced level of utilization, up to 50% of these species can serve

as a suitable ecological indicator of elephant destruction of vegetation in Mwea National

Reserve.

The woodlands are relatively safe from elephants damage as shown by the high

proportion of woody plants below 4m in height (Figure 12). Destruction of young trees

«1m) is an important aspect in determining the level of vegetation impact by elephants

(Ross et al., 1976) and it raises concern when it reaches 50% of the total woody plants

within this height class. Acacia ataxacantha and Grewia bicolor were the only woody

species most utilized by elephants although elephants took only 20% of their total

available biomass. The density of G. bicolor was 136 plants ha-1 in the bushland, 221

plants ha-1 in Commiphora Africana woodland and 417ha-1 in Acacia mellifera woodland.

The density of Acacia ataxacantha was 101 plants ha-1 in Acacia mellifera woodland,

175 plants ha-1 in Commiphora Africana woodland and 181plants ha-1 in the bushland

(Appendix 10-11). About 50% of these woody species were within height class I-3m,

which was most preferred by elephants as food items. The two woody species were also

among those coppicing immediately after utilization by elephants and therefore quite

resilient to elephant use (Figures 33 and 34). This indicates that elephant's utilization of

these woody species was far from raising concern that may require immediate

interventions. This study has shown that, changes in vegetation structure, increased

utilization of <1m height class and continued utilization of the two woody species can

serve as an early warning (ecological indicator) of over utilization of woody plant species

by elephants. This information is necessary for the reserve managers to take the necessary

intervention to balance elephant numbers and woody species recruitment rates.

6.4. Options of Managing Elephants

This section explores the major alternatives available in managing the Mwea elephant

population to maintain ecological balance. Some of the strategies recommended in this

study have been applied elsewhere in Africa with varying degree of success. They have
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been, therefore, drawing mixed reactions from conservationists as indicated in chapter

one of this thesis. The section addresses these strategies from Mwea National Reserve

perspective and sustainability of each strategy with reference to dynamics of elephant

conservation in Kenya. Estimates of elephant population growth in the reserve and its

implications to reserve management are provided. Further, the section addresses the

distribution of elephants in the reserve and the probable causative factors and how

elephant distribution affects both reserve management and vegetation dynamics.

The common management intervention of elephant conservation III Kenya is mainly

through translocation of excess numbers from high density to low density parks or

reserves. One such translocation took place in 1996, when a family of 23 elephants was

moved from Mwea National Reserve to Tsavo East National Park. Due to increasing

elephant numbers and decreasing land available to wildlife, translocation may not be

feasible in the future. This is because of gradual increase in elephant numbers within

areas that were previously perceived as low-density parks or reserves. In the near future,

conflicts in such areas are inevitable. It is, therefore, imperative that other management

options should be explored. Translocation offers temporary or short-term solution to

growing elephant population in Mwea and in the country as a whole. A more permanent

solution of managing elephants in vulnerable habitats should be sought.

The maximum population growth rate of elephants lies between 3 and 7% per year

(Lindsay, 1986; Calef, 1988). This rate of growth is associated with optimum conditions,

usually in a small population that has been introduced into a new habitat (Calef, 1988).

Assuming the highest rate of increase of 7%, we expect the Mwea population to increase

by two individuals each year from a founder population of 27 individuals. Elephant

population studies in Mwea took place four years after translocation of elephants to

Tsavo East National Park. In 1999, the population was expected to have grown by eight

individuals to 35 elephants, assuming the 7% growth rate. In 11 to 14 years the

population would be expected to have doubled through recruitment of another 22 to 28

individuals. The age of 11 to 14 years is when females reach sexual maturity although

under ideal conditions ovulation may occur at the age of 8-10 years (Calef, 1988). By
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doubling the population, (i.e. 54 elephants) it will have reverted to its pre-translocation

level. This would be the ideal duration to undertake a critical habitat evaluation in

relation to elephant impacts on vegetation and undertake interventions. However, there is

need to undertake vegetation monitoring to establish levels of destruction prior to this

period, to forestall any ecological impacts incase the habitat carrying capacity is below

theestimated 54 elephant estimates in 11 to 14 years time.

One management option available to control numbers of elephants and maintain

ecological integrity of the reserve is culling, which is not permissible under the current

wildlife act. The situation is made worse by sentimentalism of some conservationists and

animal lovers, within and outside the country. However, culling or sport hunting are

carried out in southern Africa, where active management of wildlife has produced good

results in the regulation of elephant numbers and by extension their habitats, as well as

increased shared benefits.

Alternatively, we should adopt a management strategy where we have specific parks as

elephant conservancies and do away with small unmanageable populations within

conservation areas that may be deemed not viable. Such recommendations will require

data to support it. Other possible options are to sell excess elephant numbers to other

countries where elephant numbers are low, artificial birth controls and removal of mature

males.

Elephants in Mwea National Reserve were found not to prefer the wooded grassland

areas of the reserve but were ubiquitous in other vegetation types. Their non-preference

of this habitat may be due to, traumatizing translocation of 1996 coupled with the need

for cover by avoiding open areas and due to low food resource supply in the habitat

compared to other vegetation types. The first hypothesis is supported by elephants'

cryptic behaviour exhibited whenever a vehicle approached them while the second could

also be true as evidenced by low density of the most preferred woody species in wooded

grasslands. The wooded grasslands, however, have a variety of Acacia sp., for instance

Acacia senegal, A. thomasii, and A. nilotica among other woody species that constitute a
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large source of elephant food. The densities of these Acacia sp. were even higher than in

other parks within the range of elephants (Ruess and Hatler, 1990). This observation of

high density of Acacia species and lack of their utilization by elephants supports the first

hypothesis that elephants avoided the wooded grasslands to avoid exposure to local

threats.

The cryptic behaviour exhibited by the Mwea elephant population has notable

management implications. The elephants occupy less than 42km2 of the reserve and show

differential destruction of the woody species within these habitats. Therefore, future

monitoring of the reserve's vegetation should focus on those vulnerable habitats and their

occupancy by elephants. Similarly, utilization of A. ataxacantha and G. bicolor, the two

woody species that were preferred by elephants, should be constantly monitored to avoid

extermination through damage.

6.5. Elephant Range Overlap with Other Mammalian Species

This section addresses the temporal and spatial distribution of other mammalian species

in the reserve and the habitat overlap with the elephants or lack of it. It also gives the

possible future scenarios that may arise from habitat overlap between elephants and other

mammalian species.

Elephants did not show significant range overlaps (O-test p>0.05) with other mammalian

species (Table 5). The bushbuck in the dry season and the dik-dik, the sunni and the

waterbuck in the wet season were the only exemptions. All mammalian species were

found in all vegetation types without showing preference for any vegetation type between

seasons. However, the baboon and the impala were most common in the A. mellifera

woodland during the wet season and the dry season respectively. The duiker and sunni

had Commiphora africana woodland as their principal habitat in the dry season. The

bushland was almost exclusively utilized in the dry season by both the bushbuck and the

dik-dik. The introduced zebra and giraffe were both confined in the wooded grasslands

together with the buffalo (Figure 19).
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Continued elephant damage in major vegetation types may have a cascade effect on their

occupancy by other mammalian species, especially, if elephant numbers are left

unregulated in the future. The closed habitats were found to be mostly preferred by

closed canopy specialized species for instance the elephant, dik-dik, bushbuck and

waterbuck. Elephant induced changes in the structure of the vegetation may affect the

distribution and density of these specialist species. The introduction of zebra and the

increase in buffalo numbers is likely to enhance competition between these two grazing

species and hence increase biomass off-take in the wooded grasslands. They are both

coarse feeders and may spill over into other vegetation types, therefore, precipitating an

ecological succession through displacement of other mammalian species.

6.6. Conservation of Other Mammalian Species

Conservation of other mammalian species may not only be affected by an increase in

elephant population but also by the changes caused by elephants on vegetation in the

reserve. Mammalian species may also respond negatively to the quality of their habitats

and food species density, availability and composition. Habitat quality may be affected

by other factors such as fire, proliferation of woody and alien species, especially in the

wooded grasslands. Low quality habitats tend to be avoided by animals in favour of

medium to high quality habitats. Concentration of mammalian species in high food

quality areas increases competition between and among species resulting in elimination

of the preferred food species or reduction in their abundance or density. It may also cause

habitat degradation through trampling and overgrazing leading to soil erosion and

increase in unpalatable plant species. This section analyzes the condition of the

grasslands in Mwea during the study and its implication to resident and mammalian

species translocated from elsewhere in Kenya. It also addresses areas of competition

between elephants and other species and gives remedial strategies on the management of

the grasslands in the reserve.

KWS introduced 30 zebras to Mwea National Reserve in the year 200 1 with the

assistance of Bio-diversity Conservation Programme (BCP) of Community Development

Trust Fund (CDTF). The population is expected to do well although only 17 individuals

140



were found in the reserve after five died and eight escaped from the reserve. Prior to their

introduction, there was no active management in the reserve, precipitating a situation

where wooded grasslands were invaded by unpalatable woody and herbaceous species,

thereby reducing the available grassland. Woody plants within the <1m height class

dominated the wooded grasslands at the time of this study. There was also the presence of

unpalatable woody herb, the T jlavescens in the wooded grasslands. Further to this, the

wooded grasslands had not been burned for 10-20 years according to the reserve's

records. However, there were occasional accidental fires in areas next to human

settlements where grazers were mainly found.

Such pasture conditions showing high dead biomass and with high density of unpalatable

woody species are undesirable to herbivores and have effects on pasture food quality,

quantity, species composition and diversity. The increasing woody species and high

incidence of unpalatable herb species require prescribed burning, manual removal or a

combination of these management strategies to improve pasture in the wooded

grasslands. Similarly, wooded grassland areas that are denuded due to herbivore

concentrations could be over-seeded with palatable and high nutrition grass species, such

as Themeda triandra. This species was among the rare grass species in the wooded

grasslands. The fire management plan should include the type of burn (hot or cool), areas

requiring manual removal of unpalatable woody plants and areas that require a

combination of both.

Prior to the introduction of zebra into the reserve, KWS introduced the Rothschild giraffe

to increase attractiveness of the reserve to tourists and to improve the ecological diversity

of animal species. The giraffe are currently using the wooded grasslands as their prime

habitat although they are slowly spreading out into other habitats in the reserve. The

population was doing well having increased from a founder population of nine

individuals to 12 by the year 2003. As the population of giraffe increases and spreads out

into other habitats, there is a future risk of intense competition with elephants. The two

species are known to have similar food requirements and preferences and browse at the

same height (Ross et al., 1976). Their population dynamics ought to be monitored
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alongsidethose of the elephants to intervene and manage their numbers either through

relocation or culling of excess numbers of either species to forestall vegetation

destruction.Re-formulation of the current management plan for the reserve is required, to

take into account the introduced species. The existing management plan had

recommended these introductions (KWS, 1998) but it was effective up to the end of the

year2003 and therefore require updating to cover another five years.

6.7. Management Roles and Administrative Structures

Muchof the conservation and management activities proposed under this study cannot be

achieved without the continued assistance of KWS. Therefore, this section proposes

institutional arrangements that can effectively handle the various proposed activities

under the KWS (1998) management plan. The section, therefore, explores avenues

through, which these issues may be addressed.

The reserve is currently under the jurisdiction of the Mbeere County Council although

daily running is vested with the KWS. The KWS structure includes a Warden, and a

corporal, who is in charge of four KWS and five County Council rangers. The support

staff includes an accountant, electric fence technician, and a driver. The reserve has one

serviceable land rover and an old lorry that keeps on breaking down. The staff is

sufficient for better management if transport is improved. The vehicles are not adequate

for surveillance activities, especially for patrols to curb subsistence poaching. Financial

assistance mainly comes from KWS and very little from the County Council in form of

salaries for its staff. With this inadequate funding, the management is unable to meet

some of its obligations, for instant frequent maintenance of roads. The reserve's

management plan (KWS, 1998) is indicative of management activities that were to be

undertake over a period of five years, although only a few have been achieved owing to

financial constraints. The management plan drafting committee should be reconstituted to

address the failures in the implementation of the plan and seek ways of raising funds

through interested parties. The County Council should also be encouraged to rehabilitate

existing campsites and build tourist bandas.
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Theneighbouring communities have benefited only through manual casual employment,

in clearing of vegetation along the road circuits and along the electric fence. In addition

tothis, the management should initiate community-based eco-tourism programs and train

themas tour guides for nature walks and game drives in the reserve. The reserve has a

hugewater frontage, which is an important habitat for water birds. There is also a high

diversityof terrestrial birds that may be a major attraction to bird lovers.

6.8.Human-Wildlife Conflicts and Community Conservation

Elephant-human conflict is no longer a serious concern of the communities around the

reserve.However, other resident and introduced mammalian species may cause wildlife

conflicts since the constructed fence is not a deterrent to these species. There have been

sporadic escapes of baboons, zebras and impalas into the farmlands although their crop

destruction has been minimal since they are few. Once the mammalian species increase in

number, they may precipitate serious conflicts with humans. This section seeks to explore

waysin which such incidences may be prevented and monitored.

After the erection of an electric fence between the two rivers enclosing the reserve,

human-elephant conflicts drastically reduced and there have been insignificant cases of

invasion of farmlands by elephants since 1998. There has been, however, sporadic

invasion of farmlands by other mammalian species, especially the impala, warthog,

iaboon and lately by the introduced zebra. However, the level of crop damage has been

ninimal. Immediately zebras were introduced in the year 2001, eight individuals escaped

nto community land and a group of four zebras is now known to be living near Ndune

tills to the northeast of the reserve. The whereabouts of another group of four is

mknown. The farmers have tolerated the zebra though they currently utilize crop fields.

'he situation will obviously change once the zebra population increases. They may be

illed for meat or become a nuisance to the farmers. There is. therefore. the need to

apture those zebras and relocate them into the reserve for their safety. In addition, Kenya

Vildlife Service management also needs to increase the number of electric strands below

ne meter to minimize future escapes of smaller animals out of the reserve.
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6.9. Tourism and Infrastructure Development

Tourism is an important foreign exchange earner, which also helps in financing

conservation activities in the country. Visitation to Mwea National Reserve is very poor,

receiving an average of five visitors a month. There are various factors that contribute to

this low number of visitors despite the presence of elephants, one of the major species

that attracts tourists into our conservation areas. The reserve also has an attractive

waterfront, serene habitats and diverse birdlife. Factors that contribute to the low visitor

numbers include poor advertising of the reserve as a tourist destination, poor

infrastructure to and in the reserve, lack of suitable accommodation and low animal

numbers and diversity. This section seeks to address these issues to improve and

encourage tourism into the reserve.

Poaching for subsistence hunting has been rampant in the reserve since the 1970's and

has led to local extinction of some medium to large bodied mammalian species. Such

species that are locally extinct are the black rhino, the kongoni, the bushpig and the lesser

kudu. Poaching is currently still a major problem as evidenced by the presence of snares

collected (approximately 10 per sampling day), and poachers (approximately 5 per

month) who have been arrested within the reserve during the period of this study. To

minimize such incidences, there ought to be awareness campaigns for the neighbouring

communities on the need to conserve wildlife and share revenue as well as other benefits.

The animal introductions currently taking place were a follow up of the stakeholders'

recommendations on the need to expand the spectrum of animal species with a view to

improve attractiveness of the reserve and hence increase revenue base from tourism.

These introductions are part of the many envisaged for the reserve. Similar introductions

in the future should be accompanied by improvement of habitats to support the targeted

species. For instance, by the time the zebras were introduced, there were no management

strategies to improve the pasture conditions of their target habitat, the wooded grasslands.

Management plans for fire and manual control of unpalatable woody and herbaceous

plants ought to have been in place to first improve the quality of foliage in wooded

grasslands. Similarly. to improve tourism, the wildlife managers need to intensify
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surveillance within the reserve to stamp out poaching of animals and plant products. The

neigbouring community should instead be encouraged and helped to engage in eco-

tourism based activities for revenue generation.

The infrastructure in Mwea National Reserve needs senous improvement to facilitate

accommodation and easy viewing of game. Currently the only functional facilities are the

camping sites near the headquarters and the Hippo point. Unfortunately, these facilities

are not regularly maintained. Furthermore, the two facilities can only accommodate two

groups of camping visitors each, but they both lack a water supply system. There is need

to improve the existing facilities and add more, especially along the Tana and Thiba

River circuits and at the Kaburu Dam view point. The two river systems and the Kaburu

dam are among important water bird areas in Kenya.

The dense and thick undergrowth in all vegetation types except in wooded grasslands

hampers game viewing along the existing road network. The thick vegetation limits the

game viewer to about 10m from the road. The road network is also a limiting factor to

game viewing since much of the reserve is not well connected. The existing road network

covers only about 90km in length. The coverage and connectivity ought to be increased

to improve game viewing by visitors and monitoring of the reserve by managers. In

addition, there is need for salt provision at strategic places where visitors can easily view

the animals from vantage points and probably erect walk-boards and platforms at the

water frontage. Such provisions can only be possible after an environmental impact

assessment has been conducted to establish the ecological impact of such developments

and their possible lifespan.

6.10. Recommendations

6.10.1. Monitoring Actions

1. A monitoring program to determine the rate of elephant utilization of woody

species <4m height should be established. In addition, future increase in the

number of uprooted woody plants can be used an early sign of ecological damage
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by elephants and most importantly adult bulls, which are known to uproot woody

plants, therefore changing the vegetation structure.

2. Elephant destruction of regenerating woody plants «1m) should not be allowed

to exceed 50% of the total woody plants within this height class. It has been

observed from other studies that the habitat degenerates when it reaches 50% of

the total woody plants within this class (Ross et ai., 1976).

3. Establishment of water provision facilities within selected sites in the grassland

for zebras and giraffes, especially in the dry season, will enhance animal visibility

by tourists. Prior to these improvements, feasibility studies and an EIA should be

carried out to justify salt lick and borehole locations in the reserve. The EIA

report will rationalize the number and location of boreholes and saltlicks and also

their life span to avoid vegetation destruction by large herbivores.

6.10.2. Conservation Actions

4. To enhance biodiversity and attractiveness of the reserve, locally extinct

mammalian species should be gradually re-introduced to achieve a balanced

resource and habitat exploitation. This should include species such as the lesser

kudu that was resident in the reserve as recently as 1998 when they were last

sighted. Others are the Kongoni and the black rhino.

5. The reserve could be conferred a Rhino Sanctuary status due to the high

availability of browse material to de-stock Nairobi and Lake Nakuru National

Parks. The success of such re-introduced species will depend on enhanced

security surveillance to combat poaching.
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6.10.3. Management Actions

6. There is an urgent need to develop a management plan based on the current

conservation issues in Mwea National Reserve, ongoing and anticipated

introductions of mammalian species. This recommendation is inline with KWS

Planning and Monitoring Unit aspirations towards the current animal re-

introductions. The current management plan had proposed these re-introductions

within the framework of the 1998 five year management plan that ended in the

year 2003.

7. A prescribed fire management program should be initiated to control

encroachment of bushes into the grasslands that form critical habitat for the zebra

and other grazers. Rotational prescribed burning regimes for various wooded

grassland areas should be put in place with minimal disturbance to mammalian

species in the wooded grasslands.

8. Extra electric strands below one meter are required to prevent and control

mammalian species movement out of the reserve. Such movements are a potential

source of human-wildlife conflict especially as the herbivore species populations

increase and diversify through the current and future introductions.

9. The existing visitor facilities in the reserve are currently in a poor condition.

Therefore, to increase the attractiveness of the reserve to visitors, there is need to

rehabilitate the existing campsites and establish more viewpoints cum campsites

along the Tana and Thiba Rivers.

10. The road network and its connectivity are poor and currently cover only 90km. To

monitor the animal numbers, combat poaching and promote tourism in the

reserve, the condition of the roads should be improved and coverage increased to

enhance sighting of animals at the same time ensuring that soil erosion along the

road network is minimized.
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11. The management should embark on production of tourism brochures to market

reserve as an alternative tourism destination and link it with other parks in the

northern circuit. Information in these brochures should put more prominence to

eco-tourism and tented safaris. It is an attractive site for waterfowl viewing, sport

fishing and water games.

12. Elephant sightings should be enhanced, as they constitute an important tourist

attraction to the reserve. They are rarely seen due to their shy behavior and there

is therefore a need to provide salt licks in selected sites within the wooded

grassland areas. This should be rotated to avoid localized land and vegetation

degradation. The elephants are known to dig soils in the reserve destroying

vegetation probably to supplement their mineral requirements.

6.11. Information Gaps and Areas Requiring Specific Research

1. To investigate the response of the plant species to elephant damage and woody

species recruitment rate.

2. Determine the optimum density or carrying capacity of elephants in Mwea

National Reserve.

3. Feeding behavior of giraffe and their impacts on woody species in the reserve.

4. Survey for the food base of the rhino aimed at their reintroduction to utilize the

available undergrowth unutilized by other mammalian species in the reserve.

S. Impact of tsetse flies on mammalian species in the reserve.

6. Impact of tsetse flies on the health and livelihood of adjacent communities.

7. Impacts of burning regimes on plant species composition (herbs and woody

species) and herbivore food resources availability.

8. Spatial and temporal patterns of elephant distribution within the reserve.

9. The abundance and role of small mammals as indicators of micro-habitat stability

and trends.
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8.0 LIST OF APPENDICES

Appendix la: GPS Reference points for PCQ and Woody Species Utilization Transects
in Mwea National Reserve

Location Transects in the Acacia mellifera Woodland Location Transects in the Bushland Habitat
Longitude Latitude Transect Bearing Longitude Latitude Transect Bearing

343637 9908862 (PCQ 150u 348875 9907707 (PCQ/UT 10u

343668 9908746 (PCQ 360u 349123 9908649 (PCQ/UT 55u

345025 9907071 (PCQ 60u 348943 9907418 (PCQ/UT) 70u
347029 9908428 (PCQ 24u 348430 9908733 (PCQ/UT) 225u

346594 9908839 PCQ/UT 160u 346703 9911294 (PCQ/UT 310U
346694 9908830 PCQ/UT 360u 347481 9912033 (PCQ/UT 190u

346685 9908771 PCQ/UT 135u 346009 9912052 (PCQ/UT 210u
344388 9907776 PCQ/UT 150u 347706 9912481 (PCQ/UT 330u

344388 9907776 PCQ/UT 225u 349915 9908579 (PCQ/UT 360u
347241 9906864 (PCQ/UT) 110u 348728 9906604 (PCQ/UT 80u

348144 9908055 PCQ/UT 150u 348177 9907390 (PCQ/UT) 320u
347046 9906449 PCQ/UT 40u 347000 9909240 UT 215u

345836 9906288 PCQ/UT 150u 350508 9907581 UT 300u
220u .-345449 9906652 PCQ/UT

Location Transects in the Commlphora Africana Location Transects in the Wooded Grasslands
Woodland
Longitude Latitude Transect Bearing Longitude Latitude Transect Bearing

345503 9909546 (PCQ/UT 250u 344231 9912724 PCQ 30u

347115 9907094 PCQ/UT 170u 344526 9912500 (PCQ 14QO-
347065 9908829 PCQ/UT 1;350- 344380 9912344 PCQ 100u

344388 9907776 PCQ/UT 180u 349556 9907016 PCQ 90u
350407 9907274 ~Q/UT 310u 343349 9908770 (PCQ 110u

347994 9907337 (PCQ/UT 31"(1)- 344388 9907776 PCQ) 360lJ

347749 9907505 PCQ/UT 270u 343655 9908334 PCQ) 2250 ..
347049 9906738 PCQ/UT 240u 344388 9907776 PCQ 900--
346396 9906076 PCQ/UT 270u 345280 9912651 (PCQ 135u

~46396 9906076 PCQ/UT) 360u 345280 9912651 PCQ 310U
1------ 3600- 330()345449 9906652 PCQ/UT 344537 9911207 PCQ

349583 9907633 PCQ/UT 2300- 344537 9911207 PCQ 135-v
348130 9907830 UT 90u 344380 9912344 UT 160u
346820 9906107 UT 135u 343857 9907890 UT 75u
346396 9906369 UT 45u 344526 9912500 UT 23go-

-- _.
90u349383 9907418 UT

PCQ Point Centered Quarter Transects
UT Woody Species Utilization Transects
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Appendix Ib: GPS Reference Points for Dung Count and Woody Species Profile
Transects in Mwea National Reserve

Elephant Dung Pile Count Transects Other Mammalian Species Dung Count
Transects

Longitude Latitude Habitat Bearing Longitude Latitude Habitat Bearing
347653 9908172 WL 200 344076 9911751 AM 450

348177 9907390 WL 200 347156 9910936 Am 3600

346566 9912743 WL 900 345970 9910422 AM 600

348043 9909124 WL 2700 345962 9910394 Am 2400

349123 9908649 WL 1900 346316 9909025 AM 1600

348029 9908871 WL 1900 346316 9909025 Am 3600

345881 9911347 WL 3200 347835 9912103 BL 1350

347047 9910983 WL 2800 348446 9907083 BL 1500

347000 9909240 WL 2500 349097 9907705 BL 2250

348875 9907708 WL 300 349108 9907736 BL 1100

344380 9912344 WG 300 346059 9912183 BL 2450

343626 9910694 WG 2100 348221 9907327 CA 2150

345025 9907071 WG 700 345883 9906256 CA 3000

345836 9906288 BL 1800 347726 9908145 CA 300

347065 9908829 BL l100 347680 9908137 CA 1400

346188 9909103 BL 2800 347243 9906605 WG 1000

343519 9909960 BL 150 343352 9912386 WG 900

343201 9912040 WG 1100

Profile and Structure Transects 343456 9910675 WG 35
Longitude Latitude Habitat Bearing 343907 9908251 WG 900

345745 9909383 AM1 2250 344874 9907432 WG 3600

345745 9909382 AM2 (400m NE) 450 344430 9910534 WG 1450

345728 9909351 AM3 2250

345728 9909351 AM4 (400m SW) 2250

347029 9908428 CA1 450

347029 9908428 CA2 (400m NE) 450

345836 9906288 CA3 2250

349192 9907696 BL1 2250

349192 9907696 BL2 (400m NE) 450

349192 9907696 BL3 450

349192 9907696 BL4 (400m SW) 2250

AM Acacia mellifera Woodland
CA Commiphora africana woodland
BL Bushland Habitat
WG Wooded Grasslands
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Appendix 2a: Location of the PCQ transects by vegetation types in Mwea National
Reserve

.'i.I::J_-=:::J_.0l:::::====:::iI l:::::====::iI 4 Kilom eters

PCQ Transects
Acacia mellifera woodland
Bushland habitat
Commifora africana
Wooded grassland

j\/Roads
/\/Reserve Boundary
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Appendix 2b: Location of the structure and profile transects by vegetation types in
Mwea National Reserve

1"_Cl_.::::J_.O'===== il======- __ .4 Kilometers

Structure transects
Acacia mellifera woodland
Bushland habitat
Commifora africana
Wooded grassland

/\/Roads
/\/Reserve Boundary
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Appendix 2c: Location of the elephant dung count transects by vegetation types in Mwea
National Reserve

1 0--- 4 Kilometers~O£==~ __ E=~ _

Elephant Counts
Bushland Habitat
Wooded Grassland
Woodland

/\I. Roads
1\/ Reserve Boundary
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Appendix 2d: Location of the dung count transects for other mammalian species by
vegetation types in Mwea National Reserve

,._Cl_-=_.OC==== i:2=====l3 4 Kilometers

Other species dung counts
• Acacia mellifera woodland

Bushland habitat
Commifora africana
Wooded grassland

/\/RoadsN Reserve Boundary
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Appendix 2e: Location of the elephant woody species utilization transects by vegetation
types in Mwea National Reserve

1._O_lElI_tO===:j C==j3 4 Kilometers

Utilization transects
Acacia mellifera woodland
Bushland habitat
Commifora africana
Wooded grassland

/\/Roads/\I Reserve Boundary
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Appendix 3: A. mellifera woodland species cOmpOSItIOn, relative (frequency, density,
dominance) and importance value. The species are ordered by IVI.

Species No. Av. Density ReI. Den Dom ReI. Dom Freq. ReI. Freq. IVI
Ind Dom

A. mellifera 257 126.61 430.65 23.66 54524.58 45.99 175.60 21.22 90.88
C. africana 163 106.98 273.13 1501 29218.64 24.64 114.60 13.85 53.50
G. bicolor 140 9.75 234.59 12.89 2287.02 1.93 103.60 12.52 27.34
C. aculeatum 101 5.01 169.24 9.30 848.25 0.72 78.80 9.52 19.54
G. virosa 82 4.73 137AO 7.55 649.83 0.55 67.60 8.17 16.27
Lannea sp 42623.52 6.70 0.37 17584.56 14.83 4.00 OA8 15.68
G. tembensis 59 5.55 98.86 5A3 548.70 OA6 46AO 5.61 11.50
A. etbaica 18 162.82 30.16 1.66 4910.88 4.14 18.00 2.18 7.98
C. exalaclum 36 2.23 60.32 3.31 134.24 0.11 20.00 2A2 5.85
A. lortilis 23 34A1 38.54 2.12 1326.10 1.12 20.00 2A2 5.65
P. resinosa 23 12.74 38.54 2.12 491.06 OA1 22.00 2.66 5.19
A. brevispica 27 5.06 45.24 2A9 22906 0.19 18.80 2.27 4.95
A. alaxacantha 21 5.39 35.19 1.93 189.55 0.16 21.00 2.54 4.63
C. edulis 17 38.64 28A9 1.57 1100.84 0.93 13.00 1.57 4.07
C. schimperi 20 0.00 33.51 1.84 0.11 0.00 17.00 2.05 3.90
A. anlhelminlica 13 50.07 21.78 1.20 1090.61 0.92 1000 1.21 3.33
C. monoica 11 39.22 18A3 101 722.95 0.61 11.00 1.33 2.95
S. africana 9 26.18 15.08 0.83 394.78 0.33 9.00 1.09 2.25
A. tomasii 11 0.01 18A3 1.01 0.25 0.00 9.00 109 2.10
S. renchii 8 7.30 13A1 0.74 97.86 0.08 8.00 0.97 1.79
B. angustifolia 6 22.05 10.05 0.55 221.72 0.19 6.00 0.73 1.46

T. prunoides 5 49A8 8.38 OA6 414.59 0.35 5.00 0.60 1.41

A. refensis 7 0.02 11.73 0.64 0.27 0.00 6.00 0.73 1.37
L. eriocalyx 6 11.66 10.05 0.55 117.23 0.10 5.00 0.60 1.26
M. volkensii 2 240.81 3.35 0.18 807.02 0.68 2.00 0.24 1 .11
O. kirkii 5 18.52 8.38 OA6 155.20 0.13 4.00 OA8 1.07
E. kibwensis 2 141.20 3.35 0.18 473.21 OAO 2.00 0.24 0.83
A. senegal 2 0.00 3.35 0.18 0.01 0.00 2.00 0.24 0.43

M. heterophyla 2 0.00 3.35 0.18 0.00 0.00 2.00 0.24 0.43

A. rubifolius 1 4.91 1.68 0.09 8.23 0.01 1.00 0.12 0.22
C. molle 1 4.52 1.68 0.09 7.57 0.01 1.00 0.12 0.22
M. puttrickioides 1 3A7 1.68 0.09 5.81 0.00 1.00 0.12 0.22
S. singuana 1 0.00 1.68 0.09 0.00 0.00 1.00 0.12 0.21
J. meyeri 1 0.00 1.68 0.09 0.00 0.00 1.00 0.12 0.21
M. angolensis 1 0.00 1.68 0.09 0.00 0.00 1.00 0.12 0.21
Total 1086 100.00 118560.73 100.00 827.40 100.00 300.00

The zeros represent values less than 0.01

Abbreviations
No. Ind - Number of individuals
Den. - Species Density
Dom. - Species Dominance
Freq. - Species Frequency
IVI - Species Important Value Index

Av. Dom. - Average Dominance
ReI. Den. - Relative Density
ReI. Dom. - Relative Dominance
ReI. Freq. - Relative Frequency
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Appendix 4: Wet season grass and dicots species composition, biomass and frequency in
three vegetation type. G - Grass species D - Dicots

A. mellifera habitat C. africana habitat Bushland habitat
Type Mean dry Frequency Mean dry Frequency Mean dry Frequency

Species Biomas Biomass (gm'2) Biomass
(Qm·2) (Qm·2)

B. deflexa G 1.54 01'3

B. laersioides G 0.30 0.04

C. ciliaris G 1.72 0.06 0.16 0.06 0.02 0.04

Dactyloctenium germinatum G 0.08 0.04
Digitaria milanjiana G 0.76 0.06 1.38 0.09
Digitaria scalurum G 0.96 0.06

E. macrostachyus G 1.82 0.13 6.46 0.19

E. caespitosa G 0.64 0.13 3.38 0.13

H.contortus G 0.70 0.06 0.19

S. nervosum G 4.86 0.13

S. pumiJa G 1.08 0.13 1.37 4.14 0.48

Sporobolus festivus G 0.04 0.04

T triendre G 1.15 0.06

Abutilon fruticosum 0 0.47 0.06

Acalypha psiJostachya 0 0.16 0.06 073 0.13
Achyranthes aspera 0 0.08 0.06

Acalypha volkensii 0 0.04 0.13

Asparagus flagel/aris 0 0.69 0.06 0.10 0.04

Aspilia pJuriseta 0 0.00 0.31 0.04 0.25 0.00 0.09

B. eranthemoides 0 1.73 0.38 2.41 0.63 0.89 0.26

B. micrantha 0 1.52 0.31 7.16 0.56 3.16 0.30

B. deflexa 0 1.87 0.44

Cassia absus 0 0.03 0.06

Cissampelos mucronata 0 0.04 0.06

Cissus quadranguJaris 0 0.42 0.06

C. benghalensis 0 0.24 0.19 1.12 0.50 0.88 0.35

Crabbea veJutina 0 0.27 0.13 0.02 0.04

E. tereticaulis 0 0.39 0.38 0.00 0.04

E. caespitosa 0 3.56 0.19

Helinus intergrifolia 0 0.23 0.13 0.30 0.04

Hermania uhligii 0 0.18 0.50 0.00 0.13

H. calyphyllus 0 2.14 0.38 1.84 0.38 0.00 0.13

Indigofera volkensii 0 0.28 0.06

Ipomea involucrata 0 0.04 0.04

Justica sp 0 0.08 0.06 000 0.06

Leucaus martinicensis 0 0.29 0.06 0.03 0.04

Plectranthus caninus 0 0.16 0.06
Polygala sadebeckiana 0 0.66 0.31

PupaJia Jappacea 0 0.52 0.25 0.41 0.19 0.01 0.09

Rhynchosia schimperi 0 0.16 013

Spermacoce sphaerostigma 0 0.12 0.06 0.10 009

Tephrosia pumila 0 0.04 0.06 0.42 009

T flavescens 0 0.16 0.38 0.00 0.06 0.00 004

Vemonia galamensis 0 0.19 0.06 0.28 0.13 0.28 013
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Appendix 5: C. africana woodland species composition, relative (frequency, density,
dominance) and importance value. The species are ordered by IVI

Species No. Av. Density ReI. Den Dom ReI. Dom Freq. ReI. Imp. Val.
Ind Dom Freq.

C. africana 273 125.81 50309 31.31 63292.69 53.44 157.00 24.15 108.90
A. mellifera 123 64.66 226.67 14.11 14656.18 12.38 81.00 12.46 38.94
P. resinosa 82 10.90 151.11 9.40 1647.65 1.39 67.00 10.31 21.10
G. bicolor 79 16.49 145.58 9.06 2400.57 2.03 64.00 9.85 20.93
A. tottilis 25 220.48 46.07 2.87 10157.61 8.58 23.00 3.54 14.98
G. virosa 43 5.04 79.24 4.93 399.77 0.34 39.00 6.00 11.27
Lannea sp 23313.36 3.69 0.23 12211.84 10.31 2.00 0.31 10.85
C. aculeatum 35 6.51 64.50 4.01 419.83 0.35 31.00 4.77 9.14
A. ataxacantha 33 8.33 60.81 3.78 506.64 0.43 26.00 4.00 8.21

G. tembensis 31 7.73 57.13 3.56 441.72 0.37 27.00 4.15 8.08

C. edulis 21 53.38 38.70 2.41 2065.86 1.74 19.00 2.92 7.08
A. etbaica 12 201.76 22.11 1.38 4461.78 3.77 10.00 1.54 6.68

S. africana 13 59.88 23.96 1.49 1434.54 1.21 13.00 2.00 4.70
A. brevispica 16 5.31 29.49 1.83 156.43 0.13 15.00 2.31 4.27

C. myriocoides 12 6.64 22.11 1.38 146.84 0.12 10.00 1.54 3.04

C.i schimperi 9 35.40 16.59 103 58707 0.50 9.00 1.38 2.91

B. angustifolia 9 35.79 16.59 103 593.55 0.50 7.00 108 2.61

C. exalactum 9 7.73 16.59 103 128.15 0.11 7.00 1.08 2.22

H. parvifolium 3 268.33 5.53 0.34 1483.45 1.25 3.00 0.46 2.06

S. renchii 7 8.83 12.90 0.80 113.94 0.10 7.00 1.08 1.98

O. kirkii 6 19.52 11.06 0.69 215.78 0.18 5.00 0.77 1.64
A. elata 5 0.02 9.21 0.57 0.14 0.00 4.00 0.62 1.19

C. monoica 4 15.50 7.37 0.46 114.26 0.10 4.00 0.62 1.17
L. eriocalyx 3 57.52 5.53 0.34 317.99 0.27 3.00 0.46 1.07
T. Brownii 3 4.44 5.53 0.34 24.55 0.02 3.00 0.46 0.83

A. anthelmintica 2 87.29 3.69 0.23 321.72 0.27 2.00 0.31 0.81

T. prunoides 2 5.80 3.69 0.23 21.36 0.02 2.00 0.31 0.56
M. puttrickioides 2 4.98 3.69 0.23 18.35 0.02 2.00 0.31 0.55
F. sur 2 0.00 3.69 0.23 0.01 0.00 2.00 0.31 0.54

P. capensis 1 31.19 1.84 0.11 57.48 0.05 1.00 0.15 0.32
T. africana 1 9.62 1.84 0.11 17.73 0.01 1.00 0.15 0.28

C. otostegioides 1 4.15 1.84 0.11 7.65 0.01 1.00 0.15 0.27

O. inermis 1 4.15 1.84 0.11 7.65 0.01 1.00 0.15 0.27
S. rivae 1 0.00 1.84 0.11 0.01 0.00 1.00 0.15 0.27

E. kibwensis 1 0.00 1.84 0.11 0.00 0.00 1.00 0.15 0.27

Total 872 100.00 118430.80 100.00 650.00 100.00 30000

The zeros represent values less than 0.01

Abbreviations
No. Ind - Number of individuals
Den. - Species Density
Dom. - Species Dominance
Freq. - Species Frequency
IVI - Species Important Value Index

Av. Dom. - Average Dominance
ReI. Den. - Relative Density
ReI. Dom. - Relative Dominance
ReI. Freq. - Relative Frequency
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Appendix 6: Bushland habitat species composition, relative (frequency, density,
dominance) and importance value. The species are ordered by IVI.

Species No. Av. Density ReI. Den Dom ReI. Dom Freq. ReI. Freq . Imp. Val.
Ind Dom

C. africana 84 174.87 171.31 10.78 29956.91 33.38 63.00 10.05 54.21
A. mellifera 64 109.31 130.52 8.22 14266.64 15.90 48.00 7.66 31.77
G. bicolor 78 16.22 15907 10.01 2579.87 2.87 65.00 10.37 23.25

A. ataxacantha 86 9.88 175.38 11.04 1733.41 1.93 64.00 10.21 23.18
P. resinosa 79 10.41 161.11 10.14 1677.09 1.87 61.00 9.73 21.74
B. angustifolia 19 164.31 38.75 2.44 6366.67 7.09 19.00 3.03 12.56
A. torti/is 17 196.34 34.67 2.18 6806.93 7.59 15.00 2.39 12.16
A. anthelmintica 12 322.17 24.47 1.54 7884.18 8.79 11.00 1.75 12.08
C. aculeatum 37 6.32 75.46 4.75 476.60 0.53 33.00 5.26 10.54
C. schimperi 22 71.66 44.87 2.82 3215.11 3.58 21.00 3.35 9.76
G. virosa 33 4.63 67.30 4.24 311.92 0.35 30.00 4.78 9.37
S. africana 39 14.04 79.53 5.01 1116.85 1.24 18.00 2.87 9.12
C. exa/actum 29 6.62 59.14 3.72 391.70 0.44 22.00 3.51 7.67
H. parvifo/ium 3 924.67 6.12 0.39 5657.22 6.30 3.00 0.48 7.17
A. brevispica 25 6.07 50.98 3.21 309.68 0.35 22.00 3.51 7.06
S. renchii 22 11.46 44.87 2.82 514.31 0.57 20.00 3.19 6.59

O. inermis 21 10.78 42.83 2.70 461.71 0.51 17.00 2.71 5.92
C. edu/is 11 83.02 22.43 1.41 1862.32 2.08 11.00 1.75 5.24
T. brownii 15 32.99 30.59 1.93 1009.30 1.12 11.00 1.75 4.80

G. tembensis 15 6.17 30.59 1.93 188.74 0.21 15.00 2.39 4.53
M. puttrickioides 15 7.57 30.59 1.93 231.49 0.26 8.00 1.28 3.46

C. amphyllanthus 10 9.10 20.39 1.28 185.48 0.21 9.00 1.44 2.93

C. monoica 9 12.05 18.35 1.16 221.13 0.25 9.00 1.44 2.84
L. eriocalyx 6 63.74 12.24 0.77 779.91 0.87 6.00 0.96 2.60
A. etbaica 5 76.79 10.20 0.64 78301 0.87 5.00 0.80 2.31
T. prunoides 6 31.69 12.24 0.77 387.74 0.43 6.00 0.96 2.16
C. otostegioides 5 8.32 10.20 0.64 84.86 0.09 4.00 0.64 1.37
M. angolensis 3 23.26 6.12 0.39 142.33 0.16 3.00 0.48 1.02

O. kirkii 3 6.88 6.12 0.39 42.07 0.05 2.00 0.32 0.75
A. rubifolius 2 12.21 4.08 0.26 49.80 0.06 2.00 0.32 0.63
E. kibwensis 1 9.62 2.04 0.13 19.62 0.02 1.00 0.16 0.31
C. myriocoides 1 4.52 2.04 0.13 9.22 0.01 1.00 0.16 0.30
A. schimperi 1 3.14 2.04 0.13 6.40 0.01 1.00 0.16 0.29

C. vascularis 1 3.14 2.04 0.13 6.40 0.01 1.00 0.16 0.29

Total 779 100.00 89736.61 100.00 627.00 100.00 300.00

The zeros represent values less than 0.01

Abbreviations
No. Ind - Number of individuals
Den. - Species Density
Dom. - Species Dominance
Freq. - Species Frequency
IVI - Species Important Value Index

Av. Dom. - Average Dominance
ReI. Den. - Relative Density
ReI. Dom. - Relative Dominance
ReI. Freq. - Relative Frequency
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Appendix 7: Wooded grassland species composition, relative (frequency, density,
dominance) and importance value. The species are ordered by IVI.

Species No. Av. Density ReI. Dom ReI. Freq. ReI. Imp.
Ind Dom Den Dom Freq. Val.

r. brownii 99 68.74 161.24 13.03 11083.30 28.31 76.00 12.30 53.64
C. africana 95 41.45 154.73 12.50 6414.07 16.38 70.00 11.33 40.21

O. kirkii 100 502 162.87 13.16 817.52 209 67.00 10.84 2609
A. hockii 62 13.78 100.98 8.16 1391.29 3.55 50.00 8.09 19.80

C. molle 56 5.16 91.21 7.37 470.29 1.20 46.00 7.44 1601
S. africana 39 27.61 63.52 5.13 1754.06 4.48 30.00 4.85 14.47

M. puttrickioides 40 4.54 65.15 5.26 296.03 0.76 34.00 5.50 11.52
Lannea sp 1 2643.14 1.63 0.13 4304.91 11.00 1.00 0.16 11.29

O. insignis 29 7.62 47.23 3.82 360.15 0.92 27.00 4.37 9.10
A. senegal 16 66.57 26.06 2.11 1734.76 4.43 13.00 2.10 8.64

D. rutundifolia 17 32.60 27.69 2.24 902.66 2.31 15.00 2.43 6.97
A. etbaica 4 307.54 6.51 0.53 2003.57 5.12 4.00 0.65 6.29

G. bicolor 17 18.40 27.69 2.24 509.44 1.30 17.00 2.75 6.29

R. natalensis 19 3.96 30.95 2.50 122.60 0.31 18.00 2.91 5.73
A. tortilis 10 69.80 16.29 1.32 1136.82 2.90 9.00 1.46 5.68
M. senegal 18 3.10 29.32 2.37 90.85 0.23 16.00 2.59 5.19

P. capensis 3 277.00 4.89 0.39 1353.46 3.46 3.00 0.49 4.34
A. nilotica 10 33.18 16.29 1.32 540.34 1.38 10.00 1.62 4.31
A. mellifera 9 39.47 14.66 1.18 578.57 1.48 8.00 1.29 3.96

S. birrea 1 855.30 1.63 0.13 1393.04 3.56 1.00 0.16 3.85

C. fragrans 14 0.00 22.80 1.84 0.07 0.00 12.00 1.94 3.78

H. abyssinica 5 99.73 8.14 0.66 812.19 2.07 5.00 0.81 3.54
L. eriocalyx 11 3.18 17.92 1.45 56.95 0.15 11.00 1.78 3.37

G. virosa 12 4.22 19.54 1.58 82.38 0.21 7.00 1.13 2.92

G. tembensis 9 4.32 14.66 1.18 63.36 0.16 9.00 1.46 2.80
E. divinorum 7 9.01 11.40 0.92 102.77 0.26 6.00 0.97 2.15

P. resinosa 7 1.30 11.40 0.92 14.80 0.04 7.00 1.13 2.09
Z. chalybeum 2 141.83 3.26 0.26 461.99 1.18 2.00 0.32 1.77
C. myriocoides 6 0.00 9.77 0.79 0.00 0.00 5.00 0.81 1.60

S. birrea 5 0.02 8.14 0.66 0.13 0.00 5.00 0.81 1.47

C. aculeatum 4 10.88 6.51 0.53 70.85 0.18 4.00 0.65 1.35

G. temifolia 5 0.00 8.14 0.66 0.01 0.00 3.00 0.49 1.14
C. edulis 3 10.12 4.89 0.39 49.45 0.13 3.00 0.49 1.01

B. egyptiaca 3 0.00 4.89 0.39 0.02 0.00 3.00 0.49 0.88
S. singuoana 3 0.00 4.89 0.39 , 0.01 0.00 3.00 0.49 0.88
A. anthelmintica 2 34.78 3.26 0.26 113.29 0.29 2.00 0.32 0.88
Z. mucronata 2 2.46 3.26 0.26 8.00 0.02 2.00 0.32 0.61
F. indica 2 0.01 3.26 0.26 0.02 0.00 2.00 0.32 0.59
S. bacarinii 2 0.00 3.26 0.26 0.01 0.00 2.00 0.32 0.59
A. reficiens 2 0.00 3.26 0.26 0.01 0.00 2.00 0.32 0.59

C. collinum 2 0.00 3.26 0.26 0.00 0.00 2.00 0.32 0.59
F. saligna 2 0.03 3.26 0.26 0.11 0.00 1.00 0.16 0.43

174



Species No. Av. Density ReI. Dom ReI. Freq. ReI. Imp.
Ind Dom Den Dom Freq. Val.

G. latifolia 1 15.21 1.63 0.13 24.77 0.06 1.00 0.16 0.36

S. myrtina 1 12.57 1.63 0.13 20.47 0.05 1.00 0.16 0.35

F. hildebrandtii 1 4.52 1.63 0.13 7.36 0.02 1.00 0.16 0.31
T. africanus 1 0.00 1.63 0.13 0.01 0.00 1.00 0.16 0.29

S. quadrata 1 0.00 1.63 0.13 000 0.00 1.00 0.16 0.29

Total 760 100.00 39146.78 10000 618.00 100.00 300.00

The zeros represent values less than 0.01

Abbreviations
No. Ind - Number of individuals
Den. - Species Density
Dom. - Species Dominance
Freq. - Species Frequency
IVI - Species Important Value Index

Av. Dom. - Average Dominance
ReI. Den. - Relative Density
ReI. Dom. - Relative Dominance
ReI. Freq. - Relative Frequency
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Appendix 8a: Wet season grass and dicots species composition, biomass and frequency III

b d d b d d did G GOO'urne an un urne woo e rass an s. - rass species; - icots
Type Burned area Unburned area

Species Mean dry Frequency Mean dry Frequency
Biomass (gm'2) Biomass(qm .2)

A. distachyus G 11.66 0.13

A. schirensis G 747 0.22 15.28 0.28

Bothriochloa bladhii G 4.19 0.11

C. ciliaris G 3.33 0.11
E. caespitosa G 1.13 0.17 6.59 0.19

H. contorlus G 1247 0.39 12.96 0.3

H. dissoluta G 9.71 0.28 0.54 0.06
Panicum maximum G 2.62 0.06
S. nervosum G 11.19 0.5 40.27 0.59
Sorghum purpureo-sericeum G 0.38 0.03
T. triandra G 846 0.11 1.25 0.03

Cassia fallacina 0 0.14 0.06
D. hildebradtii 0 0.19 0.06 0.95 0.15
E. teleticaulis 0 144 0.17 1.72 041
Helichrysum sp 0 0.03 0.06 0.02 0.03
Hermannia oliveri D 0.04 0.06

Indigofera sp D 9.83 0.17 0.67 0.13

I. volkensii D 0.36 0.03
Phyllanthus maderasperensis D 0.04 0.11 0.02 0.03
R. patula 0 143 0.17 6.03 0.16
Spermacoce sphaerostigma 0 0.01 0.06
Tephrosia pumila D 1.18 0.22 0.07 0.03
Tragia plukenetii 0 0.05 0.03
T. flavescens D 0.25 0.06 0.00 0.03
Vemonia aemulans 0 0.11 0.03
Vigna sp 0 0.08 0.03

Appendix 8b: Ory season dicots and grass species composition and dry biomass in unburned and
b d . fh dd I dG . H h burne sections 0 t e woo e grass an . - grass species; - er species

Unburned Grassland Burned Grassland
Type Mean Dry Species Type Mean Dry

Species Biomass (g/rrr') Biomass
(g/rn'')

Aristida adescensis G 2.00 C. roxburghiana G 57.30
D. macrocephala G 88.37 Cvmbopogon caesius G 21.84
H. lintonii G 131.97 D. macrocephala G 28.70
Rhynchelytrum repens G 26.60 H. lintonii G 124.00
Dyscholiste depress a H 11.02 R. repens G 13.73
I.. volkensii H 2.97 S. nervosum G 45.46

Vernonia aemulans H 2.70 T triandra G 29.53
D. depress a H 42.05
I. vo/kensii H 9.20
T flavencens H 34.00
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Appendix 9: Critical t-test values for Shannon-Wiener diversity indices between vegetation types
in Mwea National Reserve

Vegetation types A. mellifera C. africana Wood land Bushland I
Woodland habitat I

A. mellifera Woodland I
c. africana Woodland. 3.28* (1844) IBushland habitat 6.45 * (1816) 9.32* (1585) I

Wooded grasslands 6.81*(1696) 9.52* (1474) 0.09 (1439) I..* - Significant critical values Degrees of freedom (df) 111 parenthesis
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Appendix 10: Dry and wet seasons mean±SE dung density as a measure of herbivore occupancy for various vegetation types
in Mwea National Reserve

Species A. mellifera Bushland C. africana Riverine Transition Wooded F-value
woodland habitat woodland vegetation zones grasslands

type
Mean dung density during the dry season
Baboon 10.66±1.25 47.33±20.34 32.59±6.91 45.84±27.56 28.56±15.22 F4,l9=0.99
Bushbuck 20.47±3.88 20.05±5.25 35.35±16.15 7.39±2.26 F3,22 = 2.12
Buffalo 15±4.20 14.13±6.41 26.71±9.57 F2,l4 =0.60
Dik-dik 14±5.62 16.96±3.54 9.79±1.75 F2,l4 = 0.56
Duiker 34.63±9.27 43.72±12.96 26.93±8.42 7.88±0.99 F3,l5= 2.22
Elephant 18.36±3.43 44.19±21.33 62.58±25.21 17.48±4.99 12.16±3.17 F4,21= 2.07
Impala 106.68± 19.84 44.08±26.63 60.66±20.61 80.89±68.51 32.46±19.25 35.94±19.72 F5,30= 1.16

- Sunni 17.49±4.97 10.09±2.48 21.98±3.46 7.60±2.64 F3,l3= 3.78*
oc Warthog 52.53±3.44 43.25±24.81 8.21±2.19 F2,7= 1.25

Waterbuck 18.23±4.37 25.83±15.99 t7 = 0.41
Mean dung density during the wet season
Baboon 17.95±1.53 29.78±5.89 27.23±3.86 44.98±26.66 8.14±1.83 F4,19=1.18
Bushbuck 7.66±1.35 7.59±1.87 16.73±7.63 6.66±2.36 F3,ll = 1.63
Buffalo 8.09±1.12 19.31±3.23 ts = 3.29*
Dik-dik 6.41±1.16 6.03±1.77 11.66±3.96 F2,9= 1.47
Duiker 24.50±6.98 17.03±6.09 4.99±0.96 19.08±8.62 F3,l4= 1.56
Elephant 15.42±3.28 90.65±36.15 53.28±17.83 25.16±9.85 1O.06±1.63 F4,lS= 3.98*
Impala 34.71±4.65 34.10±6.97 16.65±2.35 13.62±3.79 10.7±3.08 47.29±22.57 F5,22 = 1.94
Sunni 6.90±1.53 9.24±1.34 6.52±1.24 8.91±6.47 F3,l4= 0.46
Warthog 9.19±2.12 7.22±1.91 8.60±2.73 F2,l2= 0.20
Waterbuck 7.64±2.49 10.28±3.26 ~ = 0.65

* - Denotes significant differences in herbivore species occupancy for various vegetation types between the dry and the wet seasons P<O.05



Appendix lla: Elephant feeding preference ratios for woody species in the A. mellifera

woodland
Species

Acacia ataxacantha
Commiphora edulis
Commophora schimperi
Grewia bicolor
Ormocarpum kirkii
Solanum renchii
Albizia anthelmintica
Commiphora africana
Combretum exalatum
Grewia tembensis
Grewia virosa
Clerodendrum myricoides
Acacia mellifera
Cissus amphyllantha
Acacia tortilis
Acacia brevispica
Combretum aculeatum
Cordia monoica
Lannnea rivae
Premna resinosa

DensitylHectare

101.47

63.94
50.04

417.00
16.68

169.58
189Q4
473.99

18.07
546.27
665.81
48.65

772.84

8.34
112.59
59.77

619.94
38.92
27.80

130.66

% Availability
(A)

204
1.29
1.0 I

8.39
0.34
3.41

3.80
9.54
0.36

10.99
1~.39
0.98

15.55
0.17
2.27
1.20

12.47

0.78
0.56
2.63

%Utilization
(U)

6.45
3.42

2.55
19.25
077
5.97
4.68

11.45
0.43

10.82
11.88
0.78

11.10

0.12
1.37

0.54
3.73
0.18
0.12
0.54

PR (VIA)

316
2.66
2.53
2.29
2.29
175
1.23
1.20
1.17

0.98
0.89
0.80
0.71
0.70
0.60
0.45

0.30
0.23
021
0.21

Appendix lIb: Elephant feeding preference ratios for woody species in the C. africana
Woodland

Species

Ormocarpum kirkii
Acacia ataxacantha
Grewia bicolor
Acacia mellifera
Solanum renchii
Acacia tortilis
Lannea rivae
Commihora africana
Grewia tembensis
Cissus amphyllantha
Grewia virosa
Combretum aculeatum
Commiphora schimperi
Cordia monoica
Commiphora edulis
Acacia brevispica
Clerodendrum myricoides
Combretum exalatum
Premna resinosa
Albizia anthelmintica

DensitylHectare. % Availability % Utilization
(A)

8.80
174.90
221.10
210.10
128.70
45.10
33.00

370.70
405.90

81.40

530.20
165.00

17.60
36.30
15.40

133.10
94.60
19.80

250.80
123.20

179

0.26
5.09
6.43

6.11
3.74
1.31
0.96

10.78

11.80
2.37

15.42

4.80
0.51
1.06
0.45

3.87
2.75

0.58
7.29
3.58

(U)
1.13

14.08
13.46
9.42
5.66
1.55
1.13

12.14
12.56
2.27

11.97
3.11
0.32
0.65
0.24
1.72
1.15
0.16
1.65
0.32

PR (U/A)

4.43
2.77
2.09
1.54
1.51
1.18
1.18
1.13
1.06
0.96
0.78
0.65
0.63
0.61
0.54
0.44
0.42
0.28
0.23
0.09



Appendix 12a: Elephant feeding preference ratios for woody species in the bushland habitat

Species DensitylHectare. % Availability %Utilization PR
(A) (U)

Grewia bicolor 135.70 320 13.40 4.18
Acacia ataxacantha 180.55 426 17.36 4.07
Cordia monoica 11.50 0.27 0.65 2.39
Solanum renchii 158.70 3.75 8.37 223
Lannea rivae 14.95 0.35 0.73 2.07
Commihora africana 98.90 2.34 3.89 1.67
Commiphora edulis 70.15 1.66 2.68 1.62
Commiphora schimperi 42.55 1.00 1.54 1.53
Acacia mellifera 211.60 5.00 7.56 1.51
Acacia tortilis 50.60 1.19 1.56 1.30
Albizia anthelmintica 37.95 0.90 1.14 1.27
Acacia brevispica 322.00 7.60 9.34 1.23
Grewia tembensis 500.25 11.81 6.75 0.57
Combretum aculeatum 278.30 6.57 3.34 0.51
Grewia virosa 301.30 7.11 3.41 0.48
Combretum exalatum 209.30 4.94 2.19 0.44
Cissus amphyllantha 26.45 0.62 0.24 0.39
Clerodendrum myricoides 98.90 2.34 0.81 0.35
Ormocarpum kirkii 93.15 2.20 0.65 0.30
Premna resinosa 207.00 4.89 1.14 0.23
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Appendix 13a: Elephant feeding preference ratios for nine woody species < Im in height in the
A. mellifera woodland

Species Total Density %Utilization %Availabilit PR(VlA)
Density/ha utilized/ha (U) y(A)

Commiphora schimperi 16.68 6.95 9.49 1.89 5.03
Solanum renchii 25.02 4.87 6.64 2.83 2.35
Acacia ataxacantha 20.85 3.48 4.74 2.36 2.01
Commiphora africana 186.26 23.77 32.45 2107 1.54
Grewia virosa 145.95 9.73 13.28 16.51 0.80

Acacia mellifera 172.36 11.26 15.37 19.50 0.79
Grewia bicolor 30.58 1.39 1.90 3.46 0.55
Grewia tembensis 86.18 2.78 3.80 9.75 0.39
Combretum aculeatum 55.6 1.74 2.37 6.29 0.38

Appendix 13b: Elephant feeding preference ratios for nine woody species I-3m in height in the.
A mellifera woodland

Species

Acacia ataxacantha
Grewia bicolor
Commiphora schimperi
Solanum renchii
Commiphora africana
Grewia tembensis
Grewia virosa
Acacia mellifera
Combretum aculeatum

Total
Density/ha

44.48

244.64
15.29

126.49

109.81
376.69
465.65
208.5

241.86

Density
utilized/ha

21.55

73.32
3.48

27.80
22.24
50.04
52.13
20.85
9.04

%Utilization %Availability
(U) (A)

6.39
21.77

1.03

8.25
6.60

14.86
15.47

6.19
2.68

1.93

10.63
0.66
5.50
4.77

16.36
20.23
9.06

10.51

PR
(VIA)

3.31
2.05
1.55
1.50
1.38

0.91
0.77
0.68
0.26

Appendix 13e: Elephant feeding preference ratios for nine woody species >3m in height in the
A. mellifera woodland

Species

Acacia ataxacantha
Grewia bicolor
Grewia virosa
Grewia tembensis
Solanum renchii
Commiphora africana
Acacia mellifera
Commiphora schimperi
Combretum aculeatum

Total
Density/ha

36.14
141.78

58.38
86.18
18.07

179.31
393.37

18.07
322.48

Density
utilized/ha

13.21
39.62
10.77
12.23
2.50

22.94

34.75
1.04

11.12
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%Vtilization %Availability
(V) (A)

6.90
20.70

5.63
6.39
1.31

11.99
18.16
0.54
5.81

2.11
8.27
3.41

5.03
1.05

10.46
22.95

1.05

18.82

PR
(VIA)

3.27
2.50
1.65
I. 27
1.24
1.15

0.79
0.52
0.31



Appendix 14a: Elephant feeding preference ratios for sixteen woody species <I m in height in
the C africana woodland

Species Total Density %Utilization %Availability PR
Density/ha utilized/ha (U) (A) (VIA)

Commiphora africana 38.5 5.23 20.74 608 3.41

Abrus schimperi 6.6 0.83 3.28 104 3.14

Lannea rivae 5.5 0.55 2.18 0.87 2.52

Grewia tembensis 69.3 6.60 26.20 10.94 2.40

Cissus amphyllantha 19.8 110 4.37 3.13 1.40

Grewia virosa 1419 6.22 24.67 2240 1.10

Acacia mellifera 57.2 2.20 8.73 9.03 0.97

Clerodendrum myricoides 7.7 0.28 109 1.22 0.90

Acacia ataxacantha 49.5 165 6.55 7.81 0.84

Combretum aculeatum 18.7 0.28 109 2.95 0.37

Acacia brevispica 24.2 0.28 109 3.82 0.29

Cordia monoica 6.6 0.00 0.00 104 0.00

Grewia bicolor 319 0.00 0.00 5.03 0.00

Premna resinosa 5.5 0.00 0.00 0.87 0.00

Solanum renchii 12.1 0.00 0.00 191 0.00

Terminalia brownii 18.7 0.00 0.00 2.95 0.00

Appendix 14b: Elephant feeding preference ratios for sixteen woody species I-3m in height in
the C. africana woodland

Species Total Density %Utilizatio %Availabilit PR (VIA)
Density/ha utilized/ha n(U) y (A)

Commiphora africana 52.8 14.58 7.96 3.21 2.48

Acacia ataxacantha 63.8 17.05 9.31 3.88 2.40

Terminalia brownii 18.7 440 2.40 114 2.1 I

Grewia bicolor 110 19.80 10.82 6.69 162

Solanum renchii 103.4 17.49 9.56 6.29 152

Lannea rivae 14.3 2.20 1.20 0.87 1.38

Acacia mellifera 55 7.98 4.36 3.34 1.30

Grewia tembensis 280.5 29.70 16.23 1706 0.95

Cissus amphyllantha 264 2.48 1.35 161 0.84

Grewia virosa 363 31.90 17.43 22.07 0.79
Combretum aculeatum 68.2 5.50 3.00 4.15 0.72

Abrus schimperi 55 3.85 2.10 3.34 0.63
Acacia brevispica 46.2 2.75 1.50 2.81 0.53

Cordia monoica 17.6 0.83 0.45 1.07 0.42

Clerodendrum myricoides 55 2.48 1.35 3.34 040

Premna resinosa 163.9 3.85 2.10 9.97 0.2 I
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Appendix 15a: Elephant feeding preference ratios for sixteen woody species >3m in height in.

the C africana woodland

Species Total Density %Utilization %A vailability PR
Density/ha utilized/ha (U) (A) (L'lA)

Acacia ataxacantha 61.60 29.43 23.04 5.71 4.03

Grewia bicolor 79.20 24.75 19.38 7.35 2.64

Acacia mellifera 97.90 21.78 17.05 9.08 1.88

Cissis amphyllantha 35.20 4.13 3.23 3.27 0.99

Grewia tembensis 56.10 6.33 4.95 5.20 0.95

Solanum renchii 13.20 138 1.08 1.22 0.88

Grewia virosa 25.30 2.48 1.94 2.35 0.83

Terminalia brownii 20.90 1.93 1.51 1.94 0.78

Commiphora africana 279.40 21.51 16.84 25.92 0.65

Cordia monoica 12.10 0.83 0.65 1.12 0.58

Combretum aculeatum 78.10 3.58 2.80 7.24 0.39

Acacia brevispica 62.70 2.75 2.15 5.82 0.37

Lannea rivae 13.20 0.55 0.43 1.22 0.35

Abrus schimperi 7.70 0.28 0.22 0.71 0.30

Clerodendrum myricoides 31.90 1.10 0.86 2.96 0.29

Premna resinosa 81.40 0.83 0.65 7.55 0.09

Appendix ISb: Elephant feeding preference ratios for twenty-one woody species < Im in height
in the bushland habitat

Species Total Density % Utilization %Availability PR
Density/ha utilized/ba (U) (A) (VIA)

Solanum renchii 34.5 11.50 28.57 3.98 7.18

Commiphora edulis 13.8 2.30 5.71 1.59 3.59

Acacia ataxacantha 43.7 5.75 14.29 ).04 2.83

Commiphora africana 28.75 3.74 9.29 3.32 2.80

Grewia bicolor 13.8 1.73 4.29 1.59 2.69

Acacia mellifera 63.25 4.03 10.00 7.29 1.37

Acacia brevispica 24.15 1.44 3.57 2.79 1.28

Combretum aculeatum 44.85 1.15 2.86 5.17 0.55

Abrus schimperi 34.5 0.86 2.14 3.98 0.54

Grewia virosa 88.55 1.15 2.86 10.21 0.28

Grewia tembensis 131.1 0.86 2.14 15.12 0.14

Acacia tortilis 10.35 0.00 0.00 1.19 0.00

Boscia angustifolia 17.25 0.00 0.00 1.99 0.00

Cissus amphyllantha 1.15 0.00 0.00 0.13 000

Clerodendrum myricoides 4.6 0.00 0.00 0.53 000

Combretum exalatum 5.75 0.00 0.00 0.66 0.00

May tenus putterickioides 14.95 0.00 0.00 1.72 000

Ochna inermis 128.8 0.00 0.00 14.85 0.00

Ormocarpum kirkii 25.3 0.00 0.00 2.92 0.00

Premna resinosa 18.4 0.00 0.00 2.12 0.00

Term inalia prunioides 67.85 0.00 0.00 7.82 0.00
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Appendix 16a: Elephant feeding preference ratios for twenty-one woody species I-3m in height
in the bushland habitat

Species Total
Density/ha

63.25Acacia ata.xacantha
Grewia bicolor
Commiphora edulis
Solanum renchii
Commiphora africana
Acacia mellifera
Boscia angustifolia
Acacia brevispica
Grewia tembensis
Ochna inermis
Grewia virosa
May tenus putterickioides
Abrus schimperi
Combretum aculeatum
Acacia tortilis
Ormocarpum kirkii
Premna resinosa
Clerodendrum myricoides
Combretum exalatum
Cissis amphyllantha
Term inalia prunioides

73.60
23.00

103.50
1.t95
64AO
18AO

124.20
312.80
157.55
196.65
21.85

256A5
129.95

16.10
54.05

106.95
7475

140.30
6.90

83.95

Density
utilized/ha

21.85
19.55
4.60

18.40
2.30
8.05
2.30

10.35
21.56

9A9
10.35

115
11.21
5.46
0.58
1.73
3.16
2.01
3.16
0.00
0.00

%Utilization %Availability
(U) (A)

12.56
11.24
2.6<1

10.58
132
4.63
132
5.95
12AO
5A5
5.95
0.66
6A5
3.14
0.33
0.99
1.82
1.16
1.82
0.00
0.00

2.80
3.26
1.02
4.59
0.66
2.86
0.82
5.5 I

13.87
6.99
8.72
0.97

1137
5.76
0.71
2AO
4.74
3.31
6.22
0.31
3.72

PR
(U/A)

4A8
3A4
2.59
2.30
1.99
1.62
1.62
108
0.89
0.78
0.68
0.68
0.57
0.55
OA6
OAI
0.38
0.35
0.29
0.00
0.00

Appendix 16b: Elephant feeding preference ratios for twenty-one woody species >3m in height
in the bushland habitat

Species Total Density % Utilization %Availability PR
Density/ha utilized/ha (U) (A) (U/A)

Acacia ataxacantha 73.60 31.63 25.10 6.62 3.79

Cissis amphyllantha 17.25 4.31 3A2 155 2.21

Grewia bicolor 48.30 11.79 9.36 4.34 2.15

Acacia tortilis 24.15 4.89 3.88 2.17 1.79

Solanum renchii 20.70 3.74 2.97 186 1.59

Acacia mellifera 83.95 14.72 1168 7.55 1.55

Commiphora africana 55.20 7.76 6.16 4.96 1.24

Acacia brevispica 173.65 21.28 16.89 15.62 10S

Commiphora edulis 33.35 2.59 2.05 3.00 0.68

Combretum aculeatum 103.50 5.18 4.11 9.31 OA4
Clerodendrum myricoides 19.55 0.86 0.68 1.76 0.39

Ormocarpum kirkii 13.S0 0.5S OA6 1.24 0.37

Combretum exalatum 60.95 2.30 183 5A8 0.33

Grewia virosa 16.10 0.5S OA6 1A5 0.32

Grewia tembensis 56.35 1.44 1.14 5.07 0.23

Boscia angustifolia 24.15 0.58 OA6 2.17 0.21

Premna resinosa 81.65 0.86 0.68 7.34 0.09

Abrus schimperi 29.90 0.00 0.00 2.69 0.00

May tenus puttrickioides 12.65 0.00 000 1.14 0.00

Ochna inermis 10.35 0.00 0.00 0.93 0.00

Terminalia prunioides 2S.75 0.00 0.00 2.59 0.00
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Appendix 17a. Regression equation relating bd2 (basal diameter squared) to dry biomass yield
for twelve woody species, n = 64 for each species

Species
Acacia ataxacantha
Combretum aculeatum
Commiphora africana
Acacia brevispica
Commiphora edulis
Acacia mellifera
Commiphora schimperi
Grewia tembensis
Acacia tortilis
Grewis virosa
Grewia bicolor
Solanum renchii

Variable
bd2

bd2

bd2

bd2

bd2

bd2

bd2

bd2

bd2

bd2

bd2

bd2

R2

0.890
0.876
0.832
0.878
0.801
0.880
0.837
0.766
0.718
0.764
0.912
0.512

a
88.71
99.87

1634.82
8l.11
87.23
17.48

1030.89
44.35

3566.73
83.74

290.35
293.87

b
210.31
190.39
64.46

186.81
54.71

199.38
42.33

124.54
50.86

179.71
81.47
67.18

Appendix 17b: Regression equation relating bd2h (basal diameter squared x plant height) to dry
biomass yield for twelve woody species, n = 64 for each species

Species
Acacia ataxacantha
Combretum aculeatum
Commiphora africana
Acacia brevispica
Commiphora edulis
Acacia mellifera
Commiphora schimperi
Grewia tembensis
Acacia tortilis
Grewis virosa
Grewia bicolor
Solanum renchii

Variable
bd2h
bd2h
bd2h
bd2h
bd2h
bd2h
bd2h
bd2h
bd2h
bd2h
bd2h
bd2h

R2

0.872
0.918
0.772
0.749
0.718
0.898
0.816
0.791
0.695
0.513
0.738
0.648
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a
304.48

59.45
244.33
246.79

1459.46
1358.66
1862.63
114.68

4276.38
235.78
393.07
154.4 7

b
0.385
0.381
0.093
0.334
0.077
0.311
0.069
0.331
0.078
0.349
0.162
0.402



Appendix 18: Present and previous utilization of five coppicing woody species in Mwea
National Reserve

Appendix 17a: Present and previous utilization of A.
ataxacantha

Present utilization
+

336 72
19 8

355 80

Previous utilization ~--------------------
+

Total

Total
408
27

435

Appendix 17b: Present and previous utilization of A.
brevispica

Present utilization
+

32 111
11 63
43 174

Previous utilization ~--------------------
+

Total

Total
143
74

217

Appendix 17c: Present and previous utilization of G. tembensis
Present utilization

Previous utilization + Total
+ 7 98 105

4 70 74
Tot~ 11 168 179

Appendix 17d: Present and previous utilization of G. virosa
Present utilization

Previous utilization +~--------------------
+ 21

10
Total

85
181
266

Total
106
191
29731

Appendix 17e: Present and previous utilization of G. bicolor
Present utilization

+Previous utilization ~--------------------
+

Total

107
8

115

156
43

199

Total
263

51
314

186



Appendix 19: List of plant species encountered in the study area

Family (Bold) and Species
Acanthaceae
Achylanthes aspera L.
Anisotes ukambensis Lindau
Aypoestes verticillaris (Vahl) R.Br.
Barleria brachycalyx
Barleria eranthemoides R. Br.
Blepharis sp.
Crabbea velutina S. Moore
Crossandra subcaulis C.B.Clarke
Dyschoriste climppodioides Mildbr.
Dyschoriste hildebranditii lindau ex Engl.
Justica sp.
Lepidagathis scariosa Ness
Ruellia patula Jacq.

Amaryllidaceae
Seadoxus multiflorus (Martyn) Raf.

Asparagaceae
Asparagus jlagellaris (Kunth) Baker

Amaranthaceae
Achyranthus aspera L.
Pipalia lappacea (L.)

Anacadiaceae
Lannea alata (Engl.) Engl.
Lannea rwae (Chior.) Sacleux
Lannea schimperi (E. Rich.) Engl.
Lannea triphylla (A. Rich.) Engl.
Ozoroa insignis Delile
Rhus natalensis Krauss
Sclerocarya birrea (A. Rich.) Hochst.

Aizoaceae
Corbichonia decumbens (Forssk.) Exell

Annaceae
Uvaria lucida Benth.

Family (Bold) and Species
Asclepiadaceae
Pachycarpus schweinfurthii N.E. Br.
Pergularia claemia (Forssk.) Blatt.
Sarcostemma viminale (L.) R.Br.

Balanitaceae
Balanites aegyptiaca (L.) Delile

Bombacaceae
Adansonia digitata L.

Boraginaceae
Cordia monoica Roxb.
Trichodesma zeylanicum Burm. F.R. Br.

Burseraceae
Boswelia neglecta S. Moore
Commiphora africana (A.Rich.) Engl.
Commiphora edulis (Klotzsch) Engl.
Commiphora schemperi (0. Berg) Engl.

Caesalpiniaceae
Bauhinia tormentosa L.
Cassia occidentalis L.
Cassis absus L.
Cassis fallacina Chiou.
Senna bycapsularis (L.) Roxb.
Senna longiracemosa (Vatke) Lock
Senna singueana (Delite) Lock.
Senna baccarinii (Chiov.) Lock

Capparaceae
Boscia angustifolia A. Rich.
Cadabafarinosa Forrsk.
Caparis fascicularis DC.
Maerua angolensis DC.
Maerua edulis (Gilg-Ben & Benedict) DeWolf
Maerua kirkii (Oliv.) F.White
Thylachium africanum Lour

Celastraceae
Maytenus heterophylla (Eckl & Zeyh.) N. Robson
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Combretaceae
Combretum aculeatum Vent.
Combretum adenogonium ARich.
Combreturn collinum Fresen
Combretum exalatum Engl.
Combretum molle G. Don
Combretum paniculata Vent.
Terminalia brownii Frescen
Terminalia prunioides M.A Lawson

Euphobiaceae
Phyllanthus maderaspensis L.
Phyllanthus sp
Spirostachys venenifera (Pax) Pax
Tragia plukenetii Radd
Flacourtiaceae
Flaourtia indica (Burm f.) Merr.
Scolopia zeyheri (Nees) Harv.

Gramineae
Compositae Andropogon distachyos L.
Aspilia mossambicensis (Oliv.) Wild. Andropogon schirensis A. Rich.
Aspilia pluriseta Schweinf ex Engl. Bothriochloa bladhii (Retz.) S.T. Blake
Blepharispermum zanguebaricurn Olivo Brachiria dejl.exa (Schumach.) Robyns
Helichrysum cymosum (L.) Less Brachiria Leersioides (Hochst.) Stapf
Kleinia squarosa Cuf. Cenchrus ciliaris L.
Pluchea ovalis (Pers.) DC Chloris roxburghiana Schult.
Solanecio cydoniifolius (0. Hoffm.) C. Jeffrey Dactyloctenium germinatum Hack.
Vernonia aemulans Vatke Digitalia macrocephala (Hach.) stapf
Vernonia cinerea (L.) Less
Vernonia galamensis (Class.) Less.

Commelinaceae
Commelina benghalensis Wall.

Convolvulaceae
Ipomea involucrata P. Beauv.
Ipomea kituensis Vatke
Ipomea sp

Cucurbitaceae
Langunaria abyssinica (Hook.f.) C. Jeffrey

Ebenaceae
Diospyros abyssinica (Hiem) F. White
Eclea divinorum (Hiern) F. White

Euphobiaceae
Acalypha psilostachya Hochst.
Acalypha volkensii Pax
Bridelia taitensis Vatke & Pax
Croton dichogamus Pax
Euphobia crotonoides Baiss.
Euphobia matabelensis Pax
Euphobia nyikae Pax
Flueggea virosa (Willd.) Voigt

Digitaria scalurum (Schweinf.) Chiov.
Enteropogon macrostachyus (A. Rich) Benth
Eragrostis caespitosa Chiov.
Heteropogon contortus (L.) Roem. & Schult.
Hyparrhenia lintonii (A. Rich.) stapf
Hypethelia dissoluta (Slend.) W.D. Clayton
Panicum maximum Jacq.
Rhynchelytoum repens (Willd.) C.E. Hubbard
Sehima nervosum (Rottler) Stapf
Setaria pumila (Poir.) Roem. & Schulf.
Sorghum purpureo-sericeum
Sporobolus festivus A Rich.
Themeda triandra Forssk.

Labiatae
Capitanya ostegioides Guerke
Endostemon teleticaulis (Poir.) Aschby
Erythrochlamys spectabilis Guerke
Hoslundia opposita Vahl
Leucaus grandis Vatke
Leucaus martinicensis (Jacq.) R.Br.
Ocimum grajissimum Forssk
Plectranthus caninus (Roth) Vatke
Plectranthus sp.
Pycnostachys urnbrosa Vatke Perkins
Tinnea aethiopica Kotchy
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Lauraceae
Cassytha fulifirmis L.

Lutaceae
Zanthoxylum chalybeum Engl.

Malphighiaceae
Caucanthus auriculatus (Radlk.) Nied.

Malvaceae
Abutilon Jruticosum Guill. & Perro
Albutilon hirstuta (Lam.) Sweet
Barleria micrantha C.B. Clarke
Hibiscus calyopyllus Cav.
Pavonia arabica Hochst ex Stend.
Sida acuta Burm.f.
Urena robata L.

Meliaceae
Melia volkensii Guerke

Menispermaceae
Cissampelos mucronata A. Rich.

Mimosaceae
Acacia ataxacantha DC
Acacia brevispica Harms
Acacia elatior Brenan
Acacia etbaica Schweinf
Acacia hockii De Wild.
Acacia mellifera (Vahl) Benth.
Acacia nilotica (L.) Wild.
Acacia reficiens Wawra
Acacia robusta Burch.
Acacia senegal (L.) Wild.
Acacia tanganyikensis Brenan
Acacia thomasii Harms
Acacia tortilis (Forssk.) Hayne
Albizia amara (Roxb.) Boivin
Albizia anthelmintica Brong.

Mimosaceae
Dichcrostachys Cinerea (L.) Wight & Am.
Entada leptostachya Harms
Leucaena glauca (L.) Benth.

Mimosaceae
Newtonia hildebranditii (Vatke) Torre
Parkinsonia aculeata L.

Moraceae
Ficus ingeus (Miq.) Miq.
Ficus sp.
Ficus sur Forssk.
Ficus thornigii Blume

Ochnaceae
Ochna inermis (Forssk.) Schweinf.

Oleaceae
lasminum meyeri Johannis Engl.
Ximenia americana L.

Papilionaceae
Abrus schimperi Baker
Bauhinia tormentosa L.
Dalbergia melanoxylon Guill. & Perro
Glycine wightii (Wight & Arn.) Verde.
Indigo/era arrecta A. Rich.
Indigo/era sp.
Indigo/era spicata Forssk.
Indigo/era volkensii Taub
Lonchocarpus eriocalyx Harms
Omocarpum kirkii S. Moore
Rhynchosia resinosa (A. Rich.) Baker
Sesbania quadrata Gillett
Sesbania sesban (L.) Merr.
Stylosanthes fruticosa (Retz.) Alston
Tephrasia pumila (Lam.) Pers.
Vigna sp.

Pedaliaceae
Sesamothamnus rivae Engl.

Pittosporaceae
Piuosporum manii Hook.f.

Polygalaceae
Polygala sadebeckiana Guerke
Secruridaca longipenduncalata Fresen

189



Proleaceae
Faurea saligina Harv.

Rhamnaceae
Ziziphus abyssinica A. Rich.
Ziziphus mucronata Willd.

Rhamunaceae
Hilinus intergrifolia(Lam.) Kuntze
Ziziphus mucronata Willd.

Rhizophoraceae
Cassipourea celastoides Alston

Rubiaceae
Gardenia ternifolia Schumach. & Thonn.

Rubiaceae
Hymenodictylon parvifolium Olivo
Pentansia ouranogyhe S. Moore
Perveta crassipes K. Schum.
Spermacoce sphaerostigma (A. Rich.) Valke
Tapiphyllum schmannianum Robins
Tarrena graveolens (S. moore) Bremek.
Vangueria infausta Burch.

Rutaceae
Fagalopsis hildebraditii (Engl.) Milne-Redh
Teclea simplicifolia (Engl.) Verde
Vepris glomerata (F. Hoffm.) Engl.

Salvadoraceae
Salvadora persica L.

Saontalaceae
Osyris lanceolata Hochst. & Stend.

Sapindaceae
Allophyllus rubifolius (Hochst.) Engl.
Cerdiospermum halicacabum L.

Sapindaceae
Lepisanthes senegalensis (Poir.) Leenh.
Papea capensis Eckl. & Zegh.

Rhamnaceae
Helinus intergrifolius (Lam.) Kutze
Scutia myrtina (Burns.f) Kurz.

Selastreceae
Maytenus senegalensis (Lam.) Exell

Solanaceae
Solanum incanum L.
Solanum renschii Vatke

Sterasliaceae
May tenus puttrickioides (Oliv.) Exell & Mendonca.

Sterculiaceae
Dombeya kirkii Mast.
Dombeya lutundifolia Planch.
Hermannia oliveri K. Schum.
Hermannia uhligii Engl.
Melhania velutina Forssk
Sterculia africana (Lour.) Fiori

Thymelaceae
Gnidia involucrata A. Rich.
Gnidia latifolia (Oliv.) Gilg

Tiliacea
Grewia bicolor Juss.
Grewia tembensis Fresen.
Grewia virosa Wild.
Trimffetaflavescens Hochst. Ex A. Rich

Umbelliferae
Stegianotaenis araliacea Hochst.

Verbenaceae
Chascunum hildebraditii (Vatke) Gillett
Clerodendrum myriocoides (Hochst.) Vatke
Clerodendrum sp.
Premna Hildebradtii Gueke
Premna resinosa (Hochst.) Schauer
Vitex stikeri Vatke & Hildebrandt

Sapindaceae
Zanzeveria sp
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Vitaceae
Cissus amphyllanthus Gilg & Harm Brandt
Cissus quadrangularis L.
Cissus rotundifolia (Forssk.) Vahl
Cyphostemma sp.
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Appendix 20: List of extant and extinct mammalian species in Mwea National Reserve
and its surroundings

Extant mammalian species found in the reserve

Common Name Scientific Name

African Elephant
Cape Buffalo
Bushbuck
Common Waterbuck
Dik-dik
Grey Duiker
Hippopotamus
Impala
Warthog
Olive Baboon
Sunni
Common Zebra
Rothschild Giraffe

Loxodonta africana
Syncerus caffer
Tragelaphus scriptus
Kobus ellipsoprymnus
Rhynchotragus kirkii
Cephalophus jentinki
Hippopotamus amphibius
Aepyceros melampus
Phacochoerus aethiopicus
Papio anubis
Neotragus moschatus
£quus burchelli
Giraffa camelopardalis

Recently locally extinct mammalian species

Common Name Scientific Name

Kongoni
Lesser Kudu
Bushpig
Spotted Hyena
Jackal

Alcelaphus buselaphus
Tragelaphus imberbis
Potamochoerus porcus
Crocuta crocuta
Canis mesomelas
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Appendix 21: List of some bird species recorded in Mwea National Reserve

Family (Bold) and Common Name
Pelecanidae
Pink-backed Pelican

Phalacrocoracidae
Long-tailed Como rant
Great Cormorant

Anhingidae
African Darter

Ardeidae
Little Brittern
Dwarf Brittern
Grey Heron
Goliath Heron
Black-headed Heron
Green-headed Heron
Greet White Egret
Little Egret
White-backed Night Heron

Scopidae
Hamerkop

Ciconiidae
Wolly-necked Stork
Marabou Stork
Yellow-billed Stork

Threskiornithidae
Hadada Ibis
African Spoonbill

Anatidae
Fulvous Whistling Duck
White-faced Whistling Duck
Egyptian Goose
Knob-bill Duck

Accipidridae
Bateleur Eagle
Wahlberg's Eagle

Scientific Name

Pelecanus rufescens

Phalacrocorax africanus
Phalacrocorax carbo

Anhinga rufa

Ixobrychus minutus
Ardeirallus sturmii
Ardea cinerea
Ardea goliath
Ardea melanocephala
Butoides striatus
Egretta alba
Egretta gazzetta
Nycticorax leuconotus

Scopus umbretta

Ciconia episcopus
Leptoptilus crumeniferus
Ibis ibis

Hagedashia hagedash
Platalea alba

Dendrocygna bicolor
Dendrocygna viduata
Alopochen aegyptiaca
Sarkidiornis melanotos

Terathoipus acaudatus
Aquila wahlbergi
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Accipidridae
Pale Chanting Goshawk
Martial Eagle
African Fish Eagle
Black Kite
Osprey

Melierax poliopterus
Polemaetus bellicosus
Haliacetus vocifer
Milus migrans
Pandion haliaetus

Phasianidae
Crested Francolin
Helmeted Guineafowl

Francolinus sephaena
Numida meleagris

Balearicidae
Crowned crane Balearica regulorum

Otididae
Buff-crested Bustard Eupodotis rujicrista

Charadriidae
Avocet
Three-banded Plover
Blacksmith Plover
Spur-winged Plover

Recurvirostra avosetta
Charadrius tricollaris
Vanellus armatus
Vanellus spinisus

Scolopacidae
Common Sandpiper
Greenshank

Tringa hypoleucos
Tringa stagnatilis

Burhinidae
Water Thick-nee Burhinus vermiculatus

Rynchopidae
African Skimmer Rhynchops flavirostris

Pteroclididae
Black-faced Sandgrouse Pterocle decoratus

Columbidae
Speckled Pigeon
Namaqua Dove
Ring-necked Dove
Red-eyed Dove
Laughing Dove
Emarald-spotted Wood Dove
Green Pigeon

Columba guineo
Oena capensis
Streptopelia capicola
Streptopelia semitorquate
Streptopelia senegalensis
Turtur chalcospilos
Treron australis
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Musophagidae
White-bellied Go-away Bird
White-browed Coucal

Corythaixoides leucogaster
Centropus superci/iosus

Strigidae
Pel's Fishing Owl Scotopelia peli

Coliidae
Speckled Mousebird Colius striatus

Alcedinidae
Pied Kingfisher
Malachite Kingfisher

Ceryle rudis
Alcedo cristata

Meropidae
Little Bee-eater Merops pusillus

Bucerotidae
Von Der Decken's Hombill
Red-billed Hombill
Yellow-billed Hombill
Grey Hombill
Ground Hombill

Tockus deckeni
Tockus erythrochynchus
Tockus jlavirostris
Tockus nasutus
Bucorcus leadbeateri

Capitonidae
Golden-rurnped Tinkerbird
d'Amaud's Barbet

Pogoniulus bilineatus
Trachyphonus darnaudii

Indicatoridae
Wahlberg's Honeyguide Prodotiscus regulus

Upopidae
African Hoopoe Phoeniculus purpureus

Picidae
Cardinal woodpecker 1)endropicos~uscescens

Hirundinidae
Striped Swallow
Wire-tails Swallow

Hirundo abyssinica
Hirundo smithii

Dicruridae
Drongo Dicrurus adsimilis

Oriolidae
Black-headed oriole Orio/us larvatus
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Turdoididae
Hinde's Pied Babbler
Rufous Chatter

Turdoides hindei
Argya rubiginosa

Pycnonotidae
Zanzibar Sombre Greenbul Andropadus impirtunus

Turdidae
White-browed Robin Chat Cossypha heuglini

Sylviidae
Chestnut-throated Apalis
Grey-backed Cameroptera
Yellow-billed Eremomela
Tawny-flanked Prinia

Apalis porphyrolaema
Cameroptera brevicaudata
Eremomela icteropygialis
Prinia subflava

Muscicapidae
Paradise Flycatcher Terpsiphone viridis

Motacillidae
African Pied Wagtail Motacilla aguimp

Laniidae
Black-backed Puffback
Slate-co loured Boubou
Luhde's Bush Shrike
Brubru
Fiscal Shrike
White-crowned Shrike

Dryoscopus cubla
Laniarius funebris
Laniarius luhderi
Nilaus afer
Lanius collaris
Eurocephalus ruppeli

Sturnidae
Golden-breasted Sterling
Ruppel's Long-tailed Starling
Superb Starling

Cosmopsarus regius
Lamprotornis purpuropterus
Spreo superbus

Nectariniidae
Collared Sunbird
Amethyst Sunbird
Variable Sunbird

Anthreptes collaris
Nectarinia senegalensis
Nectarinia venusta

Ploceidae
Red-headed Weaver
Black-necked Weaver
Golden Weaver
Red-billed Buffalo Weaver

Anaplectes rubriceps
Ploceus nigricollis
Ploceus subaureus
Bubalornis niger
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Ploceidae
White-headed Buffalo Weaver
White-bowed Sparrow Weaver
Straw-tailed Whydah

Dinemellia dinemelli
Plocepasser mahali
Vidua fischeri

Estrildidae
Red-Cheeked Cordon-bleu Uraeginthus bengalus

Fringillidae
Streaky Seed-eater Serinus striolatus
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