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Abstract

Plant diversity in Kaweri Collee Plantation was inventoried in January 2002. The aim was to document the species in the
area before establishment of a coffee plantation and to create a database for monitoring changes in the ecosystem.
International Forestry Resources and Institutions’ (IFRI) method of three concentric circles was used to collect data from
64 sample plots established along transects laid in four major habitats: closed forest, swamp, grassland and farmland. Al
the plants were identilied to species level except two, which were identified to genus level. Nine hundred and ninety nine
individuals were identified comprising 215 tree species, four shrub species and 403 species of non-woody plants from 255
genera and 85 families. Most of the plants (98.3%) were Spermatophytes, a few (1.7%) were Pteridophyes and only two
were orchids. Some of the species identified were adapted to one or more habitats; the majority was adapted to roadsides
and farmlands. A comprehensive survey of plants and establishment of a database for monitoring future changes in the

landscape is recommended as part of a planned investment in plantation agriculture,
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Introduction

One of the most striking features of the conservation
movement of the late twentieth-century has been the
expanding scope and technical competence for creative
conservation of nature. Recently, several conservation
organisations have come to the conclusion that there will
never be enough protected areas to preserve current levels
of wild biodiversity (Paden, 2002). Even intact protected
areas lose species when invasive species, pollution and
development pressure move in from surrounding areas.
For rural peoplc, wild plants and animals provide food,
medicine, building materials, income and non-resource
benefits, However, instead of producing a sustainabie flow
of renewable resources provided by nature, with little
human input, recent agricnltural developments are
depleting soils, genetic and species diversity both in
managed estates and surrounding habitats (McNeely &
Miller, 1984). Past efforts to conserve biodiversity have
largely focused on increasing the sizes of Protected Areas
(PAs) of different categories that could contain large,
undisturbed ecosystems. With increasing pressure and
demand for agricultural land, the number and size of such
PAs is probably getting close to a maximum, It is now
becoming apparent that in order to increase the

opportunities to conserve biodiversity, new
complementary approaches to PAs must be sought because
nearly half of the world’s protected areas are surrounded
by agricultural land (McNeely et al., 1994).

Although agriculture, pastoralism and forestry and
other human-managed ecosystems cover about two-thirds
of the terrestrial surface of the planet, the most common
type of land use relates to agriculture and pastoralism or a
combination of both. Where the population pressure is
low, a number of traditional agricultural and pastoral
systems have succeeded in attaining a sustainable level of
production while at the same time maintaining a high level
of biodiversity as well as most functional aspects of the
ecosystern, As such, maintaining biclogical diversity is
essential for productive and eccologically snstainable
agriculture {Eilu et «f., 2003). Feamside {1997) noted that in
order to prevent declines in the ecological carrying capacity
of an area, productive systems brought about by
development should be sustainable.

Little attention has been given to changes in
biodiversity in agroecosystems, even though there is some
indication that certain disturbed or managed ecosystems,
including agroecosystems, can maintain a high degtree of -
biodiversity (Eilu ef al., 2003). Agroecosystems have been
defined as a biological and natural resource system
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Data analysis
DAFOR - an acronym for Dominant, Abundant, Frequent,
Qccasional and Rare (Forest Department, 1996) was used
to show the rating of species occurrence. Although other
methods e.g. Pitman et a/. (1999) exist, DAFOR was used
because it is suitable for data generated by rapid assessment
of plant species. The following criteria wete used to rate
the occurrence of tree and shrub species in the study: rare
(1-10), ocassional (11-25), frequent {26-40), abundant (41-
70} and donrinant (>>70). The followmg relative frequencies
were used to rate the occurrence of grasses and herbs:
common (75-100%), frequent (50-75%), occastonal (25-
50%}, and rare (0-25%}. Sorensen similarity coefficient
(Causton, 1988; Kent and Coker, 1992; Magurran, 1987)
was used to show tree/shrub species similarity. Sorensen
species similarity coefficient was chosen and uscd because
it gives weight to plots or samples rather than to species
that only occur in either sample. It is represented as:
la

S asbte
Where S =Sorensen similarity coefficient, a=number of
species common to both sample plots, b=number of species
in sample plot A, and c=number of species in sample B.
The coefficient was multiplied by 100% to give the
percentage species similarity. McIntosh diversity index
{Kent and Coker, 1992; Magurran, 1987) was used to show
tree/shrub species diversity. It is represented as:

U= Enf
-l

Where U=MclIntosh diversity index, s=the number of
species, and n=number of individuals or abundance of the
i" species in the sample.

Results

Trees and shrubs

Nine hundred and ninety individuals comprising 215 tree
species and four shrub species were identified and recorded
in 64 sample plots established in four major habitats namely,
closed forest, swamp. grassland and farmland. The number
of tree and shrub species found in Luwunga, Kitagweta,
Kitemba, Kyamutuma and Nonve are given in Table 1.

Table 1. Tree and shrub species per habitat type
in each sampling site

Habitat Luwunga Kitagweta Kiemba Kyamufuma Nonve
type.

Closed 25 21 12 Y 21

forest

Grassland 15 o 0 2 &
Famland 20 10 1 4 7
Swamp 5 7 3 2 17
Total 65 »B 16 40 50

Luwainga had the highest number of species (635) followed
by Nonve (50), Kyamutuma {40), Kitagwela (38), and
Kitemba (16),

The average height and DBH of the trees and shrubs are
given in Table 2. The table shows that trees and shrubs in
Kitagweta were the taltest (average height = 11.2 m) and
trees and shrubs in Kitemba had the biggest stems

Table 2. Tree/shrub sizes at the sampling site

Sampling site Average height (m) Average
DBH {cm)
Luwunga 3.03* 3.99*
Kitagweta 11.22 12.65
Kitemba 10.82 14.97
Kyamutuma 8.46 14.51
Nonve 7.56 7.71

* Values are very low because most of the plants were seedlings
and saplings

(average DBH=14.97). The average height and DBH were
much lower in Luwunga than in the other sections of the
estate because most of the plants enumerated were
seedlings and saplings.

Species similarity and diversity

Sorensen similarity index (U=0.014 or 1.4%%) shows that the
tree and shrub species in Kaweri coffec estate were not
simnilar {dissimilarity index S, =0.986 or 98.6%). The average
MclIntosh diversity index was 73.896. The two values
indicate that the tree and shrub species were more diverse
than similar. The highest species diversity was noted in
Luwunga (U=104.32} and the lowest in Nonve (U=41.56)
as shown in Table 3. This finding is not surprising because
a large part of Nonve was heavily degraded by human
settlement. It was noted that at one time the area had an
army barracks and the soldiers used much of the woody
biomass in and around their settlement as a source of energy

Table 3. Tree and shrub species diversity indices for
the five sampling sites

Mclntosh species diversity index (U)

Sampling site

Luwunga 104.32
Kitagweta 98.51
Kitemba 65.18
Kyamutuma 59.91
Nonve 41.56

and building poles. In the process many tree and shrub
species were cut or destroyed hence the low species
diversity.

Species occurrence rating using DAFOR

Figure 1 shows that more than 6G% of the tree and shrub
species were rare (R). In Luwunga, 60% of the species
were rare, Kyamutuma 66%, Kitagweta 67%, Nonve 76%
and -Kitemba 92%. There were few species rated as
occasional {O) and frequent (F) in all the sections of the
estate. No abundant (A) and dominant (D) species was
noted in Kyamutumna and Nonve.
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Table 6. Ecological adaptation of grassfherb species®
in Kaweri Coffee Plantation

Habitat No. of
species

1. Wasieland and roadsides 218

2. Secondary forest 100

3. Mature forest 72

4. Swamps 17

5. Grassland ) 85

&. Cropland 21

*Some species grow in more than one habitat

Discussion

Over the past decade, agriculiural researchers and rural

communities have jointly concluded that the poor state ol

the natural resource base on which agriculture depends is
a primary factor limiting agricultural development both in
the near term and for future generations {Barrett ef al,
2002). At the sane time, it has become clear that global
food supply depends on intensive agriculture (Lee and
Barrett, 2000} and vet it is asswned that agricultural
intensification leads to biodiversity decline which could
lead to eventual extinction of species il no measures are
taken to minimise biodiversity loss. Such losses reduce
ecosystem function and the ability of agricuitural systems
to withstand unexpected periods of stress.
It is believed that agricultural diversification enhances
ecosystemn resilience and sustaied productivity is possible
if most of the natural biologica! diversity is not lost and
key functional groups of organisms are not reduced below
thresholds that impair agro-ecosystem function. This is
unlikely to be the case in Kaweri because of monoculture.
However, there are still some questions to be answered in
a future study. For example, what are the key functional
groups, the loss of which is detrimental to agroecosystem
resilience and productivity? Can the appearance or
extinction of key functional group(s) or individuals within
a group be an indicator of ecosystem degradation? Dnes
reduced biodiversity result in loss of function? Is
biodiversity a prerequisitc for ecosystem resilience and
long-term productivity? These questions should not be
. ignored ifthe Kaweri Coffee Planiation project is to remain
a showcase for planped investments in large-scale
agriculture even if it is monoculture.

Trees and shrubs

Trees and shrubs offer potential advaniages over other
taxa as biodiversity indicators. Because they are the primary
producers, their abundance and diversity is likely to
influence the species richness of organisms belonging to
other tropic levels. As such they provide a suitable
surrogate for all these groups and provide a good measure
of overall diversity. The purpose of the plant inventory
was to compile a comprehensive species list for the Kaweri
Coffee Plantation.

This would facilitate reaching a decision on the biodiversity
“hot spots” in the area and to know whether or not the
agroecosystem of Kaweri is a place of high conservation
value [or plants, and draw attention to those species that
need special consideration. The inventory has provided
baseline data for future monitoring of changes in the plant
communities in the uncultivated areas and to enable timely
application of mitigation measures. This is particularly
useful for evaluating the effectiveness of the coffee
plantation management prograinme, especially where the
species concerned was subject o harvesting or other
hunan activities.

The high percentage of rare iree and shrub species in the
plantation raises concern on the stalus of the species over
time as clearing for coffee establishment continues. As
noted by Sheail ef al. {1997) to leave nature alone would
defeat the purpose of natuie conservation. Therelore, there
is a need for the managers ol the Kaweri Coffee Plantation
to consider leaving at least 50% of the present [erest cover
in order to conserve the tree and shrub species. Although
the trees and shrubs may not have high commercial value,
their existence is of high conservation importance since
the forest fragments are habitats to several species ofbirds
and mammals. The concept of ccoagriculture is relatively
new and most ecoagriculture projects (Paden, 2002).
Widespread adoption of ecoagriculture would require the

support of national policies.

Grasses and herbs

The study has also revealed that grasses and herbs occnr
mostly in the cultivated and old farmlands where families
have been evicted although they grow in other habitats as
well, Tn cultivated areas, these plants are referred to as
weeds ([vens, 1971; Fryer, 1982). The occurrence of these
species in Kaweri Coffee estate is obviously due to human
activities. The clearing of the natural forest for
establishment of coffee plantation has created favourable
conditions for these species to grow. They are generally
noxious and troublesome to agricultural crops. They are
known to compete with crops for soil nutrients, soil
moisture, light and carbon dioxide. All these are likely to
result in reduction of coffee vields, Tt is therefore important
to identify these plants and to understand their biology
and ecology in order to control them,

The current study allowed us to identily these species
and to come up with a checklist that can be used for further
biclogical and ecological studies for weed management
and control. Tn order to come up with good management
and control strategies of these weed species, there is a
need to study their biology e.g, germination, reproduction
and dispersal mechanisms, and ecology e.g. life forms,
distribution and communities which were not covered in
the study. Although it is generally desirable to control
weeds, recent studies (e.g. Eilu ef al, 2003) have shown
that these species are important in terms of biodiversity
conservation on agricultural landscapes. Local people eat
a number of these species e.g. Amargnthus. In addition,
there is a need to apply the agroforestry methods in which






