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abstract

A study was carried out in the Mt. Kenya forest with the objectives of establishing the species
»•*>

diversity of bees, their major pollen and nectar sources and the influence of physical and 

environmental parameters have on them. It had been established from the literature that the 

pollinator diversity in the whole o f Africa is poorly known and that the conservation o f tropical 

forest flora and fauna could not be adequately done without taking pollinators conservation 

seriously. Again, a global initiative on pollinator conservation, "the Saulo Paulo Declaration" 

was established in Brazil in 1999 with the aim to conserve and sustainably use pollinators in 

agriculture with emphasis on bees. Bees are known to pollinate about 30 % of food crops and 75 

% of flowering plants worldwide. Pollination is an important service in maintaining ecosystem 

integrity and to humanity's existence as well.

The study was conducted on the south eastern side o f the mountain which covers Kirinyaga 

district accessed via Kerugoya. The data were collected along a 2.5 - 3 km transects running 

from the edge of the forest inwards for a period o f eight months. A total of 80 species o f bee 

plants and 17 species of bees belonging to five families were recorded, during the study. These 

families included Apidae, Halictidae, Megachilidae, Anthophoridae, Colletidae and Andrenidae. 

The common bee plant families included compositae, Rubiaceae, Leguminosae and Labiaitae.

The results showed that there was a significant difference (P<0.002) in bee species diversity in 

four different habitats studied (open woodland, closed woodland, shrub land and pine plantation. 

The highest species diversity o f both bee and bee plants was recorded in the open woodland 

followed by closed woodland. Pine plantation had the lowest number of bees in terms species 

richness as well as species diversity. Among the physical factors, light intensity was found to be 

the most important in bee foraging. A significant difference on bee visitation to flower was found 

between open and tubular flowers. Bees frequently visited open flowers more than tubular 

flowers. Yellow flowers were more preferred by the bees as compared to pink-white or purple.

It was concluded that the bee community in Mt. Kenya forest faces threat of extinction. The 

complete absence of sub-family Melliponinae (stingless bees) is still a major question in the 

conservation o f bees in Mt. Kenya forest. Future research and recommendation should include 

more detailed pollination studies of keystone forest plant species and the effect of forest 

disturbance on pollinator populations.
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CHAPTER ONE

1. INTRODUCTION

1.1 General introduction

Bees belong to class Insecta and the order Hymenoptera which constitutes one of the 

largest insect orders. Worldwide, there are about 40,000 species of leaf cutter bees, sweat 

bees, mason bees, sand bees, carpenter bees, minor bees, sander bees and stingless bees. 

The well-known honeybee is one of only seven species in the genus Apis worldwide. The 

truly social bees have evolved a worker caste, and are confined to the families Halictidae. 

Xylocopidae and Apidae, the greatest majority of forms being solitary. In East Africa 

there are about 240 species of bees represented in seven families. These are: Apidae, 

Anthophoridae, Halictidae, Megachilidae, Melittidae, Colletidae and Andrenidae.

Bees are known to have evolved at the same time or after the angiosperms, for they are 

dependent on flower products. They can be recognized by a number of characteristics of 

which the following are the most important: The pronotum is distinct but rather small, 

usually well separated from and below the tegula. It is extended ventrolaterally as 

processes that encircle or nearly encircle the thorax behind the fore coxae (Michener el 

al., 1994).

Several studies have demonstrated that bee fauna is particularly rich in the Mediterranean 

basin followed by eastward to central Asia, and in the Madrean region of North America 

(California and the desertic regions of the southwestern United States and the North 

America) (Michener, 2000). Other studies have shown that bees are also more numerous
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and diverse in Xeric temperate areas than in the tropics (Ayala et al., 1996). Despite the 

fact that there are few faunal data on bee populations, Xeric and warm-temperate areas 

such as Central Chile, Argentina, Australia and western parts of South Africa have been 

found to possess large bee faunas. Michener, (1954b) suggests that bee fauna in African 

tropics is richer than that of oriental tropics but, unfortunately, there is no sufficient data 

to support this observation.

1.2 The role of bees in an ecosystem

In many parts of the world, bees are the primary pollinators of angiosperms, and they 

constitute the most diverse group of flower visiting insects (Neff and Simpson, 1993). 

More than two-thirds of all flowering plants depend on insects for pollination. Bees 

pollinate the majority of 240,000 species of flowering plants worldwide. They have been 

found to be the most important pollinators of plants, and consequently, play an important 

part in the propagation of indigenous vegetation, as well as pasture plants. Responsible 

management and protection of wild land habitats and their populations of pollen 

vectoring animals and nectar -  producing plants ensures that this pollination service is 

conserved (Meffe, 1997).

According to studies done by Levin, (1978, 1983) and Schmidt (1983) pollen flow by 

insect pollinators enhances gene flow. The movement of pollinators through the plant 

population has a profound influence on the breeding and genetic structure of the 

population. However, the pollinators are influenced by the spatial structure of the plant 

population because plant density and distribution affect the movements of pollinators and

V *
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thereby the dispersal pattern of pollen (Levin and Kerster, 1969b; Schaal, 1978; Schmidt,

1983; Roubik el al., 1995). Studies have shown that for the preservation of floral» **■

diversity in the ecosystem, conservation of pollinators and pollination services for plants 

are essential (e.g. Roubik, 1989).

Among the key stone species, bees have been found to be the keystone mutualists as they 

are absolutely essential to the maintenance of diversity of flowering plants (Lasalle and 

Gauld, 1993). Keystone species have been defined as those species that have 

disproportionately large influence on the character or structure of an ecosystem (Solbrig, 

1991b). However, amongst the pollinating insects, bees have become the most successful 

and have co-evolved significant relationship with flowering plants. This relationship 

dates back to the cretaceous period, approximately 100 million years ago, when the 

flowering plants evolved.

Oligoletic bees and their pollen plants are the most useful objects for studies on co­

evolution in bees and plants. Subsequent studies on morphology, physiology and 

behaviour of oligolectic bees (bees that specialize on related plant species) and the 

morphology and physiology of their preferred plant reveals indications of a coevolution 

between pairs or restricted groups of bee and plant species (Wittmann and Schlindwein, 

1995). In order to attract pollinators many angiosperms offer rewards in the form of 

nectar, pollen or oils and make themselves conspicuous by developing flowers. A 

number of insect groups evolved because they learnt to exploit these food sources, but 

none ot them exploit them to such an extent as bees (Velthuis, 1992). *

*
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1.3 The role of bees in agriculture

Pollination is one of the most important ecological services provided to agriculture. The 

future of crop production depends largely on pollination. Recent studies have shown that 

design and management of sustainable agricultural systems are at risk because of 

ignorance of the contribution of managed and native insect pollinator species (Kevan et 

aI., 1990). Pollination is a prerequisite for fertilization that is usually essential for seed 

and fruit development. About 30% of world’s crops are bee pollinated (O’Toole, 1993). 

Bees have been found to contribute highly to pollination of crops as compared to other 

groups of insects.

In many parts of the world, honeybee (Apis mellifera) is the most widely used species 

because it is easy to handle and manage. However, over the last two decades, a major 

problem has arisen for the world’s agricultural production reflecting dangers involved in 

relying on single species for pollination (Buchmann and Nabhan, 1996). Records of 

varroa mites, Varroa jacobsoni which causes varroatosis disease in honeybees, thus 

reducing their populations have been made in the USA. The outbreak of varroatosis 

disease has caused many farmers and growers to appreciate the pollination service 

provided by wild bees. Attempts have been made in some countries to manage wild bees 

for glasshouse crops (Bohart, 1972;Torchio, 1987, 1990). Hence the need to conserve 

wild bees for crop pollination .

Pollination increases seed production in many entomophilous (insect-pollinated) and 

anemophilous (wind-pollinated) crops (Roubik, 1998). Studies have shown that one-third
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of economic worth of the total agricultural production of US depend on insect pollination 

(McGregor, 1972). Pimentel el al.. (1997) estimate the value of pollinatiojx.worldwide to 

be US $ 65-70 billions. Most of the world’s crops such as cereal, oil seed, vegetable or 

forage and citrus fruits depend on pollination. Thus reduction in bee populations could 

have serious implications for both natural and agricultural ecosystems.

1.4 The role of bees in forests

Most of the tree species of tropical forests are insect-pollinated and bees are the key 

pollinators ( Frankie et al., 1990; Jones and Little 1983; Roubik, 1989; and Bawa 1990). 

Forest management requires understanding of reproductive biology and plant-pollinator 

interactions of forest plants. However, honeybees are found to be associated with forests 

globally. Bee foraging is an important part of the biology of both young and established 

forests. The worker hee shows flower constancy, foraging on a single species at one time 

thus maximizing pollination efficiency.

Studies done by McCall and Primack (1992) have shown that Apidae, Anthophoridae, 

and Halictidae are good pollinators of forest plants. Stingless bees of the genera 

Meliponula and Hypotrigona have been observed as important pollinators of the plant life 

of Bwindi Impenetrable National Park in Uganda (Byarugaba, 1996). Pollination is a very 

important service for the survival of most forest tree species because it ensures a healthy 

seed production which is an important component in forest regeneration. The mutual 

benefits of bees and trees have been found to be a very important relationship in any 

agroforestry system (Hill and Webster, 1995). The flowers of the forest trees provide
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subsistence for honeybees and the trees physically provide shelter as well as food (pollen 

and nectar) for colonies and swarms. Pollination is therefore a pivotal ecological process 

in both natural and managed ecosystems (Kevan and Baker, 1984).

1.5 Another important aspect of bees

Bees are not only beneficial to man through pollination of crops but also in honey 

production. The ever increasing population of Kenya requires alternative sources of food 

and income such as bee keeping, which is environmentally friendly and safe if properly 

managed. Honey has been used for. various purposes by different peoples in Kenya. It is 

used as a sweetener of foods and drinks, as medicine, for brewing, as meat preservative 

and as a source of income. Honeybee, Apis mellifera is the most commonly used species 

for honey production. However, there are other types of bees in Kenya (for examples 

stingless bees) which collect and make honey. Honey from stingless bees is highly 

valued as a medicine. Stingless bees can be kept in small hives and the honey can be 

harvested daily by means of a teaspoon (Carol, 1997).

1.6 Threats to bee populations

Despite the importance of bees as pollinators, several studies have shown that the 

numbers of native species are dwindling ( Kevan et at., 1990; Frankie el al., 1997; 

O’Toole 1994). The losses are mostly due to pesticide and herbicide, habitat destruction, 

, diseases and competition from introduced flower visitors. Destruction of natural habitats 

supporting host flowers, destruction of nesting sites by agriculture, roadways, and 

deforestation are major factors adversely affecting wild bee populations. Most
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information comes from temperate regions, but the same problems can be assumed to be

equally or more severe in the tropics (Roubik et al., 1988). Habitat destruction affects
»**•

pollinator population through destruction of food sources, destruction of nesting and 

mating sites.

1.7 Justification of the study

Conservation of tropical moist forests such, as Mt. Kenya is vital. It plays a critical role 

in water catchment for the country and hc^ds a rich biological diversity in terms of 

species especially plant species. The forest constitutes an important store of genetic 

wealth and has a potential for expanding our knowledge and understanding of complex 

biological systems. Many forest plants are valued for medicinal use for human beings and 

livestock by indigenous people. For example, Senna didymobotrya, Indigo/era erecta, 

among others, are considered sacred and are used in various ways. Culturally, the forest 

provides an important location for religion and other rituals for the people living near the 

forest.

Sustainable utilization of tropical forests in bee keeping cannot be achieved without 

proper identification and conservation of bee plants. Studies on phenological sequence 

and distribution of bee plants are important in bee keeping. Flowering phenology is of 

ecological and evolutionary importance for it affects food sources for pollinating animals. 

It also influences isolation and speciation on evolutionary timescale (Thery et al, 1998). *

*
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However, knowledge of the primary bee plants has been scarce in Kenya. Most studies in

Kenya have been conducted on honeybees alone (e.g. Kahenya and Gathuru, 1984;
»•*>

Ngethe, 1984). Both honeybees and wild bees are important pollinators of world’s flora 

and there is need to conserve their food sources as well as their nesting sites.

For successful management and conservation of tropical moist forest resources, there is 

need for increased information on various aspects of the forest, including pollination 

biology. Conservation of biodiversity in tropical forests largely depends on preservation 

of plant-pollinator interactions. Several studies have shown that pollination is a 

threatened ecological service (Buchmann and Nabhan, 1996). Pollinators of most forest 

plant species are still unknown. Loss of plant pollinators or disruption of pollination 

service can cause reduced seed and fruit production and ultimately plant extinction 

(Kearns and Inouye, 1997).

Mt. Kenya forest is one of the Afromontane forests in Kenya that faces massive 

destruction as a result of constant human encroachment (Gathara, 1999) (Plate 1). At the 

moment, the forest is in a management vacuum and it has been described as free for all 

(Daily Nation News Paper, 7/9/2000). The "free for all” state has opened an avenue to 

over harvesting of forest resources thus destroying one of the country’s main catchment 

areas.

V *
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Plate 1. Agricultural encroachment: green arrows show tea bushes; yellow one shows a forest 
fragment in the southeastern part of Mount Kenya forest.
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In many parts of the world, studies or^ pollinators focus exclusively on managed

honeybees (Meffe, 1997). Consequently, there is no clear documentation of global
»**>

population trends for non-Apis bees or other pollinating animal species (e.g. bats, beetles, 

birds, butterflies, flies, moths, wasps, primates). Studies have also shown that both 

eusocial and solitary bees occupying the low to middle elevations are in danger of 

extinction due to forest destruction in many areas of the world (Roubik, 1983).

The impact of forest destruction and fragmentation on the bee community in Mount 

Kenya forest has not been studied. Studies done by Gathara (1999) show that farming, 

grazing of livestock, charcoal burning and uncontrolled illegal logging have continued to 

threaten the forest of Mount Kenya more than ever before (Plate 2). This is because this 

forest is completely surrounded by a densely populated farmland area, which has 

gradually extended into the forest reserve (Lockwood, 1995a).

Bees can be used to monitor environmental stress brought about by introduced 

competitors, diseases, parasites, as well as by chemical and physical factors, particularly 

pesticides and habitat modification (Kevan, 1999). There has not been sufficient research 

on the impacts of forest fragmentation on plant-pollinator interaction in East Africa as 

well as the whole of the Africa continent. Hence the importance of studying the bee 

pollinators of forest plant species. *
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Plate 2. Logging of indigenous trees (shown by white arrow ) in a closed woodland. The red dot shows the 
spot from where the photograph was taken in the southeastern part of Mount Kenya forest. *
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This study aimed to examine the species diversity of bees, the pollen sources and the 

factors that influence foraging patterns of bees in Mount Kenya Forest. This study will 

add to the understanding of the general ecology of bees in Mt. Kenya and contribute to 

their sustainable utilization and in the long-term planning, conservation and management 

of Mt. Kenya and other tropical forests in Africa.

1.8 Objectives *r

1. To investigate the species composition of bees in Mt. Kenya Forest

2. To establish the major pollen sources of bees in Mt. Kenya Forest

3. To establish the influence of physical and environmental parameters on bees 

foraging patterns

1.9. Literature review 

1.9.1 Diversity' of bees

Bees belong to the Phylum Arthropoda, class Insecta, order Hymenoptera and 

superfamily Apoidea. The order Hymenoptera is a very diverse group and comprizes 

bees, ants, wasps, and sawflies. There are about 100,000 described species worldwide 

and a greater number still awaits scientific description (Prinsloo and Eardley, 1985). The 

bees, wasps and ants, together with the solitary wasps make up a sub-division of the 

waisted (or apocrite) Hymenoptera known as the Aculeate the stinging Hymenoptera. 

Bees are well known for the high level of eusociality that has evolved in certain species, 

notably in the honeybee (Apis mellifera). The advanced eusocial bees in the family 

Apidae consist of the pantropical stingless bees, Melipona and Trigona and the four

if *
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species of honeybees {Apis mellifera. Apis florea, Apis dorscita and Apis cerana). 'flic 

genus Apis is found in the palearctic region to southern Norway and the maritime
0 •*>

provinces of Russia and in the entire African and oriental regions (Michener, 2000). 

Literature shows that Apis mellifera was introduced worldwide by human activity. They 

show specialized traits in that they have clear-cut morphological differences between the 

castes and workers communicate the direction of food and other resources (O’Toole, 

1986). The primitive eusocial bees include the Halictidae and Bombinae. Bombinae are 

the most familiar social bees in temperate regions (O’Toole, 1986).

Bees appear to attain their greatest abundance, greatest number of species, and probably 

the greatest numbers of genera and sub-genera, not in the tropics, but in various warm- 

temperate, xeric regions of the world (Michener, 2000). Mediterranean basin, California, 

Central Chile and the western part of southern Africa have been recorded as the leading 

areas in bee species abundance and diversity. However bee fauna becomes impoverished 

as one approaches and enters the Arctic (Michener 2000). The data from the tropics 

indicate that tropical bee faunas are not as large as those of some temperate xeric and 

mesic areas (Friese, 1914b). Nevertheless, African and American tropics have been found 

richer in bee fauna as compared to oriental tropics despite lack of supportive data in 

Africa. However, the abundance of bees in xeric areas is associated with minimal fungal 

attacks of food stored in the bee cells. In humid environments, the loss from fungal 

attacks on such food and immature bees is substantial and sometimes catastrophic 

(Michener, 2000).

However literature on bee biology in East Africa and Africa as a whole has been scarce. 

It is only in South Africa, Egypt, Chad and Ghana where a few studies on bee ecology
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have been documented. In Kenya, studies on bee ecology have been biased on honey bees 

(Mbaya, 1983; Kahenya, 1984; Kigatiira, 1984 ). It was not until recently that a few 

studies on wild bees started in Kenya especially their importance as pollinators of wild 

flora and crops ( Orim et al., 1979; Gemmill and Ochieng, 1999). There has not been any 

literature on bees in Mt. Kenya forest. Salt (1987) documented the invertebrates of Mt. 

Kenya and Mt. Ruwenzori forests but did not make records on bee species. Other 

invertebrate studies in Mt. Kenya forest include survey of snail diversity and distribution 

by Warui (1999).

1.9.2. Bees and plants

The development of flowers containing nectar in spurs made possible the evolution of 

flowering-feeding Hymenoptera, Lepidoptera and Diptera (Selman, 1979). There are
-ttr

about 20,000 species of bees, which differ in size and are entirely dependent on flowers 

for their food: the geographical and ecological distribution of the bees almost perfectly 

correlates with that of the angiosperms. For example, the distribution of the monkshood 

is determined by the distribution of the genus Bombus (Selman, 1979).

About 75 % of most forest trees in both temperate and tropical forests are insect 

pollinated, but many kinds of bushes, small trees and herbaceous plants are bee 

pollinated. Bee pollination ensures preservation of vegetation cover for wildlife and 

prevention of soil erosion (Michener, 2000). Studies have shown solitary bees are good 

pollinators of forest plants (McCall and Primack, 1992). Stingless bees and honeybees are 

important pollen vectors of many tree species in the tropics (Frank et al., 1997). O’ Toole
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(1993) showed that the loss of bee diversity would be accompanied by the loss in 

flowering species. Thus a high species diversity of bees is necessary to maintain high 

diversity of angiosperms (Neff and Simpson, 1993).

Bees have been considered as the most important example of Keystone mutualists among 

the Hymenoptera, as they are absolutely essential in the maintenance of diversity of the 

flowering plants (Lasalle and Gauld, 1993). Studies in the southwestern United States 

have shown that solitary bees are the dominant pollinators of angiosperms in the semi- 

arid areas and they constitute the most diverse group of flower visiting insects in these 

areas. Several studies have shown that preservation of floral diversity in the ecosystem, 

conservation of pollinators and pollination services for plants are essential (e.g. Roubik, 

1989). Roubik (1998) suggests that the value of pollination far much exceeds that of the 

hive products like honey.

The importance of bee pollination in agriculture cannot be over emphasized. Studies have 

shown that two-thirds of the world’s 3,000 species of agricultural crops require animals 

for pollination. Thousands of species of animals are responsible for this service e.g. bees, 

birds, wasps, beetles, butterflies, moths and flies (Buchmann and Nabhan, 1996, Kevan, 

1999). Many agricultural crops are bee pollinated e.g. Garden flowers, most fruits, 

vegetables, fiber-like flax and cotton. Bee pollination has been found to increase seed 

production. The annual value of pollination service in the U.S. has been calculated at 

US$ 6-8 billion and the estimate worldwide is US$ 65-70 billion (Braulio and Imperatriz-
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Fonseca, 1999. Wild bees have also been recorded as important pollinators of agricultural 

crops ( O’Toole, 1993, Tepedino, 1987; Torchio, 1991; and Richards, 1993).

Examples of wild bees already commercially used are Osmia comiferous, which 

pollinates fruit trees in Japan, Megachile rotunda, which pollinates alfalfa in many areas, 

and Bombus terrestris, which pollinates tomatoes in European green houses (Michener, 

2000). In Kenya, two species of wild bees, Xylocopa senior and Nomia sp have been 

recorded as effective pollinators of eggplant (Gemmill and Ochieng, 1999). Further 

studies have shown that agriculture and other equally vital economic ventures cannot do 

without the variety of pollinators. The refugia sites or nature reserves for crop pollinators 

need to be studied and conserved in order to enhance agricultural production.

1.9.3 The influence of physical factors on bee foraging patterns

Studies have shown that the foraging patterns of bees are influenced by both intrinsic and 

extrinsic factors. The intrinsic factors include sensory information, memory and decision 

making during foraging. Extrinsic factors include the aspect of environment to which the 

pollinators respond to, including floral colour, shape, density, number and distribution of
itr

plant species, wind velocity, and the distribution of nectar rewards (Waddington and 

Heinrich, 1981).

, Further studies have shown that, coevolution of insects and flowering plants lead to 

development of colours that make them more conspicouous to insects. Honeybees have 

been found to respond to only four areas of the spectrum: yellow-green (650-500 mp),
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blue-green (500-480 mu), blue-violet (480-400 mp) and Ultra violet (400-310 mp) 

(Brewer, 1984). Red flowered plants are, therefore known to be bird pollinated (Brewer, 

1984).

Some weather factors have been found to lie important variables in determining visitation 

rates. For example, insects are less active when temperatures are exceptionally high, and 

when conditions are cool, cloudy or windy (Hagerup, 1932; Kevan and Baker, 1983; 

Arroyo et al., 1985). A combination of light and temperature have been found to be 

important factors at the onset of foraging activity and both become unimportant later in 

the day. Similar observations were made by Shricker (1965) and Mbaya (1981). In the 

Snowy Mountain of Australia, it was observed that the frequency of flower visits was 

positively affected by temperature and light, but negatively affected by wind speed 

(Inouye and Pyke, 1988).

Other studies have shown that flower shape, temperature, light, and season appear to be 

the most important variables influencing the visitation rates (McCall and Primack, 1992). 

The time of day has also been recorded as an important factor in insect foraging. 

Different plant species produce nectar with varying sugar concentration at different times 

of the day. Thus, bees and other pollinators have been found to sample and visit more 

frequently flowers which are perceived to provide the highest net intake of calories per 

unit time (Heinrich, 1979b). The calorific worth of nectar rewards is based on the volume 

and concentration of the same.
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The degree of disturbance that brings changes in vegetation structure in a given habitat

has been found to influence the foraging pattern of pollinators. Studies have shown that• **«

bees prefer relatively disturbed environments such as agricultural fields and are 

responsible for pollination of crops such as cucurbits. Kevan (1989) shows that 

honeybees forage on resource-rich, scented patches within resource-rich patches. They 

forage in patches with more polleniferous patches (pollen rich areas) as compared to 

other patches.

1.9.4 Threats to bees

Despite the importance of bees in many ecosystems, several studies have shown that 

pollen sources and nesting sites of bee fauna are affected by human activities. 

Populations of many native plants and their pollinators are being diminished and lost due 

to habitat fragmentation and degradation (Kearns and Inouye, 1997). It has been observed 

that, conversion of formerly continuous forests into small-scaled fragments can lead to 

disruption of the mutual pollinator-plant interactions consequently resulting in further 

loss of biodiversity. In extreme conditions, habitat fragmentation can accelerate the 

extinction rates of local plant populations through inbreeding, genetic drift, and stochastic 

processes (Rathcke and Jules, 1993).

The destruction of food sources is best illustrated by examples of the removal of
, *

vegetation, which provides pollinator food when the crops are not in bloom from 

agricultural areas. The destruction of nesting and oviposition sites has been documented 

ln Central Canada for the demise of populations of leaf cutter bees (Megachilidae), which
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were left without nesting sites in stumps, and logs (Roubik, 1998). In South Africa, it has

been observed that collection of wood for fuel reduces the availability of twigs that
#**■

provide the nesting sites for bees (Gess and Gess, 1983). Kearns and Inouye (1997) also 

found that fire reduces the nesting sites for bees due to loss of dead wood. In addition, as 

forest becomes less dense due to clearing and burning of native vegetation, ground 

temperature increases, becoming too high for bees to develop normally in the existing 

nests.

Habitat fragmentation has been found to be the cause of “ecological traps” (these are

isolated fiagments where pollinators get confined due to fear of predation) (Stebbins,

1979). Several studies have shown that endangered plant species often exist in

“ecological traps” where they lack genetic diversity that would allow them to colonize

other different habitats. Lamount et al.. (1993) further found that habitat fragmentation

leads to small populations which are sometimes by passed by the pollinators because

some of the pollinators exhibit density foraging behaviour, preferring large floral displays 
I

to isolated flowers.

Corbet et al., (1991b) document serious regional losses of bumblebee species, honeybees 

and the numerous species of solitary bees in the National Red Data Books of United 

Kingdom. The losses were mainly associated with habitat fragmentation, destruction of 

semi-natural habitats, and intensive cultivation of arable land. Fragmented regions may 

also habour fewer pollinators and the plants that remain thus suffer reduced reproduction 

success (Jennersten, 1988). He further observed that visitation rates to flowers in the 

continuous areas were approximately three times higher than to flowers in habitat 

fragments.
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CHAPTER TWO

2. 0 Some geographical, historical and ecological facts about the south 

eastern part of mount Kenya forest

2.1 Introduction

Mount Kenya Forest is located about 180km north of Nairobi on the eastern side of the 

Great Rift Valley (Fig.l). It occupies 200,870 ha of gazetted high potential forest 

comprises 20% of Kenya’s natural forest, being the largest continuous indigenous forest 

in the country. The equator crosses the northern foothill of the mountain. The main peaks 

are Batian (5199m) and Nelion (5188m) and represent the remnants of hard volcanic 

plug. Seven administrative districts surround the forest, namely Meru, Tharaka-Nthi, 

Nyambene, Embu, Kirinyaga, Nyeri and Laikipia (KIFCON, 1994a). This study was 

conducted in the forest reserve of south eastern part of Mt Kenya Forest covering 

Kirinyaga district and accessed via Kerugoya .

2.2. The History of the forest

Mount Kenya Reserve was gazetted in 1932 covering 228,340 ha (KIFCON, 1994a). The 

major change was the creation of Mount Kenya National Park in 1949 which reduced the 

forest reserve area by 71,500 ha while the neighbouring forest has an area of 631 ha 

(KIFCON 1994a). A recent report on the massive destruction of this forest elicited a 

government ban on various human activities in the forest. The ban on tree felling was 

effected towards the end of 1999.



figure 1 ■ Map of Kenya showing the location of Mt. Kenya forest
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2.3 Climate

The climate of Mt Kenya National Park and its environs is characterised by small 

variations in the mean monthly temperatures and a dramatic daily fluctuation in 

temperatures. Nocturnal frost occurs down to 2500m altitudes. The area is characterized 

by two rainy seasons (March-June and October-December). The amount of rainfall in 

Mt Kenya ranges from 900 mm in the north to 2300 mm on the southeastern slopes 

(Survey of Kenya 1959, 1966).

The intensity and duration of dry seasons however, vary with some areas. Castle Forest 

Station on the Southwestern side shows no dry period at all, while other areas have some 

additional rainfall in August. Stations on the northwestern side of the mountain show the 

dry season very clearly, e.g. Nanyuki forest station. According to Bussman (1994), solar 

radiation and radioactive emission in Mt Kenya National Park and its environs increase 

with altitude.

2.4 Land use in and outside the ParH

National parks and game reserves are in some conflict with development activities 

(Etringham, 1984; Kiringe, 1990). The park surrounding areas suffer high human 

activities that continue to destroy the forest ecosystem and possible nesting sites for bees 

(Plate 3). The adjacent areas to the forest are used for tea growing and subsistence crops. 

The most common food crops in this area are maize, bananas, tomatoes, beans, potatoes, 

vegetables and citrus fruits.
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Plate 3. A tree felled for timber and firewood collection which could have been a potential nesting 
site (yellow arrow) for bees.

v
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The vegetation of Mt Kenya forest is highly diverse (Fig. 2) and highly influenced by 

altitude and rainfall as well as local variations in aspect and relief (KIFCON 1994a; 

Bussman 1994; Traphell and Burnt, 1987; Beentje 1990). There are three characteristic 

forest zones: the sub-alpine forest, occurring mainly between 2,800 m and 3,100 m 

dominated by Hagenia and Hypericum revoltum, the montane forest, found mainly 

between 2,400 m and 2,900 m and which include extensive stands of bamboo, and the 

sub-montane forest, with an upper limit of 2,400 m and characterized by occurrence of 

Macarcmga capensis, Octoea usambarensis and Eubuotonia macrocalyx. Hedberg (1951) 

described three main vegetation belts while Trapnell and Brunt (1987) and Beentje 

(1990) distinguished seven forest types.

Bussman (1994) reviewed the vegetation types of Mt. Kenya forest and came up with the 

following forest formation namely, evergreen montane bamboo, evergreen, xeromorphic 

montane forest, evergreen broad-leaved montane forest, and evergreen sub-alpine forests. 

He described four new vegetation classes with more detailed information including 

orders, alliances, associations and sub-associations. In his classification, Bussmann 

(1994) described the higher vegetation following their altitudinal zonation and gave 

special attention to succession and the regeneration process of the main vegetation

2.5 Vegetation

classes.
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CHAPTER THREE

MATERIALS AND METHODS 

3.0. General materials and methods

Three transects measuring 2.5 km each were established in three different areas of the 

study site. The areas of the forest fragments covered by transects were identified as 

closed woodland, open woodland (plate 4), shrub land (Plate 5), and pine plantation. 

Transect 1 (Tl) cut through an open wood while transect 2 (T2) a pine plantation and 

shrub land. Transect 3 (T3) was characterized by a closed woodland. The selection of 

transects or sites was based on vegetation structure, accessibility, diversity of 

microhabitats and land use. *

Field observations were made from 9.00 a.m. to 5 00 p.m. No observations were made on 

rainy days. Measurements of physical variables (light intensity, ambient temperature, 

relative humidity, wind speed and time) were taken using portable equipment. Wind 

velocity was monitored for a period of 30 seconds with the help of wind meter (Sims 

Model MSC, Forestry Suppliers, Inc, Jackson, MS). Sling psychrometer was used to 

measure incident light. Light intensity was measured in lux with the help of a light meter 

(Sekonic L-248 camera). In addition, floral characteristics (colour, morphology, open, 

tubular or closed) and records of the number and varieties of foraging bees were also 

made at all sampling sites. Replication of data was done in terms of days. Each habitat 

was sampled for three days each month.

*
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Plate 4. Open woodland, an example of one of the sites considered in the study
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Plate 5. A shrub land, an example of one the sites considered in the study

v *
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Along each transect, observations were made on sampling plots of 1 m,x 1 m. The plots 

were demarcated along transects at an interval of 100m and all the foraging bees in each 

plot were observed for a period of ten minutes. Different species of bees that touched 

either the anthers or the stigma were recorded using the method described by Arroyo et 

al., 1985 and later used by Inouye and Pyke (1988). This method involves making careful 

observations on flower visitors, which get into contact with the reproductive organs of the 

flower on given set of flowers or sampling plot.

In order to differentiate different bee species in the field, the bee species observed were 

collected using a sweep net and assigned different codes. Observations were also made 

on other insect flower visitors. The samples of bees collected together with other insects 

were captured in the sweep net were pinned in the boxes for further identification in the 

National Museums of Kenya.

Hr

In the laboratory, all the sampled bees species were identified to the highest taxa possible 

with the help of a dissecting microscope using the recent identification keys ( Michener, 

2000). Most of the species were only identified up to genus level by a bee specialist, Roy 

Snelling and are referred to in the text as sp A, B C, D, E. After the identification the 

materials were preserved in the National Museums of Kenya as reference collection.

In order to study the spatial and temporal variation of bees in the study area, it was 

necessary that basic population parameters such as species number and diversity be

♦

3.1 To investigate species diversity of bees
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established. Shannon diversity index (H’) was used to compare species diversity of bees 

collected in four different habitats of the forest. The Shannon index is the most widely 

used index in community ecology. This index was described by Shannon and Weaver and 

it is sometimes referred to as Shannon and Weaver index (Krebs 1985). It attempts to 

combine both species richness and evenness into a single value. H’ has two properties 

that have made it a popular measure of diversity:

H’= 0 if and only if there is one species in the sample, and

IT is maximum only when all S species are represented by the same number of 

individuals.

H'= -ZP/lnPi 

Where.

P/ = the proportion abundance of the /th species = n//N 

InP/ = the logarithim of P/ (n/N)

As compared to other diversity index such as Margaref index (Dmg) and Brillouin index
«T

(HB), Shannon diversity index does not vary providing the number of species and their 

relative proportions remain constant. Most ecologists using information theory measures 

of diversity prefer the Shannon index for its computational simplicity (Magurran, 1983).
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Quadrats of 1 m x 1 m were established along transects at an interval of 10(lm. In every 

quadrat, flowering plants were observed for 10 minutes, and the number of plants 

touched by the bees on either the anthers or stigma were recorded using the method first 

described by Arroyo el al., (1985) and Inouye and Pyke (1988). The maximum foraging 

height where field observations were made was limited to 4 m.

To establish the pollen sources from high canopy layers and the diversity of bee plants in 

the Mt. Kenya forest, additional data on pollen sources were collected from the pollen 

grains on the bee bodies. In each study site, a sample of 20 bees was collected at random 

using a sweep net and analyzed for pollen. A small piece of fuchsin gel was used to 

extract pollen grains from the bees by rubbing it against different parts of the body. Three 

slides of pollen sample were made from each bee and analyzed in the Palynology 

Department at National Museums of Kenya.

All the data collected during field observations and pollen analysis were combined to 

establish the major pollen and nectar sources of bees in the Mt. Kenya forest. To ensure 

that no plant species found outside the forest was included in the established bee plant 

list, the recent plant checklist for the Mt. Kenya forest by Bussman (1994) was used.

3.2 To investigate major pollen sources of bees

*
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3.3 To investigate the influence of physical factors on bees foraging 

patterns

During this study, four important weather parameters were measured using simple 

portable instruments. These were light intensity, temperature, relative humidity, and wind 

speed. Light intensity was measured using a Sekonic L-248 light meter to determine the 

incident light in lux. Wind speed in meters per second was monitored and measured with 

hand wind meter for 30 seconds and the highest speed was recorded. Sling Psychrometer 

was used to measure ambient air temperature in centigrade and relative humidity. At 

every sampling point elevation in meters was recorded using a portable Altimeter.

3.4 The effects of floral factors on bee foraging

Flower shape and morphology have been found to limit the type of flower visitors in 

plants. It was therefore necessary to collect data on flower colours and shapes visited by 

the bees and other insects. Flower colours were categorized as yellow, blue, white, pink, 

purple and red.

Other floral factors, studied included flower morphology which comprised of two main 

types, open and tubular. The nature of the flower, that is, open or tubular was determined 

by the shape of the corolla. Flowers with exposed anthers and stigma such as compositae 

were considered as open while those with bell shaped corolla were regarded as tubular.

*
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3.5 Statistical analysis

Three statistical packages were used to analyze the above-mentioned data. These 

included: Excel, Stastistica and SPSS. The packages were applied according to their 

applicability to different kinds of data collected and availability. Data on bees in every 

observation were subjected to log transformation before the analysis due to skewdness 

and kurtosis. Analysis of Variance (ANOVA) was used to compare species of bees in 

different habitats.

m-
In addition. Multivariate Analysis of Variance (MANOVA) was carried out to test any 

significance difference between habitats, bees and other flower visiting insects. Pearson 

chi-square test (x ) was applied to test the dependence of floral colour and type of habitat. 

It was also used to test the dependence of bees on different types of habitat. Data on 

weather characteristics was analyzed using multiple regressions.
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CHAPTER FOUR

4. RESULTS

4.1 Species composition of bees recorded in southeastern part of Mount 

Kenya forest.

A total of 1840 bees were sampled in four types of habitats in the study area. These 

comprised 17 species in 5 families with Apidae having the highest number of individuals 

in every habitat, followed by the family Halictidae (Table 1). The families Andrenidae, 

Megachilidae (leaf cutter bees) and Colletidae were the least represented. Halictids 

(sweat bees) were the most diverse in the open woodland with about ten species. Eight of 

these species belonged to one genus, Lasioglossum. The forest pathways and open 

grassland patches with compact soils offered good nesting sites for most wild bees 

especially the sweat bees.

In the shrubland, the honeybees were the most dominant foragers mainly on the dominant 

pioneer plant species, Crassocephalum mutuosum (Plate 6). In closed woodland, wild 

bees were the most dominant foragers in the lower canopies especially on shrubs and 

herbs. Pine plantation had the least number of bees as compared to other habitat and the 

dominant herbaceous layer was mainly grass. A lot of grazing activity was observed in 

the pine plantations especially by both goats and livestock.
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Plate 6. Crussocephalum  m utuosum , a common bee plant in a shrubland
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T a b le  1: B e e  s p e c ie s  r e c o r d e d  in fou r  d iffe r e n t  h a b ita ts  o f  so u th e a s te r n  part o f  M o u n t
K e n y a  fo r e st . F ig u r e s  in  p a r e n th e s is  are p e r c e n ta g e  p ro p o rtio n  o f  e a c h  G e n u s .

Family Species cvv ovv SL 1>P Total

Halictidae Lasioglossum sp A 38(2) 50 (2.7) 5 (0.3) 1(0.1) 94

Halictidae Lasioglossum sp B 32(1.7) 80 (4.3) 20(1.1) 4(0.2) 136

Halictidae Lasioglossum sp C 12(0.6) 27(1.5) 6 (0.3) 1(0.1) 46

Halictidae Lasioglossum sp D 15 (0.8) 33 (1.7) 0(0) 0(0) 48

Halictidae Lasioglossum sp E 13 (0.7) 3 (0.2) 7(0.3) 5(0.3) 28

Halictidae Lasioglossum sp F 23 (1.2) 3 (0.2) 11(0.5) 2(0.1) 39

Halictidae Lasioglossum sp G 14(0.7) 27(1.4) 1(0.1) 1(0.1) 43

I lalictidac Lasioglossum sp H 5 (0.3) 1(0.1) 2(0.1) 0(0) 8

1 lalictidac Halictini 21 (1.1) 17(0.3) 3(0.2) 0(0) 41

Colletidae Colletes sp 4(0.2) 0 (0.9) 16(0.9) 0(0) 20

Megachilidae Megachile sp 2(0.1) 16(0.8) 7(0.4) 0(0) 25

Megachilidae Heriades sp 0(0) 1(0.1) 1(0.1) 0(0) 2

Anthophoridae Xylocopa sp A 0(0) 0(0) 0(0) 20(1.1) 20

Anthophoridae Xyloco pa sp B 0(0) 0(0) 0(0) 10(0.5) 10

Adrenidae Andrena sp 1 (0.1) 5 (0.3) 1(0.1) 0(0) 7

Apidae Apis mellifera 212(11.5) 286(15.5) 575(31.2) 186(10.1) 1259

Total 396 554 660 230 1840

Key for abbreviations:
CW- Closed woodland ^ L -  Shrubland
OW- Open woodland PP- Pine plantation

V «■
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T a b le  2 a . D iv e r s ity  in d e x  v a lu e  fo r  b e e  s p e c ie s  r e c o rd ed  in c lo s e d  w o o d la n d  in  th e

so u th e a s te r n  part o f  M o u n t K e n y a  fo rest

N=1838 N Pi Ln P/'lnPi

Lasioglossum sp A 38 0.020 3.64 0.073

Lcisioglossum sp B 32 0.017 3.467 0.058

Lasioglossum sp C 12 0.006 2.485 0.015

Lasioglossum sp D 15 0.008 2.708 0.021

Lasioglossum sp E 13 0.073 2.5t>4 0.187

Lasioglossum sp F 23 0.012 3.135 0.037

Lasioglossum sp G 14 0.007 2.639 0.018

Lasiogl()ssunl sp H 5 0.0.02 1.609 0.003

Hal id  us sp 4 0.002 1.386 0.002

Halictini sp 21 0.011 3.044 0.033

Collates sp 4 0.002 1.386 0.002

Megachile sp 2 0.001 0.693 0.0006

Xylocopa sp A 0 0 0 0

Xylocopa sp B 0 0 0 0

Andrenidae sp 1 0.0005 0 0

Heriades sp 0 0 0 0

Apis me l lifer a 212 0.115 5.356 0.616

ZP/LnP/ (H') 1.063

p *
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T a b le  2 b .D iv e r s ity  in d e x  v a lu e  for b e e  s p e c ie s  re c o r d e d  in th e  o p e n  w o o d la n d  in  th e

so u th e a s te r n  part o f  M o u n t K e n y a  fo r e st

N=1838 N P / Ln P/'lnP/'

Lasioglossum sp A 50 0.027 3.912 0.105

Lasioglossum sp B 80 0.043 4.382. 0.188

Lasioglossum sp C 27 0.014 1.431 0.020

Lasioglossum sp D 33 0.018 3.496 0.063

Lasioglossum sp E 3 0.002 1.098 0.002

Lasioglossum sp F 3 0.002 1.098 0.002

Lasioglossum sp G 27 0.014 1.431 0.020

Lasioglossum sp H 1 0.0005 0 0

Halictus sp 5 0.002 1.609 0.003

Halictini sp 17 0.009 2.833 0.025

Col Ides sp 0 0 0 0

Megachile sp 16 0.008 2.772 0.022

Xylocopa sp A 0 0 0 0

Xylocopa sp B 0 0 0 0

Andrenidae sp 5 0.002 1.609 .003

Heriades sp 1 0.0005 0 0

Apis meUifera 212 0.115 5.356 0.615

ZP/lnP/ (IP) 1.0438
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Table 2c. Diversity index value for bee species recorded in the shrubland in the

southeastern part of Mount Kenya forest

N=1838 N Pi Ln Pz'lnPz

Lasioglossum sp A 5 0.003 1.609 0 .004

Lasioglossum sp B 20 0.010 2.995. 0.029

Lasioglossum sp C 6 0.003 1.791 0.005

Lasioglossum sp D 0 0 0 0

Lasioglossum sp E 7 0.003 1.945 0.005

Lasioglossum sp F 11 0.005 2.397 0.012

Lasioglossum sp G 1 0.0005 0 0

Lasioglossum sp LI 2 0.003 0.693 0.002

Halictus sp 5 0.002 1.609 0.003

Halictini sp 3 0.001 1.098 0.003

Colletes sp 16 0.008 i . i f T 0.022

Megachile sp 7 0.003 1.945 0.005

Xylocopa sp A 0 0 0 0

Xylocopa sp B 0 0 0 0

Andrenidae sp 1 0.0005 0 0

Heriades sp 1 0.0005 0 0

Apis me l lifer a 575 0.312 6.354 1.982

EP/lnP/ (H') 2.072

♦
V
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T a b le  2 d . D iv e r s ity  in d e x  v a lu e  for b e e  s p e c ie s  r e co rd ed  in th e  P in e  p la n ta tio n  in  the

southeastern part of Mount Kenya forest

N=1838 N Pi Ln P/lnP/

Lasioglossum sp A 1 0.0005 0 0

Lasioglossum sp B 4 0.002 1.386. 0.002

Lasioglossum sp C 1 0.0005 0 0

Lasioglossum sp D 0 0 0 0

Lasioglossum sp E 5 0.003 1.609 0.004

Lasioglossum sp F 2 0.001 0.693 0.0006

Lasioglossum sp G 1 0.0005 0 0

Lasioglossum sp H 0 0 0 0

Halictus sp 0 0 0 0

Halicliui sp 0 0 0 0

Colletes sp 0 0 0 0

Megachile sp 0 0 0 0

Xylocopa sp A 20 0.011 2.995 0.033

Xylocopa sp B 10 0.005 2.302 0.011

Andrenidae sp 0 0 0 0

Heriades sp 0 0 0 0

Apis mellifera 186 0.101 5.225 0.527

IP/lnP/ (H') 0.578

» *
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The highest species diversity of bees was recorded in the shrubland (2.07) followed by 

closed woodland (1.06) and open woodland (1.04). Pine plantation had the lowest species 

diversity (0.58).

4.1.1 Variation of bees in four different habitats of the southeastern part 

of Mount Kenya forest.

Analysis of variance was performed to show whether there was a significant difference in 

number of bee species in different habitats.

Table 3. Means ± S.E of number of honeybees recorded in 1 m xl m plots along different 
transects in the southeastern part of Mount Kenya forest

Habitats Sample size (n) Mean ± S.E number of bees

Shrubland 139 2.81 ±0.47

Open woodland 139 0.89 ± 0.25

Closed woodland 139 0.29 ±0.14

Table 4. Means ± S.E of wild bees recorded in 1 m x 1 m plots along different 

transects in different habitats of the southeastern part of Mount Kenya forest

Habitats Sample size (n) Mean ± S.E number of bees

Closed woodland 139 1.11 ±0.65

Open woodland 139 ^ 0.58 ±0.21

Shrubland 139 0.51 ±0.13
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Results of analysis of variance (ANOVA) test showed that there was a significant 

difference (p<0.0004) in mean number of bees in the four different habitrfts. Shrubland 

(T2) had more honeybees than open woodland (Tl). There was also a significant 

difference (p<0.004) between the mean abundance in shrubland and closed woodland 

(T3) for the honeybees. Shrubland had more honeybees than closed woodland.

Fig. 3. Similarity of habitats with reference to honeybees recorded during the study

Plot of Means 

Habitats Main Effect 

F (2,126)= 11.08; p< 0 0 0 0

Using cross tabulations and ANOVA test, habitats were also compared to show the 

degree of similarity in terms of honeybee abundance. Values on the left side of the graph 

represent mean number of honey bees in three different habitats ( T3- Closed woodland. 

Tl - Open woodland and T2- Shrubland). Open woodland and closed woodland had small 

difference in honeybee abundance but shrubland was quite different from the two.

*

42



Fig. 4. Relationships between bees and other insect pollinators recorded in different 
habitats of the southeastern part of Mount Kenya forest. .

Plot of Means 

Habitats Main Effect 

Rao R (12 ,242)= 3.30 ; p< 0 0 0 2

- o -  HBEES 

-a - OBEES 
o LEPIDO 

-a -  DIPTERA 

WASP 

BETTLES

Key for the abbreviations
HBEES Honey bees 
OBEES Wild bees 
LEPIDO Butterflies and moths

The above test on associations of bees with other insects in different habitats was done 

using multivariate analysis of variance (MANOVA) test (Rao R( 12,242) = 3,30, 

P<0.002). In the above test, the mean values of different insect pollinators ( referred to as 

dependent variables) are shown on the left side of the graph. A significant difference 

between different insect groups and habitats was found. Diptera were found to be more 

associated with wild bees than honeybees. However, among the other insect pollinators, 

wasps showed a significant difference in the three habitats. Significant differences were 

found between open woodland and closed woodland (p<0.02) and between open 

woodland and shrubland (p<0.0003). *

*
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4.2 Bee plants recorded in the study area

Eighty species of bee plants representing thirty-two families were reeprded as the 

pollen/nectar sources of bees in the southeastern part of Mount Kenya Forest. These 

results are presented in Table 5. The major pollen /nectar sources for a wide variety of 

bees identified belong to the following plant families Compositae, Labiatae, Rubiaceae, 

Euphobiaceae, Begoniaceae, Rosaceae, Tiliaceae and Phytolaceae. In the family 

Compositae, the species contributing most pollen and nectar were Crcissocephalum 

muotuosum (S.Moore) Milne-Redh, Vernonia amplifolia, Botriocline fusca (S. Moore) 

M.G. Gilbert, Microglossapyridifolia (Lam.) O.Ktze and Ageratum conzyzoides L.

Several species of family Labiatae were recorded as major nectar sources of both honey 

bees and solitary bees. These included Plectranthus luteus (Gurke) Gath, Plectranthus 

albus Gurke and Plectranthus laxiflorus Beuth. Observations made from the family 

Rubiaceae show that Psychotria fraclinervata Pelit and Psychotria orophila Pelit had the 

longest flowering period among the woody species.

Other major pollen nectar sources of bees were Croton macrostachyus (Retz.) 

E.H.Walker, Rubus steudneri Schweinf and Begonia meyeri-johannis Engl . Additional 

data on major food sources of bees was derived from pollen grains on bee bodies. 

Examples of pollen grains processed for identification are shown by plate 7, 8 and 9.

However, most bee plant species were recorded at elevation 2000 m to 2300 m but 

elevation 2000 m to 2100 m had the highest record (Fig.5 ). Comparison between
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different forest fragments showed that open woodland followed by closed woodland had

the highest number of bee plants. Shrublands that were recently under cultivation were» **•

characterized by mass flowering. The lowest number of bee plants was recorded in pine 

plantations. The dominant bee plant species in secondary forests were Croton 

macrostachyus (Retz.) E. H. Walker (Plate 10), Crassocephalum muotusum (S. moore) 

Milne-Redh and Plectranthus species. These plant species were good indicators of forest 

disturbance. However, bee plants were found to decrease with increase in altitude (Fig. 

5).

Certain bees such as Xylocopa species were found to forage on specific plant species. 

During the entire sampling period Xylocopa species were only recorded on Senna 

dimobotyra. This plant was found only in disturbed areas or along forest edges. 

Pollinators such as bees are highly influenced by edge effects due to changes in 

microclimate and habitat conditions. "Edge" is defined as a population sink for forest 

interior species living at the periphery of the core area. Other solitary bees belonging to 

the genus Lasioglossum showed preference for certain plant species such Labiatae and 

Begoniceae species. *
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Plate 7. Compositae, Ageratum  sp, an example of pollen grains processed for identification from 
the bee bodies

v
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Plate 8. Lobeliaceae, Lobelia sp, example of pollen grains processed for identification from the 
bee bodies
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Plate 9. A mixture of Amaranthaceae and Gramineae pollen grains, examples of pollen grains 
processed for identification from the bee bodies. The yellow arrow shows pollen grains 
of the family Amaranthaceae while the black one shows the family Gramineae *

*
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Fig. 5. Variation of bee plant frequency (in percentage) in relation to altitude in the

southeastern part of Mount Kenya forest

Bevation(m)

V ♦
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v  V 1j j v  .

Plate 10. A bee plant, Croton m acrostachyus (shown by yellow arrows), a characteristic plant 
species in a secondary forest

*
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Table 5. Bee plants and their related bee genera recorded in the southeastern part of 
Mount Kenya forest -*»-

Key to abbreviations: Ap-Apis mellifera; Me-Megachile sp;La-Lasioglos’sum sp; Xy- 
Xylocopa sp; Hs-Halictus sp; He-Heriades sp;H\-Halictini; Co-Colletes sp; Ad-Andrena 
sp; (+)-bee plants foraged by the particular Genus of bees; (-)-bee plants not foraged by 
the particular Genus of bees; GF-Growth forms; H-Herb (Any plant species below 1 m 
in height); S-Shrub (Any plant species above 1 m to 5 m in height); T-Tree (Any plant 
species above 5 m and beyond ).

Plants species 
Compositae
Ageratum conzyzoides L 
Crassocephalum muotusum Milne -Redh 
Crassocephalum crepidiodes Benth) S. Moore 
Conza sumatrensis (Retz) E.H. Walker 
Gamolepis chrysanthemoides 
Galinsoga pavifora Cav 
Botriocline amplifolia (O. Hoffm. SMuschi.) 
Botriocline fusca (S. Moore) M. Gilbert 
Vernonia amplifolia 
Vernonia syringiforia 
Microglossa pyridifolia (Lam) O.Ktze 
Helichrysum foetidum (L. ) Lass 
Helichrysum ? formsissimum (L. ) Lass 
Stoeba ? kilimanscharica O. Hoffm. Var

Labiatae
Achrospernum scimperi (Hochst.) Perkins 
Leucas ?glabrata (Vahl.) R. Br.
Platostoma africanum P. Beav 
Plectranthus edulis (Vatke) Agnen 
Plectranthus luteus (Guerke) Gath 
Plectranthus sylvestris Guerke 
Plectranthus parvus 
Plectranthus laxiflorus Benth 
Plectranthus albus (Guerke)
Pychostachys meyeri Guerke 
Plectranthus assurgen (Bak.) T.K. Morton

Rubiaceae
Keetia guinzii (Sond.) Bridson 
Lasianthus kilimandischaricus K. Schum 
Pauridianthus paucinennis (K. Scum) Brem 
Parapentas battiscombei Verde 
Psychotria fractinervata Pelit 
Psychotria orophila Pelit

Leguminosae
Parachetus communis D. Don

Elevation GF
BEES 
Ap La Hs Hd Co Ad Me xy He

2000 H - + + - - - - -

1900-2300 H + + + + + + + - +
1900-2300 S - + + - - - - - .

2100 S - + + - - - - - -

1980 S + + - - - - - -

2000-2100 S - + - - - - - - -

2060 S + + + + + + + - +
1900-2380 S + + + + + + + - +

2110 S + + - + + + + - -

S + + + + + + + - +
2040 S + + + - - - - - -

2100 S - + + - - - - - -

2500-3050 S - + + - + - - - -

2500-3050 S +

2 0 5 0  H + + + - - - - -

1 7 8 0 - 2 1 5 0  H - + + - - - - -

2 0 0 0  H - + - + - - - -

1 9 6 0  H + + + + 4 - - - -

2 1 4 0  H + + + + - - - +

2 1 2 0  H + + + + + + - +

2 1 0 0  H + + + + + + - +

1 5 8 0 - 2 3 2 0  H + + + - - - - -

2 5 0 0  H + + + + + + + +

1 9 0 0 - 2 1 0 0  H - + + + + - - +

H + + + + - - + +

2 0 4 0  C +

2 1 0 0  T +

2 0 5 0  T + + + - - - - -

2 0 0 0 - 2 2 0 0  H + +

2 1 3 0  T + + + + - - - -

2 1 0 0  T + + + “ - - - -

2 0 3 0  H + + + +

♦V
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Plants species 
Leguminosaee
Senna didymobotrya (Fresen) Irwin & 
Baarneby

BEES
Elevation GF Ap La Hs Hd Co Ad Me Xy He

1900 S + ...............................................

tndigofera ? homblei Bak. F. S & Martin 1850-2800 S + + .........................................

Euphorbiaceae
Croton macrostachyus (Retz. ) E.H. Walker 
Phyllanthus niruroides Muell. Arg 
Acalpha frucicosa Forsk

1900-2300 T + - + ........................... +
1580-2500 H - + + + ............................
1800-2460 S +

Amaranthaceae
Cyathula cytindrica Moq 2000-2100 H + ...............................................

Rosaceae
Rubus stei'dneri Schweinf 
Rubus pinnatus Willd

1900-2100 C + + + + +  + - . + 
2100 C + + + + +  + - + +

Begoniceae
Begonia meyeri-johannis Engl 2000-2300 C + + + + ............................

Ranunculaceae
Thalictrum rhynchocarpum Dillon & A. Rich 
Ranunculus multifidus Forssk

2080-3200 H + + .........................................
+ + + - - - + .

Pytolaceae
PhytoLacca dodecandra L‘ Herit 2000-2100 H - + + ...........................+

Solanaceae
Nicotina tabacum L.
Oestrum elegans (Brough.) Schl 
Solanum nigrum L.

2000-2200 S - + + ..................................
1980 S - + + + - - +  + 

2000-2200 S

Piperaceae
Piper capense L. F 2150 H

Verbanaceae
Clerodendrum johnstonii Oliv 2110 S - + + + + - - - -

Gramineae
Kyllinga sp
Sporobolus africana (Poir) Robyrus

1980-2100 H + + + + ............................
2200-3150 H + + + + +  + - . .

Cyperaceae
Cyperus sp 1780-3150 S - + + ..................................

Myricaceae
Myrica sp
Myrica salicifolia Hochest & A. Rich

1580-2000 S - + + + - - + - - 
2800 S - + + +  + -

Cucurbitaceae
Momordia sp 2000-2600 H + + + ..................................

*
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Plant species 

Acanthaceae

Elevation GF Bees
Ap La Hs Hd Co Ad Me Xy He

Justicia Sthata (KL.) Bullock 
Isogrossa gregori (S.Moore) Lindau

2360-2800 S - + + + - . «  . . .
+ + +  - .  . . + .

Lobeliaceae
Lobelia sp 2080-2800 T + + .........................................

Polygonaceae
Polygonum ? nepalense Meisn 
Polygonum pulcherum

2120-2560 S - + + + ............................
+ + +  + -

Ulmaceae
Celtis sp 1580-1860 S + + + + +  + - - +

Passifloraceae
Adenia sp 1580-2300 C + - + ..................................

V iolaceae
Viola abyssinica Oliv 2000-2100 C + + + ..................................

Tiliaceae
Triumfetta macrophylla K. Schum 1900-2400 S + ................................. + .

Campanulaceae
Lobelia baumanii H - + .........................................

Myrtaceae
Eulcalptus saligna SM. 1900-2200 T + ...............................................

■mr
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Multiple linear regression tests were carried out on whether parameters (temperature, 

light intensity, wind speed, relative humidity, and time). With multiple regressions, it was 

not possible to explain the most significant variables due to low explanatory power of 

jackknife regressions (r2 = 10 %) to explain a regression variance. Light intensity was the 

only factor that seemed to have a small linear relationship with bees (P<0.058).

4.3 Effects of physical factors on bee foraging activity

4.3.1 Effects of life forms on bee foraging activity

Analysis of variance was carried out to test other growth forms or life forms (tree, shrub 

and herb) of plants had any effect on bee foraging behaviour. According to the test, no 

significant difference was found between different life forms or growth forms of plants in 

different habitats. However, climbers such as Begonia meyeri (Plate 11) were more 

common in open woodland and they were important nectar sources for wild bees 

especially Halictidae.

Table 6: Means and + standard error (S.E) of life forms visited by the bees in the 
southeastern part of Mount Kenya forest

Growth
forms

N Mean ± SE

Herbs 78 3.4 ± 1.54
Shrubs 45 2.8 ±0.78
Trees 8 1.62 ± 1.4
Climbers 8 1.31 ± 1.1

V *
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Analysis of variance (ANOVA) and Pearson Chi-square tests were carried’out to test 

whether flower colour had an influence on bee foraging activity. Multivariate analysis of 

variance (MANOVA) was also performed to test the influence of flower colours on other 

insect flower visitors and their relationship with bees.

4.3.2 Effects of floral colour on bee foraging activity.

Table 7: Means and standard error (S.E) values of flower colours visited by the bees in 
the southeastern part of Mount Kenya forest

Flower
colours

N Mean ± S.E (number of 
flowers)

White 62 1.17 ± 0.31
Yellow 30 0.11 ±0.61
Pink-white 12 1.16 ±0.49
Purple-white 6 1.33 ±0.49
Pink 5 3.27 ±0.00
Blue 3 1.33 ±0.67
Purple 1 0 ± 0
Red 1 0 ± 0

Fig.6. Bee foraging associates in relation to different flower colours in the southeastern 
part of Mount Kenya forest

Plot of Means

Flower colour Main Effect 

Rao R (4 2 ,505)= 1.57; p<.0148

*
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Based on Pearson chi-square test (X2=37.82' df = 14, p<0.0005) the analysis revealed 

that the insect pollinators were dependent on*different floral colours (Fcoior) as shown 

above. Using analysis of variance test, there was a significant difference between yellow 

and pink (P< 0.009647), Yellow and white (p<0.00003) and yellow and pink-white (P, 

0.00183). Therefore bees preferred yellow flowers more than pink, white or pink-white. 

With the help of multivariate analysis of variance, a significant difference was found on 

colour was found among bees foraging associates or other insect flower visitors (Rao R 

(42,505)=1.57; p<0.0148).

4.3.3 Effects of flower morphology on bees foraging activity.
' n

According to analysis of variance test, a significant difference (P< 0.493) was noted on 

flower shapes. In all habitats tubular flowers were visited less often than open flowers by 

the bees. Perhaps butterflies, moths and birds pollinate most tubular flowers. This is 

because moths and butterflies have the ability to uncoil their tongues when sucking the 

nectar from flowers.

Table 8. Means and ± standard error (S.E) values of flower shapes visited by the bees in

the southeastern part of Mount Kenya forest

Bees Flower
shape

N Means ± SE

Honey bees
Open 99 1.82 ±0.22
Tubular 9 0.78 ±0.32

Wild bees
Open 99 0.74 ±0.18
Tubular 9 0.33 ±0.17

*
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CHAPTER FIVE

5.0. DISCUSSION »•*«

The number of bee species recorded in the study site may not be a true representation of 

the bee populations in Mt Kenya forest. T^is is because the study was confined only to 

the forest reserve covering Kirinyaga district, which represents the wettest area of Mount 

Kenya forest. In addition, the taxonomy of the collected bees during this study was 

difficult due to lack of local identification keys and reference materials. Very little is 

known about the taxonomy of wild bees in East Africa and as well as in many countries 

of Africa.

However, the findings of this study have shown significant difference in bee species 

distribution in different habitats and perhaps this could be as a result of human 

disturbances in the forest. Wild bees and honeybees were more frequent in large forested 

areas. This could have been due to availability of nesting sites and variety of food 

sources. An observation consistent with that reported by McCall and Primack (1992). 

However, honeybees were found to be the dominant flower visitors in every habitat and 

this could be attributed to their large colonies and foraging behaviour as compared to 

wild bees.

The highest species diversity of bees was recorded in the shrublands, followed by closed 

woodland and open woodland consequently. The fact that the highest index value was 

recorded in the shrubland does not mean that species evenness was also high in the same 

areas. Shrublands were characterized by mass flowering of pioneer plants such as 

Crassocephahtm muotusum, which attracted a lot of honeybees because they are known
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to be floral density dependent. This is one of the weaknesses of Shannon and Wcaner

Index. It is highly influenced by species unevenness. Species richness of the wild bees#**•

was very low in the shrublands as compared to either closed or open woodland. However, 

wild solitary bees would have avoided foraging in the open shrublands due to fear of 

predation animals such as birds.

The highest species richness and evenness of bees was recorded in both closed 

woodlands and open woodland. This could be attributed to habitat heterogeneity, 

availability of nesting sites and abundance of different types of flowers in the forest gaps. 

In addition, in open woodlands, there was increased light intensity. Increase in light 

intensity in the overlying branches of trees and in lower canopies enhances luxuriant 

growth of shrubs and herbaceous plants which are good sources of pollen and nectar for 

the bees. Such areas were dominated by pioneer plant species, Crassocephalum 

mutuosum and plcctranthus species, which were important pollen and nectar sources of 

bees.

Pine plantations had the lowest diversity of both bees and bee plants. Pine trees are wind 

pollinated and their dry leaves form a thick mattress layer on the ground which takes very 

long to decay, thus preventing growth of other herbaceous plants. Destruction of nesting 

sites by cattle, coupled with lack of herbs could have contributed to the low species 

diversity there.

♦
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Nevertheless, the complete absence of stingless bees remains a major question in the 

conservation of bees in Mount Kenya forest. According to the report given by the local 

people, these bees used to be in existence in 1940s. Their current disappearance is not 

fully understood. One of the major causes of extinction could be logging of indigenous 

trees, which serve as good nectar/pollen and nesting sites. Studies conducted in Bwindi 

National Park forest showed that stingless bees prefer nesting in old indigenous trees with 

about 40 % dry wood (Byarugaba, 1996). Increased charcoal burning and collection of 

firewood could have led to the loss and reduction of nesting sites and hence bees in the 

forest.

■mr

Distribution of major nectar and pollen sources of bees was found to vary from site to site 

depending on the elevation, degree of habitat disturbance and plant associations. Habitats 

with open canopy such as open woodland had the highest diversity of bee plants. Perhaps, 

this could be attributed to diversity of microhabitats and increased light intensity in the 

overlying branches and forest floor. However, some plant species were found to be 

habitat specific. For example, some climbers such Begonia meyeri were found only in 

forested sites while Crassocephalum mutuosum, a pioneer plant occurred only in 

disturbed sites.

A marked decrease of bee plants with increase in elevation was recorded in this study. 

This could be associated with cold temperatures at higher elevations. Mount Kenya forest 

is an afromontane forest, which is characterized by nocturnal frosts at elevation 2500 m. 

Thus, less flowering would be expected in the higher elevations of the forest due to cold

V *
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temperatures. Again, most bees would also avoid foraging in higher elevation areas 

where the temperatures are too low and perhaps flowering plants found in sĵ ich areas are 

either self, wind or animal pollinated. These findings agree with observations made by 

Richards (1986) and Regal (1982). However, large bees whose surface area volume ratio 

is small are good foragers of high montane areas.

Moral characteristics were found to play a major role in the foraging patterns of bees in 

the study area. The bees frequently visited open flowers compared to tubular ones. This 

could be associated with ease of collecting nectar from open flowers thus enhancing 

foraging efficiency. Bees are known to maximize energy net gain per unit time by 

reducing the time and energy spent while collecting food resources Observation made by 

Faegri and Van der Pijl, (1979) showed that long-tongued bees, moths and butterflies 

visit tubular flowers. The flower color was also found to be significant. Most bees 

preferred yellow followed by white flowers. The preference of yellow colour to white 

was also documented by MaCall and Primack (1992).

Most weather parameters (temperature, Time, Relative humidity, wind speed) were not 

significant on the foraging patterns of bees. Studies have shown that the foraging patterns 

of bees observed in the field are governed by both extrinsic and intrinsic factors. The 

statistical tests done on the collected data could not show any significant difference on 

the above variables. In the four selected habitats, only light intensity was found to be 

significant. Among the other weather variables, may be light intensity is the most 

important in a tropical forest. Studies done by Waddington (1983) have shown that bees
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arc known to use the sun as an orientation cue for finding home and food patches, and 

may also use the sun to orient them while flying between flowers.
»**«

5.1 CONCLUSIONS AND RECOMENDATIONS

5.1.1 Conclusions

Both social and solitary wild bees were found to be important pollinators of forest plants. 

Honeybees were the dominant bees in every habitat of the study area followed by the 

sweat bees (Halictidae). Both bees and bee-pollinated plants species were highly
t

threatened by human activities in Mount Kenya forest. Solitary bees were found to be 

more endangered than honey bees because they have small colonies, nest in trees prone to 

logging and charcoal burning and have shorter foraging ranges. However, distribution of 

food sources was a major determinant in bee distribution.

The plant-pollinator interactions of Mount Kenya forest need to be conserved in order to 

save the forest for the bees and bees for the forest. The complete absence of sub-family 

Melliponinae (stingless bees) is product of forest degradation by man in the forest. 

Mount Kenya forest can serve as an “important pollinator garden” that needs to be 

preserved for the well being of man and animals. Animal pollinators enhance seeds set 

which are very important for forest regeneration.

5.1.2 Recommendations

The following are recommendations of the study:

• Policy makers and the stake holders need to be informed about the threatened 

ecological relationships and processes such as pollination service.

*
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• There is need to address the reforestation program in the tropical forests of East 

Africa. Replacement of indigenous trees species with exotic species is driving 

many pollinator species to extinction. For example, pine plantations were found to 

be detrimental to pollinators. Theseffees are wind pollinated and they do not offer 

either food sources or nesting sites to solitary bees.

• Collection of firewood and charcoal burning by the local people should be 

controlled. Different bee species nest in different textures of dead wood e.g. the 

carpenter bees prefer soft dead wood. There is thus an urgent need to research on 

the nesting sites of bees in Mt Kenya forest in order to save this biota.

• Honey gatherers and beekeepers need to be trained on honey harvesting. Use of 

power saws to harvest honey should be discouraged. Traditional or modern bee 

keeping should be encouraged for it is a means of conserving bee fauna.

• An inventory of pollinators of keystone plants species of the forest should be 

compiled for forest managers and stakeholders. Manuals of important bees and 

bee plants should be established for forest managers and training institutions. 

Pollination remains one of the weakest links in our understanding of how 

ecosystem function. Hence the need to include pollination biology in school 

curricula at all levels.

• Future research should include more detailed pollination studies of keystone 

forest plants, assessment of forest fragmentation and restoration of degraded 

forest areas for pollinator populations.

*
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APPENDIX 1

Appendix 1. Bee keeping in the forest

Very little bee keeping activity was observed in the lower elevation especially in the open 

woodland where food sources were highly available and diverse. In addition, there were 

very few beekeepers in the area whose preference for hive placing was the bamboo zone, 

which starts from elevation 2400 m. Thus they harvest very little honey due to scarcity of 

bee plants and low temperature in higher elevation. Perhaps this is because in cold 

temperatures, bees spend most of their time in the hives feeding on the gathered food 

resources rather than foraging. However, one of the major problems with the bee keeping 

was the security of their hives in the lower elevation zone.
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