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ABSTRACT

Field research was conducted between September 1990 and
July 1991 i1n the Arabuko-Sokoke forest. The study involved
a detailed investigation of the importance of animals for
the survival of the yyod mahogany, Afzelia quanzensis,
(Welw) . Four mammals, one bird, two insects and fungi WﬂJe
observed to have strong relationships with this tree at
various stages of i1ts fruit development. The red-legged sun
squirrel Heliosciurus rufobrachuim (Waterhouse), yellow
baboon Paolo cvanocephalus (Linn), a beetle CGenjahigta.
Hfdsii1 and an unidentified weevil consumed the seeds at the
immature stage.

Primates were found to be the major seed dispersers with
the white throated monkey Cercop.ithecus mitis alhognlaris
(Schwarz) and yellow baboon dispersing the seeds. M. Jlibe
data collection revealed that the crowned hornbill
.albotermipntc! was a rare and unreliable disperser.

A nocturnal rodent, the giant Gambian rat,
gambianuFs (Ogilby) was found to be the sole seed predator
after dispersal. Observations and seed removal experiments
revealed seed survival to be low In the range of Q.
giuribianiis..

Seedling density was observed to be highest below and
around adult trees. There was variation iIn the density of
seedlings between habitats with the open Brachvstegi.a
woodland having a higher density than the thick forest. The
vigour of seedlings increased with distance from

conspecific adults. All seedlings found 7m and beyond the



- X -
adults exhibited good growth which was even up to 100%
survival.

Ilhe adult A. QUEILFIAIS population structure exhibits an
inverse J-curve. This was analysed by use of belt transects
and measuring diameter at breast height (dbh). There was a
decline in the number of stems with 55cm dbh which
corresponds with the stem size desired by loggers. The tree
iIs still logged illegally and forms a source of timber with
12.4 % of the adults having been cut. The adult tree
population shows a regular dispersion pattern as shown by
the nearest neighbour technique used to test for nonrandom
dispersion, >

ABY.Fils). . dominates the thick forest range. The
data obtained from converting diameter at breast height
(dbh) to cross sectional area at breast height (CABH) and
importance value index (IVI) were used, and 16 canopy trees
associated with Afzelia onansensis were enumerated. The
vertical stratification of the canopy was analysed by
sketching profile diagrams. The forest exhibits layering

with distinct upper, middle and lower canopies.



CHAPTER 1

= INTRODUCTION AMD LITERATURE REVIEW

In spite of high biodiversity and endemism iIn Kenyan
forest ecosystems, there has been little effort in
understanding the ecological functions and iInteractions in
comparison to the savanna ecosystems.

Forest ecosystems iIn Kenya range from montane types, for
instance, the Aberdares; riverine, for example, Tana river
forests; subtropical rain forest iIn western Kenya and the
low-land forests (these are scarce in Kenya and the Arabuko
- Sokoke 1is the only major surviving type of this forest).
The Arabuko-Sokoke 1s the largest persisting forest on the
East African}Ncoast (Stuart 1985). There are, however,
several small forested patches along the Kenya coast. Kaya
forests are also common along the Kenya coast. These are
patches of indigenous forests which represented clans of
the Mijikenda and today they are protected as they are
treated as sacred groves (Robertson, pers. comm.)

The 1i1nternational recognition of the Arabuko-Sokoke
forest derives from wildlife conservation (Kelsey and
Langton 1983, Moomaw 1960, Brown sJL_ 1982). The forest
iIs made up of distinct vegetation zones with plant species
showing restriction 1In their range. Animals also show a
similar pattern 1iIn the forest being restricted to their
habitats which then determine their distribution pattern.

The distribution of birds and mammals can act as a
habitat type indicator. The Sokoke Scops owl Qtus 1iraneee.,

an endemic species In this forest, i1s confined to the



Cvnometra thickets. The East coast Akalat, SiiSBlirdia.
gunningi. favours uncut Afgelia forest (Kelsey and Langton
1983). The red bush squirrel, £fara2CSXilS. laallisiHS. (Peters),
IS uncommon iIn the Afaelia forest iIn contrast to the red
legged sun squirrel of which mostly occurs here.

The 1mportance of tree species In the Arabuko - Sokoke
forest lies iIn their utilisation by animals and the local
people. The animals are directly dependent on the trees for
survival as evidenced by herbivory and frugivory. The
animals are also dependent on the tree for shelter, nesting
and perching. Thompson (1988) found love birds in Naivasha
to nest exclusively iIn tree holes. In the Arabuko - Sokoke
forest squirrels nest iIn tree holes (pers. observ.). Also
birds which are hole nesters such as the drongos, DiJiomiS.
adsinn Its, were seen iIn the forest.

This study had the major objective of getting
quantitative i1nformation on the predators and vertebrate
seed dispersers iIn this forest ecosystem using A-
an.an.gensis as a model. Natural regeneration and logging
rates of this tree were also determined.

The use of forest trees and shrubs by wildlife
especially the seeds needs detailed studies as i1t would
very much influence the forest dynamics. The consumption of
seeds theoretically must have an upper limit as i1t would
lead to the extinction of some trees if this were not so.
The entire seed crop produced should not be consumed so
that the plant population may be maintained. Though this 1is
of great importance, the movement of the species through
dispersal 1s also 1mportant so that colonisation of newly

Created sites may be possible. The study of seed



consumption is thus essential for the forest ecologist
would, like to know the proportion of seeds being destroyed
before maturity. Animal species involved using the seeds
and their foraging behaviour have T Pe understood for one
to know their importance in maintaining the  forest

ecosystems.

The answers will be Important iIn the conservation and

management of those pivotal resources. Such studies being

important 1In conservation, data is very scanty. *he J°le

reason for that in my view iIs that most ecologists study

either animals or plant ecology separately. Those studying

foraging behaviour in animals follow 1t up to a time when

it plucks a fruit, the fate of seeds being unimportant to

them.

Trees and shrubs iInvest a lot of energy and resources on

fruit and seed production yet most of the fruits are

consumed by animals. Howe (1980) found that 94« of the

fruits of a Panamanian rain forest tree were removed by

mammals. In a Gabonese forest, nine squirrel specie., aie

frugivores (Gautier-Hion s 1980) and they preferred

seed to entire fruits. In Kakamega forest, Cords (1984)

found that the blue monkey®"s, CsrciEdiJISGIls. mills, diet

comprised of seeds and fruits in a proportion of about 70

%. Emu, $ImmOJIS- in Australia has been found

to feed on the seeds of the nitre bush, ErtmrfLii
hilTardier!. 90% of the crop and proventriculus content
being comprised of fruits (Noble 1975). In Kibale

mangabey®s

forest,

LCeroocebus. alkigiam (Lydekker) diet comprised

on average 59 % fruit iIn different months of the year



(Waser 1975)

The reproductive effort, that i1s, the total energy
allocated to reproduction, 1is markedly high in relation to
other life history activities organisms (Begon, Harper and
Townsend 1986). The reproductive strategy of plants whose
reproductive parts are consumed by animals has to be
related to the benefit they gain from the frugivpres.
Optimisation theories predict that the duration and timing
of an activity are determined by its profitability. The
obvious question 1s, what ecological and ultimately
evolutionary advantages exist between fruiting trees and
the fruit consuming animals which are termed as frugivores?
However, coevolutionary and ecological 1implications of
variations on seed survival have remained largely unknown
due to the lack of empirical studies.

The consumed fruits or seeds are regurgitated, defecated
or dropped, either iIn a viable condition or having been
adversely affected. Such adversely affected seeds do not
germinate. Several frugivores that interact with seeds have
varied effects on them. Seed ecologists have shown that
passage of seeds through the vertebrate gut enhances
germination in some species (Howe 1980, Lieberman 31
1979, Hwangi unpub., Rowell pers. comm.).

The fate of seeds after flowers drop Is complex with
insects and vertebrates being the major determinants of
their fate. This, however, depends on tree species.
Tsingalia (1989) found that a bulbul is the main disperser
of Qlea welwi tschii. a canopy tree of Kakamega forest. The
seeds of this tree are also consumed by monkeys and

rodents. In Panama, for iInstance, 26 species of vertebrates



ate or attempted to eat the fruits of
Eaimmensis (Howe 1960).

The plant-frugivore relationship has been thought to be
mutualism (Deshmukh 1986) as both the plant and animal are
benefiting. If there i1s no such relationship, the plant
species involved may become extinct. The frugivore will
also be affected by the fact that a food resource has
become extinct and is no longer available.

Tropical ecologists argue that the major benefit the
plant gains is the dispersal of i1ts offspring while the
animal obtains food (Howe 1980). Fruits have unique
attributes as food sources. Relative to other ‘'prey",
fruits have evolved to attract frugivores by being
accessible, conspicuous, easily digestible and of great
nutritive value. In this context, fruits are attractive
prey to their predators due to the reduced searching time
and ease of handling.

On the other hand, primary consumers have gone a step
further In specialising on fruits. Frugivores differ in
behavioural and ecological traits that affect their
suitability as dispersers (Smith 1970). For practical
purposes, dispersal 1is here defined as manipulations of
seeds without harmful effects.

In many tropical tree species, it is advantageous to
disperse the seeds iInto Llight gaps where offspring
mortality is lower (Augspurger 1983) and growth of
seedlings (Garwood 1983) and saplings (Whitmore 1984) 1is
enhanced. The Seeds must be moved by the dispersal agent

for seedlings to be established away from the parent plant.



There 1s ample information about morphological adaptations
that mediate seed and fruit dispersal but little i1s known
about, the selective forces that produce them. Fruit and
seed morphology often indicate the means of dispersal. The
common milkweed plant, for instance, produces plumed seeds
adapted to wind dispersal (Sacchi 1987). Vertebrate-
dispersed seeds show various adaptations of colour, scent,
shape and nutritional value (Howe and Smallwood 1982). The
presence of accessory parts, for instance the aril, which
iIs coloured red |like 1In Afzelia auanzensis indicate
vertebrate dispersal.

There are alternative advantages to dispersal. Howe and
Southwood (1982) argued for three hypotheses iIn favour of
seed dispersal. The first, which i1s the escape hypothesis,
invokes the disproportionate success of seeds that escape
the vicinity of the parent as compared to those under the
crown. Most seeds fall in leptokurtie distributions iIn
relation to the parent with the seed density being
inversely related to distance from the parent tree.
Germination success for some species, however, Increases
with distance from the tree. This is due to seed mortality
either by seed predation (Jansen 1970) or competition among
seedlings. Distance response seed predators will search for
food only iIn the i1immediate vicinity of the fruiting trees,
ignoring seeds only a few metres away. The cotton stainer

fasciatus attacked more seeds of Sterculia
gpjelala near the parent, and mortality reduced to zero at
30 - 40m away Jansen 1972a). Howe and Primack (1975) found
higher densities of Gasearla. gj°*rmfas= seeds were found

under fruiting trees than away, and up to three times as



many seedlings survived 10 - 30 m away. The destruction
was caused by localised rodent herbivory on seedlings.
Augspurger (1983) found that seeds of Platypodium elegans.
escaped fungal pathogens by being dispersed from the
nonspecific adult. He viewed dispersal as an adaptation to
increase the probability of survival of offspring.

The second hypothesis i1nvolves colonisation. It assumes
that habitats for establishment of dispersed seeds vary iIn
space and time. This may allow a tree species to reproduce
offspring capable of taking advantage of uncompetitive
environments, as they open. In tropical areas some canopy
trees are shade iIntolerant and their seeds remain dormant
awaiting the opening of a forest gap. Trees disseminate
their seeds so widely that some may encounter favourable
conditions as they may occur. This i1s more effective In
plant species which are dispersed by animals traversing
large areas as they forage. The hypothesis can be tested by
determining the survival of seeds and establishment In
different habitats. This hypothesis applies to gap
regenerate ioni documented iIn tropical forests such as
Kakamega forest.

The third directed dispersal hypothesis argues that
establishment of seedlings iIn special habitats by plant
species requires specific edaphic conditions. Dispersal
agents, normally vertebrates, take seeds to nonrandom
places that are well suited for establishment and growth.
Tsingalia (1988) demonstrated that seedlings of Plea are
well established below Comdretum mo lie bushes where soils

are well mixed by termites. The dispersal of seeds In Plea



is by bulbuls which perch on A classical example
iIs the dispersal of the Australian salt bush shrubs, the
ant dispersed shrubs have a notably poor growth off ant
mounds (Davidson and Morton 1981).

Of 1mportance 1is the understanding of animals which
remove seeds from parent trees and how they distribute them
in space. This, however, 1is poorly documented. Vertebrates
seem to be the major dispersers iIn forest ecosystems. Seeds
of dasearia corymbosa are bird dispersed, the yellow green
vireo (Vireo flaevoridis) being the most reliable disperser
throughout the season (Howe and Kerekhove 1979). The blue
jJjay disperses oak (Johnson and Adkinson 1988). Bats are
major dispersers of Mutinfiia calabura (Fleming el alL
1985). Lieberman ei. al- (1979) found that baboons dispersed
59 tree species iIn Shair Hills iIn Ghana . Monkeys disperse
several species in Kakamega forest (Mwangi unpub.). In
Panama, monkeys moved 74% of seeds of X. Panamensis and all
seeds extracted from their faeces were viable (Howe 1980).
Hornbills also play a role in the dispersal of Maesoois
fijnini i In Kakamega forest (pers. observ.).

Frugivores do not merely pluck fruits but show a variety
of anatomical and behavioural traits. Squirrels are very
agile, possess sharp gnawing incisors and have very strong
mandibular muscles. Baboons have strong jaws to crack open
hard nuts and pods. In primates cheek or gular pouches are
common, and are used to carry Tfruits and other food
materials to desired areas.

Animals migrate long distances to track food. In the
Serengeti and Masaili Mara ecosystenm, large herbivores

migrate depending on food availability (Wambugu 1990).



Birds also migrate over long distances to track fruit
seasons. Fodgen (1972) reported that a frugivore dove,
Chalcoohaps indica, was common during fruiting seasons 1In
Sarawak. There were great fluctuations in densities after
fruit depletion, with no dove netted or heard 1In this
period. In bats, the reproductive period iIs related to the
fruiting season of canopy trees (Howe and Southwood 1982).
In cercopithecines the gular pouches are used to carry food
material and especially fruits.

The transit times, that iIs the time lapses or contact
times between the seed and animal, are diverse. It takes 10
- 20 minutes for small birds to swallow and defecate or
regurgitate seeds. In large herbivores it takes hours to
several days”™for the seeds to pass through the gut. This
temporal variation depends on the manner of handling, the
utiliaable material on the fruit and the animal concerned.

Two broad categories of fruit handling by vertebrates
can be distinguished. The Tfirst 1involves swallowing
(ingestion) and passage of the seed or fruit through the
animal gut. This is termed as endosoochory. The second
category, exosoochory, involves carriage of seeds by
external features or mouth.

Large distances can be covered while seeds are still in
the gut of the animals. Birds and bats can carry seeds for”®
great distances. The blue jay makes round trips between
territory and food patches covering 8 km (Johnson and
Adkisson 1986). These birds and bats are capable of helping
regeneration 1In cleared areas by dropping seeds as they

pass over.



Seed predation, as well as dispersal, i1s iImportant Iin
the continuing survival of plant species. There 1Is an
argument that the predation - dispersal interactions
maintain high biodiversity iIn the tropics. Specialised seed
eaters concentrate around the host tree and consume all
seeds TfTalling In the vicinity (Jansen 1970). As a result
conspecific individuals are not close and other species can
occupy the vacant spaces. Thus even spatial distribution of
trees 1s also attributed In part to predation - dispersal
Phenomena. Seed predation has been known to prevent
regeneration: (Boucher 1981) found that the number of
acorns produced by i1solated oak (Quercus decides 1l is far
too low for regeneration. Predation by mammals was high and
acorns only .survived where trees occurred In clumps such
that predators were satiated. Boucher further demonstrated
that acorn survivorship iIs inversely proportional to the
apparent mammal density iIn particular areas of study sites.

Human i@mpact on forest ecosystems is common. In Arabuko

Sokoke, small mammals are hunted for bush meat. These
animals are known to be dispersers and their occurrence 1is
high in most forests. A ouanzensis iIs logged
indiscriminately for timber (Moomaw 1960, Kelsey and
Langton 1983). Arabuko - Sokoke an i1ndigenous forest, was
a refugium during the Pleistocene period and it is one of
the largest persisting forest patches on the East African
coast. These factors will allow an ecologist to consider

this forest an ideal conservation area.



CHAPTER TWO
STUDY AREA

2.1 Location, climate, soils and topography

The Arabuko-Sokoke forest 1is situated just near the Kenya
coast. It lies between the latitudes 3°30" S 3°10°"S and
longitude 39° 50"E , 40 E (Figure 1). The forest extends
from Kilifi to near Malindi. The forest has been described
in detail by Britton and Zimmerman (1979), Moomaw (1960)
and Kelsey and Langton (1983).

The total rainfall during the one year study period was
1224 mm. Rainfall 1is seasonal with peak In May and a dry
season In January and February (Figure 2).

The temperature is mild all year round with a mean of
2S.5jC. Seasonal variation 1i1s small, and even less within
the forest ecosystem (Rathbun 1976)

The forest is low lying, barely rising over 60m above
sea level. The soils are mainly of two types; the typical
white sands along the coast and the magarini red sandy soil

(over 60 % of the forest lies on this type).

2.2. General ecology.
The Arabuko-Sokoke 1s one of the few remaining
indigenous forests In Kenya. It is a lowland rain forest,

encompassing an area of about 400 km2

. It 1s a very varied
forest with regards to plant community structure. The
vegetation formations are quite distinct and can be related
to edaphic factors and rainfall distribution from the coast

line ( Moomaw 1960).
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Fig.:.2- The mean £l-- nontbl h ral faII
g Ir Ara & okoe For%st taken at

Gedi Forest Station, July'19&1 — June
1991 inclusive.
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Britton and Zimmerman (1878) recognised four major
zones, hamely;

1) thick evergreen forest; the Afzelia forest (plate 1),

1) lowland rain forest (plate 2),

i1i11) Brachvstegfa woodland (plate 3), and

iv) Cvnometra - Manilkara forest (plate 4).

The study tree occurs iIn (i) and (ii1) and hence these
zones comprised the study area. The two zones cover 50 and
20 km, respectively, totalling 70 km (17.5%) of the
whole forest. However, iIn some iInstances A, auanzensis was
recorded together with Brachvstegia. and it was
incorporated > In the study area. As well as being distinct
In appearance, each vegetation harbours i1ts own distinct
fauna (Kelsey and Langton 1883). Subsequently the
vegetation zones shall be referred to as mentioned above.

The 1mportance of the forest lies In 1ts conservation
value, being a low-land tropical forest refugium, with a
high diversity of flora and fauna. Of great importance to
conservation 1is the occurrence of endemic birds and
mammals. The forest is home to two endemic bird species,
the Sokoke scops owl, Qtus 1.Z3RSIL, and Clarke®s weaver,
Illafail™. go land! . which are found nowhere else iIn the world. »
The Ader*"s duiker, Cenhalophus adersi. Sokoke bushy tailed
mongoose, Bdeogale crassicauda agmlvora., and the Golden-
rumped elephant shrew, Bhynchocvon chrvsopvgns. are nearly
endemic occurring in the thickly forested areas of the

forest and the duiker also iIn a forest 1iIn Zanzibar.

14



Plate 1 a forest . The photograph was taken in the

study area, Note the destruction at the

foreground.

Plate 2. Lowland rain forest. Note the closed canopy,
this vegetation zone 1is comprised of mixed

tree species. The lower canopy iIs also closed.

15
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Plate 1.

Plate 2.



Plate 3. Rracbvst.ftgia woodland. Mote the openness and the

grass cover. The soil 1s the white sandy soil.

Plate 4. fivnnmetra thicket. Mote that the soil i1s red 1In

colour contrasting that of other vegetation zones.

17






Coastal forests, like any other forest areas 1iIn other
parts of the world, have been a source of commercial timber
for m many centuries. The Arabuko-Sokoke forest has been

logged since the 1920"s by European sawmill operators

were selectively logged. The latter i1s an Important tree
in the wood carving industry and was largely ferried to
Nairobi. Despite the total ban on i1ndigenous forest
exploitation the trees are still being i1llegally exploited

to date (pers. observ.).
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CHAPTER THREE
DISPERSAL AND PREDATION OF THE SEEDS OF Afzelia
quanzensis BY ANIMALS

3.1 Introduction

Behavioural ecologists have data on fruits and seeds
on which vertebrates forage. This, however, does not
describe the process of dispersal, which is the location
and fate of the seeds (Janzen 1983), which vary in time
and space.

The consumption of fruits or seeds by animals
commences at the early stages of fruit development.
Animals wuse seeds iIn a successional manner, a kind of
resource partitioning. They not only Jleave a certain
proportion> to germinate but also disperse them to
suitable germination sites.

Animals iInteracting with seeds do so with different
impacts. The relationship can either be advantageous,
neutral or can be adverse to the seeds. This can also
be important in stability and composition of the
ecosystem iIn which those animals and plants occur.

Some plant-animal interactions are known to be
mutualistic, and have probably occurred through
coevolution. The relationship between quanzensis and
animals using it is probably mutualistic. The Arabuko
Sokoke, an i1ndigenous forest, has persisted for 10,000
years since the Pleistocene period when it was a refugium
(Stuart 1985, Britton and Zimmerman 1979). In this
context, the results are expected to show the typical

patterns of predators and dispersers interacting with 1iL_
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The fate of seeds as determined by these
animals and hence the continued survival of this canopy

tree was iInvestigated.

* *

3.2 Methods
3.2.1 Predispersal seed predation

It was essential to first establish which animals
were opening the green pods. Focal trees were selected In
the forest. Observations were made from a hide-out and
animals visiting the focal trees and their activities
were recorded. The observation sessions were made
systematically 1In September and October. Observations
commenced at 5.30 a.m. (0530 hours) and continued to 8
p-m. (2000 hours) but were not continous. A pair of
binoculars* was used for this exercise for animal
identification during the day. The second part of the
observations i1nvolved the use of forest roads and paths.
Walks were taken through the forest and fruiting
Quartsensis trees were scanned. Whenever an animal was
encountered the i1dentity and activity of the animal were
recorded. There were practical problems in the use of
this method as the animals were easily frightened.
Habituation is necessary iIn behavioural ecology and 1iIn
this case | was interested In the foraging behaviour of
the animals.

The same data was collected on an a. [lib Dbasis.
Altmann (1974) argued that this sampling method is
important iIn the study of animal behaviour.

All these methods, coupled together, brought to light

which animals opened the pods for seeds and how. The kind

21



of destruction was used throughout the study to identify
and quantify which anim"als had consumed the seeds (see
Plates 7 and 8). This seed destruction method has also
been used iIn the study of predation of cones iIn pines by
squirrels (Smith 1970). Larvae that were found 1In pods
were taken to the house and reared In a can or polythene
bag for adults to emerge. The emerging adults were
preserved and taken to the National Museums of Kenya for
identification.

To quantify the data, focal trees were randomly
selected. Ten sample trees were monitored during the
fruiting season. The trees were marked by painting a
number on the stem.

Each tree was sampled once per week. The sample trees
were marked by painting a number on the stem. When a tree
was visited all the pods on the ground were collected and
put iIn polythene bags. The tree crown was then scanned
for pods which had been opened by animals between the
sampling sessions . Those pods were plucked for analysis
which was accomplished by either climbing up the tree or
by use of a long fork-tipped stick depending on the
position of the pod.

The pods were heaped and the following recorded on
the data sheet:

1) age; the pod was either recorded to have grown

that season (90/91) or the previous (89/90).
The former were green iIn colour while the latter

were relatively dry and black in colour,

-
N

total seeds; these were the seeds a pod was

supposed to have had, since the cavities were very



clear due to the strong interseptum between the

seeds (Plate 5).

111) number of seeds destroyed and the animal
responsible; animals were categorised by the use
of the criteria i1llustrated iIn plates 7 and 8.
Insect and fungal infestation of the seeds was

also recorded.

3.2_.2_Dispersal.

Dispersal 1is defined as the dissemination of mature
seeds. For practical purposes, a seed was categorized as
dispersed when i1t was removed from the pods by
vertebrates after maturity. In this study several methods
were applied to determine the agents of dispersal. The
presence of arils on seeds potentially suggests dispersal
by vertebrates (Howe 198.0). The seeds of anan.”™nsi.g
are vertebrate dispersed since they have a red edible
aril removal of which does not affect germination

The same focal trees sampled at predispersal stages
were sampled in the dispersal period. They were visited
once per week from October 1990 to January 1991. The
ground was searched for pods after which the tree top was
scanned. Pods on the tree were plucked by use of a
forked stick or by climbing. As 1iIn the predispersal
stage, direct observations were made where vertebrates
and their mode of manipulating the seeds were
determined. Pods were analysed for tooth marks. In some
cases the dispersers separated the pods into halves

during the seed extraction process. Those halves were



matched to form whole ones.

The vyellow baboons opened the pods leaving broad
tooth marks; the pods were scratched all over (see Plate
8). The white throated monkeys wait for a slight opening
of the pod. They opened the pods leaving canine bites on
pods and seeds. In a few cases, baboons and monkeys
carried pods about 3 metres away from the crown edge,
where they extracted and carried seeds away. The red
legged sun squirrels also opened some pods and their
tooth marks were narrower and at the tips of pods. They
were oObserved carrying seeds. In some cases, the pods
were left without a scratch and 1t were not possible to
assign any of the vertebrates. M lib., data were also
collected, whereby any animal found iInteracting with
seeds was recorded.

During the dispersal period, once a pod opened
slightly, the seeds were removed within 24 hours. In
contrast, seeds remained 1In pods iIn areas where the
vertebrate dispersers were absent, such as near human
habitation. In all cases vertebrate dispersers removed
the red aril which formed a food source and dropped the
black part of seed.

Once an animal was found, it was followed for some
distance to see where the seeds were dropped. This
section had major practical problems due to the animals

disappearing since they were very shy.



3.2.3 Postdispersnl interactions

Once seeds are on the forest floor they can either be
eaten at that point (post-dispersal predation) or some
parts are removed and the viable part of the seed left
intact sometimes at a further distance (secondary seed
dispersal).

Seeds were placed on the forest floor and monitored
for removal. Coloured plastic makers were placed 3 c¢m
from each seed. The seeds were monitored twice a day, at
dawn and dusk, up to the time that all were removed. The
areas were searched for short distances iIn case the seeds
were moved. In most cases seeds were marked with a
marking pen. Some seeds were placed when they were still
arillate, while others either had the arils removed
mechanically or seeds whose arils were already removed by
vertebrates at the dispersal stage were used. Time was
spent watching those seeds from a hide-out.

After the above basic study, It was established that
seeds were being removed at night. A method for
establishing the nocturnal predators was therefore
necessary. Great difficulty was experienced iIn searching
for the animals responsible for post dispersal predation.
Seeds were placed on the forest floor and monitored in
the evening i1mmediately after the night fall. Some seeds
were also placed at the holes of suspected rodents.

Rodent holes were searched for and seeds placed there
during the early hours of nightfall (5.30 - 8.00 p.m.}.
More seeds were placed under the crown of fruiting trees
and also monitored at the evenings. Observations were

then made from a hide-out. Using a flashlight, the seeds



were checked for their presence at intervals of about 15
minutes. Animal sounds were also listened co.

Trapping of rodents was attempted using cage, break
back traps and local snares. The trapping was
unsuccessful. On one occasion, a giant gambian rat was
trapped by a local snare but i1t was out of the fruiting
season. On dissection there were no L. oxmRZ™n™ls. seeds
recovered from the stomach.
3.2.3.1. Seed removal experiments

Survival of seeds up to germination is influenced by
many factors. Jansen (1970) simulated a model which
predicted that seeds which have been moved away from a
source would have dramatic increases iIn survival chances.

Experiments were conducted to verify the optimal
dispersap HPstances Bf a nnan”™onsis. At such distances,
seed survival and establishment would be expected to be
the highest 1In comparison with other distances. Four
focal trees were selected . From the base of each tree,
two transects were made. The transects varied between 30°
- 90° from one another. The transect lengths were 50m.
After every 10m, a small post was pushed through the soil
and marked by ink. This was defined as a seed station. A
sixth station was established under the crown ranging
from 3 to 5 metres depending on the crown diameter. Five-
seeds were placed at each station. The seeds were
monitored every week and the number remaining recorded.
Once all seeds were removed or the remaining ones were
not removed. for one month the experiment was

discontinued. One transect on each tree was selected and
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the experiment repeated, so that on each tree, 3
replicates were made 1iIn total. Each transect had 8
stations with 5 seeds per station. In all there were
therefore 380 seeds.

The transects were set on the basis of habitats. Each
vegetation formation represented different habitats. In
this study, 4 ecological zones were used; the Afselia
forest, the lowland rain forest, the
ecotone and the Brachyst™gla. woodland. The Tfirst three
shall be referred to as the thick forest and Brad

woodland will be open woodland.

3.2.4_. Distribution of the giant Gambian rat (
gimMsmjjs.) S

This rat i1s nocturnal and lives iIn holes. The holes
were said to be actively used If there was an iIndication
of animals continuing to use them. Foot marks or actual
observations were used In this respect. Two methods were
used, the Tfirst iInvolving opportunistic recording of
holes. Once a hole was encountered, It was recorded and

the type of habitat i1t was found In noted.

The second method iInvolved the use of transects.
These were the same transects used during the vegetation
analysis (Section 4:2:2 >. Holes found on the transects

were recorded together with the vegetation type where

they occurred.

3.2.5 Phenology of trees and shrubs used by frugivores
Phenology can be defined as the study of periodic
ecological phenomena on a seasonal time scale or over a

few years (Hewton 1986). In this study the fruiting



phenology over a season was covered. Both mature and
immature stages were important since frugivores exploit
fruits at every stage iIn the development process.

In each month of the year since the study commenced,
the fruiting was recorded for plant species used by
frugivores. Then stages of fruit development (mature,

green or flower) were recorded.

3.3 Results
3.3.1 Predispersal seed predation

The red legged sun squirrel JrtiliGSsiilOis. m lobracdinim
gnaws dorso-laterally on the placental side of the
immature pods where the arils are attached (Plate 7). The
squirrels are very agile, an adaptation for arboreal
animals. This allows them to manipulate the pods and
leave them iIntact on the tree. Two insect species
attacked the seeds that were left by squirrels.

The yellow baboon, ERplg.cailQiifPiialiis., also opens
the pods but unlike iIn the squirrels all the pods were
found on the floor of the forest under the tree. The
baboons open the pods using iIncisors and 1In a manner-
opposite to that of squirrels (Plate 8). Using the finger
nails, they dig out the soft seeds and drop the pod. In
most cases they ate the whole seed.

Monkeys, unlike squirrels and baboons did not
directly consume seeds but instead plucked the pods iIn an
attempt to extract the arils which was usually
unsuccessftul.

In the 1990/1991 season, 4180 seeds were categorised

in terms of fate . A mean number of seeds for each tree



Plate 5- Immature seeds of L. ddanaensla- Note the
-.purple colour. The yellow part 1is the aril, the

whole seed is consumed at this stage. Also note

the strong septum between the seeds.

Plate 8 Mature seeds of L- fluansensla. Note the
conspicuous red aril which i1s a food resource
for vertebrate dispersers. The black part which

germinates 1is avoided by them but 1t is consumed

by £. gamfciaims after dispersal.



Plate 5.



Plate 7. Immature pods opened by squirrels. The upper one
was attached to the tree while the lower was
collected from a tree hole. Note that the stalk of
the lower one was cut by sharp teeth; also note
the neat extraction of the seeds. The red bush

squirrel Paraxerua ESOliaiUS. was responsible

(see text).

Plate - Immature pods opened by the yellow baboon

note the tooth marks. The baboons open ©N€

side and extract seeds leaving cavities.
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Plate 8.



(n=10) of 157.7 (range 35-478) were Consumed Dbefore
maturity. The total percentage of seeds consumed before
maturity was 37.5% (Appendices 3 a and 3b ).

Figure 3 shows the animals which consumed the seeds
and the respective proportions. A Kruskal Wallis one way
Anova with ranks (Zar 1984) was used to test for the

differences 1In seed predation amongst theanimals. A

significant difference was detected (H = 23.12, d.f. - 5,
P < 0.05). The red legged sunsquirrelwas the major
seed- predator while onetheyellow baboon, E&pJji
cvnnecphnlus, ranked second. Comparedto these two
mammals se®® BBELERS& ISR Gy insects, fungal attack and
the white throated monkey, Kiilsz

iBta Replies were the insect seed
alteaMs- was 1e5S1 BeelL

Predators including Ceennffiars. Haisii of the ™Iy

Anobiidae. A unidentified weevil belonging to the Tamily
Curculionidae was also found to be a seed predator. The
seed attacking fungi were not identified but could have
been seed attacking fungi common iIn other forests suoh as

spp, B. and sb-
Tnfestat?ong 8{ seeds by insects and fungal attack

was secondary damage. In all pods where they were

present, there was an opening made by squirrels. In some
instances squirrels were opening the peds feeding on a°

few seeds and the rest either matured or were secondarily

n - Mere however safe from damage b
infested. Intact pods were g Y

insect and fungal species.

In the previou§ &&338A (1989/90) red legged sun

) } , ?21TSt In seed predation. There were
squirrel still ranked first

I = -
practical problems in g%S|8H=H8 the animals that
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Manipulated the pods iIn this season. Figure 4 shows the

Probable fate of the seeds at the immature stage, but

should be taken with caution.

In the unidentified category, the seeds were found
cached in holes below one of the focal trees. It was
believed that the red bush squirrel was responsible as
inferred from its foraging behaviour. lhe kind of
destruction showed a rodent to be responsible and the
tree was also In the range of the red bush

squirrel. However this does not out rule the presence of

ether rodents.

Ne3.2. Dispersal
Figure 5 shows the vertebrate dispersers and the

Proportion of seeds dispersed by them . Primates were the
»ajor and reliable dispersers throughout the fruiting

season. & statistically significant difference was fTound

Il the proportion bP 78§gR dispersed by different

vertebrates (Kruskal Wallis, H - 9.76, d.f. "1

0.05).
The white throated monkey, @ a aJbntfulana (Pldte

9> was the main disperser Wﬂ'le the yellow baboon ranked

second, and the red Iegged ”" CgUlrrel third (fig. 5).

“ﬁere was a proportuoﬁ WMLH1 was not fully assigned to

1 h
fhose animals due to pFactical froptems- Some pods had no

tooth marks and could therefare ngoL be directly assigned

XEirsctcci with ss()
&nd the seeds were presumably g J

@ c nvbindrieal iIn shape with a mean
he study seeds are cyimax

1ldx orange at an early stage of
Iength of 2.74+0.05 cm (n=14), orau

N ..M dp then black when mature
Maturity (Plate 5), turn purple,



Fig. 5. Seed digpersal by eerub™te ,
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3.3.3.1, Sect! renovu | eKPorinontw.
The Arebuko-Sokoke forest ties » (great variety of

habitats within 1t and this may affect seed removal due
to the different types of eninals using the habitats.
Figure 6 (Appendix 3d) sow.arisen the results of the seed
removal experiment. The data see analysed by first
regressing seed reaov.l by C. tnhnhinnnit egainet the
distance of the seed station to the source and the slope
tested for significance from «ro (Figure 6).

Seed removal by B- gmmJtinmia is a function of

} . nr, 11_ Poreat,There was a sianifioimt
distance ift tho >

i %di stanceincreased fewer seeds
negative slope* so that a's

were removed. In the Wand rain forest.
hr._.chvcosia eootone and todhymibitiA -odland, the

slopes mere not significantly different from tem.

To test fTor differences In seed removal betueen
habitats, two-rector AHOVA »« performed. There mere

statistically fIitflficat 10Fonoes  between  the

habitats ( F = 7+28. 4.15- 21 -

A range test «»e carried ont tn detect the location

of the differences In oeed removal betmeen the hsbltats.

Seed roBtoval .. Sllg%/,llfllggptly lower in Bxflcwatilgla.

ntaA to the other 3 habitats while no
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differences wer~ SAE0prd aaone the Atiw Ha. LRF and
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. q 9-F -
Conparison
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< 0.05
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3-3.4, Distribution of the Qulbiart rat CCxanlitstWd.

The freweneies of oceurrenoe of the holes which were
In  woe in i.s two type* of forest varied. Of the 13
holea recorded daring the study period, 12 wore In thioh

forest and only 1 In the open ftradiimsain woodland. This

nih h iant t th
single hole was dug under a SF %) Ene glan rat was us

on 1nhabitant of the thioh forest habitats.

3.3.5. Phenology of trees and shrabs used by frugivoros
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Lo _;‘ U Afzeiia civazests

Brach”™leoia spiciformis
Minillara sansibacgnsis
Trachvlobium v/errucosum
Tamarindu” indioa
Mimusopa frulitosa
Sirychinos decctisata
Spl Lvana

Sp Il Liana -Mzipo
Ximenia cffra

Seeds [frurt5 ;i"mature
Green fruits |pods

Olhers

Fsg.T.The flowering and fruiting phenologies. The 7 trees, Ishrub and 2lianas were
commonly used by frugivores during the study, |,
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occupied the looli™ old bnrH, monkeys were found 10 re: t
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za TfTood resources
or party of theta to arnc&lo

cJ*8rly iIndicate* a sutu.l - B.nefieial

celatlanahipa nay or MY not result fro. ooevolutxoo ot

taxa. It la th« nroductian of ariUate

.,  ulve value that nay have
vhich probably of high hu

( relationship. Tho
faulted in the AL”MislU"v@®rto _
m the squirrels probably
dQ™elop»ent  ofutiscular 3~* Al
itihrniiB fruits (SJtith
due to the opening °f har _
,,-htalned In a hard
»">_ The needs of ». ore —-»**x» i
-~ ,ha largest proportion by
**. yot the squirrels oxtrao '

hcotl, gnawing then, a ~
Incapable by this tree ha. resulted iIn
The production of opening
« .. - e
°* hoda by squirrels erovl feaeles
tnfontation by a beetle. n inat#rB
“ciPoslt eggs on such opened . w . after
M emerging adults oonaooe the see hoviov)r of
The fotaB*fe
the squirrels open the P B* * effeot on the
*hilK has O «1Ir
in this forest - n squirrels beco»e

lir® history of thin b**tle~ ~ fclie beetles are rare

I°co*lly extinct In thlS N nO operted grean pods

*D M this Case, then " ad(fuWtion that thorn.

°r tho beetle iInfestation on beetle. The
) h plant f°r

13 ho alternative T0°° b(f tffeated thus

air. would Is
7 '<' *x 1 3 R
<**Oitoi<ie of the bo**] OF local SEinction»

*nting In motion a ce”™fl ~Nao peal s,,dH
-fh mdit®

Seed size 1is i»Por u non d<ff(fCBtad while still

iioro likaly tO be 31,11110 though this

lifflitad diOPolfa
Largo seeds have U*



Spends on the foraging boha”o of too *

N niUICIUELala: the seeds n° o i .
ni*il 1s critical
The attachment of the seed to . th

-no reapoot t. tM oontoot ti»o botooon th. 000

During tho -« ** - * «* . /g
N and little effort I1*
W ly attach* to th. - sd(jition the
r— * -7 " *“ perlod ,v.n . * * «
** h*° 5, "»m“ d“r DiBp.,,-1 C.n _.too Db.
‘he cads to the dispel N N ths
«nh»re,d uhon the nnix»e|” jr* 1 N ga8n tO curry
eheelt pouches. White threeted N Gaboon*;
— - - - - * - r joz ~ = .-
Uore oboerved carrying th® podS BvBn further.
13 » avay fron the tree :d o strictly by
The dispersal o» A® 3V, iloed. though the
*xtermnl neons as seeds tare uonsesuenee tha
,»U,, common. As a
3= of guXar pouches ** **O1ly ccmpcred with
result3 of this study cannO jealt with 2,71
°th*rs ~inca ecoloSiot3 Fogc\b
vertebrate™*.
M~ Porsial through the . hlack part of a
i i mhility that
ThCte 1s a hitth POOMNL * to the presence of
o ) s ,nhixals d ) )
*«lure tworj Is avoided tVv - *rhani!n»>  widespread
~gfuoc *0°
to*1° ohorniicals. This I found that lipid
o Scisler (I0lW/=
il th® plant kinfido® - ° prflgstion on seeds*
ficcondary metabolite* N Miich A anlindMftrsis.
foPeoiral in the 1 N j that the
’ Y egvott te inferr
b*torijJa. Yrot this It <x ~  to*lo chemicals or
Ga*bUn rat is either to”ran phenomenon that

,hv and use the*.
°°h effectively detoxify



1od of coexistence honco
eay the result of a 1* per

devolution. o .
.lear partitioning in the
The results fchov * clear

rigis seeds in time ond
‘Woitntlon of the

. the forest duikers consume
space. When the tree rlowers*

Tk the forest floor <W»U PArs.
th« Tlowers thatdrop on the

is attained corruption by
Hhon  the seedstag® **

8§ cente”er when the pods are

*aairrel« starts, up to ) )
n,, "Ploit the seeds at tine
almost maturing. Baboon* o *1-°  Tion
,.MK8yfl join In the consumption
<,8 and " tttUrithr “ ", .t Itft the
of *m »e 8lant 8“ b;;;hB "™ . u c SEEL

Consumption of seeds ewvcn ur



CHAPTER TOUR
| Tanil HATURAL RSGISHKRATION Ot quanxmns,

N> Introduction

It i1s ofton ,,,,»d thb.t riant eownunities are atabie
*e eonposition and etreeter. at e* - °" g
I ntinuously Changina **
Cohtrary, Forest ecosystems are -
t ) *  the mortality factors
tre*s grow and die. In the tropic-
& ) ) iC af S are created In the
*re vinde, storms and logging «here 1 P

Thus a forest
refosts and seedlings emerge (Hhitmor

is a L:- . . . tflte Of dynamic equilibrium.
* living entity in o state ) )
process involving a

Regeneration in plants Is a 0
t. kp divided Into two major
lot Of footers bot eon heaver be divu.
* snd mature  phase-
efegorias * seedling reoruitmen
R* , tree species and type of

Sonsration depend c¢cn the -
P trees are pioneers, Tfor

°*°3ystem, Tor iInstance some
» They are mostly shade

r * 1 — - - * nr - -
Ji-°le* nt and th*" 1,111 OOI0*“1\ in the tropics tree
«ve B,, t0 sooondary eelenioere n
to«oner,,tion 1S lIepertont «* oeeero N N 8hiah
Ther® *" n°r'all™ " N conditions.
N geminate In « e * o N th8 gsp *,d beeeee

Altetnativcly seeds are diaper

"MpUshod (Whitmore 19M>* N ragalt«*tion as it iIs
The recruitment phase 13 /A _ dominate and
__ dispersed, u
Period that seeds «r animals or plants
*U li*h themselves. Whether ~ 2~ maintenance of a
i1lUVenile recruitment is necessary ™ f<uklt members.
V2~ ble population as they rer”oe ~generation with

Several factors are iInvolve



al | M *
i, climatic ati blotio %rg beinil - important™ In
) o M Key role. Tsingalin
UKk tropica biotic factors play

, ) mtfrB of Qlii  In
found that bulbul* diaper® soe

/ m nonr extinct tree,
Ilkaaega forest. In the Galapagos,

to suitable
*xxxxx%x1  Uravooltia. d iSpersaO

itineration sites (Clark and Cla*k 1980%*

,,PrB3t regeneration and
A*Wo On the other hand can arrest

mjnjfy and saplings. iIn
” ) hove  shomn  poor
the Anbosoli ecosysten, An’:j\’; rsy St ecologi's%

. t
. The main arguments
N 1o what factors fac r*iP»*lble biv®>y 74

n betwe&n the hydrological cycle and ™ «

Dis huppons when they destroy sea

’Generation- There has been con

160truction of seedling especi«lly by ®Ur
,h,t the suwunnohs h»"®

0““* ~ 08S) avslv, Iinto different
t=@RhR®d clUetie »d ""°U oni gcailn,,

N®u llM types if r.i.-— foreSt Moald

+;- . Lclosed can PV __
enure. Ho even argued r1 reiiOved. Oweyoghn

®Placo ottvinnahs 1f pro® N cCosyatein  found
Atunudulu (1882) «orkinfi In lhe T* excluded.

t<it tr® density ioerees-d *h*n 91®@"N* 1nvsBtigatl,,g how
?hia part of the study waa N~ finals.
4° ftA¥ntizui regenerates and Le*re

"*m Het,,0d3 vas eoneid.red free
In thi;i study regeneration hyt  population
,, readling d&’oB. K
col leeted

intems

to the sdults. Date o

&

Ucture and dispersion P« of ~ gumizcnaiz

ah cxtrsctivi

“uion  disturbances tlirog = 2 imauwsitl

others was quant |_afa* nssoem A jyj (importance

“&d Ythor trees was spe guafltufled “d 1



index) wca used towards this

N-2.1 Seedling demography
" Juveniles- of Jl analiafi[isia less then 3n iIn height were

extensively searched for In the selected study sites where
Melts were selected as the base and a circular area around
thee searched for the seedlings. The forest was divided
“'to senes iIn a systematic random sailing manner and each

site Was sampled. Heuul effort was allocated where euual

was spent on searching for seedlings or taking date

“hen a seedling was encountered. 1In areas of high seedling

A S led and vice versa.
Penalty fewer adult trees woufd be P

Th . 58 a distance beyond which
search area was United to T
& ) gﬁ: trees were Tooally
-eedling3 we,re never seen. aduU
- sss = n

) ) J.jinistically during the
SQ»>Pled and jporo data obtained opPRr
encountered. Several

ttudy where other trcea **rQ

were recorded an follows:

ggol
;ii>  height, onil surface which was

fii> diameter at bass jJjust above the soil

measured using a veraier call".
I»>  vigour which was categorised very good, good or

Very Jood - Th. seedling ** "ot lost InV** “nd

stCin da"a™o,
had ocourred but the seedling

Good - Some defitruct-on
UO.S recoverinf;j
Bad _ Seedling was -*-m N n Th8 odge of th.

v> distanoe to ocnspeci ahortest distance
Kwrt7ili alcan ®s L



dispersal, (Clark and Clark 1081>.
Vi> the last fruiting season for the aduits aaapied,

>11> crow digjnetcr end DBH of the adult.
The study ms done after the need drop In order to

taka gemination Into aooount. Detarled studies Here done
*h each study site, where various aierohabitats wore
denied such as rood sides. lodsed forest S&PS
«reas cleared of conspeoific adults. »»m" “eedli 6 were
Tot* future juonitorinfi-
method of
Activc searching f°r seedlings is
(Clark and

ot"dylrvii regeneration than taking transects

Cl*rh 1981>.

4% 2 .Sizc class structure of *>uU A-
o ) KTnci-a Arabuko, Gedi/Hida,

The forest was divided into blocl
F . uhi1 thou transects were

"ture Reserve, Kararecba end «it *
~hihits a high degree of

randomly taken. The forest c* -
R preCfent<itive sample* the

ristion and to obtain ) o
) ) ) hirtc’ks was eflsstitiai -
distribution of transects between blocks n
M -/\
Bolt transects with a |gﬁg of 100 and Width of
, This kind of transect is ideal for

used In the study. Ihi
p/irf"ts (Dethawmen f1IA al- 1S60>

tatian analysis 1In f0 13
,», taken and therefore an area of

cen aueh transects wer -
, Roads and paths iIn the Toraat reserve,

ha Has covered. Bone N N distribution of

used as base 13,,8 errors «hioh nay arise

Seeta between habitats re uc
, Th, vegetation types-

" *he heterogeneity o- B straight lias
Ohco a transact ooruor N thrailgect  This was
out along t° length and directing

#PHshed Dby one percon Hin



second person Wwho was clearing. TO maintain

st**ight Lintd an(J tO0 guide the sampler, a sieal st™ A

Wilcj On the cleared line. Ten metre *idth *** o.inUined by

~h-ing d perpendicular lmtfia from the
the ai2e class structure was obtained > chare

»*t epeoles by diareter at * 4 * <thS
) A\ Individuals more
h*Uht 1s about 1 .3m from the groun >m

- i i n«aled- The unidentified
three metres In height were s

*>*°Ub were pressed for identification.

nr 1llegal timber.

42-3-Amelia. aimnzwisM fIS a SQDrD .
rising the population

the transects used In ohareeUrisi
nf of the study. When
n *bcture were also used in thiS ast®e ™

i the following information was
loEged tree,was encountered

r*oorc|éd:
) _Id or recently caut.
1D  whether the stump wm

H)  status feither coppicing ot gipy Mrfio-t.
) etu»P diameter (data

desired stem else)- .1aasified In this
X . tree was OE£*BSXX
Natural mortality #aJ etlll £ * * * with

category if i1t was ««na

no signs of human disturbance*

1,4 “ Dispart*ion pattern- cpiejJ 1959, Laessle

The nearest noifihbowr m N Nanssle found

;8' Turner end Frar,X 1a°<} "** nomination of nearest

-
»T ATy, the dft between the adults

it
kX I~
1 n*r<o» strips t distances

IShbour. m each trancec n defined as tho

measured using a tape ®c& | data was used for
n

It&st neighbour distanc J (e1) was
patterm-

etaijJjing the dispersion



"Oneutcd a[ld ,,0lf usod to identify non rando. distribution

.. nro(i; from the individual

* 1B the mean square of the

N e nearest reifflinoiard A
N the <Wt, no nbti.nto, ft- t» — «m <
id
1*ividunls per unit nron>. value of
IT thorn i1s n random distribution. N nunbcl OF
H 1alil be equal to (n - * "here

Nataneus recorded,

H > (h —-1)/c indicates iCllula _
cluffued disperexon.

hi < (h *>/n indicates <l««
.
d*"'U . Vegetation
2 % -1. Profile diaeresis N fDrest were
Typical strips which rflpre« AN thQ n&ture reserve

3(U*oted. The Tirst proiil* U™ N fetched to scale. A

[T lye by 10m- A1l W eCI1™ olot taken 1In
- n_ artotched f°r a p
N d profile diaHtsu Noan patch of
N—-rnohn CFia. 1). X" thiS » by 20..
mixed forest- piot Bhr,iTiedt then thftir
Th® plant specien™ f sketch was done
kK J Limatoa - +r<J
fJ-2ht and crown di»*ator , tO representativu

" the «,,U end I.t« N N

~tmhos. important uben an ocoio”st

The profile diagrams N atratif Ration °*

t0 kno,, the Kind of 1»,srl wlth population
when cocpxp

@I°Py In forest ecosystem* ticm of the forest
-- MO\ deserrX

atrncjturo  hv stem si**Sl &



hart, ™ givuiafiiiajla occurs uini be
42 2, Inipor*ton0G value ntdc®
The aee of Jsnoity to represent plant populations

*e» *11, describe the Plant — Hi- ** P1E* *
fo

trees- To solve -oh a the use
~mPottanoe valu. i1s of -m™*

IVI - Relative + Relative + “nsifcy
dominance frequent-. the diameter at

DOmirance 1s Obtained by converttab -
Qi Thus dominance

e,,3t height of ell stens into ar- = ,F the
" "BUaii1ZBd an the area of the -w ~ dO,, Inence

"*e«x» were cleared at breast height.

1Stained for each special a3 f1c,lIOff

- ,ha 1th npeoies *100 %
R Banal area_4"iN--- — ——— -

"lm dominance = Beal basal ****

iHtor 138B>-
N-aity 10 obtained by
N\ N

traneeota. Relative density t« a * .

] \lariy calcul

Individuals e —

>* d°ral5r - qotel"ihdividaala W
h recording the presence or

Ptequency 1s obtained V N —jff.gs of number,
of & species id n transact
-th *100 *
Ftequaucy =
density = ";;;;i1Tre",uenty

as a.1«x.t- for the C*“ ?W
In thin study, the lvr *a rcCruited juveniles of

> spociea only, also the®30 ncg y



. than 3. In 1**1* ner»
canopy apecios and greater

Eluded .

1.Seed lint: Demography
Sijze olasis distribution

figure 6 auflumrizea the distribution of

I _—’fielcxi by diH»et#r at base-
Netur* © 1dlings clarified L¥

yE»HEe - » — - -
“w thBl 1.5 cn in <ml«*«. Th«o Vv
4Stt«eooes iIn scodUng slI» di,tribUtion Ko
e. 4 d-f " ~34,

test f&r cotjtinuou3d data, <W*
* < &.05>,
< 3 I-2 Distance of seedling rr» consP™ifIC

Mcii seedlings were
pifiure a shows the distances at *

* . Qr the seedlings
ta the nearest adult. Hos J Istancc was

The zgto distal
€N the tree base and 6 m aw “hera

, nd at the crown edge
siried be under the canopy a dtfidlings were

i , That seans s
&-"ttal measurement conwene - i crown
(R avay irof* m

dart below the crown and up ° n N

’ ,, M seedling number
There was a decrease qzo shows
* 50 m Qway, _ The Hjt

cocasicpr*ui records up J regardless oi

) B} N B e ,.tl goedlinSJ
general distribution of *

ut> ) ) ) QF the viable
& distribution ci
FIBure 9 also shows the “— gQod nnd good.
lihHa which represent the categ mortality.
M&u under the canopy where all the
pi-nr T .metres,
tt&Hty was reduced af numbers

. . W "thol
were iIn good Vi£u b
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size distribution ¢
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Miiat - Of a needling
dialthnce there wee a good cha

Sonina *#fc*bUshed away fron a cOitsP*0jfic *duU’

Th* distribution of TfTieedlil™* on®
» * , « habitats (« « ~NoW

¢** Appendix 5)
*3“ Sendling Mortality®
Th* mortality factors involved at n»-link -t m=s /A

*rI»>- lending on tree specie., * * * “ » * A2 J .

5*Petition (stunted growth, «e t* N natc then
j the death of »°re

N aoedUnS3

* <" e 77> ofeeecllir.se. 15-6 BM1Mle
,6tt*U ty resuUBd fro, ceeieoetien. P - * - * 1’ tb.
? e * fount, to b. of greet .

IyL g “friflas" U
cr * ' th° &friosn * * «lant
<b 1 UOn 7~ bre"hlfia B’PUna” ing the eetvledone @ th*
caused death by reaoving riarin*tien
loaveu after flerninfttioi'* * N pughes the
* epi«el, where the rediele elo"4*10" a v »
- . * o« - »  the; —

thnt thet they ere “*s-rw # d,, tro,ed

dwrv9Q[>yfIU5> w10 insects and 1€ 1?
Hhibeg it 't>th” ” ©§ ch r« i"8‘etSa';n_d “oon
fiseaed A ARG I E ey aliatch - A foHg
0, " y & C for 1BL3/° L
th,Jt needling cen be iapro°te * their “odfJ
th* - ir reepon”ible
ove factors could be he
s™ryetigin 4@S ynclear* < oC
., 1h6 date presented shoe®*1 the ~ For h,,
, N e'8= 1,, Arabukc . Sokoke ferest tot o ~ 4,
\Y e A ” r; of their

ta to be ranked on the best®

°f



r. tartmtity rortffinés tnh A fittatt™ortsfs unef 1™ proportion of
each mortality factor, (See text for <gplanalionX

Insect essLi ftemsge by S,tunl;~d 5 1cm rai Jnideniified
herbivory iron Miammals ~Nrow/lh

L\J 1 12 \ . 2 16 |
\percen\ ]
\ 23L -6
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*
3 2 PoP«latior* structure or tU adult L* oiifijizfilUiA
Th« amUUM structure of the *°s Ja “

Hm
J- curve. Figure 10 tndiO.t« th-t the <&*»

ur ,om. trees WnICh have been recruited ««<*»
canopy ore rare. However at dbh 2& -

iu Well represented with the mU « lly !

“" h45 - 50 oM dbh. L
in the number

ore Wa- a drastic decrease . ra

Mi above 55 cd m dbh. The 4»ph levels on
@ treqs FeesFeded WItA » dgh ef g0 95 N\ ;s
[ (e
dbh WeB 100 of #bosve which
c»tdod.
,x K dkedisl tRlEIC>
At1JtUa %iiEcn%ia * asg&t;gc@ 0] g
gmA» °* * N A aura*r*n  Fy
In H{% tubuko - Sokoke forest, > »ff\ N
GftistiAa afrinnnti aré Being euk 11Ug with

the General statis gF (t(ijxli* N viable.
II"fi1aHy logged while ot ' dead
- 111 (0 - )
* eyeadtksd
e3tploitation

Mortality of adult trees was

- . — - |otfgi
rQUnd standing). The selectiv« otigius

*r°arter thebanon indigenous fore relax«

IS . hns hu«*verbff*n
Zt Tbc policing of rcrests « N found

irol mortal* r
obtidtioa has resumed* “a trunks rotti™Nl

&tUro resefrvewithnmatuiee JbBkh ~ M eRMIce

N an obillty
QUhhZBnala. tree has ™*n ffarding

W> tho height of the stu(lp N coppicing.

nStS 188 A IO T w gl PR R
cases the logger was timber yield”

. m* on th*
he soil surface to 131(151 N aastiy dr™ cr

did not coppice an*l tafll



of tree

Number

Fig.

10.The size class distribution,
at breast height(Dbh) was

of aduil Afzelia guanzensis,
used as a measure of size.
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Table 2. General status of the adult A, quansA/iais

logins Natural death



Pinto 10.
Logged A, ainnv~-iBis. Thi-* 1s done illegally

in,"sice the forest by the local people for timber.



rotting, it of 10 1logged trees, only 3 were found
coppicing while the rest hod died.
The dintoter of the stunt it oeamired to get nn i1de?

of what size of trees are Logged, and a near, dianeter of
B.tt =+ 1.6 (B> on was found. Assuming that the diameter of
the steal approximates dbh which should be true for u
opooies without t buttress, then this explain*, the dee lint-
in abundance of trees with dbh S5on (Figure 18)

-1,3.4 Dispersion pattern.

Dispersion pattern reunite iIndicate how natural
populations of plants are spatially arranged. Three types
of distribution ere distinguished * randou, aggregated and
regular. Random distribution occurs when aneh i1ndividual
Plant  scours independently  of  others. Aggregated
populations are those where Individuals occur iIn ciuap:;
end iIn regular distribution individuals are evenly spaCd(

A formula developed by Pielou (1958), Luossle (1985)

and Turner and Fran* <1965) was used to identify nonrandom

distribution,
Observed n\ - 6.59

Expected *i 3 - o 0.93

n = number of >«asuw»«its = 50 (Appendix 3).

Thus B.SS > 0*69.

This indicates regular distribution.



4m o Vegetntion nnalynis

4.3.5,1 Prof ile fiininran: .

Kiflyrm 11 r~rc*3cntn ¢ typical AfgeHii fottsci which 1s
| extensive around the nature reserve. Figure 12 was taken In
Knrarscha. Kcrest structure iIn convention*1lj dopiotod by
profile (atr-umi- the ipiporttncr boing 1ts three dimension
representation of height, length and width. fUromchn sito
In  the nature reserve, hizs.lin Forest iIn quite thick with
undergrowth. In oerttrnsUin Karnmoha the forest Is 0%en at
the nround level with & lot of alens of woody species.

The vert ion i strati floation of the plant owaunity in

evident, In thj Kamracflm ;iteT the top canopy is dominated
by arachinil™ila ££ixiZo.rjii5 and Manilkarg aanmhiimmifl
The middle canopy is «h*ro Af£iliiL SiUhlafjisls dominates,
Igo.by. Hto.iim MrruecauBk is alec represented. The lower
canopy i3 dominated by Sjtcltdll'JSft pJLEgsa and DbciitoJ££Iloii

tiiiiJffl. both being shrubs. In the noLuro reserve the
three layers ere hot very distinct. However I*, vorn~”" "N
hiniusona. £rutltoSfc* A.. tttoJrZflnalc form the upper canopy.
The middle canopy ia formed by Prypgtrii EfiSlgiilattie .
Wyt.sjjxu.ii LirJdi'ita end | utlift. nittUl'itiifLIiiE, The common shrub at

the lower level is Ealytolttori* iiiu:viEoJjLa.,, and it holds

B*veral climbers,
1.3,5.2, Importance value index,

Sixteen woody apeclotl whii-h comprise |ho upper canopy
»er« considered iIn this section, 1.5 ha was covered iIn 15

tansaots where 417 sfcams of the 18 species were

"humor atad .
Considering relative dominance alone A- atitotoasift

tods with 5157 (12.1 *2> XxtohxIfthiim yarmooimn



Fifiuro 11. Profile of a typical Afzolia forent token
the Mature reserve (size, 10 * 100jh),
Figure 12 Profile of Tortmt in Koi-nrecha

60 * 20H>,

Lagand

B.S. Brachystagia spicifamls
Ar,q. Afrelin gquansensis

T. Teclea trichoeerps

o.d. Euphorbia candelabrum

O. Cassipourea

T.Y\ Yraohylobiiw verrucoaun

PI- Polyathiir stttftlmanii

a.d. Strychnos deccuseta
H.v. HaytemtB uerfat*

0,0, Orora obovata

D,r. DrypQtos roticudvtun
G. Crania piagrophylla
T .b, Torsiimlia bovinii
H. f, Minnsops fraticosa
S.,v . Seedrinogn virosa

0. 0, Oialidi) orientals
P. Pyeadrax up.

li.H. tudia rauritanius
1. tonohorpus sp*

H, hoaocylon sanaibaricun

P.P. poJdysphaoria parvifolia



Haron ()

m

Hwv

~rg 12,

Transect

length
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Tables. The importance value % plan! species associated vahgnacrisis i 15ha

tree species Dominance tfl:\/)?nlr%hia\_/ne_"qDenSity Uisj:\t/?/ FreLrency meaecey \valur

quanstnsJs A12.1 53,5 63 15 .0 35
rrachylobf"m verrueoaurn 5.0 23.3 Q9 2.7 15
N.miiksrg ssr.Ni"srensir, 2. & 11.1 103 M, 7 1/.
Tsm?:.it.'Li Indict 1.2 3 3
Mimusops fruticota 0.4 1.7 20 A_8 &
5*rychnos dectusata 0.2 0.9 21 5.0 7
Oiaiium oriental* 0.35 1.5 16 3.8
Plu*-osi/tia afrkana 0,17 0.7 7 11 4

~MmtnaUa  bovinh 0.31 1.3 23 7.0 5
Balanites wllsoniana 0 3R 0.1 2 0.5 2
Diospyros consoiata? 0.02 01 4 3.0 3
Srachylasna hulchinsfi 0 03 0.1 1.0 j 3
Combretum schutmirm 0.46 21 27 6,5 8
Paramacrcloblum sp 0, 29 1.2 12 2.9
Frtjjira chalybea 0. 37 0.7 5 1.2 3
Lannea schwcfnf ur ihi 0.05 j 0, 2 5 0.5 1
t
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r*mk*d second with 21.52 <5.0 ), while relative dominance
of other species was low (Table 3).

Density was hi*host In ttenjukarta safinjhr, -, fitfl  TJUe
IS a widespread tree and i1t was expected. A.
ranked third after l.verruo™ua. aoluriiitj. wi ad
lanncft gchHeiDfudilil ranked the lowest, with 2 stems each
L. ouarzftiuniii, T-. ggrrusasun and tL. aansithr A2 HerlL. th
went frequent treen, They were recorded in all transects
apart from 11U rianalkargjiaia Which was absent iIn one
transact. EfttannndWtlun Coerulamn was recorded only iIn
Kararé&cha,

,-FJ
In terns of IV X- yci"xnannum ranked the first with a
N\

value of 140.3. A. aiumatiUtla second (80 .f) hflj
sannibnrensis third. SIltYBhnga dfinmullUi, a shrub, had n

value of 26.0.

4.4 Discussion

It Is 1sportsnt to concentrate attention on the ecology
of the forests. Thore 1is X need for studies on the
conservation of the iIndigenous forests and the status cf
the ecologies- Ily and economic*) Hy important species,

The requirements for seed gemination and seedling
established differ from one species to another. However
the basic requirements are high mointura content, Hlight and
nutrients In the soil. In »ont tropical forests these
abiotic factors ore present but biotic factors also play a
key role* Seedling destruction by herbivores and coed
Predation by 1insects and rodents are important (Jansen
1972b and Connell 1070)- In & quartsen xig seeds oust escape
the destruction by a rodour, (C* gumfcigjma) at maturity, not
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to mention seedling mortality after germination.

Rod.nt-! ar» knovn to have 1apaot on roaenoration
elsewhere. Boucher (1B81) found that the acorns of an
isolated oak were depleted by the pocket Hic® (Utmya
AidhLini> and squirrels (Sciuxuu yrllLi-B0 1 tihUut>.

Tho establishment of seedlings does not  entirely
represent the future population structure. This iIs realised
by the continued mortality of seed lings with age, In prnit
afHi coring abundant seedling were recorded iIn early stagou
Of germination (Tilingslia 1980). Subsequently, seedling
herbivory by the farasinf duikers reduces the number Of
seedlings to be recruited into the next stage Connell
<1978) presents the sane argument for herbivory

The some, pattern of distribution was round Jn this
study, where seedling numbers decreased with size, pOr
practical purposea diameter of socdling at base wao Utd e
the best measure of sise. In the Arabuko - Sokcrke forest
herbivory was also a major factor on & auan™n-jj» thiu
respect though insects were the main herbivores iIn contract
to duikers on ExallitlU Competition* which wae
conuidefL"d to cause stunted growth, desiccation end damage
by mammals, elephants and C, gambianiig were found to be of
greet, importance in A. ajirtrgax_fija. Desiccation caused 15,6"

mortality (It is n mortality factor in dry lands and oven
m

In savannahs).
In A. fmAnfenaig> some seedlings wore ohopped off by £,

Egjablaila, 1mmediately after gemination, At this stage,
destruction of the meristematic apex and removal Ct
cotyledons, which are photosynthetic, leads to death. The
aeodlingfl at thih stag® ere depchdent on the food reserves



ir. the cotyledon® (Crawley 1V83). The BPedlings are tender
at this stage, and with their food reserves still Intact,
ac- an attractive resource to the herbivores. The
elongation of the hypocotyle during germination has the
effect of e>iposing seeds which previously had escaped
predation and thus enhancing seedling mortality.

Although seed predation In the Enachvsteni”™ woodlands
was low, germination conditions wore also hotter with more
light penetration through the more open canopy (Plate 2)
QISP Ui seedlings found in @n? Amelia forest
were Tound either- along the roads or open patches which
could not WO described as gaps. In one sample tree, tho
area under the crown appeared to have been cleared a couple
of years backhand more seedlings viere recorded here than iIn
any other sample? tree in this vegetation type. Af?eli™ Cun
therefore be described as a shade iIntolerant tree requiring
light for i1t to be established.

Afzella n™nzgnsls. i« associated with other canopy
trees, herb* and shrub* such as I. ve.rruc”™ and Hanlik«n i
sans: barons Is which are broad leaved trees and havo the
effect of lowering canopy Hlight penetration. Brachvc/ gy
gpic 1for»ais In contrast is narrow leaved and the treoa are
widely scattered and thus more light reaches the ground and

F tho argument for shade intolerance holds, then £.
mnzensis would germinate in this woodland.

A™  gpanzensiA could bo described as invading the open

mgchvstegi.. woodland and can be described as a colo™M**r
secondary level. The explanation being that more

edlings wore recorded iIn this woodland, and were iIn good
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vigour. Adult treeu in the woodland wore smaller iIn size
than iIn the thick Forest showing colonisation to have been
* recent process. Similar results were found in Bundongo
forest Iin Uganda (Bggeling 1047). m colonizing -tends
very Tew adult species dominated, but the juveniles on
those stands were ol entirely different species (Eggeling
1347) .

In coloniser and shade intolerant tree  species,
"waiting® for gap Formation is on important part of life
history strategies. Once seeds are dispersed, they remain
dormant for a long duration for favourable conditions to
commence. In A- gwutinsjla, predation of seed:; after
dispersal by C. Is Quite heavy and dispersal
limited. Thin iIn effect reduces the probability of t seed
falling on n patch with optimal condition for germination
and survival. That means the colonization can take decades.

Saddling survival has boon reported iIn other studies to
vary with distance from the concpooifiu Trusting adults
(Janzen 1370, Augspurger 1383, Tsingalia 1988, Howe 1989).
In Platyprdiuc the survivEl w& high ns distance
increased <Augspurger 1903), fungal pathogens being the
cause of mortality- Howe <1988) reported that 98.6X of the
seedlings of SjxQJ™ aunimiuiaujls. under adult trees die. As
the distance iIncreases, survival Increases, and at 48"
away, more than times as many seedlings survived.

In A~ AlUAhIftOBIru seedling number was high at the edge
of the crown, those under the troo ranked second. From the
Crown edge up to Cm away, der™ity dooroncod and there was a
dramatic decline iIn numbers up to awvay. A leptokurtio

needling distribution similar to TJdthar species was found
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(Hubbell 1980). Seedling vigour was also found to improve
with distance from the adult tree with all seedlings being
in good vigour and 1003 survival from 7@ and beyond. The
reeuon for this may be the reduction iIn competition for
nutrients and other resources between seedlings and adult
trees. Since the density of seedlings decreased inversely
with distance the parent tree seedling competition 1is
also iIn effect reduced.

In sumoary, seedling survival la a result of an array
of rectors. In the presence or adverse factors,, such as
seedling destruction as 1n oaks (Boucher 1981), seed
dispersal end hence seedlings survival is obligatory. In
the Arabuko - Sokoke, priimtea and especially the yellow
baboons are vital to the survival of the A. nuang-enmi®
baboons cove across the forest while foraging and show a
great preference for the B.ra hyjtt gdia woodland where seod
survival is also highest. The white throated nonkey
solitary wales wore also found iIn the anachystatfi™ woodland
and no monkey troops were recorded In Brachyf/JH
woodland. However monkeys are 1important iIn the thick
forests vherh they transverse The thick arena. Baboons were
however observed to follow the forest paths. The monkeys do
* great deal of Joed dispersal though there iIs severe seed
mortality iIn their range as mentioned in the section of -
seed removal. Dispersers are vital for the continued
recruitment of seedlings of the study tree.

The dispersion pattern of adult trees is a result of
seed disperse] («<e Hubboll 1860). The preeence of

on adult tree iIndicates a safe ®*te where a seedling became



BstsbJiohod. Conditions srs. hoH«v«. dynMio  sinoo
conditions that oan ho measured today era not necessarily
those pertaining at the time the tree beoame established.
In this context, long term monitoring 1S nooeesary to
describe the optimal establishment sites end physical
environment.

Adult A.tUibiLtsasjj; trees were regularly distributed At
the auult and sapling stage one would expeot clumpa because
seedling density is very high around adults as observed iIn
some sample trees, heesole (1885) found that doparturas
towards regular distribution iIn pines w&s realized
vegetation stands ego. Regular distribution ooours 1If
Individuals are not distributed by chance and as such there
must bo Tactors acting, and as a consequence a pattern
ar 1s8&.

Intraspecific competition between individuals 1Is an
explanation for spacing of individuals iIn a population
(Laessle 19G5, PiaJou 1858). They argued that competition
iIs more comon in natural populations. In animals 1t
results iIn territoriality to control resources such as food
or mates. In plants space acquisition may bo equated with
territoriality (Begon and Hortiner 1986).

The explanation for the regular spacing observed” In
this study may be that regular spacing nay occur due to
capturing of apace or rather iIntraspecific competition
where establishment of seedling and growth to maturity
occurred In individuals with adequate growth conditions.

A* minnggnsla dominates 1i1ts range when the cross
sectional area at breast height (CBI) 1a considered.
However, on the importance value index, i1t ranks second



(Tublo 3}. The population structure of adult A-
ahous that i1t exhibits at invars© J - shaped curve.
However, there are few lerge-eiaed trees, which can only

be explained by logging of individuals when they grow up
to ftiSgi in doh (Fig, 10)
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CHAPTER IIM=

GliIHHRAL DISCUS5S10H. COIISHRVATIOH IMPLICATION AUD

RBCOHMKKDATIOMS

Il General d j;icuGio/i

Tht? result< obtained In this study Indicate that aniualn
are i1mportant In the survival of the pod mahogany, ~
QLaazfmilUild- The iInteractions coaaence at the immature, then
to mature stages ol seed development* and continue to the
germination and soedling levels. This then means that the
animals 1nvolved and A* aulinzenala. have strong associations
at crucial levels of their life histories. This Tfinding
calls for u detailed explanation.

The consumption of Deeds and seedlings should not always
be viewed ns adverse on the plant opecics iInvolved. In some
Instances. 1t nay be even an ecological requirement to
reduce the density of juveniles for survival of a few
individuals. Organisms produce large numbers of offspring
to ensure the survival of a few individuals. Thus this tree
loses 37.& x of seed at premature stages and & second
proportion after maturity end dispersal. A third proportion
of offspring die at seedling stage. Mortality leaves few
offspring t survive up t® the establishment of the
seedlings and recruitment to the population.

Different aniuais use this tree as a food source at
various stages of fruit development. At early  fruilL
development, pods «*« h*rd *nd ribrou”“ ®&d 1t Is only
baboons and squirrels which menage to successfully open
them. At maturity, seeds ere available because the pod oen

easily bo opened but the dispersers avoid them, consuming

7B



) uril only.

The dispersed part of th, B..d which
ooncLj*iotl by thn d. tadidaliiyadi, It iu poAfllbii* that the aoeda
have a chemical defence at maturity, Baboons and cquirroi™
cenmunp  them when they are immature axd avoid thO! Hhtfl
they mature, Tho cxtfnetion of tho uutdy at uaturity whan
tho po<la opono 1a expected to be loss energetically

expensive so thut iIn the dbcenco of chemical defence thr

trees niBht Iloss hundreds of seeds. The tree probably

dofondu the fjeodn by ccmaentralL ina oecondary chemical
compounds, gnirlitfans ttay have th* ability to f?at the

taasdn having tho chofiiionln such that the rodent 1is

adversely affected.

The explanation an to how £. gaatilnruiG manages to USo
needs probably involves detoxification of the ohemioals by
enzymes. This rat night have evolved oeohanisuD that
inhibit the toxins, Animals have boon known to detoxify
toxic muteriulo and use them us food (Siogler 1979),

Dispersal of tho noed3 is essential because the tree In
a coloniser, requiring an open range. For such areas to bo

reached then dispersers, like tho yellow baboon end the
white throated monkey* are essential iIn the life history of

this tree specie*. Figure 13 summarises the general

discussion.

S.2 Conservation implication;;.
Seasonality greatly alfoots organisms as they have to
adapt to the changing conditions. Whole [life history

strategies are adapted to Tfit climatic patterns and

especially reproduction (Bogon and Kortimer 198B). One Df
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these 1, Lhu fruiting seasonality observed iIn trees of
tropical forests. Seasonality influences the  foraging
behaviour and [Ilife histories of anjutrin that depend on
these trees (Fodgeft 1972>, Torborflh <1380) argues that
vertebrate frugivorett doninatc most tropical foreoLa trd
even show higher diversity than that of vertebrate
herbivores. During the period of fruit and seed scarcity
fru«ivorea either migrate or modiTy their diets. Cords
{193-1) found that rud-tailed and blue monkeys iIn Kakemega
forest use different fruits over a year depending on which
Plant species have fruited. In Ambuko - Sokoke, a similar
fruiting aensonality is evident (Fig. 7),

The seasonality in fruit production has the effect of
concentrating fruit eaters on very few or even one tree
species «t a pHrticular tine of the year <Howe and
Kerckhove 1379 and Terburgh tS8S>, for practical purposes
those species providing an only food resource at a
critical time will be Lotted as pivotal or keystone species
os In Howe <13&0> and Terborgh <1886). The pivotal tree
species arc net only important to animal species of that
particular ecosystem hut also to migrants.

k. flllfh »*n*15 i« important tree In the Arabukg -
Sokttkc forest u **** ga u food resource for the
red-legged sun squirrel for a large part of the year. After-
maturity. Lho gietit gamblcn rat highly use
those seeds* Xn summary A* quungmialB «aa round to be
important to primatrs, rodents and insects that consume
different prooortionn of **«»» 7 their

Sea.on.Utr in the .v.liability of food ha. the .Me™*

of maintaining animal., .wwl _Ur r.rtebrato., that ant a.



disposers in an ecoey*;tem. When fruits of one species are
depleted, the mammals shift to another tree species which
can be termed as prey switching.

The role of plant species is to maintain the dispersers
in the ecosystem over the year or season; Chance extinction
of one tree species will create a gap in food availability.
Such critical food resources could cause the local
extinction of ftugivores that play important roles in the
reproductive strategy of other trees at other tines of the
year. Thus, chains of extinctions are probable, especially
at local levels.

People have used forest resources Tor long. The W mgc
has become excessive after the commercial Nation of forest
and wildlife resources. In the Arabuko - Sokoke forest ~
<mans.engis and EJUyimfiiyJd.il! aJlriciLna are trees which arc
illegally logged for timber. Hunting for small mammals as a
source of bush meat is evident. AIll holes of Q, jZarbiftrmff
that were located had a snare at one time or another.
Privates are also hunted for bush meat by the local people,
logging and hunting are likely to exterminate animals or
plants, consequently increasing chances of local extinction
of interdependent species. Unless management plans arc
drawn and impmented the situation is likely to worsen.
Dispersal agents ®uot be conserved otherwise some tree
species will continue to be threatened. ~ tiuann~nj,
requires privates for its survival as it is the only way
its seeds can be moved eEJeelively, The limited dispersal
observed implies that this t~e requires e long time scale

to colonise favourable areas. This tree produces large



pods with large aoedo and moot of these seeds end up In the
tints of rodents. If the tree i1s exploited to extinction,
the population densities of these animals will fall or
result in local extinction.

Conservation of natural resources would be sound If each
ecosystem iIn the world i1s represented* In some cases
management for restoring nature 1iIs essential. It 1i1s the
detailed study of desired ecosystems that will result 1In
the selection of representative areas. The refugis theory
has been advocated as a first step to conserve those
persistent arens. Such areas arc believed to have higher
biodiversity than their surroundings and can b* termed as
terrestrial habitat islandn, Reserves selected iIn such
areas will protect more species than those established
elsewhere iIn the camne biome CDeshwukh 1988).

The sine of vreserves iIs the next crucial aspect 1In
conservation. This 1is tn aspect of Island Biogocgraphy
theory (HaoArthur and Wilson 1967, East and Williams 1964).
The theory predicts that dynamic equilibria of species
number is dependent on sise of the area and distance from
source of immigrants.

As mentioned earlier Arabuko - Sofcoke forest is
surrounded by at agricultural land use system, As such 1t
Persists like a forest island; ecologically isolated from
other forests- Arobuko - Sokoke i1s a refugium which has
persisted for thousands of years, and this has resulted 1In
Its selection as a conservation aren. The question lies iIn
the designation of the nature reserve to be protected In
this forest. This 1s a political problem because the Ilocal

people wuse almost the whole forest. Secondly, the forest



IS uitier the nanagenent of forest department and oomneroial
logging continues. There i1s. however, a nature reserve
which covers about 40 KR, which 1iIs supposed to be
protected despite the 1illegal 1logging and hunting of
desired species,

Hostriotion areas must be selected on an ecological
basis, especially In a heterogeneous forest such as the
Arabuko-Sokoke. This will have the effect of reducing
chances of exploitation of critical areas. Rebuilding
ecosystems In always more expensive than maintaining them
Conservation strategies should also consider other specia-
lising such areas iIn parts of their life history such a-
migrants, &

The boundaries of the nature reserve iIn Arabuko - Sokoke
arc ecologically ill situated, first the Jlowland rain
forest which covers 2ti tth and inhabited by a lot of
wildlife 1s not included within the proposed boundaries.
The proposed boundaries can remain If the buffer zone is
managed In a manner iIn which the ecosystem is not adversely
affected. The buffer sene iIs meant to be a forestry area
and there 1is n potential threat from illegal and legal
logging which takes place in the buffer zone. Alternatively
the whole of the Arabuko-Sokoke should be put wunder the
national reserve policy of protected areas and sustainable
utilisation can he implemented*

From the community ecologist point of view, the
distribution of habitats In this forest makes i1t an ideal
conservation area. The habitats arc unique and rare

elsewhere. Small reserves need to be managed iIntensively
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yet they have high biodiversity, oopcoially of birds, mull
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conservation erea a¥! i1ts gazetteroent as a National
underway since June 1013. The area occupied by the

the local community. Today It

considered a
paMi

Forest

formerly belonged to

by the Ferest departnent, and a small portion to
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political problems are inevitable when proposals for other

land us>e policies are drawn.

The restriction oT the local people from entering a

forest they hhv~ traditionally used is a major problem.

to th* local people one detects a high degree OF

Talking



*nCosily to this situation. Jit the national level otIK*r
government bodies httvwo other plans for that forest. The
oounty council on one bond has the right to allocate people
the lend, build schools or undertake other developer.t
projects in Umt forestpatch i1t oHn& The forest
department may use Lhe forest for timber exploitation or
oven ailvioulture. Clans manufacturing companies have
carried out mining operations iIn the forest and there ere
Plane to continue. AlIl those activities have in effect
reduced the forest, and especially, mining which took place
in the Jlowland rain forest. The Arabuko - Sokoke forest
includes the Hid"- creek where mangrove trees have boon
exploited for building poles and rocTing materials

The conservation plans for Arabuko ~ Sokoke Torent
should be oomp:7tibia with other activities. Jn thin kind or
situation, a Extern In which the local people ats
benefiting 10 necessary since in the long run they arc tho
guardians of the forest. K.H.S, views the forest as an "a
which can generate a lot of foreign exchange through
tourism.

The Tfollowing are some of the recommendations for

conservation ati sustainable utilisation of the forest.

1. The forest has a great potential for tourism. Ad
discussed 1In previous sootions the forest In home to some
endemic species. Interested visitors may be ornithologists,
botanists and primaEulogists. Nocturnal life 10 aiso
diverse with rodents, civets and owls being active at
night. Dangerous animals are rare and riska are thus

considerably redwood. This Ji/K's walking n: risks are



considerably reduced oml people without vehicles have a
chance.

Today tourist* to the forest outer fTro* of charge.
Charges .-thouid bo introduced like iIn other national pvrku
and a share of the revenue oollooted used to support
community projects iIn the area. Iti this uny a friendly
environment can be created end In the long run this would
atop the 1illegal utilisation of the forest. The revenue
would be used for health projects, water and schools.

2. The local people should be Involved In the propagation
or trees of commercial and traditional value. This iIn the
long run would lead to a cessation of illegal logging 1In
the forest, The forest management should start a
silvicultural project whert they supply to people seedlings
at subsidized rates. Currently the  forest supplies
seedlings of Qaftterfift flauigUifoUa at subsidised rates.

This tree 1* popular as a source of roofing Material for
hotels and h’s a short maturing period. The Jlocal people
should be involved In the choice of the tree species thy
need for which purpose,

3. Mojt-cotuaurcial use of the forest resources should be
controlled. Most people nround the foreet ore hunters and
use small manuals ns n source of bush went to supplement
their protein intake. If such hunting were to bo allowedT a
detailed study on the biology of the desired animals should
he carried out, Hateriula authored In the forest without
damage t the habitats should not be stopped. Fruits,

vegetables and medicinal plants are widely collected In the
forest and this should not bo discontinued. Some activities

such as debarking of itoos for strings should be stopped



urgently* In the Ker/jracln*. Elr-usattMlahlliil sp i1s affected
while iIn the nature roeurv? fajmiutElmgil sp. is exploited
In this respect, (~uelwvend can continue to be gathered fro«
logging operations. The uae of dead trees and brunches for
1"uelwood any ti"fcct hole neuters. Thus i1t requires g
detailed study to iInvestigate what can b« available to the
people

4 . The Torefdt has 6 grant potential for tinber and building
materiais. In the short tern people car* be giv«n controlled
access to the forest until alternative canageaent piano aro
drawn. The logging of threatened npeoies ouch as
Afralla. lllaungity:dia and aBE&giyJUuisym should be restricted.
Selective logging for BraaftatogpH spiclforiikK £,
Vgrnicosu™® end tanilkiiOi - which occur 1n
relatively pure stando and have good regeneration, can be
carried out.

Polesize trees mi; In great daannd as building
materials and widely distributed shrubs Ilike Polwnl,llia
slunlidinlir Hrvpetiii. tulnlcnglH and Q. rcticuinns can bo
ustd. Today laxMiJiaUa bnyl.nll and the mangrove rarest are
hetivi Iy used for thie purpose, and this should be
restricted R«cOencifltlonO 3 and 4 call for Eon&tion of
the forest, hence design. A strictly protected area should
be set aside where no uetivities are allowed. This area
will be surrounded by a buffer rone whore local people

will be having access.
Ir, cunaarr this study has brought to light the

interactions gf trees and animals In the Arebuko - Sokoko

£ The iInteractions are iIntricate and this study can
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Append is i.
of nam lftan epooica recorded in Arabuko
-Sokoke during the ntudy,
lighted,,
dung, footserks, etc.

I = uss of iIndices e.g.

Comnon nane

Vo 1Jop baboon

White throated monkey

Hando velvet am key

Red legged 5UL sguirrol

Red buMi squirrel

Giant Ganbinn rat

Four™toed elephant
shrtiw

Golden-riigjnpnd elephant
nhrew

African civet
Buffalo

African elephant
Bush baby

Ader"s duiker V
Sokoke Buahy*tailed
Hongoutio

Suni

APPENDICES

Scientific none

Papio cynooophahjs

Cercopithecua nitis albogularis

C&roopithsous aothiops

Heliaaciurut; rufobraohiuo

Paraxoruo paJjjatus

Criocto&ys gambinnus

Ptftrodraecus tottadaotyhis

Rhynooayan ahrysopygos

Vivarra oivétta
Synccrus catPer
Loxodonta africana

Galago xp

Cophalophos adarsi

Bdaogalc crazsicauda oxwxvotn

ffaotmgtis aosohatos

wu O w n

(7))

de
S
3

()]



Appendix 2.

hi:1* c£ plant upee3a» identified during

L"acipl ing.
Latin name Local name
Afr&lia quantansis Kbambal iof i
Strychnvs decoaxatn HvakfcFi
S. patigxnensis Girnacha

AllophylJus prrviJJ&i

Securities# vires* Hkwattba
Psydrax ap
Artncna sp. Ifutiutbaran aifitu

Rytygnia cligacanthe

Pay tenas andat* Huriskitu

Bose 1# anguis12fod ia Jolombu”i

Turren# oigrersia

Aster&nthc esterias

Cassipmtrea curycides

Xylopis erenarit ffboraua m™itu

X . parvi folia Hbarava

Canthiiw hiJifionsis

C. nosbensonve BiJcha

Fngnra chalybett Hdunfiu

Teclee trxohocarpa libirandu Gtunica
Hirfliu rawitu

Suregada x&pxib#rcnsis

Drypetea retioaJd *tus Magadho, Nbagenanbage
D. nntalcnais Kwanfiandamw® j



Polyalthis slLanilmtmii HfJajiganj ini

XifitmiB caffra Mtudu-kuln
Dohaa mossashi cousin mpamBpaciQ, wdahabu
PiaHum oriontnlo Mrmpetn, Htaungwi
E Ifiirfenthart sohvo infurthiana Nhuawity
Hoplucoe-lum inoplous HfuratrinLi

Lud im astirrtanJus

Stsdasnnia oppositefolia Jikipulu
Alchornea laxiflora Hkuyu
Sfdnoiit sp.

Flaooortis iIndioa Hdunga tundu

Toruinalia bovinii

Lacani odisdus frfixini folius scansollatii pogrentfa
Euoloa natalonsis Hkipa
Polysphnnria parvifolia HangiKiani
Piospyros consc "atno

Carpodiptoru africana i lore
Psmaacrolobivi®™ ooerulcum Msuhc

Mesecylcn sansiharieua sunsibaricun

Osoroa obovatr Jknyukayti

Eugenia sp

1funtoria xoylanica

Pronin ohryseelasa Mvuma nyuki

Plourosyli* siricona Mlanfiae

Lannea sohftoinfvrthii Knyujubuitjuit,u

Tailaarindus Indios Mkifanju
Hnandar uni

Trachylobius verrucosus

XsnUkara sansibnransis Mn(i4iEbonu;*iva

A. soloots knodsi

Mistisops frutioosa ~nganbo kapeht



Br&ehyloena hutch nslS Huhuhu, HuhjFiu

Co&bretu:i sohud -&r. 1J HFfiurure

Vi tax payos Hfudii

OjidMicti’A ttohbo: | Hfuda

Dalon i1tos ttilsoni&nx Hkonga

Grouin ploh™igptiyja VKON

Kuphorbiz o&ndelabrusi

Croton psé&udopulentflJu™ My ana

lircophaJatUJ hi ldrrbrandtii Hkisapo
Hstijoijoi sibara
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Total

Deto on prodispors*!

1990/91 season. Ten focal treaa wore

sampled.

Baboon Monkey

0
104 2
9 86
80 0
A 0
37 5
42 0
25 0
111 0

3
581

Appendix 3 b,

Sjh

squ irroj

137
25
320
10

25
10

71
22

685

so*d predation

Insoots

o

28
12

16

108

Purtged
attack

W oo W w © N W

N

42

in

Unidentifi.
rodent

© o »n o

(@)

74



Appendix 3b,

Pcta on prediapermml seed predation iIn

I loo/en season, Tnn focal Lreou were

frdoplad,
Gaboon Monke/ SE;J& rrel Insects 2%233 I: on ,! g deg::: fi

15 0 15

0 0 . 2B2 3 _ Z
14 0 132 4 .
0 0 144 3 0 .
3 0 o1 ) 0 .
0 0 a -

o i w .,
0 272 4 14 .
14 0 i72 0 . .
0 0 138 0 3 .

Total 47 0 me 14 10 .



AppontJix 3o.

rata on vertebrate seed dispersal

1in -0*11 Lre/*n wore campled.

Baboon Honkey Sun__ Hot aanignud
eqtiirrel

6 33 0

42 119 4 86

0 433 82 105

0 31 0 27

243 393 0 68

42 102 19 251

0 - 3 a 0

0 150 16 33

0 187 74 47
Total 335 X434 201 633

"3



Diet, of seed

Apporitiix 3d,

Ssed removal experiments < aee text for

explanation>,
Location of transects
Low land
- . AfENU a kxaebvf:hggf j*/
rain for™it
Forest woodland

eootone

station to tret?

bane ( H },

0-5
utdel” orcthn



Appendix 4a.

Tidj.mr rf need linfis classified by

di rueter tait die base.

ton )

0 - 0.5
0.6 - 1,0
1.1 - 15
1.6 -2-0
2.1 - 25
2.6 - 3.0
3.1 - 3.5
3.6 - 4.0
4.1 - 4.5
€8 - 50
5.1 - 55
5.8 - 6.0

IB5

Hti»bor of
seedling.
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Apn ndi* 4b.

EIIE%AJE!a%SandiStribution of tha adult

Cleéssc'nt'gmm] ! uiibtr <r
6 - 10 0
11 - 13 5
16 - 20 5
21 - 23 8
% - 30 10
3 -3 14
36 - 40 13
4 - 45 .
43 - 30 18
51 *= 56 6
53 - 60 1
61 - 65 4
39 - 70 5
71 - 75 5
76 - 80 1
61 - 1
60 - 90 2
21 - 95 0

1

96 - 100



Appendix 5,

Tho distribution of 1dling with habitat.

BraohvFitfafin Afa™lhr Lowland Rain

Woodland Forest Forest
Uh&AMV

1P7



Appendix 8

lleof-st. nc-Uhbour diatanooa of adult *. on...._. )



