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ABSTRACT 

The present study was carried out in MelU National Park, Kenya and adjacent farms from 

September 2000 to February 2001. The diversity and distribution of bats based on vegetation 

disturbance and plant species cover/abundance were examined. Four hundred and ninety five 

(495) bats representing the families Pteropodidae (2 species), Megadermatidae (2 species), 

Vespertilionidae (4 species), Molossidae (3 species), Hipposidetidae (2 species), Nyctetidae 

(l species) and Rhinolophidae (1 species) were recorded. Four species: --Nycteris arge, 

Myotis welwitschii, Tadarida cistllra and Tadarida acetabllloslls had not been previously 

recorded in eastem Kenya. Open Acacia woodland consisted of the highest proportion of bats 

(38%) and the fatms consisted the least (8.9%). The species EP01l10p/lOrlls iabiatlls, 

Ep0Il10p/IOI'/IS wahlbergi and Cardioderll1a cor were captured in all the vegetation 

communities and on the farms. Both COll1brefllm wooded grassland and Acacia-Coll1llliphora 

bushland had the highest species richness (S = 9) while open Acacia woodland and the farms 

had 7 and 4 species respectively. Bat species diversity was highest in the COll1bretlll1l wooded 

grassland (H' = 1.70 and D = 4.6) and least on the farms (H'= 0.955 and D = 1.99). Similarly, 

Shannon's evenness index was highest in the COll1bretum wooded grassland (E = 0.76) but 

least in the Open Acacia woodland (E = 0.52). Most species of bats were found to be mostly 

associated with COll1bretlll1l wooded grassland and Acacia-Coll1l11ip/lOra bushland and least 

with open Acacia woodland indicating probable disturbance in the open Acacia woodland 

relative to other vegetation communities in the park. Bat species diversity conelated 

positively with plant species diversity in all plant species assemblages except assemblage 4. 

The low species tichness and diversity and increased dominance of a few generalist species in 

the open Acacia woodland and on the farms may reflect different levels of disturbance. The 

absence of rare and specialist bats on the farms may be a fUlther indication of the effects of 

habitat disturbance on the diversity and distribution of bats. 
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1 INTRODUCTION AND LITERATURE REVIEW 

1.1 INTRODUCTION 

Prior to human population explosion and advances in technology, man lived in near balance 

with the environment. During this time, the imbalance was largely brought about by 

environmental stochastic events such as climatic changes, hUlTicanes, fires, floods, and 

emthquakes. Although these events are still impOltant today in precipitating habitat 

destruction and fragmentation, their effects are negligible compared to anthropogenic 

disturbances. CUlTent models of the extinction process and estimates of habitat loss, 

principally tropical rainforest, predict that species extinctions m'e OCCUlTing at very high rates 

both at the local and global scale (MacAlthur & Wilson, 1963; MacAlthur & Wilson, 1967; 

Pulliam, 1988). The expansion and intensification of human land use has contributed to the 

loss, destlUction and increased isolation of habitat patches (Terborgh, 1974; WCMC, 1992). 

The effect of this modification to animal species is two-fold: decreases population sizes of 

many species and splits previously continuous populations into smaller isolated populations 

(metapopulations). These small populations are then made highly prone to extinction due to 

stochastic and deterministic factors. 

The unprecedented levels at which many known and countless unknown species of plants and 

animals are being lost due to worldwide habitat degradation has led to what many scientists 

believe is a biodiversity ctisis (Wilson, 1985; Wilson & Peter, 1988; Wilson, 1992; Cole et 

al., 1994). It has been brought to the attention of conservation biologists that all is not well. 

The biotas of littlc-studicd arcas (many developing countties, for example) are poorly known 

and the ranges of most species, even in developed countties, are not adequately documented 

(WCMC, 1992; Pimm & Gittleman, 1992). Similarly, distributional infOlmation is generally 



available for charismatic taxa, such as large herbivores, primates, large camivores and certain 

birds but distributional information for most taxa is anecdotal at best (Sisk et al., 1996). In 

order to develop policies and strategies for the conservation and management of the world's 

dwindling biological resources, it has been realised that there is an urgent need to survey and 

document these resources as a first step towards minimising their loss. 

One of the habitats severely affected because of human influence is savannah woodland. This 

vegetation type covers most of sub-Saharan Africa and supports a diverse bat fauna (White, 

1983). These ecosystems are increasingly being affected by settlement, expansion of human 

land use (mainly agriculture), and firewood collection (WRI, 1992). Disturbance in the form 

of removal of trees from a vegetation community can reduce biodiversity and modify the 

structure of the ecosystem (Huston, 1994). Fires, humans or elephants may cause such 

removal. Although little is known about the specific characteristics of roost sites, the loss of 

large trees and snags (i.e. dead trees due to fire and firewood collection) is expected to 

decrease roosting sites of bats and increase distances to foraging areas (Fenton et ai., 1998). 

This movement between roosting and foraging sites may demand high energetic costs. The 

reproductive success of females may also be affected due to long foraging distances as energy 

demand increases (Barclay, 1989; Tuttle, 1976). The implication of this is that having 

numerous, suitable trees benefits the population. If specific cavities provide specialised 

conditions for roosting, reduced availability could limit populations of bats. Different species 

of vettebrates respond differently to disturbance depending on the scale of the disturbance 

(Petraitis et ai., 1989) and the ability of the species in question to adapt to the changing 

conditions. Bats, because of their size and mobility, are variously susceptible to disturbance. 

Like in other mammal groups, larger species of bats tend to have bigger home ranges than 

smaller ones (Fenton, 1997), and may not be as affected by habitat perturbation. 

2 



Kenya, as is in many developing countries, is faced with a very high human population 

growth rate (3.5%) (WRYIUCN/UNEP, 1992). Mem National Park (00 10' N; 38° 0' and 340 

25' E) occurs in an area with one of the highest human population density in Kenya that are 

largely dependent on subsistence agticulture. This inevitably creates a serious potential 

conflict between conservation values of the park on the one hand and the local people on the 

other. But perhaps a setious threat is the influence of the largely agricultural community on 

the park, whose activities may effectively render the park an ecological island. Indeed, much 

of the park has been and continues to be encroached through illegal park activities such as 

meat poaching and honey gatheting. Honey gatheting has the consequence of precipitating 

uncontrolled fires within the park. These activities inevitably lead to habitat modification, 

which may render it unsuitable for many wildlife species. 

Although there is a lot of literature dealing with East African mammals and Kenya in 

particular (e.g. Kingdon, 1974), the publications deal largely with their taxonomy and 

biogeography and ignore ecological and conservation aspects (Aggundey & Schlitter, 1984). 

This is particularly tme for bats where most of the literature is found in checklists and 

museum voucher specimens. For bats of Kenya, little is known about their conservation status 

except scanty information on the taxonomy and geographic disttibution that is based on 

museum collections (Aggundey & Schlitter, 1984). Fomteen species of bats are recorded to 

occur in MelU National Park (Williams, 1981), but an overall assessment of their conservation 

status is not available, and their distribution is vittualiy unknown. The park has a reasonably 

high density of elephants, which are confined in the open Acacia woodland and some sections 

of Combrell/Ill wooded grassland in the park (p. W. Webala, Pel'S. Obser.). The park 

management has been changing hands almost annually since the 1980s and the use of fire as a 

management tool has not been strictly controlled over the years (S. Braude, Pel's. CO/Il/Il.). 
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This study examined the effects of vegetation disturbance on the distribution and diversity of 

bats in Meru National Park. In particular, the study explored differences in bat abundance and 

diversity in different plant communities broadly grouped as Acacia/Commiphora bushland, 

Combretllm wooded grassland, and open Acacia woodland within the park. Outside of the 

park, banana, vegetable, "Miraa" (Catha edltlis), sorghum, and maize fmms and the grazing 

field were also assessed for bat species diversity. In order to identify ecological conelates and 

find pattems that may be indicative of conservation sensitivities and constraints, the type and 

abundance of bats were compm·ed amongst different vegetation types within the pm·k, and 

with those in the immediate human settlements around the park. The hypothesis that a less 

disturbed habitat has higher plant diversity was tested. Higher plant diversity might be 

expected to conelate with less human disturbance. Higher plant diversity relates to abundant 

food resources and a greater diversity of foraging and roosting sites for the bats and 

consequently higher bat diversity. If so, then less disturbed sections of the park were expected 

to have a higher diversity of bats than more disturbed areas. The entire park was similarly 

expected to have higher bat diversity than the human settlements around the park. In addition, 

generalist rather than specialist species were expected in disturbed areas. 

In the following review, the effect of habitat heterogeneity and patchiness on species diversity 

is put in the context of bat ecology. In addition, the two widely used measures of species 

diversity and the conditions of their applicability are discussed. 
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1.2 LITERATURE REVIEW 

1.2.1 Biological Diversity 

The term biological diversity emerged as species extinction rates began to increase at 

unprecedented levels (Myers, 1979). The occul1'ence of mass extinctions, coupled with huge 

gaps in biological knowledge has convinced many scientists that a global biological crisis 

exists (Wilson, 1985). As habitats are altered, untold numbers of species are disappearing 

before they are recognised, much less studied (Wilson & Peter, 1988), and the functioning of 

entire ecosystems threatened. Globally, the need to survey biological resources as a first step 

to develop management strategies has never been as urgent as at present. 

Biological diversity or biodiversity may be defined as "the total diversity and variability of 

living things and of the systems they depend on and of which they are a patt". This covers the 

total range of vatiation in and variability among systems and organisms, at the bioregional, 

landscape, ecosystem and habitat levels, at the various organismal levels down to species, 

populations and individuals and at the level of populations and genes (Heywood & Gardner, 

1995). The concept encompasses diversity at the genetic, species and ecosystem levels. The 

multiple and hierarchical nature of the concept of biodiversity distinguishes it from the much 

simpler concept of species diversity (Noss, 1990; Reid & Miller, 1989). Because traditional 

approaches of conservation were largely species-specific, species diversity was synonymous 

with biodiversity. This misuse trivialises the broader meaning of biodiversity and promotes 

misconceptions of conservation uses (Angermeier & Kan', 1993). 

At the ecosystem level, the type of habitat, the size of patch, the number of different habitats 

(habitat diversity) and patchiness are impottant factors. The distribution of different species 
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within and among different habitats is also of interest. At the species level, the abundance and 

density of species is an imp0l1ant ecological attribute. However, while species are, for many 

purposes, the basic unit of biodiversity, they are made of populations. The local breeding 

population is the fundamental unit on which evolution and natural selection operates. 

Individuals of a population contain genetic information and it is this genetic diversity which 

determines their survival and evolutionary fate and which therefore underlies species 

diversity. Maintenance of biological diversity should encompass the three levels because they 

are intettwined. A central problem of the maintenance of biological diversity, however, is the 

assessment of the relative impOitance in terms of diversity of different areas, habitats or 

ecosystems (WCMC, 1992). Only by understanding this can priorities in conservation efforts 

be usefully assigned. 

1.2.1.1 Habitat Heterogeneity and Species Diversity 

Habitat heterogeneity affects a variety of ecological processes such as species interactions 

(pacala & Roughgarden, 1982; Danielson, 1991); foraging (Roese et al., 1991), and dispersal 

(Levin, 1974; Gardner et al., 1989; Johnson et al., 1992). The number of different habitats 

(habitat diversity), the size of each habitat's patch (habitat size) and the patchy distdbution of 

the different habitat patches in the landscape (habitat patchiness) are very important variables 

of habitat heterogeneity and have important connotations on community composition. 

Habitat diversity affects communities because different species may specialize in different 

habitat types. In the presence of new habitats, more species can exist (MacAt1hur, 1972). The 

presence of new habitats may also change the habitat selection of a species and may create 

more opportunities for coexistence (Rosenzweig, 1991). Hence, a larger area with more 

habitats is likely to support more species (Fox, 1993; Douglas & Lake, 1994). 
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Habitat patchiness affects communities because subpopulations of a species may escape local 

extinction in a few patches and re-colonize those patches later on (Levins, 1969; Holt; 1992). 

The greater the patchiness, the higher the probability that some individuals of a given 

population escape extinction in the entire area. This may result in lower extinction rates. 

However, in contrast to a single-patched habitat with a large area, habitat patchiness will 

result in a lower per-patch population size. Consequently, each patch will have a higher 

probability of extinction due to low population size. Taken together, the relationship between 

the effect of low population size and the disturbance-colonization effect will detelmine the 

rate of extinction of a pmticular population. 

1.2.1.2 The Species Assemblage and its Diversity 

The biotic component of ecological systems comprises many species of all kinds of biological 

groups (bacteIia, plants, animals, etc.) and various roles (producers, herbivores, predators, 

decomposers, etc.) in the ecosystem. These species assemblages have overall propelties, like 

number of individuals, biomass, cover and volume, which do not take species identities into 

account. Assemblages also possess "species diversity", which includes information on species 

identities and number of different species. 

Diversity quantifies (1) how many different items (usually species) are there and (2) and how 

different these are (Gaston, 1996). The differences between the species are their abundances 

that may be measured as density, cover, or biomass. There are many expressions (measures 

and indices) of species diversity. All are based on the species composition in samples within a 

surveyor an experiment, where species composition is simply a list of species of a patticular 

group of organisms and some measure of their quantity (abundance). The organisms whose 

diversity is measured have three aspects in common: - (1) they have a common resource base 
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(and are therefore often called "guilds"), (2) they belong to the same taxon or group form 

(vascular plants, rodents, bats, birds or seed-eaters, trees, etc.), and (3) they occur in the same 

area. 

1.2.1.3 Diversity Indices 

Diversity indices incorporate both species tichness and evenness into a single value. Because 

of this, Peet (1974) terms them heterogelleity illdices. Many studies on biodiversity focus on 

species richness, which specifies how many species are found within samples. Species 

richness, however, addresses only patt of the diversity and does not indicate how equitable 

species are within a sample. Using species number therefore is not always a very good way of 

comparing different samples, especially if they differ in size (total density) or in area (in 

different studies, for instance). Although diversity indices combine both species richness and 

evenness, they also have an inherent problem of interpreting the actual meaning of the single 

statistic. For example, in some cases a given value of a diversity index may be obtained from 

various combinations of species richness and evenness. 

The diversity indices indicate the difference in abundance, which determines how likely it is 

to encounter each of the species in the community. There are an infinite number of diversity 

indices (peet, 1974). The units of these indices differ greatly, making comparisons difficult 

and confusing, which adds to the interpretation problem. The best-known diversity indices are 

the Simpson and the Shannon-Weaver index, which use the species' relative abundances 

(importance values Pi) (peet, 1974; Wittaker, 1975). The otiginal diversity indices -

Simpson's D = 110; pi2
) and Shannon-Weaver's H' = - L Pi In (PD- depend on both the number 

of species Sands their abundances. One sample is more diverse than a second one with the 

same number of species if the first is more even. The denominator of the Simpson's index, 
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which ranges from 0 to 1 gives the probability that two individuals drawn at random from a 

community belong to the same species. In other words, if the probability is high that both 

individuals belong to the same species, then the diversity of the community sample is low 

(Rosenzweig, 1995). On the other hand, Shannon's index, fl' is a measure of the average 

degree of unceltainty in predicting to what species an individual chosen at random from a 

collection of S species and N indi viduals will belong. fl' == 0 if and only if there is one species 

in the sample, and fl' is maximum only when all S species are represented by the same 

number of individuals, that is, a pelfectly even disllibution of abundance (Rosenzweig, 1995). 

1.2.2 The Order Chiroptera 

Bats belong to the Order Chiroptera. The word "Chiroptera" is derived from two Greek words 

meaning hand-wing. Bats are the only group of mammals that can maintain a sustained and 

powered flight because of the hand-wing. Other than rodents, bats are the most numerous 

group of mammals constituting nearly 25% of all known mammals on emth. Approximately 

925 species of 177 genera of bats have been recorded although this is by no means a complete 

list (Koopman, 1993). Bats have a worldwide distribution except in the most extreme polar 

and desert regions and a few isolated regions (Miller, 1988; Nowak, 1991). This diverse 

group of mammals is divided into two sharply distinct suborders: the insect-eating bats 

(Microchiroptera) and the fruit-eating bats (Megachiroptera) (Rosevear, 1965; Koopman, 

1993; Nowak, 1991). Insect-eating bats form a diverse group; about 756 species divided over 

16 families worldwide and constitute 70% of the entire order (Hill & Smith, 1984; Wilson et 

al., 1996). In East Africa, 69 species of insect-eating bats are recognised (Kingdon, 1997). 

Insects are the mainstay diet of these bats although they are known to feed also on other prey 

including lizards, small rodents, amphibians and even fish. The vampire bats live on the blood 
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of animals including humans. These vampires, the best known of which occur in South and 

Central America, are not found anywhere in Africa. Although most insect-eating bats can see 

quite well, they do not steer themselves by sight but by sound. As they fly, they emit a 

continuous high-pitched squeak, too high to be heard by the human ear, so that the waves of 

sound always travel ahead of them. These sound waves strike objects on their path and are 

reflected back to the bat, which then controls its movements accordingly. This process of 

producing a sound and detecting an object or prey by interpreting the "echo" is known as 

"echolocation." Some microchiroptera, however, feed on plant matetials, including pollen, 

nectar and particularly fruit. Fruit or blood-eating microchiropteran bats appear to use vision 

and olfaction in addition to echolocation to find prey (Eisenberg & Wilson, 1978). 

Echolocation is a more efficient mechanism of detecting objects or prey than eyesight or 

smell in fruit-eating bats. The insect-eating bats are generally but not exclusively smaller than 

the fruit -eating bats. 

The fruit -eating bats are very readily distinguishable from insect -eating bats by the presence, 

in all but a few East Indian and Pacific genera, of a claw on the index finger as well as on the 

thumb. Fruit-eating bats have a very distinctive large head in relation to the body and have 

large, endearing eyes that enable a powelful vision in place of echolocation in insect-eating 

bats. All the fruit-eating bats belong to one family, Pteropodidae containing 166 species 

(Wilson et al., 1996). The distribution of the fruit-eating bats is exclusively confined in the 

tropics and subtropics (Nowak, 1991). In East Africa, 18 species of fruit-eating bats have 

been recorded (Kingdon, 1997). As the name suggests, the fruit-eating bats are almost 

exclusively frugivorous. However, they feed on other diet as well such as pollen and nectar, 

some of the fleshier parts of flowers or even the whole of large and succulent buds. They 

detect the fruits using their well-developed sense of smell. 
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The insectivorous bats obtain their protein diet from insects and other arthropods, fish, and 

even small mammals. The fmit-eating bats feed exclusively on figs, pepper, mangoes and 

bananas, flowers, pollen, and nectar. In the tropics, trees bear fmit throughout the year, and 

are well distributed spatially giving a constant supply of food. Although the food supply is 

available throughout the year, it can be very patchy, both temporarily and spatially, and the 

feeding habits of the bats are moulded by the plants they feed on (Altringham, 1996). Forests 

are also roosting sites for a great diversity of bats. For instance, the tiny African 

Vespertilionid (Millletilllls lIlolol/eyi) roosts behind tree barks and the African Butterfly bat of 

the genus Glallcollycteris is known to roost on exposed tree trunks or branches (Kingdon, 

1974). Bats have also been recorded to roost inside fallen hollow logs, in smaller cracks or 

holes in branches, along and in contact with palm-fronds, on underside of large leaves and 

amongst eroded roots (Vaughan, 1976; Kunz, 1982). In addition, bats have also been known 

to roost colonially in caves. The implication of this is that a heterogeneous habitat will not 

only enable diversity of bats and other organisms to occupy it, but will also facilitate co­

evolution of species. 

Bats face considerable threats worldwide, and available evidence suggests that their 

populations are on the decline. Worldwide, eight species have not been recorded for the last 

50 years or more, and a fUliher four have almost certainly been dtiven to extinction more 

recently (Altringham, 1996). Habitat destlUction appears to be the greatest threat to bats as 

with other biological diversity. As a consequence of habitat destmction, bats' foraging and 

roosting sites are destroyed. For Mcgachiroptera, the gravest threats are hunting, 

deforestation, and introduction of exotic predators. The most serious threats to 

Microchiroptera are habitat destlUction or disturbance of roosting caves and mines. Less 
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understood but also believed to be impot1ant are the effects of environmental contaminants on 

bat populations (Clark, 1981). 

Because of their nocturnal habits, bats are shrouded in mystery. In pat1S of Kenya, for 

instance among the Llihya people of western Kenya, bats are reviled as signs of bad omen (M. 

N. Simiyu, Pel's. Comlll.). They are exterminated in large numbers because they are alleged to 

spread rabies while others "suck" human blood. This is far from the truth because no record of 

the spread of rabies by bats has been recorded in Africa and vampire bats, which "suck" 

human blood, do not occur in Aftica. In all of Asia, Europe, Australia and the Pacific Islands, 

only two people are suspected of dying from bat-transmitted rabies per year (Miller, 1988). 

Bats are also exterminated indisctiminately for bad odour in buildings where they roost. Yet 

bats are very imp011ant with a role to play in ecology and evolution. For instance, insect­

eating bats are the major predators of harmful insects and help control such insect populations 

including mosquitoes that transmit malaria and those that damage human crops. Seed 

dispersal and pollination of tropical trees and shrubs by bats are crucial for the survival of 

tropical rainforests. In Thailand, for example, a cave-dwelling, nectar-feeding bat is the only 

known pollinator of dutian trees, whose fruit crops are worth roughly $ 90 million per year 

(Miller, 1988). Many economically important tropical fruits such as bananas, guavas, 

mangoes, avocados, dates, and figs are heavily dependent on nectar and fruit-eating bats for 

pollination and seeding. Studies have shown that fruit-eating bats do not destroy edible fruits 

as they consume over-tipe fruits unsuitable for the market (Hill & Smith, 1984). Additionally, 

in pat1s of Asia, families earn a living by petiodically scrapping bat droppings or guano and 

selling it for fet1iliser (Miller, 1988). 
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1.2.3 Rationale 

Meru National Park is a complex ecosystem as evidenced by different vegetation types: -

Acacia/Colllllliplwra bushland, COlllbretl/1ll wooded grassland, open Acacia and ripalian 

vegetation along the rivers (Ament, 1975). The heterogeneous environment, with complex 

interactions between, within and among species, may confer a diversity of forage and roosting 

sites for bats. 

Although such parks as Amboseli, Nakum, Tsavo and Nairobi are better surveyed in Kenya 

with regard to biological diversity (S. Braude, Pers. COIllIll.), very little has been done in 

Mem National Park. Indeed, no intensive study has been done to describe the distlibution and 

diversity of bats of the park and their responses to habitat disturbance andlor destmction. In 

Mem National Park, different vegetation types show distinct stmctural charactelistics. This, 

coupled with encroachment on the edges of the park and diverse human activities around the 

park, may have serious effects on biological diversity within the park. The distinct 

requirements for roosting and foraging in bats makes them respond to stmctural changes in 

the stmcture of the ecosystem and to the landscape pattem (Thomas & West, 1989). 

Determining the consequences of these changes on the diversities of vertebrates (including 

bats) inhabiting these "ecological islands" is essential if some park and human practices have 

to be strictly controlled to mitigate adverse effects. Little is known about the kinds, types and 

status of bats that occur in Meru National Park. But, in order to conserve, what is to be 

conserved should first be known. This study will, therefore, be a vital starting point in 

documenting the diversity and distribution of bats occurring in the park and will assist in the 

identification of the park's conservation needs and priorities. 
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1.3 OVERALLAIM 

The overall aim of the project was to establish the relationship between habitat disturbance 

and the disttibution and diversity of bats of Meru National Park, Kenya. 

1.3.1 Objectives 

1. To determine the diversity and disttibution of bats in relation to vegetation community 

structure in Meru National Park 

2. To determine the relationship between habitat quality and feeding and roosting habits of 

both specialist and generalist bats 

3. To characterise the vegetation community at Meru National Park and determine the 

relationship of this to the distribution and diversity of bats 

1.3.2 Hypotheses 

• More intact park patches offer better foraging and roosting sites, and hence have higher 

bat species diversity than impacted patches; 

• More generalist bats are likely to be abundant in disturbed sites (e.g. in the human 

settlements) than specialists; and 

• Plant species assemblages with higher plant species diversity also have higher bat species 

diversity 
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2 STUDY AREA AND RESEARCH METHODS 

2.1 THE STUDY AREA 

2.1.1 Location 

Mem National Park, located in Easte111 Kenya, lies on the Equator between latitudes 00 20N 

and 0 0 10' N and longitudes 380 O'E and 34 0 25' E (Fig. 1). The area of the park is 870 km2. 

The elevation valies from 1036 metres in the northweste111 boundary at the foot of Nyambeni 

Hills to 304 m a. s. 1. at the Tana River on the southeaste111 boundary. 

2.1.2 Geology 

Geologically, the park is conveniently divided into two sections. The northe111 patt of the park 

is formed of Pleistocene-Recent lava, which flowed from the volcanoes that formed the 

Nyambeni lidge. In the southe111 patt, the Precambrian rock of the basement system is 

exposed (Ament, 1975). In the liver valleys are swamps of varying width and the soil is grey 

to black. East of the 38°10' meridian, the land flattens and grey volcanic alluvial soils mark 

the site of Pleistocene lakebeds. The swamps bordering watercourses are wider and between 

them are flat areas of powdery grey alkaline soil and low lava strewn ridges. Northeast of 

Murera River, which forms most of the easte111 boundary of the pat'k, red sandy soil covers the 

basement rock. Volcanic alluvial soil is also evident at the Ura Gate approximately 10 km 

towards north (Ament, 1975). 

2.1.3 Climate 

Annual rainfall follows the altitude gradient while temperature is inversely propOltional to it 

as the southeaste111 part of the park, with the lowest altitude, is the dliest and the hottest. The 

amount of rainfall is quite valiable throughout the year, averaging at 724 mm with two rain 
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seasons. The sh01t rains are in November while the long rains are between March and May 

(Ament, 1975). During the study period, there were heavy rains during the months of 

November and December 2000. These rains were preceded by a one-year drought period 

(Ajuoga, Pers. COIIllIl.). 

The park is well watered by rivers lising in the Nyambeni hills flowing across it in a 

southeasterly direction to join the Tana River, which marks the southern boundary of the park. 

Most of the rivers north of liver Kiolu can·y water throughout the dry season. However, Kiolu 

and its tlibutaties dry out. The Ura and the Tana livers provide the only permanent water in 

the southern section of the park. 
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2.1.4 Vegetation 

The vegetation of the park can subjectively be characterised into four vegetation communities. 

These are Open Acacia Woodland, COlllbrelulIl Wooded Grassland, Acacia-Colllllliphora 

Bushland and a unique riveline vegetation (Ament, 1975). The later type of vegetation is 

found along livers in all the former vegetation types. These vegetation communities closely 

cOlTespond to park geological divisions, with AcacialCollllllipllOra bushland being dominant 

where the basement rock is exposed in the south of the park. COlllbrelulIl wooded grassland, 

which dominate on the western boundary of the park occurs mostly on slightly acidic volcanic 

soil. Open Acacia on alkaline volcanic alluvial soil dominates the north and nOltheastem parts 

of the park (Figs. 2, 3 & 4). In this later section, there are extensive swamps with a distinct 

plant community. Indeed, the entire park is dissected by seven rivers Iising in the Nyambeni 

hills flowing across it to join the Tana River in the southeastern comer. In the swamps and 

along rivers, there is a dense Ii verine forest or stands of Hyphaelle and Raphia palms, 

especially Raphia jarillifera, Hyphaene coriacea and Phoenix reciillata. On the Tana River, 

Populus ilicifolia and a number of Ficus sp. are dominant (Williams, 1981). 

2.1.5 Fauna 

Meru National Park is endowed with a high diversity of wildlife ranging from carnivores, 

herbivores, insectivores and decomposers because of its highly heterogeneous ecosystem. 

Common game species include elephant, buffalo, and hippopotamus. Reticulated giraffe, 

Grevy's and Common Zebra, Grant's gazelle, Lesser Kudu, Beisa Oryx, and Gerenuk are 

plentiful. Lion, Leopard and Cheetah are also occasionally observed. Over 332 species of 

birds have been recorded (Williams, 1981). In the Dom areas, the Red-necked Falcon is 

common. Pel's Fishing Owl is common on the Tana River. The rare Brown-backed 
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Woodpecker frequented fig trees along livers. In the Acacia woodland along rivers, the 

diminutive smaller Black-bellied Sunbird is observed. The park is also lich in different 

species of rodents, amphibians and reptiles. 
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2.3 MATERIALS AND METHODS 

2.3.1 Bat Trapping Techniques 

Six representative sites, 3 km apart, were selected from each vegetation type 

(AcacialCommipllOra bushland, Combrell/Ill wooded grassland, and open Acacia woodland) 

and surveyed for bats. Each of the selected sites was subdivided into 6 netting sites, each 

separated from the next by 100 m. This implies that each site had 6 net stations (amounting to 

36 in total per vegetation type) where mist nets were erected. Mist nets were used to capture 

bats because they are the most common, easiest and least expensive (Moreno & Ralffter, 

2000). Given the limited number of nets (6 in number), the netting sites were sampled 

systematically from one site to another and from one vegetation type to another. Save for the 

COlllbrellllll wooded grassland, which had a total trap-line of 360 m, all other vegetation 

communities and the farms consisted of a total trap-line of 576 m each. Since roost sites were 

not known, trapping efforts were directed towards expected or potential commuting, foraging 

and dtinking sites. Nets were set along natural flyways such as animal-or human trails but 

where these were absent, natural gaps were used. The southern and eastern parts of the park 

were not sampled adequately for bats because of problems of accessibility. Sampling in the 

open Acacia woodland was done after a very long period of drought. In the other vegetation 

communities within the park, sampling was done after heavy rains in November and 

December. In the human settlements around the park, six farming systems namely banana, 

vegetable, "Miraa" (Calha edl/lis), sorghum, and maize farms and the grazing field were 

selected, 3 km apatt. Each of the identified farms had 6 trap stations, 100 m apatt. Similarly, 

the farms consisted of 36 trap stations in total. 
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Standard mist nets (18 m long x 2 m high) were erected using poles averaging 3 m high. The 

nets were opened before sunset and remained open until 22.00 hours. The nets remained at 

each netting site for two consecutive trapping nights before being moved to a new location. 

Captured bats were identified to species in the field and samples collected for specimen 

preparation. However, some individuals of the same species that were captured in subsequent 

trapping efforts were released. Individuals were identified using identification manuals 

(Kingdon, 1997; Meester & Setzer, 1971). Specimens collected were karyovouchered to allow 

verification of their identity and update collections at the National Museums of Kenya 

(NMK). Collected specimens now form part of the reference collection at NMK. 

All captured bats were recovered from the nets and catalogued in a field notebook. 

Measurements obtained included the total length (TL), length of tail vertebrae (TV), length of 

hind foot (HF), forearm length (FA), and ear length (E) (Nagorsen & Peterson, 1980). Body 

weights, sex, age, and the reproductive condition for the karyovouchered specimens were also 

obtained. The reproductive condition was assessed by looking for embryos and placental scars 

in females and enlarged testes- scrotal- in males. Fluid-preserved specimens were fixed 

(injecting and soaking) with a solution of 10% buffered (Sodium Phosphate) 

paraformaldehyde and later transfelTed into 70% ethyl alcohol. Tissue samples of all collected 

specimens were preserved in 25% DMSOIEDTA in Sodium ChlOlide for DNA studies. The 

netting site and the microhabitat type were recorded for each animal. 

2.3.2 Vegetation Sampling Techniques 

A transect was established in each of the three vegetation communities; Open Acacia 

Woodland, Combretlllll Wooded Grassland and Acacia-Colllllliphora Bushland. Along each 
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transect, 15 sampling plots, each 20 X 10 m, were randomly selected amounting to 45 

sampling plots for the entire park. Using the modified Braun-Blanquet cover/abundance scale 

(Appendix II), each plant species (shrubs and trees) in each plot was assigned a 

cover/abundance rating (Mueller-Dombois & Ellenberg, 1974; Green, 1979). 

2.3.3 Data Analyses 

2.3.3.1 Bat ecology 

Bat abundance was expressed as percentage of total individual bats recorded. Chi-Square (X2) 

test was used to test any differences in the sex ratios of the different species. Chi-Square (X2) 

test of association was also used to test the relationship between sex and the vegetation 

community. Accumulation curves of number of species against net length were plotted to 

assess the completeness of the survey. This is because all species in a community cannot 

usually be enumerated (Krebs, 1989). 

Species diversity for the different vegetation communities was computed using the modified 

inverse of Simpson-Yule diversity of concentration, C, for equally abundant species (Dunstan 

& Fox, 1996): -

D=1/C 

C = Lni=1 Pi 2 

P j is the proportional abundance of the i'h species, given by 

Pj=n/N, i = 1,2,3 ... S 
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S = Species richness which equals to the total number of species in a 

community. As an index, S is easily conceptualised and comparable 

across habitats. 

N = total number of individuals 

The Simpson's index was prefelTed in this study because it is weighted more towards the 

abundance of the common species (emphasises evenness) rather than providing a measure of 

species richness. However, for the purposes of comparison, the Shannon's index, H', was also 

calculated. 

Shannon-Weaver's H' = - k"i=l Pi In (Pi) 

H' is maximum only when all S species are represented by the same number of individuals, 

that is, a perfectly even distribution of abundances (Krebs, 1989; Rosenzweig, 1995). 

Shannon's evenness index, E indicates relative abundances of species in telms of evenness 

and was based on the Shannon's index of diversity. It is an important measure of 

heterogeneity. The Shannon evenness index is calculated by the equation: 

E = H'I H'max = H'/ln S, where 

H'= Shannon's diversity index and 

In S = the natural logarithm of the number of species 

A student t-test was used to inspect any differences in morphomettic data between the sexes 

of different species. Regression equations of weight against the natural logarithm of forearm 

length of three species of bats that were common in all the vegetation communities and the 

farms were plotted in order to compare the quality of different habitats. 
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2.3.3.2 Vegetation ecology 

In order to determine similarities (or dissimilmities) in vegetation (species presence/absence, 

abundance) at the localities where transects were established, the procedure Detrended 

COlTespondence Analysis (DCA) was applied to the vegetation data. DCA is a multivariate 

indirect gradient analysis technique that searches for the major gradients in the species data 

im:spective of any environmental variables. DCA is contained in the computer program 

CANOCO Version 4.0 (Ter Braak, 1987). For the purposes of compalison with the 

classification obtained from the DCA ordination diagram, the computer program SYNTAX 

(Podani, 1988) was further used to classify the vegetation data. 

2.3.3.3 Vegetation-bat species relationship 

To determine the association (con'elation) between plant species presence/abundance and 

species tichness of bats, the procedure Detrended Canonical Conespondence Analysis 

(DCCA) in the computer program CANOCO (Tel' Braak, 1988) was applied. In DCCA, 

regression and ordination techniques of multivariate direct gradient analysis called canonical 

(or constrained) ordination are integrated. The results of DCCA are based on species 

presence/abundance and values of environmental vatiables simultaneously. The ordination 

axes are constrained to optimise their relationship with a set of environmental vm'iables; the 

direction of valious environmental valiables is normally indicated in the ordination diagram 

by anows, whose lengths are propOltional to the impOltance of each environmental variable. 

The diversity of species of plants was also calculated for each of the five plant species 

assemblage identified from the dendrogram. In order to detelmine the relationship between 
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plant and bat species diversity, bat species diversity was similarly calculated in the five plant 

species assemblages. 
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cor and Pipistrelllls nan liS were recorded on the farms (Table 1 b). The first three are 

ecological generalists and common on other vegetation communities in the park while the 

other, Pipistrelllls IWIIIIS had its prefened habitat on the farms. 

Table 1a. Number, species and families of bats based on sex 

Family Species Abundance 
Males Females Total -----------------_. 

Pteropodidae Epolllop/wrtls labiatlls 82 124 206 
Molossidae Tadarida condyilira 50 52 102 
Pteropodidae Epolllop/wrtls wahlbergi 32 48 80 
Vespeltilionidae Nycticeills izirtlndo 16 20 36 
Megadermatidae Cardioderllla cor 16 11 27 
Hipposidetidae Hipposideros cOllllllersoni 13 13 
Molossidae Tadarida cistura 5 4 9 
Hipposidetidae Hipposideros caffer 4 2 6 
Vespertilionidae Scotopizillis lellcogaster 4 1 5 
Vespeltilionidae Pipistrelllls nanlls 3 3 
Nycteridae Nycteris arge 2 2 
Megadermatidae Lavia/rolls 1 1 2 
Molossidae Tadarida acetabliloslis 2 2 
Rhino1ophidae RizillOlopizlls lallderi 1 1 

_ Y:t?s'p_e!·~i!(o_nj~~t': __ My_C!.tjs. ~v.e.l~vj~s.c!~~ ____________________ ~ ________ ~ __ _ 
Total 230 265 495 
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Table lb. Number and species of bats based on vegetation community 

Species Vegetation Community/Farms 
_,<\~(I<:{{/ ____ r;:.()~I'I).1:e.tl~ll, _____ ~, __ ~_r;:.{/ll_'II'ip-"{/l:a ____ Ear'!ls._ Total 

Epoll/oplwrl/s labiatlls 72 30 74 30 206 
Tadarida condyillra 102 0 0 0 102 
Epoll/oplwrl/s wahlbergi 3 29 44 4 80 
Nycticeills hinmdo 3 31 2 0 36 
Cardiodel1na cor 5 4 11 7 27 
Hipposideros cOllllllersoni 0 13 0 0 13 
Tadarida cistllra 0 0 9 0 9 
Hipposideros caffer 1 2 3 0 6 
Scotophiills lellcogaster 0 3 2 0 5 
Pipistrelllls IlQllllS 0 0 0 3 3 
Nycteris arge 0 0 2 0 2 
Lavia frons 2 0 0 0 2 
Tadarida acetabllioslls 0 2 0 0 2 
Rhinolophlls landeri 0 1 0 0 1 
Myotis welwitschii 0 0 1 0 1 

____________ .!~t.a.I __ 0:~_Il!~!Il!l!l:.!~t ____ .!~_~ ________________ ~.!s. __________________________ .!~_~ ______________________ ~~_____ _ ____ ~2S. __ 
Total (S).lecies) 7 9 9 4 15 

Table lc. Abundance of Bats based on vegetation community and sex 

ABUNDANCE 
MALES FEMALES 

VEGETATION 
COMMUNITY Total 

COlllbretl/1ll 61 54 115 
Acacia-Colllllliplwra 56 92 148 
Open Acacia 90 98 188 
Falms 23 21 44 ------------------------------------------------------ -------. 

Total 230 265 495 

Table ld. List of species found exclusively in different habitats 

Open Acacia COlllbretlllll W. G A-Colllllliplwra Farms 

Lavia frollS Hipposideros COllllllersoni Tadarida cistura Pipistre/lus lUll/US 

Tadarida cOlldylura Tadarida acetabulosl/s Myotis lVellVitschii 

Rhillolophus lallderi Nycteris arge 
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Bat species diversity was highest in COlllbretlllll wooded grassland (H' = 1.70 and D = 4.6) 

and least on the farms (H'= 0.955 and D = 1.99) (Table 2). There was no statistically 

significant difference in the sex ratio of the overall list of species (X2 = 2.4747, P > 0.05) 

(Table 3a). However, at the species level, only one species EpolllopllO/'lIS labiatlls showed a 

significant difference in the sex ratio (X2 = 8.5631, P < 0.05) (Table 3b). Additionally, there 

was some evidence to suggest that sex is associated with vegetation community although this 

was not significant (X2 = 7.17530, P = .06652). On close inspection of Table lc, it was found 

that females are closely associated with Acacia-CollllllipllO/"a Bushland than in any other 

vegetation community. 

There was also no significant difference in the morphomettic measurements of forearm length 

(FA), total length (TL), tail length (TV), hind foot length (HF), ear length (EAR) and weight 

(WI) between sexes of four species whose data were adequate for analysis (t-test for paired 

compatison of independent samples, two tailed, P > 0.05) (Table 4, Appendix I). 

Table 2. Species Diversity indices 

Vegetation Community Open Acacia CombretulIl Acacia-Colllllliplzora Farms 

Index 

----------------------------------------. Species lichness Index S =7 S=9 S=9 S=4 

Number of bats nl = 188 n2 = 115 n3 = 148 n4=44 

Shannon- W. Div. Index H' = 1.004 H' = 1.70 H' = 1.36 H'=0.955 

Simpson - Yule Div. Index D =2.26 D=4.6 D=2.87 D= 1.99 

Shannon Evenness Index E=0.52 E=0.76 E=0.62 E=0.69 
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Table 3a. Chi-Square Test based on Sex Ratio for overall list of Species 

SEX 

Observed Cases Expected X2 D. F Significance 

Males 

Females 

230 

265 

Total 495 

".--.".~=--

247.5 2.4747 1 0.1157 

247.5 

Table 3b. Chi-Square Test based on Sex Ratio for individual species 

Species 
Cardioderllla cor 

Sex Observed Cases Expected X2 D.F Significance 
Males 16 13.5 0.9259 1 0.3359 
Females 11 13.5 

Total 27 
Epo/1lopho/'lls fabiatlls 

Sex Observed Cases Expected X2 D.F Significance 
Males 82 103.0 8.5631 1 0.0034 
Females 124 103.0 

Total 206 
EpolllopllOl'US wahlbergi 
Sex Observed Cases Expected X2 D.F Significance 
Males 32 40.0 3.2000 1 0.736 
Females 48 40.0 

Total 80 
Nycticeills hiI'll/ufo 

Sex Observed Cases Expected X2 D.F Significance 
Males 16 18.0 0.4444 1 0.5050 
Females 20 18.0 

Total 36 
Tadarida condyllira 

Sex Observed Cases Expected X2 D.F Significance 
Males 50 51.0 0.0392 1 0.8430 
Females 52 51.0 ---------------------------------------------------------------------------

Total 102 
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Table 4. t-Test for Morphometric Data 

Species Observed Mean Variance t P-two t Critical two 
Cases Stat tail tail -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Epolllop/zorus 
[abiatlls 

FA 
Sex 
Male 2 59.5 4.5 -1.85 0.11 2.45 
Female 6 61.2 0.567 

TL 
Male 2 95.5 4.5 -0.89 0.41 2.45 
Female 6 97.7 9.87 

HF 
Males 2 18 0 1.22 0.27 2.45 
Female 6 17 1.2 

EAR 
Male 2 21 0 1.7 0.14 2.45 
Female 6 19.58 1.24 

Wt 
Male 2 40.5 0.5 0.89 0.41 2.45 
Female 6 35.5 56.3 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cardioderllla cor 
FA 

Sex 
Male 7 56 1.67 0.77 0.46 2.31 
Female 3 55.3 1.33 

TL 
Male 7 89.57 360.29 0.24 0.81 2.31 
Female 3 86.67 134.33 

HF 
Male 7 18.57 6.95 0.70 0.50 2.31 
Female 3 17.33 5.33 

EAR 
Male 7 37.3 10.9 -1.38 0.21 2.31 
Female 3 40 0 

Wt 
Male 7 27.43 33.95 -0.60 0.57 2.31 
Female 3 29.67 16.33 
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... Table 4 Collfinlled 

Species Observed Mean Variance t Stat P -two tail t Critical two 
Cases tail --------------------------------------------------------------------------------------- --------------------------- ------------------------------- ---------------------------------

E. wah/bergi 
FA 

Sex 
Male 5 81.5 24.5 0.15 0.89 2.57 
Female 2 80.8 34.7 

TL 
Male 5 137.5 312.5 0.56 0.6 2.57 
Female 2 l30.6 191.8 

HF 
Male 5 20.5 4.5 -1.37 0.23 2.57 
Female 2 22.4 2.3 

EAR 
Male 5 24.5 40.5 0.53 0.62 2.57 
Female 2 23.0 4.0 

Wt 
Male 5 84.0 968.0 0.25 0.81 2.57 
Female 2 79.0 468.0 ----------------------------------------------------------------------------------------------.-------------.-------------------------------------------.-----------------------------------------

T. condylllra 
FA 

Sex 
Male 9 47.89 2.61 1.20 0.25 2.13 
Female 8 46.88 3.55 

TL 
Male 9 121.11 4.86 0.74 0.47 2.13 
Female 8 120.43 1.29 

TV 
Male 9 48.56 4.03 -0.89 0.39 2.13 
Female 8 49.75 11.93 

HF 
Male 9 13.56 0.78 -0.76 0.46 2.13 
Female 8 13.88 0.70 

EAR 
Male 9 18.33 0.75 1.51 0.15 2.l3 
Female 8 17.75 0.50 

Wt 
Male 9 24.00 8.25 1.51 0.15 2.13 
Female 8 22.38 1.13 
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Except for the farms and in the open Acacia woodland (Figs. 7 and 9), species accumulation 

curves for each of the other vegetation communities reached an asymptote when the number 

of species was plotted against net length (Figs. 6 and 8). Similarly, the overall cumulative 

curve for all vegetation communities including the farms reached an asymptote (Fig. 10). 

All regression equations of the relationship between weight and the natural logarithm of 

forearm length of three common species showed a positive linear relationship but the 

differences were not significant (1'2 > 0.015) (Figs. 12-15). There was an exception, however, 

for the farms in one case for Epollloplwl'uS lVahlbel'gl~ which showed a negative relationship 

(1'2 = 0.005) (Fig. 14d). There was also a weak positive correlation for the same species in the 

Acacia-Colllllliplwra bushland (Fig. 14c). 
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3.2 Vegetation ecology 

A cover/abundance rating (Braun-Blanquet) was recorded for one hundred and thirty four 

plant species in 45 plots, 15 each, for open Acacia woodland, COlllbreflllll wooded grassland 

and Acacia-Colllllliplw/'a bushland (Appendices 3, 4 & 5). The procednre Detrended 

COITespondence Analysis (DCA) was then applied to the vegetation data from the three 

communities to produce an ordination diagram (Fig. 15). On the DCA diagram, a group of 

sampling plots occUlTing close together indicates similarity in floristic composition, and vice 

versa (Table 5). Therefore, from the DCA ordination diagram, seven species assemblages 

were identified on the basis of their flotistic similatity (Tables 6-12). However, only five 

species assemblages were identified from the SYNTAX output at dissimilarity level of above 

0.7 (Fig. 16). The output was therefore more inclusive than the DCA ordination. 
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Table 5. Species assemblages as indicated from the DCA Ordination 
Diagram 

Species 
Assemblage 1 2 3 4 5 6 7 

Plot No. Plot No. Plot No. Plot No. Plot No. Plot No. Plot No. 
1 3 31 18 17 16 12 
2 7 32 34 19 20 13 
4 8 33 38 21 24 
6 9 35 44 22 
10 15 36 45 23 
11 37 26 

39 27 
40 28 
41 29 
42 30 
43 

'fable 6. Species assemblage 1 

! MEANB-B 

I Species 
Sampling Plot 1 2 4 6 10 .!L RATING 

~orm 
- f---

-Acacia xall!i!l}phloea Tree 4 4.0 
IJdallsollia digitata Tree 3 4 4 4 3.8 
Acacia robusfa Tree 2 4 3.0 
Ellphorbia candelabrum iI'ree 3 3.0 
Balallites aegyptiaca !Tree 2 2 3 2.~_ 
Acacia tortilis !Tree 2 2.0 
Acacia zallzibarica Shrubby tree 2 2.0 
rOIlUlli[!hora scl/ill/peri Slnub 2 I-~.g-
Acacia mel! ijera fshtub/tree 2 1 1 2 3 1.8 
Acacia senegal II'ree 1 2 2 1.7 
Terlllillalia spinosa !rree 2 1 2 1.7 
LOllchocarplls eriocalyx Tree 1 2 I 1.5 
\Gacia seJ'.E.1 Shrubb~!~_ 1 1 2 1 1.3 

---"---
/fi'idelia taitensis Shrub I 1 1 1.0 
Trichilia roka ,-Iree -~~~ ... .:..-_ 

--1 
1 1.0 . -"-'-

Corclzorus tenar Shrub 0.5 .- .. u.~_ 
TllrraeqJ!alvijoiia Shtub 0.5 1 0.8 
!f!!I'/'iso~zia aq)'Einica Shrub 0.5 O.5~_Q~ 

Shrub 
----

Sericocolllopsis pallida . O.S O.~_ 
Solanlllll al'lIndo Shrub 0.5 0.5 
Triaspis lIiedenZllialla Shtub 0.5 O.S 
Tri IIl11fetta fl avescells Woody herb 0.5 0.5 O.S .~ 
Cephalocrotoll cOl'dofalllls Shtub 0.1 0.1 i 
COlllllliphora sp. Spraw ling shtub 0.1 0.1 0.1 
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Table 7. Species Assemblage 2 

Sampling Plot 
MEANB-B 

3 7 8 9 15 RATING 

Species Form 
'Newtonia hildebrandlii Tree 5 5.0 
Acacia robllsta Tree 4 4.0 
Phoenix reclinata Tree 4 3 3 3.3 
Hyphaene coriacea Tree 3 2 5 3 3.3 
Raphia Jarinifera Tree 3 2 4 3.0 
Acacia eialior Tree 3 2 2.5 
Albizia antheimintica Shrub/tree 2 2.0 
Garcinia livingslonei Tree 2 2.0 
!\cacia meUifera Shrub/tree 1 2 2 1.7 
Cyclochellon ei'iantherlllll Shrub 1 1.0 
Cypel'lls lIndliiatlis Shrub 1 1 1 1.0 
Oncoba spinosa Shrub 1 1.0 
Acacia seyai Shrubby tree 0.1 1 0.6 
Corchol'lls lenar Shrub 0.5 0.5 0.5 
Sericocolllopsis paUMa Shrub 0.5 0.5 
TrilllllJetta jlavescens Woody herb 0.5 0.5 0.5 
Caesaipinia iongiracemosa Shrub 0.1 0.1 
Corc1lOl'lIs olitorills "ree 0.1 0.1 
Jatropha obianceoiala Shrub 0.1 0.1 
LalVsonia inerlllis Shrub 0.1 0.1 
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Table 8. Species Assemblage 3 

iMEANB ·B 
Sampling Plot 31 31 33 35 36 37 39 40 41 42 43 MTTING 

Species <orm 
~dallsollia digitata ITree 5 5.0 
OrmocalpiulIl kelliense !Shrub 4 4.0 
Commiphora a/ricana IShrub/small tree 3 5 4 2 3 2 3.2 
Delollix elata ITree 3 3.0 
Termillalia brown;; ITree 4 2 2 2.7 
Dobaa glabra ITree 2 2 3 2.3 
~cacia bussei ITree 2 2 2.0 
~bizia amam ITree 2 2.0 
I4lbizia alllhelmilltiea !Shrub/tree 2 2.0 
~bizia tallganyicellsis [free 2 2 2.0 
COl1lmipllOra rostrata !Shrub 2 2.0 
I"- robecehii [free 2 2.0 
'uplwrbia pselldogralltii !Shrub 2 2.0 
reclea simplieifolia IShrub 2 2.0 
~izipllllS abyssillica ITree 2 2 2.0 
~cacia melli/era IShrub/tree 1 1 2 2 3 2 1 1.7 
CommipllOra flaviflora !Shrub 1 2 1.5 
Commip/wra 1II0l/e ITree 1 2 1.5 
Vepris ellgelliifolia !Shrub 2 1 1.5 
Commip/zo(G campestris ISmaIl tree 2 1 1 2 2 1 1 ! 1.4 

~Jia afriealla ITree 1 1 2 1.3 
cada atax(lc(l1.11Iw !Shrub 1 2 1 1 1 2 1 1.3 

'lioscia coriac!~~ Shrub 1 1 1 1 1.0 
'Boswel/ia hil'!ebralldtii !Shrub/sln'lI t~_ 1 1 1 1.0 
@!J!lI1lil!/lOfO englert Shrub 1 1.0 
fi!!.~mlliphora 'lOitizialla f<;hrub/small tree 1 1 1.0 
CommipllOra sambarensis Shrub/small tree 1 1 1 1.0 
Kirkia telluifolia f<;mall tree 1 1.0 
rapiphyl/ulII sp. Shrub 1 1.0 
Acacia reficiens f<;hrub 2 0.1 I 0.1 0.8 
iBoscia lllossambicensis IShrub 0.1 1 1 1 0.8 
Acacia bre\'ispica f<;crambling shrub 0.5 0.5 1 0.1 1 0.5 0.6 
Commiphora matiagascariensis Shrub/small tree 0.5 1 0.1 0.5 
'{1auhillia tomentosa ShlUb 0.5 0.5 
(irewia bie%r Shrub 0.5 0.5 
PrelJlJla sp. Shrub 0.5 0.5 
RlItt)'a fruticosa Shrub 0.5 0.5 
Sterculia stenocarpa Small tree I 0.1 0.1 0.4 
Bauhin"ia faitellsis Shrub 0.5 0.1 0.5 0.4 -
'Jrewia tembensis Shrub 0.1 0.1 0.5 0.5 0.3 
Grewia lilacina Shrub 0.1 0.5 0.1 0.2 
-ibrus schimperi Sittub 0.1 0.1 0.1 
Maerua sllbcordafa Shrub 0.1 0.1 -
PrelllllG resinosa ~hrub 0.1 0.1 
~esamothamlJlllS bussealliis Shrub/small tree 0.1 0.1 0.1 0.1 0.1 
Termillalia orbicularis Shrub I 0.1 0.1 
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Table 9. Species Assemblage 4 

MEANB·B 
~amplil1g Plot 18 34 38 44 45 RATING 
Species Worm 
'iclls syc;omorus ITree 4 5 4 4.3 

{ldansonia digitata ITree 4 4.0 
Tamarindlls indica ITree 5 4 3 4.0 
Commiplwra ajricalla !Shtub/small tree 3 3.0 
,Kigelia africana Irree 3 3.0 
Commiplwra campestris !Small tree 2 4 2 2.7 
'Albizia harveyi rrree 1 4 2.5 
;,4lbizia anthelmintica !Shtub/tree 2 2.0 
Commiphora moZle ITree 2 2.0 
Commiplwra rostrata !Shtub 2 2.0 
Tel7l1illalia brownii Irree 2 2.0 
Vepris eugeniijolia !Shtub 2 2.0 
Acacia ataxacantha !Sluub 1 1.0 
;,4cacia mellifera !Shtub/tree 1 1.0 
Albizia amara Irree 1 1.0 
{3oscia angllistifolia rrree 1 1 1.0 
Cwphalea !?lallcescens !Shtub 1 1.0 
CombretlIIn aceleatllm !ScrainblinK shrub 1 1.0 
Combretllln apiclllatlllll ITree 1 1.0 
Combretllln hereroellse !Shtub 1 1.0 
Commiplwra engleri !Shtub 1 1.0 
COIllIniphoraflaviflora !Shrub 1 1.0 
Commiplwra lw/tiziana !Sluub/small tree 1 1.0 
Craibia brevicaudata rrree 1 1.0 
ljllllteria zeylanica rrree 1 1.0 
Cordia sinensis !Sluub 0.5 0.5 0.1 0.4 
Ballhinia tomentosa !Shtub 0.5 0.1 0.3 
Cordia ovalis !Shrub/small tree 0.1 0.5 0.1 0.2 
Grewia bicolor !Shtub 0.1 0.1 0.1 0.1 
Maerlla kirkii !Shtub 0.1 0.1 0.1 0.1 
Acacia brevispica !Scrambling shrub 0.1 0.1 0.1 
Acacia nilotica rrree 0.1 0.1 
Acacia re(iciens !Shrub 0.1 0.1 
Adenilllll obeslllll !Shtub/small tree 0.1 0.1 
Ballhinia taitensis !Shtub 0.1 0.1 
Boscia mossambicensis !Shrub 0.1 0.1 
Grewia lilacina !Shtub 0.1 0.1 
Grewia tembensis !Shtub 0.1 0.1 
Sesamothammlls bllsseanlls !Shrub/small tree 0.1 0.1 
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Table 10. Species assemblage 5 

MEANB·B 
Sampling Plot 17 19 21 22 23 26 27 ~8 29 30 RATING 

~pecies IForm 
COlllbretlllll apiclilatlllll trree 4 5 1 3 4 3 4 3 4 3 3.4 
COlllbreflllll COllilllllll trree 1 1 2 1 1.3 
Terlllillalia pl'1l1lioides trree 1 1 2 1 1 1.2 
Combretllm aceleatllm \Scrambling shlUb 1 1 1 O.l 1 1 2 2 1.1 
Vtlbizia allfhelmilltica IshlUb/tree 1 1.0 
k\lbizia hanley; trree 1 1.0 
Combretllml/lolle trree 1 1 1.0 
'!LollcllOcmplis bZ/sse; trree 1 1.0 
iM"ae/'lla allgolellsis trree 1 1.0 
Termillalia brolVllii trree 1 1 1.0 
lZiziplllls abyssillica trree 1 1.0 
Combretlllll hereroellse \Shrub 0.5 O.l 1 0.5 0.5 
ifJalihillia tomelltosa \ShlUb 0.5 0.5 
Caesalpillia volkellsii \Shrub 0.5 0.5 
Vemollia colorata ISluub 0.5 0.5 
ifJall"Mllia taitel/sis Shrub 0.5 0.1 0.3 
I(:iecllrillega virosa ShlUb 0.1 0.5 0.3 
f4.cacia dreballolobilllll "ree 0.1 O.l 
COlllbrefllm I/lossambicellse Shrub 0.1 0.1 
r'!terclilia ajrical/a Pree 0.1 O.l 
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Table 11. Species Assemblage 6 

MEANB-B 
Sampling Plot 16 20 24 RATING 

Species lform 
Terlllinalia kilmandsclwrica Tree 4 4.0 
Ficlls sycomorlls Tree 4 3 3.5 
CombrelwlI apiClilatlim Tree 3 3.0 
Kigelia ajl'icana [ree 2 2.0 
Markhamia hildebrandtii Tree 2 2.0 
Tabelllaemoniana IIsambarensis Tree 2 2.0 
Tennillalia brownii Tree 2 2.0 
Adinia lIlicrocephala Tree 1 1.0 
Combrellllll aceleatlllll pcrambling shrub 1 1.0 
Cordia africana Tree 1 1.0 
Cordia sinensis ~hrub 1 1.0 
Maerlla allgolensis Tree 1 1.0 
Melia volkensii Tree 1 1.0 
Raltvolfia caffra phrub 1 1.0 
Caesalpillia decapetala Shrub 0.5 0.5 
Clerodelldrwll sp. Shrub 0.5 0.5 
Combrellllll hereroense Shrub 0.1 0.5 0.3 
:)ecllrillega virosa Shrub 0.1 0.5 0.3 
P/l)'llamhlls sepialis ~hrub 0.1 0.1 
Ricilllls comlllllllis ~hrub 0.1 0.1 

Table 12. Species Assemblage 7 

MEANB-B 
Sampling Plo 12 13 RATING 

~pecies !Form 
Acacia elatior [free 5 5 5 
Kigelia africalla [free 3 3 
Melia volkensii [free 2 2 
f4brus schimperi IShrub a 

Note: 

B - B = Braun-Blanquet Cover/Abundance Rating 
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3.3 Vegetation-bat species relationship 

The DCCA ordination diagram of the vegetation and bat data shows that most species of bats 

are associated most with COlllbrell/111 wooded grassland and Acacia-Colllllliphora bushland 

and least with open Acacia woodland (Fig. 17). Bat species diversity correlated positively 

with plant species diversity in all plant species assemblages except plant species assemblage 

4, which was omitted during ordination as it had a negligible variance possibly after 

adjustment for covariances (Table 13). For instance, bat species diversity was highest in plant 

species assemblage 5 (Colllbreflllll wooded grassland) (H' = 1.70) and this was also true for 

plant species diversity (H' = 3.85). 

Table 13. Relationship between bat and plant species diversity in four plant 

species assemblages 

Plant species Community type Bat Species Plant Species 

assemblage Diversity (H') Diversity (H') 

1 Acacia 0.85 3.05 

2 Acacia 0.78 2.50 

3 A. -CollllllipllOra 1.36 3.81 

4 2.88 

5 COlllbrell/111 1.70 3.85 
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4 DISCUSSION 

Five plant species assemblages identified from the dendrogram cOiTesponded closely with 

the broad classification of vegetation at MelU National Park by Ament (1975). According to 

Ament (1975), three major vegetation communities were identified and these were open 

Acacia woodland, Acacia-Colllllliphora bushland and COlllbretulll wooded grassland. Plant 

species assemblages 1 and 2 conespond to open Acacia woodland while 3 and 5 to Acacia­

COlllllliphora bushland and COlllbrefll1ll wooded grassland respectively. It is on the basis of 

this broad classification of vegetation that the distribution and diversity of bats are 

discussed. 

There were clear differences in bat diversity in the three vegetation communities within the 

park and adjacent farms. The major trend showed that with greater disturbance there was 

lowered tichness and evenness and increased dominance of fewer species. However, the 

Shannon evenness index was lower in the Acacia-Colllllliphora bushland than on the farms 

because two species of Epolllopho/'lls labiatus and Epolllopho/'lls wahlbergi constituted 80% 

of the total number of bats recorded. Similarly, two species of the genus EpOIllOpho/'lls, 

EpolllopllO/'lIS labiaflls and E. wahlberg; and the other of the family Megadermatidae, 

Cardioderllla cor were dominant in both open Acacia and on the farms. The two habitats 

were the most disturbed with frequent buming and large congregations of elephants in the 

open Acacia woodland. 

While open Acacia recorded the highest number of bats (n = 188), it was less diverse than 

both COlllbretum wooded grassland and Acacia-Collllllip/wra bushland. The high number of 

individual bats recorded in the open Acacia woodland is attributed to the fact that 

individuals of one species Tadarida condylllra constituted 54% of all the bats recorded. The 
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bats were trapped one night as they emerged from their building roost. Sampling of bats in 

the open Acacia woodland, unlike in other vegetation communities, was done after a very 

long period of drought. The low species diversity, therefore, could also be a reflection of bat 

emigration. Such movement would allow bats to escape lengthy periods of food scarcity 

brought on by seasonal extremes of rainfall and community productivity (O'Shea & 

Vaughan, 1980). As an indication of this probable emigration, subcutaneous fat deposits 

were noted in Hipposidel'Os cOllllllersoni of the family Hipposideridae, which were recorded 

only in COlllbrefllm wooded grassland after the rains of December 2000. The large amounts 

of fat may provide energy for long distance foraging. 

Bat diversity (based on Simpson's index, D and Shannon's index, H') decreased in more 

disturbed habitats. In addition, the decrease in the total number of bat species corresponded 

with increased domination by one or two species in the community. COlllbretulIl wooded 

grassland had the lowest dominance by anyone species and also contained a more even 

distribution of bat species (E '" 0.76). Habitats with fewer dominant bat species were also 

more vegetatively diverse and heterogeneous than the more highly disturbed habitats (e.g. 

open Acacia woodland). Higher bat diversity in COlllbretlllll wooded grassland and Acacia­

COllllllipl101'a bushland could be attributed to changes in successional stage of the habitat or 

vegetational diversity and heterogeneity and diverse microhabitats. 

Except for Pipisfrellus nail liS, all other bat species recorded on the farms: Epolllophol'lls 

walzlbergi, E. iabiaflls and Cardioderma cor are ecological generalists. Such species may be 

more prevalent in modified habitats since they usually are more common and are less likely 

to be affected by habitat disturbance or are more likely to re-colonise after a disturbance 

(Connell, 1978; Denslow, 1985; Hansson, 1991). Less disturbed habitats may favour more 
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specialised species. For more specialised organisms, bats or otherwise, the loss of biological 

diversity in the sites that were sampled is likely to be more severe. 

In a similar study carried out in the Miombo Woodland in northem Zimbabwe, Fenton et al 

(1998) found that bat species composition did not differ significantly between intact and 

impacted sites. However, in the same study, smaller species of bats « 109) were affected 

more by the loss of canopy trees than larger ones. In the present study, smaller species were 

only captured in intact rather than disturbed areas. In the open Acacia woodland, the 

combination of high elephant densities and fire may have resulted in the change from closed 

canopy cover to open grassland and thicket in some areas. The destmctive effect of 

elephants on the vegetation and the suppression of fire in open Acacia woodland and tree 

clearance on the farms may have changed tree species composition in those areas. Buming 

of vegetation favours shade tolerant species. However, shade intolerant species may be the 

only trees that are large enough and old enough to provide the cracks, crevices and cavities 

for tree roosting bats (Campbell et al., 1996). Fire also destroys snags (i.e. dead trees) that 

are important roosting sites for such genus as Scotophillls. The reduction in the availability 

of roost sites may increase distances to foraging sites. Flight pelmits bats to move 

considerable distances quickly and efficiently (de la Cueva et al., 1995). This, however, 

costs high energy demands. Smaller species of Hipposideros caffer and Nycteris arge « 

109) and Nycticeills hirul/do and Scotophillls lellcogaster « 20g) may not cover larger areas 

to meet their requirements for food and roost. The timing of the captures of Scotophillls 

lellcogaster and Nycticeills hinmdo in the early part of the evening in the present study 

conesponds with the findings of the same study, that species of the genus Scotophillls 

usually roost in intact and forage in adjacent impacted areas. Captures of members of the 

genus Scotophillls in the early patt of the evening occurred near their roost sites (Fenton et 
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al., 1998). Therefore, the removal of canopy trees in disturbed park patches and adjacent 

farms could have probably affected roost availability for bats because smaller species could 

not commute long distances between roost sites and feeding grounds as larger ones. 

From the DCCA ordination diagram of the vegetation and bat data, most species of bats are 

associated most with COlllbreflllll wooded grassland and Acacia-Collllllip/zora bushland and 

least with open Acacia woodland. This may be a fmiher indication of the level of 

disturbance in the open Acacia woodland relative to other vegetation communities in the 

park. However, regression equations of the relationship of weight against the natural 

logarithm of forearm length of three common species did not indicate any significant 

differences in habitat quality probably because the data were not sufficient enough for 

analysis. 

Species found only in one habitat type may be good indicators of the effects of habitat 

disturbance if a celiain level of disturbance restricts their range. For example, Nycteris arge 

and Tadarida acetabllloslIs, which were recorded only in Kiolu dry River valley and ground 

water forest respectively, may be indicative of habitat disturbance. In the absence of data 

addressing qualitative differences in diversity, it may be useful to use these species as 

indicators of habitat quality outside their range. However, it could also be possible that a 

particular species prefers a patiicular microhabitat. For example, in a study can'ied out in 

dry woodlands of Kruger National Park, South Africa (Rautenbach, Fenton & Whiting, 

1996), 10 of the 12 rhinolophids caught were recorded in riverine forest. Nyctetids, two bats 

of Nycferis arge of which were recorded in the present study, were recorded in dry forest of 

Kruger National Park and represented only 1.1 % of 568 bats recorded in that study. 
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Among critical resources for bats, roost and foraging sites rank first (Cross, 1988). Roosts 

influence ecology, metabolic regulation, social behaviour and survival of their population 

and must be in the vicinity of foraging and drinking habitats (Kunz, 1982; Campbell et al., 

1996). Although the present study did not directly evaluate the effect of removal of cover on 

bat species diversity, it contrasts sharply with a study carried out to determine the effects of 

the conversion of old-growth coniferous forests into a mosaic of young patches in the 

Pacific NOlthwest (Campbell et al., 1996). In this study, it was found that plots containing 

roosts exhibited less canopy cover, shorter height of understory and less vegetative cover 

than did random plots. This was attributed to the fact that a reduced amount of canopy 

closure and understory would decrease impediments to flight. In the same study, however, 

it was found that the retention and reclUitment of snags (i.e. dead trees) are important for 

conservation of bats. 

Except for the farms and in the open Acacia, species accumulation curves for all the other 

vegetation communities reached an asymptote. This is also true for the overall species 

accumulation curve for all vegetation communities within the park and adjacent farms. In 

the Acacia-Coll1l11ipllOJ'{l bushland, two bats of Nycteris arge were added to the list at the 

last two trap stations respectively. Nycteris arge is considered new in eastem Kenya. The 

same is hue for the farms where one species Epoll1opl101'lIS wahlbergi was added to the list 

on the last two nights. However, in the later case, Epoll1ophorus wahlberg; and two other 

species, Epoll1opllO/'lIS [abiatus and Cardioderllla cor were recorded in all vegetation 

communities within the park. These species may have been tourist species on the farms and 

their presence on the farms is restricted to brief periods because the fmms do not provide 

sufficient resources to maintain popUlations. These species may have stable populations in 

the pm'k and their presence on the farms may be indicative of habitat disturbance. Based on 
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the species accumulation curves, the inventory does not, therefore, represent a satisfactory 

level of completeness both within the park and on adjacent farms. Even in the COlllbrell/1ll 

wooded grassland and in the Acacia-Colllllliphora bushland, the inventory may not have 

been complete. For example, out of the fomteen (14) species of bats recorded to occur at the 

park (Williams, 1981), only eleven (11) were recorded in the present study. However, four 

(4) new species- Nycteris arge, Myotis we/witschii, Tadarida cisll/ra and Tadarida 

acetabl/[osl/s- that had not been previously recorded in eastem Kenya were recorded. The 

other four were probably either earlier misidentified or were not recorded at all in the 

present study. 

Consequently, the results of this study i.e. the significant reduction of bat diversity from 

COlllbretl/1ll wooded grassland to farming systems outside the park may underestimate the 

differences in diversity and distribution among habitats. Based on bat community sampled 

(bats that were trapped in mist nets), the loss is most likely a conservative estimate. In 

addition, the results may be biased because only 3 m in height of the vegetation was 

sampled as mist nets were set at ground level. Survey of bats at the ground level 

underestimates the presence of molossids that often forage for insects above the canopy 

(Rautenbach, Fenton & Whiting, 1996; Fenton & Griffin, 1997; Kalko, 1997). Mist nets 

may also under-represent some species known to be adept fliers, such as vespertilionids 

(Aldridge & Rautenbach, 1987; Rautenbach, Fenton & Whiting, 1996; Kalko, 1997) and 

emballonurids (Kalko, 1997). Q'FatTell and Gannon (1996) compared results of acoustic 

versus capture techniques (mist nets and double frame harp-traps) in the south-westem 

United States and found that captures accounted for 63.5% and acoustic sampling 86.9% of 

the combined species present. They repOlted that acoustic sampling is a more powerful tool 

but should be used with various techniques for the inventory of bat communities. 
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5 CONCLUSION AND RECOMMENDATIONS 

Habitat disturbance resulted in removal of canopy trees and snags. This affected the 

distribution and diversity of bats because the bats' roosting sites were reduced. The 

reduction in the number of roosting sites could have increased distances to foraging sites. 

However, different species responded differently to habitat modification and disturbance, 

with smaller and specialised species being the most affected. Park encroachment had 

negative impacts on rare and specialist species of bats and other elements of biodiversity. 

Based upon the studies on bats canied out at Metu National Park, the following 

recommendations are made: 

• Specific management initiatives (e.g. fire buming to allow regeneration of grasses 

and herbs for herbivores) that target specific species or species groups may have 

deleterious effects on other elements of biodiversity. Therefore, comprehensive 

management strategies should target the entire ecosystem rather than being species 

specific. The focus on preserving biological diversity must be at the landscape level, 

because the variety of species in any region depends on the size, variety and 

dynamics of patches (ecosystems) and cOITidors. A shift of focus from popUlations 

and species to landscapes could help improve policy effectiveness. 

• Human encroachment on the park should be minimised to minimise loss of 

biodiversity. 

• In future studies, trapping methods should be modified to also cover aerial feeding 

bats and those that are adept at flying [e.g. by use of both capture techniques (mist 

nets and harp traps) and acoustic sampling]. For instance, molossids can be captured 

in large numbers over water across a liver when they come to dtink. These bats fly 

and forage over the canopy. Suspending mist nets high up in the forest sub-canopy 
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and canopy levels using different rigging methods can also be used to capture such 

canopy bats. 

• Identification of roost sites by use of radio-tracking techniques of echolocating bats 

may help elucidate the direct effects of removal of canopy cover on bats and other 

vertebrates. 

• In order to adduce direct evidence of habitat disturbance by using bats as indicators, 

direct methods of inventorying bats are therefore recommended. 
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Appendix I. Morphometric Data of species of bats recorded at Meru National Park 

S2ecies Famil;y FA TL TV HF EAR Wt SEX Re2roductive Data Remarks 
Nycteris arge Nycteridae 43 101 50 10 28 9 M Testes ~Scrotum Large 
T adan"da cistura Molossidae 47 ll5 48 12 21 16 M Testes Abdominal Sub-genus Chaerophon 
T adarida cistura Molossidae 47 llO 46 13 20 20 F Vagina perforated Gravid, Subgenus Chaerophon 
T adarida cistura Molossidae 46 106 46 13 19 17 F Vagina perforated Gravid, Subgenus Chaerophon 
Tadarida cistura Molossidae 46 108 45 12 19 19 M Testes - Scrotum Large Gravid, Subgenus Chaerophon 
Myotis welwitschii Vespertilionidae 58 137 68 14 22 15 F Vagina Imperforated Sub-genus Chrysopteron 
Epomophorous wahlbergi Pteropodidae 74 125 23 25 100 F Vagina Imperforated 
Epomophorous labiatus Pteropodidae 61 101 19 20 34 F Vagina Closed 
Cardioderma cor Megadermatidae 57 ll2 16 40 30 M Testes - Scrotum Large 
Cardioderma cor Megadermatidae 56 ll2 20 40 27 M Testes Abdominal 
Cardiodenna cor Megadermatidae 56 100 20 40 32 F Vagina perforated 
Nycteris arge Nycteridae 42 100 50 10 28 8 M Testes -Scrotum Large 
Cardiodenna cor Megadennatidae 56 105 14 36 21 M Testes -Scrotum Large 
Epomophorous wahlbergi Pteropodidae 78 125 19 20 62 M Testes Abdominal 
Epomophorous wahlbergi Pteropodidae 83 140 23 25 81 F Vagina Perforated 
Epomophorous wahlbergi Pteropodidae 75 120 22 23 54 F Vagina Closed 
Hipposideros commersoni Hipposideridae 97 152 37 25 31 83 M Testes Scrotum 
Hipposideros commersoni Hipposideridae 100 157 40 23 29 98 M Testes Abdominal 
Hipposideros commersoni Hipposideridae 99 157 40 24 29 80 M Testes Scrotum 
Nycticieus hirundo Vespertilionidae 32 89 35 10 12 16 F Vagina perforated Gravid, Subgenus Scotoecus 
Epomophorous wahlbergi Pteropodidae 86 150 20 21 100 F Testes Abdominal 
Hipposideros commersoni Hipposideridae 100 165 45 23 30 99 M Testes Abdominal 
Nycticieus hirundo Vespertilionidae 34 92 34 II 12 16 F Vagina perforated Gravid, Subgenus Scotoecus 
Scotophilus leucogaster Vespertilionidae 46 ll5 46 II 15 19 M Testes Abdominal 
Nycticieus hirundo Vespertilionidae 35 91 35 10 15 13 M Testes Abdominal Subgenus Scotoecus 
Epomophorous wahlbergi Pteropodidae 85 150 22 29 106 M Testes Abdominal 
Tadarida acetabulosus Molossidae 37 93 34 10 17 15 M Testes Abdominal Subgenus Mormopterus 
Tadarida acetabulosus Molossidae 33 93 35 10 17 14 M Testes Scrotum Subgenus Mormopterus 
Cardioderma cor Megadermatidae 55 75 21 40 22 M Testes Scrotum 
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.... Appendix 1 Continued 

Sl:!ecies Famill: FA TL TV HF EAR Wt SEX Rel:!rod. Data Remarks 
Hipposideros caffer Hipposideridae 48 82 31 9 11 10 M Abdominal 
Hipposideros caffer Hipposideridae 46 81 32 8 10 10 M Abdominal 
Rhinolophus landeri Rhinolophidae 45 78 23 10 20 13 F Perforated Gravid 
Scotophilus leucogaster Vespertilionidae 49 120 51 11 16 20 M Abdominal 
Hipposideros commersoni Hipposideridae 98 160 42 23 32 108 M Abdominal 
Tadarida condylura Molossidae 47 119 45 14 18 22 F Imperforated 
Tadarida condylura Molossidae 49 114 46 15 18 22 F Imperforated 
Cardioderma cor Megadennatidae 56 79 16 40 25 F Imperforated 
Cardioderma cor Megadennatidae 54 76 21 38 24 M Scrotum 
Cardioderma cor Megadennatidae 58 72 19 31 26 M Scrotum 
Laviafrons Megadennatidae 58 64 17 41 20 M Scrotum 
Cardioderma cor Megadennatidae 56 75 19 36 32 M Scrotum 
Epomophorous wahlbergi Megadennatidae 86 118 24 21 60 F Imperforated 
Epomophorous labiatus Megadennatidae 60 96 17 21 38 F Perforated Lactating 
Epomophorous labiatus Megadennatidae 58 94 18 21 41 M Scrotum 
Epomophorous labiatus Megadennatidae 62 94 17 19 39 F Perforated 
Epomophorous labiatus Megadennatidae 41 69 16 16 21 F Imperforated 
Epomophorous labiatus Megadennatidae 61 97 18 21 40 M Scrotum 
Epomophorous labiatus Megadennatidae 62 97 17 20.5 41 F Imperforated 
Nycticieus hirundo Vespertilionidae 31 41 27 7 9 9 F Imperforated Subgenus Scotoecus 
Nycticieus hirundo Vespertilionidae 39 59 35 9 11 12 M Scrotum Subgenus Scotoecus 
Nycticieus hirundo Vespertilionidae 34 55 29 11 12 11 M Abdominal Subgenus Scotoecus 
Tadarida condylura Molossidae 48 120 47 12 19 21 F Imperforated 
Tadarida condylura Molossidae 47 126 48 12 19 22 M Abdominal 
Tadarida condylura Molossidae 48 112 54 14 18 23 F Imperforated 
Tadarida condylura Molossidae 48 120 52 18 19 24 M Scrotum 
Tadarida condylura Molossidae 58 117 43 14 18 23 F Imperforated 
Tadarida condylura Molossidae 47 122 47 14 18 24 M Abdominal 
Tadarida condylura Molossidae 47 117 46 13 17 22 M T Abdominal 
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.... Appendix 1 Continued 

Species Family FA TL TV HF EAR Wt SEX Reprod. Data Remarks 
Tadarida condylura Molossidae 48 115 48 15 17 30 M Abdominal 
Tadarida condylura Molossidae 48 119 47 14 19 28 M Abdominal 
Tadarida condylura Molossidae 52 122 48 13 19 25 M Abdominal 
Tadarida condylura Molossidae 44 107 43 14 16 21 F Imperforated 
Tadarida condylura Molossidae 47 126 61 14 16 24 F Imperforated 
Tadarida condylura Molossidae 44 121 49 14 17 23 F Imperforated 
Tadarida condylura Molossidae 47 122 50 14 19 28 M Abdominal 
Tadarida condylura Molossidae 47 119 51 14 18 19 M Abdominal 

Note: 
Measurements of forearm (FA), total length (TL), tail length (TV), hind foot (HF), and ear length are 
in millimetres (mm) while weight was measured in grams (g) 
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Appendix II. The Modified Braun-BIanquet Cover/Abundance Scale 

Symbol Cover/Abundance 

----,:---------:--...,.,--,.,-...,.-,-----:--...,.-,-----=---'~-=-~----:----:- "'-~ 

5 Any number of individuals, with a cover of more than 75% of plot area 

4 Any number of individuals, with a cover of 50% -75% of plot area 

3 Any number of individuals, with a cover of 25% -50% of plot area 

2 Any number of individuals, with a cover of 5% -25% of plot area 

1 Numerous individuals, but with a total cover of less than 5% of plot area 

r Few individuals, with small cover 

+ Solitary individual with small cover 

Note: 

The term "modified" arises because the last two scales (r and +) were not in the original 

scale as proposed by Braun-Blanque!. 0.5 is assigned to r while 0.1 to +. 
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Appendix III. Cover/Abundance rating in Acacia Woodland 

Sampling Plot 1 2 3 4 5 6 7 8 9 10 11 11 13 14 15 
Species Form Code 
Sericocolllopsis pallida Shmb 1 P.5 0.5 
Lawsonia inenllis SlllUb 1 0.5 p.5 1 0.1 
Oncoba spinosa SlllUb 1 2 1 
Terlllinalia spinosa Irree 1 2 1 2 
Garcillia livillgslonei Irree 1 4 2 
Core/IO/'lls olitorills Tree 1 P.5 b.1 
Trill/Ilfettaflavesce/ls Woody herb 1 KJ.5 0.5 0.5 KJ.5 0.5 
Core/IO/'lls le/wr ,shrub 1 1 0.5 KJ.5 0.5 
Adansonia digilata Irree 1 3 4 4 4 
Triaspis niedenZlliana Shrub 1 p.5 
Bridelia tairensis Shmb 1 1 1 1 
Cephalocrotoll 
cordofanlls Shrub 1 0.1 
Ellphorbia candelab/'lllll 'free 1 3 
EllpllObia polyantha Shrub 1 3 
Tatropha oblanceolala Shrub 1 0.1 
Caesalpinia 
ongiracemosa ~hrub 1 0.1 
~cacia elatior Tree 1 3 2 5 5 
~cacia Itockii Tree 1 
Acacia mellifera Shrub/tree 1 2 1 1 1 2 2 2 3 
Acacia robllsta Tree 1 2 4 4 
Acacia seyal Shrubby tree 1 1 1 0.1 2 1 1 
Acacia torlilis ITree 1 2 
Acacia xanlllOphloea Tree 1 4 
14cacia zanzibarica Shrubby tree 1 2 
~lbizia anlltelmintica Shrub / tree 1 2 
iNewtonia Itildebrandtii Tree 1 5 
ILoncltocarplIs eriocalyx Tree 1 1 2 
iFicIIs sycomo/'llS Tree 1 5 

76 



· .. Appendix III Continued 

Samplin~ Plo 1 2 3 4 5 6 8910 11 12 13 14 15 
Species li'orm Code 
Harrisonia abyssinica iShrub 1 0.5 0.5 
Balanites aegyptiaca rrree 1 2 2 3 
Commiphora schimperi iShrub 1 2 
CommipllOra sp. ISprawling sluub 1 0.1 0.1 
Melia volkensii rrree 1 2 
Trichilia roka rrree 1 1 
Tllrraea parvifolia iShrub 1 0.5 1 
lecaniodisclIs fraxinifolills rrree 1 1 
Solan 11m al'll1ldo iShrub 1 0.5 
Kigelia africana rrree 1 3 
Cyciochelloll erianthe/'llm iShrub 1 1 
Lantana camara IShrub 1 1 
Hyphaene coriacea rri'ee 1 3 2 53 
Phoenix reciinata rrree 1 3 3 3 
Raphia farinifera rrree 1 3 2 4 
Cype/'lls IIlldlilaflls iShrub 1 1 1 1 
Acacia senegal rrree 1 1 2 2 3 
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Appendix IV. Cover/Abundance rating in Combretllm Wooded Grassland 

Sampling plot 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Species Form Cod{ 
Maerua allgoiellsis Tree 2 1 1 

Scrambling 
r.l Combrel1ll11 aceleal1ll11 shtub 2 1 1 1 1 1 1 1 2 2 

Combrelum 
api cui a11ll11 Tree 2 3 4 1 5 1 3 4 1 3 4 3 4 3 
Combreflllll collimllll Tree 2 1 1 2 1 
Combrelum 
lereraensis Shtub 2 0.1 0.5 1 r.5 p.l 1 r.5 
Combrellllnmolle Tree 2 1 1 
Combrelulll 
nossambicellse Shtub 2 0.1 
Termillalia brawnii Tree 2 2 1 1 
Termillalia 
kilmalldsc1zarica Tree 2 4 
Termillalia pl'llllioides Tree 2 1 1 2 1 1 
Sterculia africalla Tree 2 p.1 
Adallsollia digilala Tree 2 4 
Argollluellera 
lIacraphylla Shtub 2 b.5 

IPhyllallthus sepialis Shtub 2 p.1 
i,Ricillus cO/lllmlllis ShlUb 2 KJ.l 
'Secllrinega virasa Shtub 2 0.1 KJ.l 0.5 0.5 
i,Bauhinia lailensis Shtub 2 0.1 KJ.5 0.1 
i,Bauhillia lomelllosa Shtub 2 0.5 KJ.5 
Caesalpinia 
~ecapelaia Shtub 2 0.5 
Caesalpillia volkellsii ShlUb 2 KJ.5 
~cacia drebanoZobiulll Tree 2 0.1 
Vtcacia Ililotica Tree 2 0.1 
Vtibizia alllheimilltica Shtub 2 1 
VtZbizia harveyi Tree 2 1 
"fJapliia kelliellsis Shtub 2 0.5 
ILollchocmpus bl/ssei Tree 2 1 
lFicus sycomo/'lls Tree 2 4 3 
i;?:iziplllis abyssillica Tree 2 1 
"fJ1'lIcea sp. Shtub 2 0.5 
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.... Appendix IV Continued 

Sampling plot 1 2 34 5 678 9 10 11 12 13 14 15 
Species Form Code 

Melia volkensii Tree 2 1 
Blighia IInijllgata Tree 2 3 
Diospyros abyssinicci Tree 2 3 
Diospyros lIlespiiijorlllis Tree 2 3 
Pachystela brevipes Tree 2 1 
Rallvoljia caffra Shrub 2 1 
Tabelllaelllontana 
Isalllbarellsis Tree 2 2 
Adillia lIlicrocephala Tree 2 1 
O),yanthlls mycmplls Sluub 2 0.1 
PsycllOt,:ia riparia Shrub 2 0.5 
Vallglleria aClltibola Tree 2 1 
Vemonia colorata Shrub 2 0.5 
Cordia africana Tree 2 1 2 
Cordia sinensis Shrub 2 1 
Kigelia africana Tree 2 2 
Makhalllia hildebrandtii Tree 2 2 
Adhatoda englerana Shrub 2 0.5 
Clerodendrum sp. Shrub 2 0.5 
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Appendix V. Cover/Abundance rating in Acacia-Commiplzora Bushland 

Samplilll: plot 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Species worm Code 

lJJoscia anfiuistifolia ree 3 1 1 
~oscia coriacea ~hmb 3 1 1 1 1 
lBoscia mossambicensis ~hmb 3 p.I 1 1 1 p.I 
Maerua kirkii ~hrub 3 0.1 b.I b.I 
Maerua subcordata iShmb 3 p.I 
Termillalia browllii ree 3 4 2 2 2 
Tel7l1inalia orbicularis Shmb 3 P.I 
Grewia bicolor Shmb 3 0.1 kl~1 p.5 0.1 
Grewia lilacilla Shmb 3 P.l 0.5 P.l P.l 
Grewia tenlbellsis I>hmb 3 kJ.l fl. 1 kl.5 0.5 fl. 1 
Sterculia africalla ree 3 1 1 2 
:sterculia stenocmpa Small tree 3 1 kJ.I p.1 
Adallsonia digitata ree 3 5 
Euphorbia cUlleata Shmb 3 
Fuphorbia pseudofiralltii Shmb 3 2 
E. robecchii ree 3 2 
Bauhillia taitellsis Shmb 3 0.5 b.l 0.5 
Bauhillia tomelltosa Shmb 3 0.5 0.1 
Delonix elata ree 3 3 
Tamarindlls indica ree 3 5 4 3 
Acacia ataxacalllha Shmb 3 1 2 1 1 1 1 2 1 , 
Acacia bussei Tree 3 2 2 
Acacia mellifera ree 3 1 1 2 1 2 3 2 1 
Acacia brevispica Shmb 3 0.5 0.5 1 P.1 0.1 1 P.5 0.1 
Acacia re{iciells Shmb 3 2 b.l 1 p.l 0.1 
Albizia amam ree 3 1 2 
Albizia anthelmilllica Shmb 3 2 2 
Albizia lwrveyi ree 3 1 4 
iAlbizia tallganyicensis ree 3 2 2 
!Abrus schimpoeri Shmb 3 0.1 0.1 
Craibia brevicaudata ree 3 1 
Ol7llOcarpiuIII kelliellse Shrub 3 4 
Ficus sycomorus rree 3 4 5 4 
Dobera glabm ree 3 2 2 3 
Ziziphus abyssinica rree 3 2 2 
Tee/ea simplicijolia shmb 3 2 
Vepris eUi!,elliifolia I>hrub 3 2 2 1 
Kirkia tenuijolia ismail tree 3 1 

Shmb/small 
Boswel/ia hildebrandtii ree 3 1 1 1 
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.... Appendix V Continued 

SampIinR plo 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

!Species li'orm Code 
~hrub/small 

COlllllliphora africalla ree 3 3 5 4 3 2 3 2 
COlllllliphora call1pestris ~mall tree 3 2 2 1 1 4 2 2 I 1 1 2 
COllllllipllOra flaviflora ~hrub 3 I 2 I 

!Shrub/small 
COlllmiphora holtizialla ree 3 I I I 
COlllmiphora ~hrub/small 

kJ.5 0.1 lIadagascariellsis ree 3 1 
COlllmiphora·mollis ree 3 I 2 2 
Commiphora rostrata ~hrub 3 2 2 
C01l1mipilora :>hrub/small 
rwmilarellsis ree 3 1 1 I 

Shrub/small 
kcdellillm obeslllll ree 3 0.1 
iHlIllteria zeylallica ree 3 I 
Carphalea glallcescells ~hrub 3 I 
Tapiphylllllll sp. :>hrub 3 1 
COl1lmiphora engleri ~hrub 3 1 I 

:>hrub/small 
Cordia ovalis ree 3 b.l 0.5 b.I 

!Shrub/small 
p.5 0.5 0.1 Cordia sinensis ree 3 

S esam 0 th amlll II s !Shrub/small 
b.l 0.1 kJ.1 10.1 bllsseanlls ~ee 3 0.1 

Rllftya frllticosa [shrub 3 0.5 
Prel1l1la resillosa ~hrub 3 KJ.I 
Premlla sp. [shrub 3 0.5 
Kigelia africana 3 3 
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