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ABSTRACT

Selective timber harvesting in tropical rain forests is becoming increasingly
common and plays an important role in integrating economic development needs
and conservation goals. Understanding the effects of logging on forest ecosystems
can contribute to the design of sustainable management techniques and minimise the
negative effects of timber harvesting on wildlife. Despite this, few previous studies
have attempted a detailed ecological investigation of the effects of logging on
wildlife.

Here I present the results of a comparative study carried out in logged and
unlogged forest in the Budongo Forest Reserve (January 1993 - September 1994)
investigating differences in blue monkey (Cercopithecus mitis stuhlmanni) ecology and
habitat composition. The ecology of groups of blue monkeys in logged and unlogged
forest was compared and attempts made to relate differences in ecology to
differences in habitat composition and food availability. In Budongo, widespread
selective felling of 'mahogany' (genus Khaya and Entandrophragma) over the last 60
years has had a considerable impact on the plant and animal communities, resulting
in significant changes in vegetation communities and an increase in density of four
primate species (Plumptre et al 1994).

It is thought that unlogged forest tends towards a low species diversity
(monodominant) forest type, with Cynometra alexandri as the dominant tree species.
In addition, logging in Budongo has typically been carried out at a relatively low
intensity. These two factors have been important in determining the nature of the
changes in vegetation composition and plant phenological patterns subsequent to
logging. Noticeable among these differences are a higher tree species diversity and
higher proportion of colonising tree species in logged forest relative to unlogged
forest. As a result, blue monkeys in Budongo experience greater food availability,
occupy smaller home ranges and attain a higher population density in logged forest.

There are several considerations which are important when discussing the
findings of this study in the context of forest management for timber production.
Firstly, the unique nature of the vegetation in Budongo prior to logging, and the type
of timber harvesting carried out, both play an important role in determining the
response of the vegetation and wildlife communities. Secondly, although logging in
Budongo may lead to an increase in the density of blue monkeys and other common
generalist/frugivore species, it may have negative effects on other more ecologically
specialised taxa. The findings of this study are discussed in the context of
understanding the effects of management on the vegetation composition and blue
monkey density in the Budongo Forest Reserve.

The results support the observation that the effects of logging are complex
and in some cases can even be beneficial to wildlife. Forest management should take
into account prior knowledge of forest types and the likely response of wildlife
communities. If tropical foresters are to satisfy economic development requirements
and meet conservation goals then management must be applied with care and after
some consideration of the potential effects on the ecosystem.
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CHAPTER 1

GENERAL INTRODUCTION

1.1 INTRODUCTION

Tropical rainforests throughout the world are simultaneously experiencing
increasing rates of deforestation/degradation, and increasing attention as
important areas for the conservation of biodiversity. Deforestation and degradation
occur at a range of rates and intensities throughout the tropics driven by factors
both socio-economic and political (Buschbacher 1990, Longman 1987, Uhl et al
1991, Wilkie et al. 1992). At the same time there are increasing attempts to conserve
biodiversity in these forests, and a relatively large amount of funding is being made
available for that specific purpose (ITUCN/UNEP/WWF 1991).

One potentially sustainable way to manage tropical rainforests for economic
and conservation purposes is to remove timber selectively (Buschbacher 1990). The
all too apparent dangers of selective felling, if carried out on an unsustainable basis,
are the serious degradation of the eco-system, followed by species extinction or
total loss of forest cover (Whitmore and Sayer 1992). However if sustainable
selective felling can be carried out, especially where forests are unavoidably
scheduled to be logged, opportunities exist to manage timber and biological
resources sustainably (Grieser Johns and Grieser Johns 1995). Sustainable selective
felling can only be arrived at if a broad understanding of effects on forest structure
and wildlife are known, It is therefore becoming increasingly important to
understand the effects of management on the ecological systems and individual
species which exist in the remaining areas of tropical rainforest (Howard 1991,
Johns 1992).

A variety of felling systems and management practices exist and are applied
in different rainforests and in different circumstances [see Buschbacher (1990) for a
review). They range from intense, almost clear-cut felling (Cannon et al. 1994) to
strip felling (e.g. Palcazu Valley, Peru: Hartshorn and Pariona 1993) and very
selective removal of timber by non-mechanical means (Struhsaker 1987). Recent
approaches to sustainable harvesting attempt to mimic natural disturbances (for
example wind throw or lightning strikes) as closely as possible and by doing so
arrive at a sustainable management system (Brown and Press 1992, Skorupa and
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Kasenene 1987). Whether any system thus far employed is sustainable is a matter
of some debate (Brown and Press 1992, Johns 1992, Uhl et al 1991). Factors as
diverse as timber density, economic value of timber, political climate and ecosystem
stability can all influence the nature and extent of the management approach. In
most cases, the circumstances in which felling is carried out are unique to the
specific forest; therefore it is difficult to predict the effects of management.

Understanding the Effects of Logging.

Despite considerable work investigating silvicultural practices in relation to
forest management and the effects of felling on vegetation structure, understanding
the responses of wildlife to felling and changes in forest composition remained an
area of research much neglected. More recently however, as our awareness of the
importance of conserving rainforest biodiversity increases, studies attempting to
make detailed investigations into the effects of logging on rainforest wildlife have
become more widespread (see Johns 1992 for a review). For the purpose of this
discussion, the effects of logging on forest ecosystems can be broadly classified as
either abiotic or biotic. Abiotic effects, which will not be discussed in detail here,
include: changes in soil conditions (carbon content, nutrient levels etc.); changes in
climate and hydrology (see Anderson and Spencer 1991 for a review); and indeed
economic and sociological changes (Johns 1988b, Uhl et al 1991, Wilkie et al 1992).

The biotic effects of logging on forests are primarily changes in vegetation
structure and composition (Cannon et al 1994, Johns 1988a, Kartawinata 1978,
White 1992, 1994a). Changes in spatial and temporal patterns of phenological
production may also be observed in certain circumstances (Johns 1988a, White
1994c¢). In addition, changes in population density and ecology of mammals
(Nummelin 1990, Plumptre et al. 1994, White 1992), birds (Owiunji unpubl. data,
Thiollay 1992) and invertebrates (Kasenene 1984, Nummelin 1991) have been
reported from several sites. Although the number of studies investigating the biotic
effects of logging are relatively few, some predictors of response have been
identified (Johns 1992, Skorupa 1988, 1986). Most of these observations are based

on logging intensities, ecosystems and post-logging conditions which are very site
specific and therefore should be considered as individual cases rather than widely
applicable examples.

Within this body of research, primates are one of the few taxa which have
been studied reasonably well. Their contribution to the total biomass, their

importance in the ecosystem as frugivores/dispersal agents, and the ease with
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which they are observed have been the main factors resulting in the depth of study
on this one taxon. In addition, some primate species may be important indicators
of forest health (Oates 1986) although the validity of this observation has been
recently questioned (Plumptre and Reynolds 1994). As a result of this focus on
primates, there is a growing body of literature comparing population densities and
ecology in logged and unlogged areas of forest (Grieser Johns and Grieser Johns
1995, Plumptre and Reynolds 1994, Skorupa 1988, Weisenseel et al 1993, White
1992, 1994). Specifically, the responses of primates have been characterised by
changes in activity budgets, dietary composition, group structure and demography
(Johns 1981, 1985b, Skorupa 1986). Classifying species on their dietary and
ecological flexibility has been suggested as one way of predicting responses
(Skorupa 1986, Johns 1992), and it is generally thought that more ecologically
specialised species are more likely to be adversely affected.

Some problems are encountered due to the methodological difficulties of
conducting 'before and after logging' studies, and indeed the long periods required
for investigating the effects of forest management on ecosystems. In some cases (e.g.
this study) post hoc logging studies can provide an opportunity to compare logged
and unlogged forest areas in a short term research period. This method makes the
basic assumption that the two sites were similar in terms of vegetation composition,
soils, climate and mammal densities prior to logging.

The Case Of Logging In Uganda.

Loss of forest cover in Uganda over the last 100 years has been no different
in rate and extent from many other African countries (Struhsaker 1981, World
Resources Institute 1988). Deforestation in Uganda due to forest clearance for
agriculture has been recorded as early as 5,000 years BP. and has continued up to
the present (Hamilton 1984,1986). Timber extraction has been carried out
throughout the 20th century and has resulted in most of Uganda's Forest Reserves
being logged to some extent (Howard 1991). The remaining forest cover therefore
consists mainly of disturbed or secondary forest with small areas of protected

natural forest present in a system of Nature Reserves. At present total forest cover
amounts to around 3% of Uganda's land surface and is being lost at an estimated

rate of 2% per annum (Struhsaker 1987). Demands for timber, fuelwood and

agricultural land are increasing (Tabor et al. 1990, Struhsaker 1987) and like many
other African nations, Uganda is in the process of developing its economy and

infrastructure. Given the market value of timber at present, harvesting of mahogany



presents an opportunity to make use of the remaining forest areas to generate
income. However there is also an increasing awareness that the bio-diversity of the
forest ecosystems should be conserved (Howard 1991) and attempts are being
made to ensure that timber harvesting from the country's remaining forests is
sustainable. Uganda is therefore in the process of integrating timber harvesting and
conservation of forest biodiversity in its remaining Forest Reserves. In addition to
helping design better systems of management, investigating the effects of logging
can help understand the ecological value of 'secondary’ or logged forests (Brown
and Press 1992, Grieser Johns and Grieser Johns 1995). Howard (1991), in his
recommendations for research aimed at improving management in Ugandan Forest
Reserves, listed research into the impact of logging on wildlife communities as one
of the priorities. As well as a program to increase the size of the Nature Reserve
system within the Forest Reserves, continuing research into the effects of timber

harvesting on the ecosystem is therefore a vital part in achieving that goal (Tabor et
al. 1990).

Rationale For This Study.

Despite the fact that a growing number of studies have investigated the
relationship between logging and primate densities, few have investigated in detail
the ecological response of primates in terms of diet, ranging patterns and social
organisation (but see Johns 1981, 1986, 1988a). Evidence that primate densities in
logged (and 'disturbed') forest are often higher than those in similar but unlogged (or
'undisturbed') forests is growing (Fimbel 1994, Grieser Johns and Grieser Johns 1995,
Pinto et al. 1993, Plumptre and Reynolds 1994). In the context of this observation,
it is important to understand the factors responsible for the higher densities and to
incorporate such knowledge into forest management systems.

Preliminary findings of census work in the Budongo Forest Reserve indicated
that primate densities were higher in all compartments of logged forest as compared
to unlogged forest (Plumptre et al 1994). These differences were highly significant
for three out of five species of primate but the exact processes causing these density
increases were not known. This study was therefore undertaken to investigate what,
if any, ecological differences were observed between groups of blue monkeys
(Cercopithecus mitis stuhlmanni ) in logged and unlogged forest and if such
differences were important in determining blue monkey density. In Budongo, blue
monkeys in neighbouring areas of forest exhibited distinct differences in density and
were relatively easy to habituate to the level required for collection of detailed
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ecological information. In addition, there is a large body of comparative information
detailing the ecology of the C.mitis group in a range of sites where previously
studied. It was thought that an investigation of blue monkey ecological adaptations
in relation to vegetation differences in logged and unlogged forest would allow the
testing of the following hypotheses regarding the effects of logging:

1.2 HYPOTHESES

The first hypothesis being tested is that logging in undisturbed forest has
resulted in significant long term changes in vegetation structure and composition. A
comparison of tree species diversity and relative abundance is likely to reveal
differences 45 years after logging. Vegetation structure, abundance and distribution
of important food tree species and habitat heterogeneity may also differ between
the two areas. In addition to differences in species composition and abundance,
differences are also predicted in patterns of seasonal plant part production. Spatial
and temporal differences in plant part production are likely to exist between logged
and unlogged forest, and may have important consequences for blue monkey food
availability. Secondly, and as a direct result of these food availability differences, it
is expected that dietary composition and activity patterns will differ between blue
monkeys in logged and unlogged forest. Foraging strategies, manifest in total range
size, activity patterns and patterns of range use are also predicted to be influenced
by diet and food availability. The main hypothesis states that the long term effects
of logging will result in an increase in population density of blue monkeys in
Budongo by increasing the food availability and habitat suitability. The effects of
logging on wildlife populations and habitat carrying capacity will then be discussed
and an attempt made to describe the pattern of the post logging population density
increase. In this discussion, it is stated that the particular circumstances leading to
this effect are specific to Budongo and may not apply elsewhere. However, some
general principles may be relevant to integrated conservation and timber harvesting
in Uganda's remaining forests.

Finally, in the context of forest regeneration following logging I will test the
hypothesis that blue monkeys are more likely to be seed destroyers rather than seed

dispersal agents in Budongo. This will give some indication of their relative
importance in encouraging forest regeneration.
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CHAPTER 2

STUDY SITE AND STUDY SPECIES

2.1 STUDY SITE

Location, Soils and Climate.

The Budongo Forest Reserve (Plate 1) lies between 1° 35'-1° 55' N and
31°18'- 31°42'E in the Masindi district of Western Uganda (Map 1). With a total
area of 793km? (428km? of which is continuous forest cover) the reserve constitutes
the largest and one of the most valuable timber forests in Uganda (Howard 1991).
Lying on the edge of the Albertine rift valley, the forest is similar in floristic
composition to the forests of the Zaire basin but also contains representatives of

East African forest and savannah vegetation communities (Langdale-Brown et al.
1964).
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Map 1: Location of Budongo Forest Reserve within Uganda.



Most of the forest lies between 750-1250m above sea level and occupies
gently undulating terrain with a gentle slope NNW towards the edge of the
Albertine escarpment. The climate of the area is tropical, with a mean annual
rainfall of around 1600mm and two wet seasons, March-May and September-
November. A long dry season occurs during December-February (Figure 2.1) and a
shorter dry season also occurs between May-September. Annual average minimum
and maximum temperatures as recorded at the Budongo Forest Project Field station
range between 17-20° C and 28-29" C respectively and mean monthly temperatures
are fairly constant throughout the year (Figure 2.1). Dry periods and per-humid
periods [following the classification of White (1983)] are shown in Figure 2.1.
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Figure 2.1. Mean monthly Rainfall (mm), 1992-1994 and Temperature (° C), 1993 to
1994 recorded at Budongo Forest Project Field station: D=dry period (when water
is scarce for plants), P=Per-humid period (rainfall above 100 mm per month): after

White (1983).
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The climate during the 12 month study period (July 1993 to June 1994) was
fairly typical of the annual climate for Budongo except for a slightly lower rainfall
during one rainy season (Sep-Nov) and perhaps a drier than normal long dry
season from January-March (Figure 2.2).

Rainfall

200  eemces Temperature 10
"""""""""""""""""" 25 o
R Ny A :
g "Y1 ... -
% 20 §
: £
2 5
: 100 15 .§
: H
5 s
= 108
50 -

s

0 0

2 8 F B B B 2 B § & 3§ 3

Main study period (July 1993-Jun 1994)

Figure 2.2. Mean monthly Rainfall (mm) and Temperature (° C) during the 12
month study period (July 1993-June 1994).

The forest is drained by two small rivers, the Sonso and the Waisoke, both
of which flow into Lake Albert and although some areas of seasonally swampy
forest exist, the forest is generally dry. Underlying rock throughout most of the
forest consists of gneiss's, schist's and granulites of the Basement Complex, overlain

by Bunyoro Series sediments. Soils can be broadly classified into two types:
ferralitic mainly sandy soils and sandy clay loams (Howard 1991).

History
There is general agreement that forest expansion across Uganda occurred

around 12,000-10,000 years BP..(Hamilton 1981) following a long period of
reduced forest cover due to the much drier conditions which had prevailed. During

this forest expansion, which took place in a West-East direction, the forests on the
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Eastern edge of the Western rift (e.g. Budongo, Bugoma, Itwara, Kibale) probably
reached their maximum extent at around 8000 to 3000 years ago (Hamilton 1981,
Synott 1985). Fluctuations in forest cover subsequently occurred, but the overall
trend was towards a reduction in cover . The earliest records of forest clearance by
man in Uganda are around 5,000 years BP. (Hamilton 1986) and deforestation has
continued up to the present (Tabor et al. 1990). Archaeological work dating Bahima
earthworks from neighbouring Bugoma Forest Reserve suggests that forest cover was
greatly reduced during a drier period around 600 years ago (Lanning 1953). In more
recent times (perhaps as recently as the last 70 years) the forests may have
undergone local expansion although the exact trend is uncertain (Hamilton 1981).
Dry season burning of grasslands was thought to be causing an expansion of
grassland areas at the expense of forest cover and seasonal migrations of elephants
from neighbouring Murchison Falls National Park may have influenced gap
formation in the past (Johnstone 1969). Work currently being carried out by D.Shiel
investigating forest dynamics in Budongo may shed some light on the present
changes occurring and the effects of management on large scale vegetation structure
(Shiel unpubl report).

Budongo Forest Reserve has a long history of management and exploitation.
The Forest Reserve was officially gazetted between 1932-1939 and timber
harvesting has taken place in at least 77% of the forest (Howard 1991, Synott
1985). The first commercial exploitation began as early as 1905 when visiting
scientific officers noted the presence of wild rubber - Funtumia elastica.. Rubber was
then harvested for several years until 1910 when it became commercially non-viable
(Phillip and Beaton 1965). Subsequently Budongo's value as a timber producing
forest was realised and selective timber harvesting using manual (pit-sawing)
techniques began as early as 1915. Mechanical selective timber harvesting continued
subsequently and the first major sawmill was established in 1925. Most of the
timber which has been harvested from Budongo consists of mahogany (Genera:
Khaya - (one species) and Entandrophragma (three species)) but other species have
also been extracted (Eggeling 1947b). Timber extraction and forest management
continued throughout the 1940s to 1960s when Budongo represented up to 28% of
Uganda's standing timber resources and supplied five sawmills (Phillip and Beaton
1965). Initially, a polycyclic selective felling system was used, but latterly this was
adapted to a monocyclic system with 60 year rotation (stems >70 cm dbh being
harvested). As well as harvesting mahogany, the Forest Department also carried
out extensive mahogany replanting and silvicultural treatment in regenerating forest

11
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(e.g. cutting climbers, poisoning unwanted tree species). One of the key principles of
the management applied in Budongo was to break up the Mature forest type and
encourage a return to Colonising and Mixed Forest which supported a higher
density of mahoganies (Phillip and Beaton 1965).

Timber harvesting continued throughout the 1970s and 1980s, but the
effectiveness of the Forest Department was considerably eroded due to a general
decline in law and order in the country together with greatly reduced funding
(Hamilton 1984, Howard 1991). Sawmills found it increasingly difficult to operate
under such conditions and timber processing was greatly reduced as a result. In
addition, levels of illegal timber felling increased during this period. Attempts have
been made in the late 1980s and 1990s to restore the ability of the Forest
Department to manage its forests, and in recent years, the management of Budongo
has once more become a priority (Howard 1991). In addition to re-marking
boundaries, carrying out research and monitoring timber extraction by sawmills, an
ecotourism program has been initiated. Despite these positive steps there still
remains a widespread problem of illegal timber extraction by pit-sawyers.

Despite the fact that such a large proportion of Budongo has undergone
some form of selective felling and/or silvicultural treatment, part of the
management also included the setting aside of strict Nature Reserves where timber
harvesting or other forms of exploitation are controlled. Research plots were also
established between 1933-1944 to study growth and forest dynamics (Phillip and

Beaton 1965) and some of these are important in monitoring forest dynamics (Shiel
unpubl. report).

Vegetation

Due to its position in a transitional zone between the forests of the Zaire
basin and the savannahs and woodlands of drier East Africa, Budongo is one of
the most botanically diverse Forest Reserves in Uganda. Synott (1985) listed a total

of 240 tree species, 246 terrestrial herb species and numerous epiphytes, lianas and
shrubs. Howard (1991) stated that Budongo is probably the most important forest

in Uganda for tree species conservation. There also exists an extensive series of

floras for the forest arguably making it one of the best studied forests in Africa from
a botanical point of view (Synott 1985).

The forest can be broadly classified as medium altitude semi-deciduous
(Langdale-Brown 1964) and consists of several distinct vegetation communities

12




Plate 2. A view of unlogged forest, Compartment N15, showing sparse
undergrowth and heavy shading Cynometra canopy.

A view of logged forest, C ompartme
undergrowth and heterogeneous forest structure.

nt N3, showing dense
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(see Eggeling 1947a, Langdale-Brown 1964 for details). These communities
represent three main stages of succession: colonising forest, mixed forest and
Cynometra forest (succession taking place in that order). Following logging, a fourth
vegetation community, mixed-exploited forest, can also be recognised. In addition,
areas of swamp forest and wooded grassland exist locally throughout the forest
reserve where conditions are suitable. The original classification of these vegetation
types has remained little changed since they were first published by Eggeling
(1947a) and they are described in detail elsewhere (Langdale-Brown 1964, Synott
1985).For the purpose of this study a brief description of the main vegetation types
in the two study sites follows:

Mixed-Exploited forest (Plate 3): This forest type occurs throughout
Budongo following logging but is broadly similar to mixed forest which may have
existed with naturally occurring disturbances (eg wind throw or lightning strikes).
As in Mixed forest stands, common species are Alstonia boonei , Celtis spp.,
Chrysophllyum albidum , Funtumia elastica , Ficus spp., Trichilia spp.. This forest
type has a high tree species diversity together with a much more diverse and heavy
undergrowth. Mahoganies are abundant in Mixed forest, but being the main species
removed during timber felling, they are less abundant in Mixed-exploited forest.

Cynometra-Mixed forest (Plate 2): Thought to make up about 30 % of total
forest cover when Eggeling classified vegetation types in Budongo(1940's), but since
reduced in extent this forest type is thought to be the climax vegetation type in
Budongo. Classified as a mono-dominant forest (Connell and Lowman 1989, Hart
et al. 1989) with Cynometra alexandri as the dominant species, other species such as
Lasciodiscus mildbraedii , Rinorea ilicifolia are common in the understorey. Other
common species include Celtis mildbraedii , Celtis zenkerii and Strychnos mitis. The
understorey and ground vegetation is much more open with fewer species of herb
and shrubs probably due to the heavy shading of the Cynometra canopy.

' A comparison of aerial photographs from the 1950's and 1990 has shown
that the extent of Cynometra and Cynometra-mixed forest was greater prior to much
of the logging and subsequent arboricide application which has been carried out.
This reduction in the amount of these forest types has corresponded with an
increase in the amount of Mixed and Mixed Exploited forest (Plumptre et al.1994).

14




Fauna

In common with other Ugandan Forest Reserves, the fauna of Budongo does
not show the same species diversity as forests further west through the Zaire basin
or those in West Africa, but is important in an East African context (Hamilton
1988). Howard (1991) reports 159 species of bird, (some of which are restricted to
Budongo and the few other forests in the west of Uganda) and 42 species of
swallowtail butterfly occurring within the reserve. The chimpanzee population may
be the largest single one in Uganda and the forest is also noted for the presence of

other rare or threatened species: eg. Nahans francolin, African giant swallowtail
butterfly and leopard (Howard 1991).

Mammal lists are relatively well known (see Howard 1991 for details) and
are fairly similar to other Ugandan forests. Kingdon (pers. comm.) observes that
Budongo, being a relatively young, low diversity forest, probably has a fauna
largely derived from colonising forest species. The primate fauna of Budongo
consists of 5 species - the Redtail monkey (Cercopithecus ascanius schmidtii
Matschie), Blue monkey (C.mitis stuhlmannii Matschie), Black and White colobus
(Colobus guereza occidentalis Rochebrune), Baboon (Papio cynocephalus anubis Fischer
), and Chimpanzee (Pan troglodytes schweinfurthii Blumenbach). Vervet monkeys
(Cercopithecus aethiops Gruppe) also occur around the forest edge but are not
frequently observed within the forest. Although illegal hunting still continues within
parts of the forest and 'accidental' chimpanzee snare wounds are quite common,
primates are generally not hunted for meat in Budongo. Previous short-term studies
of primate species have been carried out in Budongo (Albrecht 1976, Aldrich-Blake
1970, Marler 1969, Reynolds and Reynolds 1965, Suzuki 1979) although most of
these studies were qualitative and concerned with collecting auto-ecological
information. Therefore until the Budongo forest project began there had been little or
no research carried out examining the effects of logging on the fauna.

The Budongo Forest Project
During the years from the 1940s to 1960s, a large amount of research
classifying vegetation and investigating vegetation ecology in relation to timber

production was carried out in Budongo (Eggeling 1947b, Treneman 1954, Johnstone
1969). There was however little active research into the effects of logging

disturbance and subsequent vegetation change on wildlife communities. The
Budongo Forest Project was initiated in 1991 to address this lack of pridr research

(Reynolds 1992). The main aim of the project was to investigate the responses of
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wildlife to habitat modification following logging and the role of fruit eating
primates in forest regeneration (see Plumptre et al. (1994) for details). Initial
research focused on chimpanzee ecology in logged and unlogged forest (Bakuneeta
unpubl.) and primate densities in logged and unlogged forest (Plumptre and
Reynolds 1994). Research has subsequently diversified into examining the effects of
logging on other groups (squirrels, birds, bats), and habitat preferences of primates
(A.Plumptre pers.comm.).

2.2 LOCATION FOR THIS STUDY

In order to compare the ecology of blue monkeys in logged and unlogged
forest, two adjacent study sites were chosen (Map 2). Both study sites have the
same gently undulating topography and lie at approximately the same altitude.
Rainfall is likely to be very similar and although there are some differences in soil
conditions, there is no clear relationship between soil differences and vegetation
differences (Walaga 1993). Examination of aerial photographs of the logged
compartment [N3] taken prior to logging (1940's), show that it was predominantly
Cynometra-Mixed forest and therefore was probably floristically similar to the
unlogged compartment [N15] (Plumptre et al 1994).

Prior to this study, a grid system of approximately 100 x 100m trails had
been cut in compartment N3 and existing trails in compartment N15 were extended
to form a similar grid system. These trail systems were mapped and 1:3000 scale
maps drawn. Both sites probably experience low levels of snaring for bush meat,
but it is almost unknown for primates to be hunted for bush meat as there is a
widespread taboo against eating primates amongst the majority of ethnic groups
living around the Forest Reserve (C.Hill pers. comm.).

16




Map 2: The Budongo Forest Reserve showing Compartments N3 and N15.
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SITE 1: The logged site (Compartment N3: Map 2) consists mainly of
Mixed-exploited forest (Plate 2) and has a total area of 585 hectares. It was
selectively felled in 1947-1952 and felling in this compartment was carried out at
one of the heaviest intensities across the whole of Budongo, 80m” of timber being
removed per hectare™ (Eggeling 1947b). Approximately half of the timber felled
was 'Mahogany': Khaya anthotheca, Entandrophragma angolense, E.utile and
E.cylindricum, while other species felled for timber included : Alstonia boonei,
Cynometra alexandri, Albizia coriara, Milicia excelsa, Cordia milleni, Erythrophleum
guineense, Lovoa brownii, Morus lactea, Riciniodendron heudelotti, Maesopsis eminii,
Mildbraedeodendron excelsum, (Treneman 1954). Subsequent to felling, silvicultural
operations in 1959-1961 involved application of both 'liberation' and 'refining'
treatment. Liberation involved the poisoning* of ‘undesirable’ species in the vicinity
of 'desirable' species which were of 6 feet or more in height or had a girth of 5" or
more (Phillip and Beaton 1965). This was aimed at enhancing the growth of
selected individuals of desirable timber species. Refining involved poisoning* of all
undesirable species with a girth over 3". This was therefore a less selective
procedure and was designed to remove all individuals of weed species over a
certain size. Replanting of mahogany seedlings was also carried out in compartment
N3 in an effort to increase the density of mahogany stems.

t This equates to approximately 3 large mahogany stems per hectare.

* Poisoning (both treatments) involved the use of arboricide/diesel mix applied with a
hand sprayer.

SITE 2: The unlogged site (Nature Reserve N15: Map 2) consists mainly of
Cynometra-Mixed forest (Plate 3) and has a total area of 750ha. This compartment
is situated approximately 4.5 kilometres to the West of N3 (see Maps 2) and was
gazetted a Nature Reserve in 1930, when Budongo was first declared a Forest
Reserve. There has been no mechanised felling of timber within the Nature Reserve.
Some illegal pit-sawing may have taken place in the past, but at present there are
few signs of any such activity. This forest therefore represents the undisturbed
natural climax vegetation type in Budongo (Eggeling 1947a).

18



Plate 4.a. Adult male blue monkey (Cercopithecus mitis stuhlimannt), Group N3Z.

Plate 4.b. Adult female blue monkey (Cercopithecus mitis stuhlmanni), Group N32.
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2.3 THE STUDY SPECIES

Taxonomy

The Ugandan race of the blue monkey (Plate 4. - Cercopithecus mitis
stuhlmanni ; ﬁereafter referred to as the 'blue monkey') is a member of one of the
most diverse super species of the African guenons (Lernould 1988, Sineo 1990,
Wolfheim 1983). There is some theoretical debate as to whether this super species is
further divided into three species groups: C.nictitans , C.mitis and C.albogularis ; or
only two species groups: C.nictitans and C.mitis/albogularis (see (Lernould 1988 and
Sineo 1990 for taxonomic reviews). Recently, Sineo (1990) presented evidence for a
distinction between C.mitis, C.nictitans and C.albogularis karyotypes but suggests a
super specific grouping for the three forms. The C.mitis super species (sensu Sineo
1990) has a wide distribution through Southern Ethiopia, Central and East Africa
as far south as Malawi and Southern Africa [ C.mitis erythrarchus or samango]
(Wolfheim 1983). Sub species of the C.mitis group occupy a broad range of habitat
encompassing a large altitudinal range and vegetation types. These range through
coastal dune forest, montane bamboo forest, and lowland forests with a range of
altitudes and rainfall (see Table 2.1).

Ecology

The evolution of all African guenons is thought to be a very recent
phenomenon and there is a growing body of evidence that suggests that the C.mitis
group is one of the most recently divergent amongst the Cercopithecini (Leakey
1988, Lawes 1990, Sineo 1990). It is also probably one of the more recent species to
occupy a forest niche. Blue monkeys in Uganda are therefore likely to be very recent
colonisers of forest habitat. At present the blue monkey occurs in eleven of
Uganda's major Forest Reserves as well as many of the smaller forest reserves
(Howard 1991) in a range of forest types, with two different sub species (C.mitis
kandtii and C.mitis doggetti ) occurring in higher altitude forest in the South west of
the country (Aveling 1984, Butynski and Kalina 1993).

There have been several detailed studies carried out on the general ecology
of the C.mitis group and there is considerable information on group structure, diet,
activity and ranging patterns (Butynski 1990, Cords 1986a, 1987, 1988, Lawes
1990, 1992, Rudran 1978). Where previously studied, C.mitis shows some variation
in population density, group size and range size (see Table 2.1).
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Table 2.1. Comparative estimates of population density, group size and other

ecological paramete OMm previous stuaies or €1
Study site Group size Range size Density % Fruit Forest

114 mating systen : [1¢ _‘dll
Budongo, Uganda. 13.3° 8.04" .- e Medium altitude
(Aldrich-Blake, 1971) (five one male, moist semi-

one two male) deciduous
Budongo, Uganda 1125 ° 12.81 ° 43.9 50.35° * y
(Plumptre et al. 19%, (mean for Budongo)
this study)
Kibale, Uganda. 25 60.5-73 41.75 42.7 Medium altitude
(Struhsaker 1978) (one male) moist evergreen/
semi deciduous

Kibale, Uganda. 20.8° 72.05° ene- 42.7 " "
(Rudran 1978a) (three one male,

one two male)

Kibale, Uganda.!  Kanyawara

(Butynski 1990) 18.25° 33.0° 53.36 27.7 " "

Ngogo

15° 253 ° 4.5 30.1

(all one male)
Kakamega, Kenya. 45 37.75 169 65.6 Drier type lowland
(Cords 1987) (one male) rainforest.
Diani, Kenya. 18-22 ceve oo 57.1 Coastal lowland
(Moreno-Black (one male) dry forest
and Maples, 1977)
Muguga, Kenya 163" 13.7° 118.9 --o= Dry upland
(DeVos and Omar 1971) (one male) evergreen forest
Kahuzi, Zaire. 12.33° 25° ——eo 37 High altitude
(Schlichte, 1978) (one male) mountain forest
Ituri, Zaire. 4-16 come 242 7.5 -oe- Lowland rainforest
(Thomas 1991) n/a
Zomba, Malawi. 11 8 16-40 42.1 Evergreen montane
(Beeson 1985) 19 25 forest

(one male)
Cape Vidal, 30-35 15 202 51.7 Indian Ocean
S.Africa. (one male) coastal belt dune
(Lawes 1991) forest.
Ngoye, S. Africa. 16 -—e- 48 91.1 Coastal scarp
(Lawes et al. 1990) (one male) forest
NOTES

* = Mean for several groups.
1. Two study sites, one with a high density population, one with a low density population.

As shown in Table 2.1 the density estimate for Budongo lies in the mid-
range of densities estimated at various other sites. This estimate for the whole
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forest is calculated across several different compartments (Range=7.7 ind/km? to
85.9 ind/km? (Plumptre et al. 1994)).

Group structure in C.mitis is broadly based on matrilineal female groups
with normally one resident male (Cords 1988). However, there is growing evidence
that the mating system may not be as rigidly one male as previously thought
(Rowell 1988). Seasonal influxes of extra-group males has been reported in two
sites by Henzi and Lawes (1987) and Cords et al. (1986). Group size has been
shown to vary considerably and it is likely that the quantity and distribution of
food resources determines the number of females in the group (sensu Wrangham
1980). Diet and activity patterns also vary depending on habitat quality,
seasonality of climate and other factors (Beeson 1989, Cords 1986, Lawes 1992,
Lawes and Piper 1992). Lawes (1992) reported that activity budgets in samangos
(Cercopithecus mitis erythrarchus ) were determined largely by food abundance,
temperature and daylength, concluding that a great deal of flexibility exists within
the species. Generally speaking, the major component of the omnivorous diet
consists of ripe and unripe fruit, supplemented by young leaves, buds, insects and
flowers. Periods of dietary stress have resulted in the exploitation of unusual food
sources such as bark (Beeson 1986) and even vertebrate prey such as mice
(Wahome et al 1988).

Previous accounts of seed treatment by blue monkeys classify them
primarily as seed destroyers (Rowell and Mitchell 1991) although like other
Cercopithecines they do make extensive use of cheek pouches to process fruit,
discarding intact seeds after removing pulp. Range sizes vary considerably (Table
2.1) and in general group ranges are exclusive with some degree of overlap occurring
at the extent of a group's range. Females appear to play a major role in defending
these ranges (Butynski 1982b, pers. obs.), as has been suggested for other arboreal
guenons (Hill 1994).
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CHAPTER 3

GENERAL METHODS

3.1 DAWN TO DUSK FOLLOWS

Commencing in February 1993 four groups (two within the trail systems of each
compartment) were selected, and habituation of these groups was initiated. Prior to
habituation, the same groups were consistently found by searching in the vicinity of
where a group was last contacted. As habituation and preliminary observations
progressed, groups could be identified by i) their composition ii) individuals with
recognisable features and iii) the loud calls of the male (see Butynski et al. 1992).

Once the four groups were considered to be well habituated to observers
(May 1993), 12 hour follows were commenced by myself and Geresomu Muhumuza.
The original aim was to follow each of two groups for five consecutive days per
month. There is in fact no apparent logical reason for choosing a five day sampling
regime, but it appears to have become widely accepted as the conventional method.
However, since this study was extended to include four groups, it was logistically
easier to carry out follows of two consecutive days per group at two week intervals
(four days per month per group). Choice of four groups instead of two was aimed
at providing a wider database with which to make comparisons regarding diet and
ranging patterns. Basing dietary analyses on only one group may have given rise to
a bias in diet due to local preferences (Chapman and Fedigan 1990) and individual
group ranges may also vary considerably.

Scan Sampling

The four groups were identified by the following codes and will be referred
to using these codes throughout the thesis:

N31 Group 1; logged compartment N3
N32 Group 2; logged compartment N3
N151 Group 1; unlogged compartment N15
N152 Group 2; unlogged compartment N15

Groups were located on the evening prior to carrying out a follow and then
were relocated the following morning at approximately 7am. Follows continued
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until 7pm or until poor visibility early in the evening meant that age/sex
classification was difficult. Data collection was suspended during periods of heavy
rain when it became difficult to observe the group and record scan data. During
such periods, the monkeys usually retreated to thick vegetation and remained fairly
inactive. Groups usually settled for the night before or around 7pm and thus could
be located in the same locality the following day.

During dawn to dusk follows, the group was scanned (using 10 x 40
binoculars) from left to right every 15 minutes, starting on the hour. Scans lasted 10
minutes or until five individuals had been sampled, whichever came first. This
sampling technique reduces biases in over-sampling individuals or activities which
are more obvious to observers. When an individual was detected during a scén, the
first discernible activity lasting for more than five seconds was recorded. If the
individual's activity could not be determined after one minute had elapsed, the next
individual was sampled. Individuals were assigned to age-sex classes consistently
by both observers based on physical characteristics. The only difficulty involved in
distinguishing between age-sex classes was when infants began to spend more time
independent of their mother. At this stage they may have been classified as
juveniles when moving independently but later classified as infants if picked up
and carried by the mother. Any observed changes in group composition were
recorded when first detected and in some cases demographic changes such as
death, emigration or immigration were inferred from the disappearance/appearance
of individuals.

For each individual sampled, the following information was recorded:

Age-Sex Classes

ADM: Adult male,: 5 yrs and above. Larger body than adult females and immature males, well
developed whitish whiskers.

ADF: Adult female: 3yrs and above. Nipples prominent, cycles noticeable, body smaller than
adult male but larger than a sub adult.

SA: Sub Adult: between 1.3 and 3/5 yrs (females and males respectively).Sexes were identified

where possible, males having larger body size than females and sometime identifiable by their
attempted adult male vocalisations.

JUV: Juvenile: much smaller than Sub adult but moving independently of mother.

INF: Infant: Still dependant on mother, often carried and still unweaned.
Activities

Feeding: active handling or ingestion of food including chewing or processing in cheek
pouches.(FE)
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Foraging: searching or manipulating plant material in the apparent search for food.(FO)

Resting: body stationary, monkey sitting, standing or lying not engaged in any other

activity (REST).

Moving: travelling outside a food patch:

moving entire body, not foraging(MOV).

Vigilant: head up, not feeding or foraging, but watchful for predators or other groups

(VIG).

Grooming: Either self grooming (5G), subject as groomer (SGR) or subject as groomee (SGE).

Playing: (PLAY).

Vocalisiﬁg: Either males making loud 'pyow’ calls or females involved in inter group

territorial aggression (VO).

Height In Canopy
LOW:
MID:
HIGH:
EME:
Food Items

0-10 metres

11-20 metres

21-30 metres.

30 metres and above, emergent trees,
not part of continuous canopy.

When an individual included in the scan was feeding, a tree species code

and an item code were recorded. Tree species codes were those already used by

other members of the Budongo Forest Project and item codes were as follows:

MLi.....
YLi......
LLa......
BU.......
UEi......
RF.......
i
INV;....
REED:.
BA.

lllllll

L E N AN ENERK N

llllllllllll

i A NN NN NN N

llllllllllll

IIIIIIIIIIII

.Jnature leaves
YOuNE Jeaves
leaf.peticle

Jeaf huds

qnripe fruit

ripe frwit
Slowers
invertebrate.food

............ seeds

hark

After sampling five individuals or ten minutes had elapsed (see above) the
following group information was recorded:
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- Location of the centre of mass of the individuals sampled was marked
on a map (scale 1:3000).

- Weather conditions coded as sunny (SU), overcast(OV), cloudy (CL),
heavy rain  (HR), light rain (LR), windy (WI), or a combination of the
above codes.

- Association/Interaction with other species, coded as Black and white

colobus (BWC), Redtail monkey (RT), Baboon (B) or Chimpanzee (CH).

Additional ad libitum records of 'rare events' such as mating, eagle attacks,
infanticide etc. were made and dung samples were collected opportunistically for
subsequent analyses (see Chapter 7: Seed Dispersal).

Despite random sampling being used, some age-sex classes in the four
groups were not sampled as frequently as expected. Previous studies of blue
monkeys (Cords 1987, Lawes 1992) have shown some differences in the dietary
composition and activity budgets between age-sex classes. In order to reduce bias in
the data from certain age-sex classes being over-sampled in one group compared to
another, data were corrected (described in Chapter 4).

3.2 VEGETATION

In order to investigate differences in forest structure, species composition
and abundance, vegetation plot enumeration was carried out in the home range of
two of the study groups (one in logged forest and one in unlogged forest). Given the
relatively small size of the ranges used by all four groups (see Chapter 8) it was
decided to enumerate two ranges (one from each compartment) in detail by
sampling all of the home range area used during the study. Vegetation sampling was
not started until after 10 months of group ranging data had been collected in order
that the range of the two groups was reasonably well established. In order to avoid
sampling unrepresentative areas of the group range, vegetation plot analyses were
confined to areas of the range where groups had been regularly recorded while areas
on the periphery of the known range were excluded.

Within each range 25 x 25m plots were laid out on a grid system on North-
South/East-West axes. The position of each plot was recorded on the appropriate
1:3000 scale trail grid map. A plot size of 25 x 25m was selected to give a
practicable size of plot in which to measure all trees easily and, if necessary, data
from several adjacent plots could be pooled to give a larger sampling unit.
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Within each plot every tree over 10 cm diameter at breast height (dbh) was
identified and the dbh recorded in centimetres. Buttressed trees were measured at
1.5m from the ground. As well as recording species identification and dbh, each
tree was classified into a 5 metre height category from 1-7 by visual estimate:

Tree height categories (m)

| USSR 0-5
2eieniinerrererenes 6-10

C JTT 11-15

¢ 16-20

Dt trirrrnnerrerasiens 21-25
Buirrnrnrrneenienns 26-30

7 eerirenereniesennnns 30 and above.

Individual trees were scored for presence of climbers/lianes where a score of 1
meant few climbers were present and a score of 4 meant heavy climber cover in the
tree.

Botanical samples were collected from unidentified individuals and were
subsequently identified either using the Budongo Forest Project herbarium (compiled
by A.Plumptre) or at the Makerere University Herbarium. Some specimens
remained unidentified, these are referred to below by their code number.
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3.3 PHENOLOGY

To document and compare seasonal availability of mature leaves, young
leaves, fruit and flowers in the two sites, selected trees were monitored every two
weeks and scored for production. Trees selected for phenological observations were
those known to be important as food for blue monkeys [from Aldrich-Blake's
(1970) food species list and A.Plumptre unpubl. data]. Although some of these
species were later found not to be used extensively, trees producing the major food
items were all included (see Chapter 6). Trees were sampled in two ways: firstly,
phenology trails were established where individual food trees of dbh > 30 cm were
tagged dm either side of the trail for monitoring. One trail was established in each
compartment, passing through the ranges of both groups in the compartment. The
N3 phenology trail was 2.45km long and the N15 phenology trail was 2.6km long.

The second sampling technique involved marking out ten 20 x 50m plots
randomly located within the ranges of the four groups and tagging any tree greater
than 30cm DBH used as food. This resulted in 40 plots, 20 in each site, 10 in each
range. In both cases, only healthy trees with easily visible canopies were chosen to
ensure accurate scoring by observers.

To ensure consistency between observers (myself and Geresomu Muhumuza)
tree scoring was carried out on a representative subset of trees and scores
compared subsequently. Any differences in scoring were then discussed and
standardised. The scoring system used was the same as that employed by
A.Plumptre, C.Bakuneeta and other researchers in the Budongo Forest Project as
well as researchers in other tropical field sites (Chapman et al 1992, 1994).

Scores were on a 0-4 scale as follows for the following items:

O, 0 % of the canopy producing the item
| SRS 1-25% " 0
2. eeeereeeseesrreeresenesesenenss 26-50% " !
C IR 51-75% " "
Lo, 76-100% " "

Trees were scored for: Mature Leaves, Young Leaves, Leaf buds, Unripe

fruit, Ripe fruit and Flowers. Mature/Young leaves and Ripe/unripe fruit were

distinguished on the basis of visual cues (colours, textures) as well as prior

knowledge of the tree species concerned.
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3.4 ANALYSES

Since the data did not satisfy the requirements for parametric statistical tests,
non-parametric tests were carried out in most cases (Campbell 1989). All data
were entered into files using Excel (version 4.0) for Macintosh and statistical tests
were carried out using SPSS (Macintosh version). Graphs were produced on
Kaleidagraph. Analyses on ranging patterns were carried out using Wildtrak (Todd
1993), a software package written for non-parametric analyses of radio tracking
data on Macintosh computers.

29

(2t



[ ]
J1AaDLE ! [ X {1 { Srsigi®

CHAPTER 4

HABITAT COMPOSITION
4.1 INTRODUCTION

There is increasing evidence that population density, group size, and ranging
patterns in primates are determined by a combination of i) the distribution and
abundance of food resources and ii) predation pressure (Garber 1987, Newton
1992, Oates et al 1990, Van Schaik and Horstermann 1994, Wrangham 1980). For
guenons however, predation pressure plays a lesser role in determining group size
owing to the frequent formation of polyspecific associations (Van Schaik and
Horstermann 1994). Formation of polyspecific associations precludes an increase in
the number of males per group (hence an increase in group size) therefore predation
is unlikely to be a proximate factor determining group size in blue monkeys.

On the contrary, food distribution and abundance is likely to play an
important role in determining primate group size, home range area and patterns of
range use (Gautier-Hion 1988, Gautier Hion et al 1981, Harrison 1983, Lawes 1992,
Newton 1992, this study). The distribution and abundance of plant food resources
is determined both by tree species diversity and composition within the habitat. A
study of the comparative ecology of a primate species in logged and unlogged forest
therefore requires an investigation of the structure and composition of the
vegetation which comprises the home range of groups.

Selective logging can cause reduction in total basal area and canopy cover
(Cannon et al 1994, Johns 1992) and lead to changes in the tree species composition
and abundance not only for the tree species valued as timber trees but those
damaged during felling operations. In addition, certain lianes and understorey
species may be affected (White 1994a) and in some circumstances conditions for
liane growth may be enhanced. Treefalls and branch loss rates may change
following logging and influence vegetation structure and composition (Kasenene
and Murphy 1991). Distribution of basal area among tree species can determine
relative food availability (Chapman et al. 1994) and estimates of food availability
derived from basal area estimates can be useful predictors of carrying capacity. The

structure of the forest can also influence vertical ranging patterns and movement
pathways of primates(Johns 1988a).
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Due to the particular nature of the unlogged forest occurring in Budongo and
its tendency towards mono-dominance (Eggeling 1947a, Connell and Lowman
1989), it is also of interest to discuss the direct effects of logging on this forest type.
Cynometra forest is considered a climax vegetation type in Budongo and may
become dominant in the absence of disturbance (Eggeling 1947a, Hart et al. 1989).
This has important implications for the primate carrying capacity of unlogged forest
and changes in carrying capacity following logging will be more easily understood if
changes in vegetation can be understood. As well as being important in the context
of explaining differences in primate ecology, Cynometra dominance and the
consequences of logging can be considered in the broader context of conservation
goals and objectives.

4.2 METHQODS

Plot Enumeration
Vegetation plots were enumerated as described in Chapter 3 and the
following analyses carried out on the data. Species-area curves for the two
compartments were plotted using plots of size 0.0625 ha as sampling units for
cumulative number of species. An Index of Overlap (Pielou 1966) was calculated
between the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>