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ABSTRACT

Kaya Muhaka Forest in the Kenyan Coast is one of the remianng lowland forest patches
belonging to Zanzibar-Inhambane vegetation mosaic of Eastern Africa, which are rich in
endemic and threatened flora and fauna. Although gazetted and pfdtected as a national
monument, the forest biodiversity is still endangered. This research attempted to establish the
flora diversity along disturbance gradient ranging from the forest core to the agro-ecosytems
of the forest. The belt transect method was used where quadrants of 20m x 20m placed at
intervals of every 250m were systematically selected along two parallel transects of 3km
long each and all the plant species recorded. An additional nine plots of similar size and
placement were surveyed on three paralle] transects of 1km each established from the edge
of the forest to the forest core. The flora diversity was calculated by use of the Shannon-
Wiener Index of diversity. The Importance Value Index, forest strcture, the species area
curve and dominance were determined. Other ecological attributes established included
species composition, and canopy cover. The distribution and conservation status of
endangered species was studied by means of random walks and georeferencing the target
species using Global Positioning System Forest disturbance was also recorded by use of
indictaors such as presence of paths, tree stamps and evidence of firewood collection.
Scorodophloeus fisheri (Taub) J. Lion was the most important species in the forest and Cocos
_nucifera L. was the most important in the farmland. A total of 492 species in 92 families
were recorded. The forest was found to be heavily disturbed with numerous paths crossing it.
The threatened speices are not protected and they risk being logged. There was a high
diversity of plant species in the Kaya Muhaka forest and agro-ecosystems. The forest is
homogenous with most of the species being indigenous and endemic. The protection of the
‘forest should be improved. Further research should be done on the conservation, presence

and mapping of the endangered species in Kaya Muhaka forest.
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CHAPTER ONE

- INTRODUCTION

:" @;lyB'ackground of the Study

The coastal forests of East Africa, covering an area of approximatay 3,170 km® from
i:s;outhern Somalia to northern Mozambique including small amounts of forest in south eastern
FMalaWi and eastern Zimbabwe, are one of the top ten priority ecosystems for biodiversity
conservation on the African continent (Burgess and Clarke, 2000). In Kenya, these
£ fragmented, sometimes in relatively miniature forest relicts conserved as ‘Kayas’, have been
earmarked as one of the 25 world’s hotspots of biodiversity. To qualify as a bi(;diversity
hotspot on Myers et al., (2000) edition of the hotspet-map, a region must meet two strict
'cﬁtéria: it must contain at least 0.5% or 1,500 species of \}ascular plants as endemics, and it
has to have lost at least 70% of its primary vegetation. The kayas are small relict patches of
forests in Kwale and Kilifi districts which once sheltered the fortified villages of the
| Mijikenda. They were managed and conserved by elders (The Ngambi), but the power and
respect for the elders ended during the colonial and later the post colonial times. Kaya |
Muhaka is located about 32 km south of Mombasa and 5.5 km inland from the Indian Ocean.
With about 150 ha, it is one of the largest Kayas in Kwale (Myers et al., 2000). However,
despite Kaya Muhaka being of high biodiversity value both at the national and international
’level, it is facing great threats which are driven by humén bopulatidn pressure. The prevailing
threats to the forest include agricultural encroachment, charcoal burning, firewood collection,
cutting of building material, over exploitation of ornamental and medicinal plahts and
-ibnvasion of exotic species. Unsustainable logging especially of old threatened tree species

such as Julbernardia magnistipulata (Harms) Troupin, Cynometra suaheliensis (Taub.)




o

f and Synsepalum subverticillatum E.ABruce has highly éontributed tol forest
ation in the recent past. However, the Kaya is still used by a group of elders for social-
ral activities. There is paucity of information on the diversity, disturbance and status of
ned species within Kaya Muhaka. For decades, cdnservation o%‘biodiversity within
Muhaka has been compromised by continued anthropogenic effects exacerbated by
ual decline of traditional values coupled with rising poverty among the rural
munities. This is despite the import'ant role the Kaya has provided through a multiplicity
ecosystem services at landscape level. These dwindling landscape services need to be

understood and management strategies developed to improve the livelihoods of the local

_communities in line with Kenya’s Vision 2030  section 4.6 on environment management.

12 Problem Statement

The most significant current threat to the coastal forests of the Eastern Africa biodiversity
;fhotspot is the expansion of agriculture (UNESCO, 2009). The soils are poor and can only
"' support subsistence agriculture with most agricultural development involving short term
2 shifting cultivation concentrating 6n food crops such as cassava, maize, coconut and banana.
The human population is increasing at 2.5-3.5 percent annually and the demand for
additional farmland increases every year (UNESCO, 2009). Commercial agricultural
"d,evelopment in the form of coconut, sisal, cardamom and cashew nut plantations has led to
the loss of lowland coastal forests and other natural habitats (UNESCO, 2009). Recently,
commercial growing of Casuarina equisetifolia L. and Jatropha curcas L species hés been

common in landscapes further threatening the indigenous forest species.
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nunities living around Kaya Muhaka practice subsistence agriculture for their

s and often turn to overexploitation of forest resources for their livelihoods and
nomic needs. The fallows maintained by the farmers may also harbor unique flora

{

never studied. In spite of great international interest in biodiversity and its

;‘tion, only few detailed floral checklists exist for much of Eastern Africa.
ore, those that do exist have been made by biologists who have spent varying periods
:articular locality. The collecting effort varies considerably between them making it

, jely difficult to compare the flora of one geographical area with another (Coe et al,

Objectives
objective of this research was to assess the diversity of plant species along

sturbance gradient in Kaya Muhaka forest, Msambweni District.

ff’speciﬁc objectives were;

a) To determine the diversity' of flora in agro-ecosystems, forest edge and forest core in
s Kaya Muhaka.

b) To determine forest structure, species richness and composition in Kaya Muhaka.

-" ¢) To determine the disturbance, distribution and conservation status of threatened plant

species in Kaya Muhaka.







CHAPTER TWO

LITERATURE REVIEW

nservation Status of East African Coastal Forests

u the term forest will be applied according to the FAO (2066) as a stand of trees
’_‘- um area of land of 0.05 to 1 Ha with a canopy cover (or equivalent stocking level)
than 10% to 30% with trees with the potential to reach a minimum height of 2m to
it maturity in situ. The term ‘coastal forest” will be defined as all forest o‘n the land over
imentary (and intrusive volcanic) rocks on the coastal plains and plateau, to the east of
osed basement coastal land (Lehmann and Kioko, 2005). A biodiversity hotspot is a
with high species diversity and concentration of many narrowly endemic plant and
imal species (Robertson and Luke, 1993; Myers et al., 2000). Tropical forests are facing
,_,;h ation worldwide. This is due to unsustainable harvesting of their timber and non-
products for economic gains and also due to burning for various reasons including
ing for agricultural use. Over the past decade, more than 13 million hectares of tropical
t was cleared every year, and the largest population of this is the tropical dry forest type |
a et al., 2009). There are a‘bout 4,050 vascular plant species in the coastal forests of
ern Africa biodiversity hotspot and approximately 1,750 (43%) of the plant species are
éndemic. About 70% of endemic species and 90% of endemic genera are found in forest
;i;abitats. Furthermore, about 40% of the endemic plant species are found in only one single
_,v.%for‘est; For example, the Rondo Forest in southern Tanzania has about 60 endemic species

- and two endemic plant genera.
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species endemism in these forests is also exhibited in faunalL diversity. With more
) species of birds recorded, 11 of them endemic and 11 species of the 200 species of
s,.are endemic with some threatened species like the black rhino (Dicens bicornis)
aﬁhah elephants (Loxodonta africana). Of the close to 250 k;&own reptile species
than 50 of these are endemic. The hotspot also has over 85 amphibian species 6 of
e found nowhere else like the Shimba Hills banana frog (Afrixalus sylvaticus). There
fish species living in the fresh water ways of the coastal forests of eastern Africa and
than 30 of these are endemic. The levels of endemism within some invertebrate groups
v:isigniﬁcantly higher than among vertebrates. About 80% of millipedes and 68% of
scs are endemic. Burgess and Clarke (2000) found that 33% of the coastal forest flora is
ic or near endemic while 49.3% is widespread with only 3% occurring in both the
ilian and Guineo-Congolian regions. Althqugh tropical forest conservation is a top
rity for human and environmental health, deforestation persists, mainly because of food
"'d.economic needs. No community will totally give up economic activities for the sake of
’ogical integrity unless it is given alternative economic activities from which to draw its

lihood (Coe et al., 1999). Indigenous forest cover has reduced by more than 60% over the

Iast 50 years, largely due to agricultural intensification.

The once vast natural habitats have been reduced into ‘islands’ of vegetation relics
(Bussman, 2002). Today such habitats are undoubtedly few and extremely vulnerable due to
human pressure through over exploitation of forest resources like timber and firewood in the

potentially agriculturural zones of Kenya. However, in spite of their environmental and

2 ecological vulnerability the natural remnants are under protected. It is necessary that they be




s they are our heritége (Myers et al., 2000). Kaya Muhaka; forest is onev such
of the indigenous forests. The Eastern Arc Mountains and Coastal Forests of
and Kgnya hotspot (figurel) is one of the smallest of the 25 global biodiversity |
It qualifies by virtue of its high endemicity and a severe degreé of threat. Although
spot ranks low compared to other hotspots in total numbers of endemic species, it
rst among the 25 hotspots in the number of endemic plant and vertebrate species per
a (Myers et al., 2000).

“onvention on Biological Diversity (CBD) makes it clear that use of biodiversity must
a sustainable basis and that current use must not lead to long terrh decline. Several
f‘les of the CBD are particularly relevant to efforts that focus on conservation and
3 nable use of biodiversity (Coe ef al., 1999). The use value of biodiversity relates to its
being a key resource base for many subsistence and economic purposes. It provides many
'system services such as providing food, medicine, genetic resources, industrial materials
m recreational exploitation. Importantly, biodiversity regulates the level of toxic gases in
»‘ sqil and atmosphere thus mitigating climate change effects and supportive services such
as control of soil erosion and combating desertification. The passive use of biodiversity
oncerns the ecological ‘services’ that it provides such as atmospheric, hydrological and
_-Qgélimatic regulation, nutrient cycling, soil formation and maintenance, pest control and
v‘ﬁ;pollination . Fundamentally, therefore, the maintenance of biodiversity is essential for the
norrhal functioning of ecosystems and the continued provision of goods and services upon

; which increasing human populations depend (Coe et al., 1999). Current economic valuation

o
s

of biodiversity focuses only on use values and tends to promote short term consumptive

exploitation, which generally has a negative impact on species and ecosystems threatening
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productivity. Efforts to promote sustainable use must ackilowledge that .current
of use are on the whole destructive. Exploited ecosystems are at increasing risk of
abilized through increased rates of use due to human population growth;
' ity must therefore seek to limit rates of consumptive use as well as ensure that local
;w'ties obtain economic benefit from biodiversity conservation (Coe et al., 1999). An
! approach to conserve plant biodiversity is to map distributional patterns and look for
‘:trations of diversity and endemism (Gentry 1992). Further, management of forest
s understanding of its composition in relation to other forests, ihe effects of past

cts on the present status and the present relationship of the forest with surrounding land
:{‘;Geldenhuys and Murray 1993)

lants are recognized as a vital part of the world’s biodiversity and an essential resource for
e planet. They play a key role in maintaining the planet’s basic environmental balance and
cosystem stability and provide an important component of the habitats for the world’s |
al life (Mligo et al., 2009). In order to effect efficient plant conservation, the first step is
i aimderstand and document what diversity exists, their distribution and threats. Botanical

inventories therefore are of crucial importance to effective conservation planning.

endemic species), mammals (6 species), birds (9 species), reptiles (26 species), frogs (2

~ species), butterflies (79 species), snails (>86 species) and millipedes (>20 species) (Burgess




‘ ). Endemic specieé are concentrated in the forests of the :Fana River, bétween
in Kenya to Tanga in northern Tanzania, and in southern Tanzania. Forests with
umbers of endemics are: lower Tana River, Arabuko-Sokoke, Shimba Hills
); lowland East Usambara, Pugu Hills, Matumbi Hills, Rondo and Litipo and other
s near Lindi (Tanzania); the Tanzanian offshore island of Pémba; Bazaruto
lago (Mozambique), and tiny forest remnants of southern Malawi, eastern Zimbabwe
Moimnbique (Burgess et al.,1998a). Most coastal forest endemics have a narrow
butional range, often exhibiting single-site endemism or with scattered distributional
ms. They are best interpreted as relicts and not the result of | recent evolution.
lictualization probably started with the separation of the ancient Pan African rainforest
0 two parts during the Miocene (Burgess ef al.,1998a).The pattern of endemism in the
.oastal Forest Mosaic isvcomplex, reflecting the wide range of habitats and heterogeneous
.ﬁérest types, a high degree of turnover of local species between adjacent forest patches and
I disjunct distributions ((Burgess and Clarke, 2000).The ecoregion, which includes the
'jslands of Zanzibar and Pemba, is a mosaic of forest patches, savanna woodlands, bush lands,
:‘thjckets and farmland. The highést biodiversity is found in the various kinds of closed

3 'canopy forest vegetation: dry forest, scrub forest, Brachystegia (miombo) forest, riverine

- forest, groundwater forest, swamp forest and coastal/afromontane transition forest (Burgess

and Clarke, 2000).Closed canopy forests, however, makes up only 1 percent of the total area

of the Coastal Forest Mosaic (Burgess and Clarke, 2000).

Overall, there are more than 4,500 plant species and 1,050 plant genera with around 3,000

species and 750 genera occurring in East African coastal forest. At least 400 plant species are




ﬁe forest patches aﬁd about another 500 are endemic to the kintervening habitats
p 99 percent of the ecoregion area. The majority of these species are woody but
So endemic climbers, shrubs, herbs, grasses and sedges (Burgess and Clarke, '
) ':'substantial proportion of the endemic plants are confined to ‘;av single forest (for
iL’ Rondo Forest, Tanzania, has 60 strict endemics and Shimba Hills,r Kenya, has 12

gess and Clarke, 2000).

ra as a whole has affinities with that of West Africa, suggesting an ancient connection
th the Guineo-Congolian lowland forests (Lovett, 1993). Endemism is iarimarily .relictual
ther than recently evolved (Burgess and Clarke, 2000; Burgess et al. 1998). Among the
7: known plants in the hotspot are the species of the African violet (Saintpaulia sp). The
;&000 cultivated varieties of the African violet, which forms the basis of a US$100 million
ear house plant trade globally, are all derived from just three species found in coastal
ian and Kenyan forests. The biodiversity hotspot also contains 11 species of wild

ﬂ'ee, 8 of which are endemic; none of them has been exploited commercially (McGinley

d Duffy, 2010). A few such as Coffea zanguebariae Lour are under going breeding

; research trials at the Coffee Research Foundation of Kenya.

‘. ﬂ’ Faunal endemism rates have been estimated for forest species in the Swahelian Regional
Cenﬁe of Endemism (including the transition zone in Mozambique). These are highest in the
) invertebrate groups such as millipedes (80 percent of all thé forest species), molluscs (68

percent) and forest butterflies (19 percent) (Burgess, 2000). Amongst the vertebrates, 7

- percent of forest mammals, 10 percent of forest birds, 57 percent of forest reptiles and 36

10




£ 13 forest amphibiahs are endemic (Burgess, 2000). If Moz;unbique is exéluded,
s include 14 species of birds (including four on Pemba Island), eight mammals, 36
nd five amphibians. (WWF, 2002).In terms of species richness, there are at least 158
’,'mammals (17 percent of all Afrotropical species), 94 reptilek‘yand 1200 molluscs
7['I the plants, endemism is primarily relictual (Burgess et al., 1998) and single site
."- and disjunct distributions are common. This makes it extremely difficult to
éthe forests in terms of their biodiversity. Burgess et al., 2000) made a preliminary
on the basis of species richness and endemism, using vascular plants, birds,
;- s? reptiles and amphibians. This showed that different forests' are important for
groups. For example, while Arabuko-Sokoke is top for endemic birds and for
al species richness, it barely makes it into the top ten for plants. Overall, the five most
e forests are Rondo (plants and birds), lowland East Usambaras and Arabuko-
"ke (birds, mammals and reptiles), Shimba (plants and birds) and Pugu Hills (birds and
jm als). Pemba Island, with an area of only 101400 ha, is extraordinarily important for

fs with four endemic species (Baker and Baker, 2002) while Zanzibar has six endemic

ammals and three endemic birds.(Burgess, 2000).

3 Levels of Protection
4 iE’astem African coastal forests are located within the‘SWahili regional centre of endemism
' 'and'Swahili-Maputaland regional transition zone in eastern Africa between 1 North and 25 °
:: South, and 34 * to 41 ° East (Burgess ef al., 1998). Approximately 3167( oo pigaal et
viemains: 2 km?* in Somalia, 660 km” in Kenya, 697 km? in Tanzania, 16 km? in Malawi, 3

~ km?® in Zimbabwe and perhaps 1790 km? in Mozambique. Most forests are small (< 20 km?),

11



but 19 are under 30 mz in area (Burgess ef al., 1998). Over 80% of coastal fofest is
,}@ oon government land, principally Forest Reserves; only 8.3 km? is found in National
6.2 km? in Kenya (Arabuko-Sokoke), 2 km® in Tanzania (Mafia Island) and tiny
iches in Zimbabwe (Burgess et al., 1998). Forests in this biodiversity h})tspot are located in
0 countries and fall under multiple management regimes. Figure 1 shows the major
ote ted areas in and around the hotspot.In Kenya, the protected area network at national
\ 'lvconsists of national parks, national reserves, forest reserves, nature reserves and
jational monuments (Bennun and Njoroge, 1999).

y of the national monuments on the coast are sacred forests called Kaya Forests. At a
iwer level, many forests are located on trust lands and fall under the control of County and
Municipal councils. In some cases the local inhabitants oversee the activities in thw forests.
In Tanzania, the protected area network at national level consists of national parks, game
reserves, government catchment forests, game controlled areas, forest reserves and nature
reserves (Baker and Baker, 2002). Below the national level a large number of forests,
particularly in the coastal forest belt, fall under local authorities, owned and managed by the
.v Mijikenda community. In both coﬁntries, no exploitation is allowed in national parks and
vf”. protection levels are generally high. In both countries, confusing and overlapping legislation

on the environment and natural resources is being rationalized through the enactment of new

; polices.

Within the Kenyan area of the hotspot, there are four national reserves; Shimba, Tana River,
Boni and Dodori which fall under the jurisdiction of the Kenya Wildlife Service (KWS),

(WWF, 2002). The Shimba Hills were gazetted as National Forest in 1903 and then double

12




ed (with the exception of two small areas that remained as forest reserves under the

d rangers and a clearer institutional mandate for conservation. The fargest of the Kenyan
st reserves is Arabuko Sokoke (417 km?2). For the last 10 years this forest has been under
institutional management; KWS, the Forest Department, Kenya Forestry Research
ute (KEFRI) and the National Museums of Kenya, (NMK) (Arabuko-Sokoke Forest
‘agement Team, 2002). This arrangement has been taken as a model for other indigenous
orests in Kenya but has been rarely implemented. Protection levels suffer from the p.roximity
he tourist resorts of Malindi and Watamu and the resultant demand for carving wood and
Ei'ns The effectiveness of management has been variable over time, being subject to the
€0 u mitment of the personnel on the ground, the working relationships between KWS and the
" forest Department and the level of resources available. Generally, however, management has
fbeen more effective than in the other 17 forest reserves (WWF, 2002) within the Kenyan
»;coastal forest belt. In the fragmented forests of the Kenyan portion of the Eastern Arc
,]Mountains (Taita Hills), some pétches, including plantation, have been gazetted as forest
reserve. Others are on trust land administered by the local county council, some of which

] '~ have been recommended for gazettement as forest reserves (Bennun and Njoroge, 1999).

| The major threats to the natural ecosystems of the world are the increase in human
r population density and its expectations especially in the developing countries where
3 agriculture is the main basic economic source. In the last 50 years, about 60% of the East

4

African natural habitats have been converted to urban and rural settlements, plantations and

13




'V (Malorﬁbe and Mutahgah, 2005). The Convention on Biologizzal Diversity adopted
Earth Summit in Rio de Janeiro, acknowledged the need to protect and encourage
ary use of biological resources in accordance with tradition cultural practices that are
',‘bie with conservation or sustainable use requirements (Articlk‘e% 10). A number of
"'onal gatherings have since been held in relation to this issue, such as the 1998
O symposium on “Sacred sites, Cultural Diversity and Biological Diversity”. They
ect a growing realization of the importance of sacred sites as a component of protected

a networks.

he éacred Kaya Forests are situated on the coastal plains and hills of Kenya, East Africa.
I are residual patches (from ten to two hundred hectares) of once-extensive diverse
forest of Eastern Africa occurring within ‘the Zanzibar-Inhambane Regional Mosaic
SCO classification) as shown in figure 1. The Kaya forests are botanically diverse and
ve a high conservation value, more than half of Kenya’s rare plants are found in the coastal
gion, many in the Kayas (Githitho, 1998). The cutting of trees and other activities that |
f"?iuld potentially cause damage to the forest around the Kaya and sacred spots was strictly
Ffbrbidden by the Kaya Elders (Githitho, 1998). This included collecting or removing dead
‘zz'logs or twigs or any other forest material. Uncommon animals, particularly large snakes,
Njwere to be left alone if encountered. Any structures bﬁilt for ritual purposes used materials
'frbni the Kaya forest. In addition to these restrictions on physical interactions at the site,
there were behavioral controls as well; designed to maintain the tranquility of the Kaya.They
a;rémphasized decorum and respect as well as control of physical and emotional passions

 (Githitho, 1998).
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rastal forests of Kenya répresent rare and threatened forest types rich in biodiversity.
,lff a high possibility of collecting more unique species, some even new to science as
‘ '.::,m rest sites are generally understudied. However, increased demand for forest resources is
nining the conservation efforts to save these rare species from extfmtion. The existing
patches including the sacred Kaya forests are increasingly under great threats. This is
.té pressure on land resources, urbanization and social transformations. Also the traditions
e cultural practices associated to the Kaya settlements are fast diminishing, posing great
',,er to the social fabric and cohesiveness of the Mijikenda communities who venerate and
l_brate them as their identity and symbol of continuity.The coastal fofests need greater
:; gnition of their global values; they also need adequate protection, appropriate use and
u ective management (Burgess and Clarke, 2000). However nearly 40% of Kenyan coastal

forests are either poorly protected or otherwise wholly unprotected (Conservation

International and McGinley, 2008).

‘Three hundred and thirty one plant species (331) in 77 families were recorded in Kaya
E?inVIuhaka (Lehmann and Kioko, 2005).This represents 7.4% of all species estimated for the
'.-.,Zanzibar — Inhambane regional mosaic or 4.7% of all spécies known for Kenya (Lehmann
,ia_nd Kioko, 2005.). Kaya Muhaka forest has a high species diversity and endemism and it is
i therefore imperative that it is conserved for future generations. The forest has been described
- as “wetter mixed semi-deciduous forest by Lehmann and Kioko (2005) and is locally
- dominated by caesalpiniaceous trees such as Cynometra and Scorodophloeus. These species

~ are also found in the wet forests of west and central Africa indicating some homogeneity

 with these forests (Lehmann and Kioko, 2005). Kaya Muhaka forest also contains rare
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ike Gigasiphon macrosiphon and Keetia lukei which are restricted to less than five

 and only located to the Kenyan coast (Lehmann and Kioko, 2005).

B Destruction e

e past three or four decades there has been a decline in knowledge about traditional
that protected these forests in these areas due to economic, social, cultural, and other
es in society(Githitho,1998). This has been combined with a rising demand for forest
ets and land for agriculture, mining, and other aptivities due to the increased
lation. One result has been the destruction and loss of the small Kaya forests and‘ groves.
'ftime an active conservation programme began to be implemented for the Kayas in the
;19905, the sacred forests had suffered considerably. As an extreme example, local
tural encroachment has reduced forest cover in Kaya Chonyi, the sacred forest of the

1 Mijikenda group, to a fifth of its original area (Githitho, 1998).

icroachment has also diminished other Kayas in size to varying degrees, particularly along
enya’s north coast (such as Kaya.J ibana, Kaya Rabai, and Kaya Kambe). These sites are in
airly fertile areas with relatively dense populations. They have also been logged for
'_:ble hardwdod timber, and some species of these trees have disappeared altogether.
ong the south coast, the Digo Kayas, which occur aiong beach areas, have fallen prey to
‘hsive hotel development and planned settlement schemes (Githitho, 1998). In addition to
', portant biological resources, the countries of eastern Africa are also endowed with a
wealth of mineral resources, in coastal areas; these include gas, gemstones, iron, titanium,

Jimestone and kaolin (Conservation International and McGinley, 2008). Destructive mining

16
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3 can destroy large areas of natural habitat. The coastal sands contain titanium and
ing of this ore destroys the natural vegetation. The Kenyan Government has recently
approval to a Canadian based multinational mining company, Tiomin inc. to start

) titanium in the Kwale area. High grade silica sands for glass manufacture are also

from deposits in Msambweni while Iron and Manganese are mined on small scale in

wale Kaya forests of Coastal Kenya. There are also extensive areas of limestone along
w and rubies and other precioﬁs stones in some of the coastal forests in Tanzania
' ation International and Ginley, 2008).

A arch by Roberson and Luke (1993) entitled noted that the forest patches also protected
ny small but important species of the coastal foothills, particularly on the narrow rivers
n g through the Jurassic limestone and amelior_ating the effect of the erratic rainfall of the
‘:‘: by ensuring constantly flowing streams. Destruction of the forests on coral rag for the
'svation of the fragile calcium rich soils, observed at Waa lead to barren rocky platforms,
seful only for coral block diggings and then very difficult to rehabilitate. But the greatest
- ction was observed in the beach crest zone of coral rag forest and thicket targeted for
dev elopment of tourist and residential buildings and associated structures. Developers often
burnt and slashed all the indigenous vegetation and were then faced with landscaping, having
'rimport at vast expense, extra soil in which to plant. .Such threats are also eminent in Kaya
i7i' nondo, which is currently well established and marketed as an excellent ecotourism
tination. Lehmann and Kioko (2005) noted that the area near Muhaka village waé being

“eroded by seasonal fires, and many timber trees like C. suaheliensis were being poached,

,:suggesting that the elders were no longer able to protect the Kaya. Pole cutting increased

|
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.2001 and collecting firewood was common (Lehmann and Kiol;o, 2005). The land
~around Kaya Muhaka consists of small scale subsistence farmers with individual
operator systems. In most cases the land is ancestral coupled with scattered areas of
"bought from the locals.Burning of woody plants for charcoal prod{:letion causes major
loss near coastal towns and alongside main roads in Tanzania, while collection of
ewood poses a threat in areas away from towns and roads. Uncontrolled burning to clear
- and to drive animals away, to coHect honey and to reduce tsetse flies also threatens
;'Ilaﬁd coastal forests and thicket patches. This replaces rare, endemic coastal forest
'i'es, with more common, wide ranging fire adapted (resistant) speciesv (Robertson and
Luke, 1993). Since their abandonment as preferred places of settlement Kayas have been
ferred from the domestic aspect of the Mijikenda landscape to its spiritual sphere. The
Kayas are under threat both externally (economic activities) and from within Mijikenda
::. ciety through the decline of traditional knowledge and respect of practices (UNESCO,
‘ 009). Logging reduces the basal area and stem density. In a study conducted by Lehmann
égnd Kioko, (2005) Kaya Muhaka was found to be moderately logged. The total number of |

dead standing stems however increased from 6 to 8 per hectare after 1996 indicating that

firewood collection could have reduced.

: 2.5 Current Status of Forest Conservation and potential benefits.

TThe Critical Ecosystems Patnership Fund (CEPF) noted that international interest in the
- Eastern Arc Mountains and Coastal forests hotspot has increased over the last three decades
' ;tsthe realization of its biodiversity importance and of the global crisis affecting tropical

forests has deepened (The Critical Ecosystems Patnership Fund, 2005). Although
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.. ions of the wealth of Biodiversity in the forests of the Eastem‘ Arc Mountairis date
1860 and there has been outstanding scientific work in the hotspot during the last 100
'concems for its conservation are relatively recent. Until about 30 years ago, nearly all
4 estment in the forests of the area had been in plantations, rrz\i‘any of which were
ished after clearing indigenous forest (The Critical Ecosystems Patnership Fund, 2005).
the important plant species that are potential sources of bee nectar and pollen are
j_ntly burnt out during the dry season. Habitat restoration will increase the habitat
fic values ensuring survival of the endemic or threatened, maintenance of the unique
ta as gene pools of plant germplasm and units of socio-eeonomie development by
,L'ding herbal medicinal materials and ecotourism potential among other important
*sie (UNESCO, 2009). The latest UNESCO list of Intangible Culture includes several
i‘.i‘-! sites and sacred traditions. The UNESCO (2009) Committee on Intangible Culture
sonsidered these cultural elements as endangered despite the efforts of the communities or
Iups concerned. Following the inscription, countries concerned Willl implement specific
| safeguarding plans, as indicated in their nomination files. Intangible cultural elements in need |
of urgent safeguarding will be eligible for financial assistance from the fund established to
this end (UNESCO, 2009). The Kayas demonstrate authenticity but aspects associated with
""tional practices are highly vulnerable. Over the past few years increasing emphasis has

been placed on promoting fast growing species that serve a variety of uses such as fuel wood,

timber, and fodder in order to relieve pressure on existing forests.

- Communities must gain clear benefits if they are going to be involved in some level of

i

_community use or benefit sharing will be necessary. Efforts should concentrate on

e,
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blishing what constitutes ‘wise use (Robertson, 1984). A class{c strategy in forest
tion is the promotion of alternatives to potentially damaging utilization of the natural
es of the forest (Coe et al., 1999). In the case of the Kayas, the Coastal Forests.
rvation Unit (CFCU), in conjunction with donors, has supported ;uch an initiative for
years. Local farmers’ groups have been provided with potting materials, seeds and
ngs to assist them in setting up of woodlots. The species most favored by farmers are
fast-growing trees like Casuarina equisetifolia L. rather than local species, perceived
» slow growers. Certain tree and shrub species of the Kaya sites, however, are more
N:fula;r with local people, and proposals are being developed for a domeétication project to
ét the most promising of these. Such a project would establish the ecological,
iological, cultural, and economic feasibility of local farmers growing these forest species
u their farms. Bee keéping in the forest buffgr zone and agro-ecosysterms instead of
itional destructive honey harvesting from forest trees is an example of a wéy in which the
forest resources can be used sustainability. Some plants in the forest could provide wax, and
en for the bees as the bees help in pollinating them. 127 species of butterflies were
recorded in a previous research By Lehman and Kioko (2005), over a period of 10 years
.:994 —2003). This is 14% of the currently known Kenyan butterfly fauna. 93 species were
;‘ orded in 0.625 Ha. This shows that Kaya Muhaka has relatively high butterfly species
1“',ches and diversity (Lehmann and Kioko, 2005). Su'ch is a valuable resource and can be

channeled to provide commercial products of high value such as silk.
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CHAPTER THREE

MATERIALS AND METHODS

ann and Kioko, 2005). It is located in Msambweni District, 15 km south east of the
‘,a' Hills, close to Muhaka village (ﬁgure 1). It is also called Kaya Kambe or Mwadabara
.as gazetted as a national monument in 1992. It is found near Mwabungu, Digo; 0419°S
°E, 45m altitude, (Robertson and Luke, 1993). Kaya Muhaka has an average annual
1 of 1129 mm (23 years record) with 132 mm during December to March (February is
'ﬁﬁest month), 568 mm during the long rains, April — June, 172mm in July and August
257 mm during the short rains from September to November (Jaetzold and Schmidt,
33). Kaya Muhaka is situated on lagoonal deposits and sub recent marine deposits
(Kilindini sands). The soils are complex and very deep (>1.3m), of varying drainage
ndition and colour, texture and salinity.They are classified as; albic and ferralic arenosols,
r-g,a ferralsols, gleyic luvisols to Vacrisols and sodic planosols; vertigleyic luvisols and pellic
"iertisols, sodic phase (Michieka et al., 1978). The community around comprises mainly of

subsistence farmers with high poverty levels.
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etation Sampling Methods
'getation sampling methods followed the one used by Wilder er a/. (1998) and
i ed in more detail in Bullock (1996). Both qualitative and quantitative assessments of
ion composition were employed. The qualitative assessments we}e conducted in plots
ﬂthe quantitative assessments were undertaken through extensive collection of voucher
cimens within each quadrat. Two transects of about 3 km length each were established,
e across the northern side of the forést (transect A) and the other across the southern side
jgx ect B)“both running in an East-West direction with 2 km stretching into the agro-
systems (Figure 2). The transects were established across the northernv and southlern parts
f the forest in an East West direction to comprehensively capture the diversity as widely as
sible. This is also because the Northern part exhibits characteristics of a dry forest while

1: southern part exhibits characteristics of a moist forest (Lehman and Kioko, 2005).

The criteria for transect selection was based on vegetation type; considering previous
b1 Search by Lehmann and Kioko (2005). which noted that the Northern part of Kaya Muhaka |
‘exhibited vegetation characterisﬁcs of a dry forest while the southern part cxhibited
vegetation characteristics of a moist forest. Two transects therefore ran across the Nothern
 and Southern parts of the forest in an East-West direction as the disturbance gradient was pre
.‘l-determined to run from East to West. Land use type vlvas also considered in the selection of
, the transects as the transects extended into the agroecosystems and as result fenced off areas
] and areas under seed beds had to be avoided. Another consideration was the co-operation
7. from locals so as to allow us to traverse their lands. In each area, sample sites were

~ established along a transect by belt transect method and mapped using a GPS. The quadrats

o
(O8]



_ﬁ 20m was sampled and they were located 250m apart to ensure sample independence.
ple plots were geo-referenced and can be used for future monitoring of biodiversity‘
s An additional nine plots were surveyed on three parallel tra}lsects of 1 km each
western edge of the forest to the forest core.Transect C1 ran along the forest edge,
‘ct C1.1 ran parallel to C1 and transect C1.2 ran parallel to C'1.1 and was in the forest
.These transects were also 250 m .apart with quadrats of 20 m by 20 m placed at regular
1 of 250 m.This was done so as to capture species diyersity and composition from the
: edge to the forest core. The quadrats were perpendicularly dividéd midwa.y by the
féct line. Each quadrat was further divided into four sub-quadrats of 10 m by 10 m for

t:ematic collection of specimen. Overall 32 plots were sampled totaling to 1.28 Ha of the
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AGROECOSYSTEMS

A
Transect B

|

Transect €

~ Legend

Transect €12

| Kaya_Muhaka 0‘.5 025 0 0.5 Kilometers

~ Figure 2: The sampling transects in Kaya Muhaka forest core, forest edge and agro-

ecosystems as generated by ARC GIS 9.3 software using Google earth digitization.
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and recorded and this data was used to calculate the Shann()n-V»}ivener diversity index
h species as per Shannon and Wiener (1963) and Kumar and Bhatt (2006) using the
ng equation:

WH=—-Xpilogpi.....c.......... e e o4 o5 e s o bvmny s St equation 1

pi is the proportion of the ith species in the sample and log is the natural logarithm of

ecies richness was obtained by counting the species in the quadrats.

Jaccard's similarity index, J. was used to compare similarity between study sites
_r.ding to Jaccard (1908) and Real and V argas (1996). Jacard’s index was based on the
bence or absence of species shared between samples, gnd was computed as follows:

1) J= 0/ (atD)-J . e e equation 2
re, a =species in sample point a and not in b

b=species in sample point b and not in a

J=total species in points a and b

"‘,2.3 Vegetation Structure
The vegetation structure of the forest was assessed by identifying and recording all trees with
a Diameter at Breast Height (DBH) of 5¢cm and above within each quadrat (Richards,‘1996).

The DBH was measured using a diameter tape measure.The Diameter at Breast Height
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> canopy cover and height within the three life form layers (herb shrub and tree) were
:ated in each plot by ocular estimates (Avsar and Ayyildiz. 2010). Objectivity was
ed in the process by dividing the plot into smaller sections and counting the average of
Eu made for each section (Sarvas, 1953, Bunnell and Vales 1990). The tree layer cover
,‘estimated in three sub canopy layers namely; upper stratum (>20fn height).‘ middle
(5-10m height), lower stratum (5-10m height).The canopy cover estimation involved
}' imaginary projection of the aerial shadow of each vegetation layer on the ground and
‘f‘mation of its percentage area. The total percentage cover of each area was assumed to be
fO%. Tree height measurement was done by use of a suunto clinometer and the tree height

as calculated trigonometrically.

325 Species Composition

_"he species composition was assessed by recording all the species in the sampling sites by
,f'"a ¢ of the data collection sheet in Appendix III. Each species in a quadrat was collected and
identified using approved literature; Flora of TropicallEast Africa volumes, Beentje (1994)

“and Agnew and Agnew (1994). These were recorded in the data collection sheet.
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ving Curtis and MclIntosh (1950) and the relative values were summed up to represent |
tance Value Index (IVI) as per Curtis (1959).The importance Vai:ue index (IVI) was

to describe the species composition of the forest. The IVI of a species was defined as

of its relative dominance (Rdom), its relative density (Rden) and its relative

,[ncy (Rfre), which in turn was calculated as:

v-ldom = (total basal area for a species/total basal area for all species) x 100

_ den = (number of individuals of a species/total number of individualsj x 100

) Rfre = (frequency of a species/ sum frequencies of all species) x 100

:frequency of a species was defined as the number of plots in which the species was

esent. To calculate I'VI, individuals with dbh > 5 cm were considered, as basal area was not

kputed for individuals with dbh <5 cm (Mueller—Dombois and Ellenberg 1974).

'}: Regeneration Potential

generation potential of key plaht species was determined by recording the number of
ifadlings on each sample area. These were recorded in the data collection sheet shown in
ppendix III. To obtain the best regenerating species in the forest, the seedling and sapling
pulations of each species samples were identified énd recorded.Their frequencies were
f’en converted into percentages so as to compare their levels of regeneration. The species
fth the highest percentage of seedlings was considered to be of a higher regenefation

potential.
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tribution and Conservation Status of Endangered Species
focus was placed on plant species diversity and unique species of high
ervation value as elucidated in the [IUCN Red List of threatened species (IUCN. 2010).

. 8
N categorizes threatened species into the following groups (IUCN-2010)

stinet (EX)

,-;;a is extinct when there is no reasdnable doubt that the last individual has died. A taxon
extinct when exhaustive surveys in known and/or expected habitat, at
,_priate times (diurnal, seasonal. annual), and throughout its historic rénge have failed to
;td an individual. Surveys should be over a time frame appropriate to the taxon’s life

cle and life form.

\Extinct in the wild (EW)

on is extinct in the wild when it is known only to survive in cultivation, in captivity or
4 naturalized population (or populations) well outside the pastrange. A taxon is presumed
ct in the wild when exhaustivé surveys in known and/or expected habitat, at appropriate
,.e (diurnal, seasonal, annual), and throughout its historic range have failed to record an

ndividual. Surveys should be over a time frame appropriate to the taxon’s life cycle and life
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-?fally endangered (CR)-
.is_ critically endangered when the best available evidence indicates that it meets any

-

 eriteria A to E for critically endangered and it is therefore considered to be facing an |

(

nely high risk of extinction in the wild. <

idangered (EN)
_in is endangered when the best available evidence indicates that it meets any of the
A to E for endangered and it is therefore considered to be facing a very high risk of

nction in the wild.

Vulnerable (VU)
on is vulnerable when the best available evidence indicates that it meets any of the
teria A to E for vulnerable and it is therefore considered to be facing a high risk of

tinction in the wild.

) Near threatened (NT)
'taxon is near threatened when it has been evaluated against the criteria but does not qualify
or critically endangered, endangered or vulnerable now, but is close to qualifying for or is

ikely to qualify for a threatened category in the near future.

Mapping of threatened species was done by means of random walks and georeferencing

;:a ing a GPS. The entire forest was also mapped. The maps were created using GPS coverage
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T

king around the forest edge and along the transects. The GPS readings were

nented and translated to ARC GIS 9.3 software using Google earth digitization.

figure 3shows codes of the following species; Ak- Artabotrys ;kode.stus Diels ssp.
Verdc.; Cp- Cola octoloboides Brenan; Dh- Dialiﬁm holtzii Harms; Gf-
'maéroszphon (Harms) Brenan; Mf- Mkilua fragrans Verdc.; Mfd- Mkilua
ans Verdc. stumps; Rm- Rothmania macrosiphon (Engl.) Bridson; Ss-Synsepalum

erticillaium (E.A Bruce) T.D.Penn
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3 Figure 3: Random sampling points as generated by ARC GIS 9.3 software using Google

~ earth digitization in Kaya Muhaka forest for threatened species as per The IUCN Red

~ List of globally threatened species (2010).




rbance

ance gradient was identified prior to data collection and it was from East to West,
_ he fofest core to the agroecosystems. Disturbance analysis only targeted the Kaya
forest from the Eastern to the Western edge guided by the trar;sects‘ All signs of
gging activities were recorded within the quadrats. Tree species were identified and
nate date of tree felling was estimated by the local guide. Firewood collection and
'ths were also recorded so as to enable the assessment of the disturbance level of the
;‘Stumps of forest species were also identified and recorded so as to capture any

d species for logging.

he data obtained from the Shannon index of biodiversity was subjected to Analysis of
ance (ANOVA) 5% probability. The Chi square test for homogeneity at 5% probability
as used to test the significance of the species richness in the study sites, the DBH class

ributions and the common and different species in the study sites.




CHAPTER FOUR

RESULTS

vf.iversity of flora in agro-ecosystems, forest edge and forest core.

ere was no significant difference in the species diversity between th%oforest core. forest
and agroecosystems (Appendix IV, Table 6). The Shannon Wiener Diversity Index
creased with an increase in number of species. Table 1 below shows the forest edge
_, sect C1) contained a higher Shannon wiener diversity index of 5.25 as compared to the
core (Transect C1.2) which has a Shannon wiener diyersity index of 4.71 ( Table 1).
| ect A had the highest Shannon wiener diversity index at 5.67 cldsely follc;wed by
"i,:»:l B at 5.62. Transect C1.2 (the forest core) had the lowest Shannon wiener diversity
dex hence the lowest species diversity. The forest edge (Transect C1) had the highest
diversity among the forest transects. The general Frend therefore showed that the diversity

reduced from the forest edge to the forest core.

-.1.2 Species Richness (S)

A total of 492 plant species were recorded with 210 (42%) new to Kaya Muhaka and one,
Zamioculcas sp., possibly new to science. as the specific epithet was not established. They
“belonged to 324 genera in 92 families as shown in Appendix 1. Transect A had 365 species
'-' ﬁlaking it the highest in species richness. It was follovlved,by Transects B with 228 species,

| C1 with 152, C1.1 and C1.2 with 124 species which was lowest number of species (Table 1).




st edge and agro-ecosystems.

le 1: Species Richness, Diifersity and Similarity of the transects in the forest core,

ameter Forest to Forestto Forest edgé | 250m from | Forest
agroecosystems | agroecosystems forest edge core
(Transect A) (Transect B) (Transect C'1) | (Transect (Transect
Cl1.1) C1.2)
365 228 152 | 124 124
hness (S) §
i
5.67 5.62 5.25 - 487 | 4.70 "
ersity (H')
0.96 1.03 1.04 101 1097
Similarity (J)
S . Sl )
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core, forest edge and agro-ecosystems was very highly significant.

Table 2 shows that the Chi Square test for homogeneity for species richness
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le 2: The Chi Square tests for homogeneity at 5% probability,&9 and 4 degrées of
om for the different species in the forest core, forest edge and agro-ecosystems, the
_’on species in the forest core, forest edge and agro-ccosystems, the DBH Class
'_bution in the forest core, forest edge and agro-ecosystems and kthe species richness
F forest core, forest edge and agro-ecosystems. All the tests showed that there were

;,f cant differences between the forest core, forest edge and agro-ecosystems.

‘quuare Test d.f 0.05 | p | Chivalue Significance at 5% p
: value
g 16991 149.23 p<5% highly significant,
‘ommon s;;ecies 9 16.91 225.80 p<5% highly significant.

16.91 184.12 | p=5% highly significant.

21075 | p<5% highly significant.

pecies richness

{
3

—
i

_’Jn highest number of species was recorded in the kaya forest (352, 72%) with 186 (38%) of
the species not found in agroecosystems. The secondary vegetation at forest edges was the

most species rich.

4.1.3 Similarity indices between transects.
Table 3 below summarises the common species, different species and the jaccards similarity
index as compared between all transects. Transects C1.1 and C1.2 had the highest Jaccards

similarity index of 60.46. Transect A and B also had a high Jaccards similarity index of




-

The least similarity was between transects C1 and C1.2 with a Jaccards similarity

0f 23.50. The forest edge therefore was very dissimilar from the forest core.

Different

in the transects was very highly significant.

(%]

Common Jaccards
249 206 54.72
194 205 G
Y 216 N 2997 |
104 281 o 27.01
181 206 ) 46.77
7 7 N VX R
1 255 2853 |
[ClVsCl1 76 5% ——
C1Vs C1.2 & 518 o
[Cr1vsCi2 104 68 6046 |

Table 2 shows that the Chi Square test for homogeneity for the common and different species
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Forest structure and'spécies composition in various sites of the forest.
,;‘f_Vegetation structure
gure 4 below shows the DBH class distribution in all transects.The highest number of

&
dividuals (stems) occupied the lowest DBH class (5- 9 ¢cm), and the teast was towards the

100
,
|
I 80
©
=]
T
2
’é —s=—Transect C1.2
= 60
3 = Transect C1.1
v
o
£ === Transect C1
2 .
2 40 == Transect B
=@=Transect A
20
0

5-9.
10-14.
15-19.
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35-39 °
40-44
45-49

DBH Class incm

Figure 4: The Number of individual stems plotted against DBH Class distribution in the
transects in the forest core, forest edge and agro-ecosystems, showing an inverse J-

shape curve typical of a natural rainforest.
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t A had the 5-9cm DBH class having the highest number of individuals. This number
. upto 25-29cm DBH class. It further reduced and increased again in the >50cm DBH
;Tfansect B had the 5-9cm DBH class having the highest number of individuals.The
nber reduced upto the 35-39cm DBH classes.The number of individ%xals then approached
ln the 40-44cm from where it increased constantly upto the >50cm DBH class. Transect
] ' the 5-9cm DBH class having the highest number of individuals.The number reduced
adily until its lowest point which was zero in the 40-44cm DBH class.It then increased
;ually upto the >50cm DBH class.Transect C1.1 had fthe 5-9cm DBH class having the
u est number of individuals.The number then decreased steadily and has a slightA increase
 the 35-39cm DBH class after which the number of individuals reduced in the 40-44cm
BH class and increased again in the 45-49cm DBH class wherefrom it increased upto the
50cm DBH class. Transect C1.2 had the 5—9cm‘ DBH class having the highest number of
ndividuals. The number then reduced and has a slight increase in the 15-19cm DBH class

er which it reduced and slightly increased again in the 35-39cm DBH class. The number of

the more than 50cm DBH class. Table 2 shows that the Chi Square test for homogeneity for

the the DBH Class distribution in all transects was very highly significant.

42.2 Canopy cover

V‘Fignre 5 below shows the average percentage canopy cover of the various strata and life
forms. Transect A was dominated by the herb, Agathisanthemum bojeri Klotzsch var. bojeri
ﬁlairﬂy because 8 out of 12 of the quadrats in this transects were in the agroecosystems. This

- was also the case in Transect B. Transect A had 53% herbaceous cover. Transect A had a

individuals then reduced upto zero in the 40-44cm DBH class. It then steadily increased upto |
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her percentage of herbs than Transect B.The upper canopy was the lowest in percentage in

oth transects. Comparatively Transect A had a higher canopy cover in all the stratifications

70 o

60 & Avg. % canopy cover Upper
canopy

50 « Avg. % canopy cover middle

B
(o=

- Avg. % canopy cover lower

w
o

& Avg. % canopy cover shrubs

N
o

= Avg. % canopy cover Herbs

=
o

Mean percentage canopy cover

o

Transect Transect Transect Transect Transect
A B C1 C11 C1.2

Sampling transects

_"Figure 5: Average percentage canopy cover in the transects in the forest core, forest
edge and agro-ecosystems in the canopy layers stratified according to height of the

- plant species.

Figure 5 above shows that in Transect C1, the lower stratum dominated the canopy cover
comprising mainly Julbernardia magnistipulata (Harms) Troupin and Polysphaeria
- parvifolia Hiern. Transect C1.2 which is in the forest core also had the lowerr stratum
b dominating, comprising mainly Scorodophloeus fischeri (Taub.) J.Leon. Transect C1.2 had
the highest percentage of the upper canopy' cover, mainly S.fischeri and Cynometra

suahiliensis (Taub.) Baker f.The lower canopy cover was highest in transect C1.1 mainly
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"psed of Julbernardia magnistipulata . The herb and shrub layer were highest in Transect
;as they comprised Polysphaeria parvifolia and Agathisanthemum bojeri (Plate 1). In
'al the forest was dominated by the lower canopy while the farmlands were dominated
herb canopy. Generally, Craibia brevicaudata and climbers é@ombretum sp. and
ewia sp.) were common in low and mid vegetation cover in the ‘forest. In all the sampled
ansects, the upper canopy was the least represented while the herbs were most dominant in
s ects A and B. The Lower canopy occupied highest percentages in the C transects while

erbs were notably lower in percentage cover.

.3 Importance Value Index (IVI).

1 ble 4 below shows the ten most important species as per the Importance Value Index (IVI).
orodophloeus fischeri (Taub.) J.Leon had the highest Importance Value Index in the forest
;d Cocos nucifera L. in the agroecosystems. Other potable species in the forest were
Grewia plagiophylla K.Schum and Craibia brevicaudata (Vatke) Dunn Ssp. brevicaudata.
'ther notable species in the agroecosystems were Anacardium occidentale 1. and Annona
}senegalensis Pers. spp. Senegalensis. The forest therefore was dominated by Scorodophloeus
}ischeri associated with Cynometra sp. However, the agrovecosystems were characterised by
- Cocos nucifera L., Anacardium occidentale L., and Annona senegalensis Pers., with some
"patches of natural wooded grasslands and seasonal 'swamps interspersed by few forest
‘- resemblance like regenerating Hymenaea verrucosa Gartn. and Julbernardia magnistipulata
(Harms) Troupin, and Cyperaceae species.The dominant families were Papilionaceée and

- Rubiaceae as in figure 6.
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ble 4: Ten most dominant species in the forest and the agroecosystéms.

f nic name Family Habitat IVI Dominance
cos nucifera L. Palmae Agroecosystem | 666.45 ._ | Dominant
orodophloeus  fischeri | Caesalpiniaceae | Forest 618.26 Dominant
" b.) J.Leon
ngifera indica L. Anacardiaceae | Agroecosystem | 480.96 Co-dominant
f; lcardium occidentale L. | Anacardiaceaec | Agroecosystem | 302.37
nometra suaheliensis Caesalpiniaceae | Forest 260.05 Co-dominant
.aﬁb.) Baker f.
Julbernardia Caesalpiniaceae | Forest 256.28
magnistipulata (Harms)
Troupin
’Z phaene compressa Palmae Agroecosystem | 240.31
: .Wendl. | and forest edge
; raibia brevicaudata Papilionaceae | Forest 176.68
atke) Dunn ssp.
irevicaudata
Antidésma venosum Tul. Euphorbiaceae | Forest 175.62
rW(";rewia plagiophylla | Tiliaceae Forest 170.37
.K.Schum.

1
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Number df
species (%)

Rubiaceae

7%
Euphorbiaceae
6%

Papilionaceae
8%

Gramineae
5%

Other
47%

foraceae

4%

e piniaceae

' . 4%

Compositae
3%

Malvaceae

Sapindaceae 3%
0,

2% Acanthaceae

Verbenaceae
2%

Apocynaceae 3%
Commelinaceae 2% Annonaceae
2% 2%,

Figure 6: Relative proportions of species in plént families represented in Kaya Muhaka

in terms of percentages.

.4.2.4 Regeneration of forest species

Appendix II shows the best regenerating species in the forest in terms of ‘percentage of
seedlings and sapling populations of each species. A total of 4860 seedlings and saplings
- were recorded with Polysphaeria parvifolia showing the highest regeneration potential with

17.81% of the seedlings and saplings recorded.

* 4.2.5 Forest disturbance
Kaya Muhaka forest is a highly disturbed ecosystem with paths heavily criss-crossing the

forest. Appendix III shows the percentage of stumps per species recorded within the forest. A
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dlisted as vulnerable (VU) had the second highest percentage of stumfys at 14.4%. Plate 4
s evidence of pole cutting for construction purposes. Firewood collection was evident in
e entire forest as shown in plate 2. These disturbances occur just around the red listed
ies and therefore subjecting them to the risk of being cut down. There was no evidence of
v}cking of logged species. Instead, buffer zones are being{ established using exotic species

such as Casuarina equisetifolia L. as shown in plate 3. Agricultural practices like use of fire

for land clearing purposes greatly affects the forest edge as in shown by plate 5.
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Plate 2: Firewood collection on a

Plate 1: Agathisanthemdm bojeri the

forest most dominant bee plant in Kaya Muhaka. path in the forest core.

Plate 3: Buffer of Casuarina equisetifolia Plate 4: Pole cutting on a forest path

in in the the forest edge. ' the forest core.
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e 5: Uncontrolled burning to clear farmland affeéts the forest edge.
4.2.6 Unique species

}pendix 1 shows the plant checklist of Kaya Muhaka.A total of 210 new species records
ére recorded in Kaya Muhaka as compared to previous-checklists by Lehman and Kioko,
’005 and Luke (2000). Some unique species have yet to be exploited especially for
ornamental purposes like the Zamioculcas zamiifolia (Lodd.)Engl.( Plate 6) and Whitfieldia

elongata (P. Beauv.)C.B. Clarke.

Plate 6: Zamioculcus zamiifolia
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ptember, 2010.

le 5: A Checklist of threatened species found in Kaya Muhaka as per The IUCN

{ListAof Globally Threatened species, 2010, source: http://www.iucnredlist.org/ ; 120

genus species authorl species2 s;ujhorZ IUCN
Isolona cauliflora Verdc. EN
Lettowianthus stellatus Diels NT
Mkilua fragrans Verdc. Vu
Ophrypetalum odoratum Diels longipedicellatum | Verdc. vu
Uvariodt_endron kirkii Verdc. VU
Gonatopus marattioides (Peter) Bogner EN
Commiphora obovata Chiov. NT ‘
Cynometra suaheliensis (Taub.) Baker f. \%4
Cynometra webberi Baker f. YU
Dialium holtzii Harms vU
Gigasiphon macrosiphon (Harms) Brenan EN
Julbernardia magnistipulata (Harms) Troupin YU
Ellipanthus hemandradenioides | Brenan (Pancovia?) NT
Diospyros greenwayi F.White VU
Mildbraedia carpinifolia (Pax) Hutch. yu
Pycnocoma littoralis Pax. VU
Bivinia Jalbertii Tul. NT
Newtonia paucijuga (Harms) Brenan ‘YU
Milicia excelsa (Welw.) C.C.Berg NT
Dalbergia melanoxylon Guill. & Perr. NT
Erythrina sacleuxii Hua A48
Oldenlandia affinis (Roem. Et Schult.)DC YU
Rothmannia macrosiphon Waterman,P.G.;McKey, D yU
Zanthoxylum holtzianum (Engl.) P.G.Waterman holtzianum VU
Chytranthus obliquinervis Radlk. ex Engl. longiflorus (Verdc.) vu
Halle
Synsepalum subverticillatum E.A.Bruce EN
Fculiaceae Cola octoloboides? Brenan EN
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Phis research established that 27 species are redlisted as threatene(i in the ITUCN (2010)
Redlist of Threatened Species (Table 5). Six species (22%) were Near Threatened (NT), 16
.9%) were Vulnerable (VU) and 5 (19%) were Endangered (EN). Their relative percentagés

are shown in figure 7 below. -

%

19% 22%

aNT|
-vu’
OEN

59%

Figure 7: The relative percentage of the different IUCN categories as represented by |

the plant species in Kaya Muhaka.

| In this research, the following 3 species were given special interest because of their rarity in
the Kaya Muhaka forest.
1) Gigasiphon macrosiphon (Harms.) Brenan (Plate 7)
| Description (Beentje, 1994);

Family: Caesalpiniaceae.
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12-24m, crown rounded; bark smooth, grey. Leaves broadly ovate, base (sub-)cordate,
ex acuminate, 9-20 by 7-16cm, 5-veined from base, subglabrous. Flowers whiter with one
¢
;-;‘1- ly) yellow petal, petals 9-13 by 4-6¢cm. Fruits grey black, ﬂattened‘_ZO-30 by 6-7.5cm.
,;j:‘i- itat; K7; 100-250m altitude, in moist evergreen forest. Only known’ from Mrima,
Gongoni, Muhaka and Marenje forests (and coastal Tanzania). The species was found in sites
ere there were forest gaps, presenée of stumps, footpaths and evidence of firewood
llection. It was found in the following georeferenced points; 4.33S 39.52191E, 4.33S
39.52166E and 4.33S 39.52E. The regeneration potential of this species waé very low with a
total of only 7 seedlings found in the entire forest. There were 2 populations of this species.

The points experienced disturbance from wild pigs which dug up the soil in order to feed on

seeds and create shelter.

Plate 7: Gigasiphon macrosiphon (Harms) Brenan tree in Kaya Muhaka forest.
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;hmannia macrosiphon (Eﬂgl.) Bridson. (Plate 8)

fiption (Beentje, 1994);

f‘i or tree 2.5 to 8m, sometimes scrambling. Leaves somewhat obok\zate, base cuneate,
acuminate, 5-15 by 2-7.5 c¢m, glabrous or nearly so, flowers white with reddish
' ngs, pendulous, solitary; corolla tube 135-240mm long, lobes 13-32mm long.Fruit only
;,; 0 in young stage, round over 30mm.

itat; K7, 50-500m altitude in the following forests; Shimba, Buda, Marenge, Arabuko
;, Mangea. Economics; The fruit yields a blue black dye. It was found in the foilowing
referenced point 4.33S 39.51E. In Kaya Muhaka forest, it was the rarest species as it was
nly found at one point where there was a population of only 3 plants. The regeneration
't_ential was zero as no seedlings were found. At the time of collection (Mid July) however
it was flowering and had even produced fruits. There was evidence of firewood collection
around this point which was also very close to the forest edge. The points experienced

disturbance from wild pigs which dig up the soil in order to feed on seeds and create shelter.
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Plate 8: Rothmannia macrosiphon (Engl) Bridson showing the fruits.

iii) Cola octoloboides Brenan. (Plat_e 9)
Description (Beentje, 1994);
Family: Sterculiaceae.
Shrub or tree 3-4m. Leaves elliptic or obovate, base obtuse or rounded, apex short-

acuminate, 5-21 by 2.5-8.5cm, glabrous except for the base of the midrib beneath. Flowers
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w

ellow to chocolate-brown, sblitary or few, sessile and axillary,b periaﬂth tube to 7mh1, lobes
I -20mm long. Mature fruit unknown. Habitat; K7, 1-450m altitude in shady crevices of
orest and endemic to Cha Simba, Gongoni, Muhaka and Dzombo. Beentje (1994) classifies
it as endangered. It was found in the following georeferenced pointsE<4.33S 39.52E, 4.33S

.52E and 4.33S 39.52E. The regeneration potential was zero as no seedlings were found.

L BN ARTLEC AN BESSITRAREL N
B huwcn sl ey petn i o

Plate 9: A collected and preserved specimen of Cola octoloboides Brenan at The East

African Herbarium.
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CHAPTER FIVE

DISCUSSION

| Species Diversity in Agro-ecosystems forest edge and forest core of Kaya Muhaka

is research showed that there was no significant difference in species divérsity between the
“ core, forest edge and agro-ecosystems. The actual disturbanées therefore had no
ificant effect on species diversity in the forest core, forest edge and agro-
systems.Moreover, the actual disturbances differ in the study sites because in the agro-
ecosystems cultivation is the main form of disturbance while in the forest it is tree poaching.
his research showed that there were significant differences DBH Class Distributioﬁ and
u- ies richness between the forest core, forest edge and agro-ecosystems. This was probably
because of fragmentation and heterogeneity of the plant species in the study sites. It may also
be as a result of the differences in the microclimates between the forest core, forest edge and
ggro-ecosystems'due to the canopy effects. This result is in agreement with what Clarke
(2000) suggested, that there is a huge turnover of species between patches, especially in the
less mobile species in the Eastern African Coastal Forests Mosaic. Forests that are only 100
km apart can differ in 80 percent of their plants (Clarke, 2000). In some invertebrat¢ taxa, 80-
90 percent of species can be strictly endemic to a single site (Scharff et al., 1981; Scharff,
1992, Scharff, 1993; Burgess et al., 1998b). Burgess (2000) and WWF (2003) suggested that
.~the' pattern of endemism in the Coastal Forest Mosaic is vcomplex, reflecting the wide range
of habitats and heterogeneous forest types, a high degree of turnover of local species between

~ adjacent forest patches and many disjunct distributions.
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v._value of diversity index in the present study ranged from 4.71 to 5.67. Knight (1975)
',rted that the diversity index is generally higher in tropical forests, which was reported as
06 and 5.40 for young and old stand respectively , whereas for Indian forests it ranged
etween 0.83 to 4.1 (Visalakshi, 1995) and between 1.16 to 3.40 for tempe;ate forests (Pande
tal,1996). The values of diversity indices of the present study therefore lie within the range
eported for tropical forests. 331 species in 77 families were recorded by Lehmann and
Kioko (2005) in the Kaya Muhaka forest. 334 plant species were recorded from this small
;-'s' by Luke and Verdcourt (2004). This research however revealed 492 species in 92
families. The difference may be as a result of the inclusion of farmland species in the Kaya
Muhaka agroecosystem. It has been observed that diversity is lower in the absence of
_'sturbance as well as in the presence of too much of disturbance (Pandey and Shukla, 1999).
his has been shown clearly in this research where the forest edge had a higher Shannon-
jWiener index than the forest core. The forest edge being an ecotone has some of the

characteristics of each bordering community and often contains species not found in the

|

over_lapping communities. The influence of the two bordering communities on each other
‘brings about the edge effect. An ecotonal area often has a higher density of organisms of one
species and a greater number of species than are found in either of the communities
(Encyclopaedia Britannica, 2010). This research showed that the forest edge had the highest
divérsity among the forest transects because the rate of regeneration is high due to open
canopy and the fact that it is an ecotonal area. In a study conducted by Sagar et al. (2008),
reduced light infiltration to ground due to closed canopy was shown to reflect in lesser
nuﬂlber of unique species and also lower species richness, evenness and alpha diversity

compared to a more open canopy. On the other hand, greater irradiance on the ground was
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shown to increase the recrﬁitment and diversity of herbaceous hora. Below certain
thresholds, light limitation alone can prevent herbaceous species survival regardless of other
res ource levels (Tilman, 1982). Whittaker (1972) stated that the dominance of one stratum
might affect the diversity of another stratum. In this study, the forest‘: eore had the lowest
diversity due to a more closed canopy and the homogenity of the species in the core. The
lower stratum dominated the canopy cover on the forest edge, where regeneration was
gighest, this was also the case in the forest core where the lower stratum dominated,
indicating high regeneration rates therefore showing that this forest has been heavily
;disttlrbed thus the canopy was not closed enough to reduce irradiance signiﬁcantly.The upper
canopy was low, showing that there are few old- trees thus also showing the heavy
disturbance in the forest. The herb layer dominated the agroecosystems because they were
- often under cultivation and thus no canopy cover. The forest edge and the forest core had the
lowest similarity index due to the difference in canopy cover, while the agroecosystems had a

high similarity index as a result of open canopy and similar agricultural practices. The forest

core had the highest similarity index due to the homogenic nature of forest core species as a

 result of the canopy cover.

5.2 Forest structure, Species Richness and Composition

Supriya and Yadava (2006) stated that the presence of low number of higher girth class of
tree species and higher number of the saplings and seedlings indicates that the forest is young
and exhibiting frequent regeneration. Lehmann and Kioko (2005) showed that Kaya Muhaka
‘had a high density of very tall and thick trees and is less disturbed. In contrast, this research

has shown that a high number of individuals (stems) occupied the lowest DBH class (5- 9
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, and least towards the highesf classes (between 35- 39cm and 45- 49cr}1). The prevalénce
‘more individuals with a low DBH may be an indication that the sampled area is under a
nerating process with younger trees as per Supriya and Yadava (2006); therefore
jowing that the forest has been disturbed. 16 out of the 32 plots sar;rpled were in the
ands and therefore this may explain the trend. This is because in the farrrilands most of
e species regenerate in the fallow areas. Richards (1996) suggested that a natural rain forest
fisplays a roughly negative exponential, or ‘inverse J* curve when the relative abundance of
stems are plotted against DBH classess. In this study, the size class distributions of stems at
he forest sites exhibited the roughly negative exponential, or ‘inverse J’, éurves typical of
natural rain forests (Richards, 1996) showing a regeneration rate reminiscent of a natural rain
forest. Lehman and Kioko, 2005 noted that the Northern part of Kaya Muhaka exhibited
:haracteristics of a dry forest while the southern part exhibited characteristics of a moist
forest. This research however showed that the Northern part of Kaya Muhaka exhibited
characteristics of a moist forest as it had higher species richness, and the highest shrub

canopy cover.

A total of 152 species were recorded in the forest edge while the forest core had a total of
‘124 species. It is expected that the forest edge would have more species because the rate of
4 regeneration is high due to open canopy, as suggested by Sagar er al. (2008) that an open

canopy will have higher species richness. The forest core transect had the least species as it
ran across the forest core where there was a denser canopy with taller trees hence

encouraging species homogeneity within the forest. Mueller-Dombois and Ellenberg (1974)

- suggested that the species having highest IVI would be identified as dominant and that
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'}u g the second highest VI would be defined as the co-dominant species. Luke and
rdcourt (2004) described- Kaya Muhaka forest to be dominated by C.suaheliensis.
E}n and Kioko (2005) observed that it is a “wetter mixed semi-deciduous forest”
ally dominated by caesalpiniaceous trees especially C.suaheliensis anct S. fischeri. The
/I for this study established that S. fischeri was the most dominant and C. suaheliensis was
he co-dominant species in the forest. This may be due to the fact that S. fischeri has had a
igher regeneration potential than C.suaheliensis over the years. The IVI in the
J oecosystems showed C. nucifera as being the most dominant and M. indica being the co-
ominant species. Supriya and Yadava (2006) reported that Poaceae (Gramineae) and
fabaceae (Leguminosae) were the most dominant families in the tropical forests of India.
i"s study showed that the dominant families in Kaya Muhaka forest were Papilionaceae and

Rubiaceae.

53. Forest disturbance and conservation status of endangered plant species

ﬂ'his research established that 27 plant species are red listed as threatened and near threatened
in the TUCN (2010) Red List of Threatened Species; and the majority (85%) of these are not
known in nearby Kayas of Kinondo and Mrima.The The Critical Ecosystems Patnership
‘Fund (2005) report mentioned that 333 globally threatened (Red List) species occur in the
Eéstern African Coastol Forests Mosaic hotspot, with' 105 species being represented in
Kenya' and 307 in Tanzania .The globally threatened flora and fauna in the hotspot are

v' represented by 236 plant species, 29 mammal species, 28 bird species, 33 amphibian species

and seven gastropod species. Of the 333 globally threatened species in the hotspot, 241 are

Vulnerable, 68 are Endangered and 24 are Critically Endangered (The Critical Ecosystems
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ership Fund, 2005). Two speéies, C. octoloboides and Synsepalum sub‘verticillatum E.A.
muce are globally restricted to the Kenyan coast. Three recorded orchids, Aerangis kirkii
Rehb.f.) Schltr., Diaphanamthe rutila (Rchb.f.) Summerh. and Eulophia speciosa R. Br. ex
Lindl., are protected under The Convention on International Trade in En&angered Species
CITES). The Kaya is the first (type) locality of the Endangered (EN)’ Gigasiphon
macrosiphon (Harms) Brenan, believed to be pollinated by moths in the night. Less than 10
mature individuals of the species were noted and are poorly regenerating (except a few
seedlings, no single sapling was sighted). By the beginning of the twentieth century, the
species was only known to exist naturally in Kaya Muhaka and Gongoni Forest Reserve,
with cultivated specimens known to exist in the National Tropical Botanic Garden, Hawaii
?nd the Botanic Garden in Nairobi (Luke and Verdcourt, 2004).

\
By comparison, 11.44 % of the Red Listed plant species in the Eastern African Coastol Forests

L:Mosaic hotspot were found in Kaya Muhaka in just a sampling area of 1.28Ha.The coastal
forests are interpreted as a ‘vanishing refuge’ with the endemic species gradually becoming
more and more relict (and presumably extinct) due historically to climatic desiccation and
more recently to human destruction (Burgess, 1998). A significant decrease in volume of
dead wood lying on the ground over a period of 5 years (1998 — 2003) was found in Kaya
Muhaka (Lehmann and Kioko, 2005). This decrease was certainly due to more firewood
sollection since 2001, the year when also tree poaching increased. Kaya Muhaka lost at least
5 trees of 20-30cm diameter at breast height (DBH) which were poached from the study area
n 2001. Pole cutting also increased since 2001 and collecting firewood has been common

Lehmann and Kioko, 2005). Evidence from field observations in this research revealed that
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here is a dense presence of paths across the entire forest. Firewood collection and tree
utting was also quite evident in this forest as shown in plates 6 and 7. The clearing of the
"' est edge for creation of camps and the planting of exotic plant species like C. equisetifoloa
xn J. curcas as shown in plate 5 as a buffer also constitutes a great disturbance on the
jorest. The wild pigs also cause a lot of disturbance on the forest floor and this could prevent
oper regeneration of threatened species. Tree poaching was also observed to be highly
revalent as shown in plate 6. Infact M. fragrans was found cut for poles and fresh poles
(plates 6 and 7), were found abandoned on a path next to the cut M. fragrans which is a
vulnerable species. E. hemandradenioides had the highest percentage of Stumps aﬁd this
species is redlisted as Near Threatened (NT) in The IUCN 2010 red list of threatened species.
A high poﬁulation density of wild pigs has led to constant burrowing of soil thus preventing

seedling establishment and occasionally leading to sporadic soil erosion.

_Peterson and Reich (2008) suggested that annual to biennial fire frequencies prevent shrubs
- and trees from competitively excluding grasses and prairie forbs, whereas spatially variable
shading from overstory trees reduces grass dominance and provides a wider range of habitat
conditions. Hence, high species richness in savannas is maintained by intermediate fire

- frequencies and variable tree canopy cover (Peterson and Reich, 2008). Pandey and Shukla

:(1999) suggested that moderate levels of anthropogenic disturbances are compatible with

e

maintenance of high biodiversity of landscape. Lehmann and Kioko (2005) reported that fires
 were seen twice in grassland near the Western forest edge of Kaya Muhaka in February 1994
and 2003. This research established from field observations that the use of fire for land

clearing purposes greatly affects the forest edge trees and encourages growth of especially

59



parrhennia sp. Most of the bee flora in the agroecosystems is fréquentiy burnt out duﬁng
;ate dry season between the months of March and April, leaving only fruit plants such as
ngifera indica L., Anacardium occidentale L.and others like Erythrina abbysinica DC.
p abbysinica Hua. The herbaceous flora in the agroecosystems are fast érowing herbs and

bs such as Waltheria indica L, A. bojeri (Plate2) and Eriosema glomeratum (Guill. and

}) Hook.f. These sustain the agroecosystem after the disturbance by agricultural practices.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

1 Conclusions

The study showed that there is a high diversity of plant species in the Kaya Muhaka forest
d surrounding agro-ecosystems. The forest is homogenous with species more or less
v enly distributed. Most of the species are indigenous and endemic.There are also endemics
that are endangered and their conservation status is very poor. The forest is heavily disturbed
ith numerous paths, firewood collection and tree poaching being very evident. Kaya
Muhaka forest has got most of the tree species being of a lower DBH class .(5-9cm)
indicating that the forest is regenerating. The forest has several gaps in which there is a high
diversity due to exposure to sunlight. The most dominant species in terms of the importance
value index (IVI) in the forest are leguminous and ﬁhose in the agro-ecosystems are fruit trees
which are planted and maintained by the community for commercial and subsistence
purposes. Increase in population has led to a higher demand for wood fuel and timber for

- construction. The forest is highly disturbed and risks extinction of some plant species if

protection is not more strict and consistent. The threatened species are grossly underprotected

as they are exposed to the indiscriminate logging. The continued protection of the Kayas
offers survival of rare species, refugium for pollinators, mitigation of climate change (carbon
Sink) and as ecotourism attraction. Ecotourism invol§es the use of forest ecosystem for
tourism purposes and could possibly increase the level of disturbance. The plant species are
also used as sources of medicine, fibre, fuelwood, food, forage, building materials,
ornamentals like Whitfieldia elongata (P. Beauv.)C.B. Clarke and cosmetics like flowers of

Mkilua fragrans.
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2 Recommendations

he recommendations from this research are as follows;

- 1. The stakeholders should invest more in biodiversity conservation of Coastal forests so

as to ensure reliable income for the local communities through ecotsurism.

2. The rare tree species need protection by local institutions and communities.

3. Further research should be done on the conservation and mapping of the endangered
species in Kaya Muhaka forest so as to enhance their conservation and protection.

4. The new species Zamioculcus sp. to be taken up by scielltists and studied since no

work on it has been done.
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