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Abstract

Tree species composition and diversity were investigated in the riparian for-
est around Lake Barombi Kotto, Cameroon. This study aimed at determining
the tree species composition, population structure, and providing evidence of
anthropogenic disturbances in the riparian forest of Lake Barombi Kotto. The
objectives were to determine the tree species composition and diversity in the
riparian forest around Lake Barombi Kotto, to elucidate the forest structure
and to document the anthropogenic disturbances in this forest. Five plots
were laid within which the tree enumeration and measurement of dbh were
carried out. Trees were identified using scientific identification keys in the
Flora of West Africa. Disturbance scores were given to each site by qualitatively
assessing various disturbances. A total of 340 trees belonging to 70 plant spe-
cies, 63 genera and 28 plant families were enumerated. Shannon-Wiener diver-
sity varied across sites, with the highest value (H = 3.45) recorded in Tung and
the lowest (H = 2.21) in Malenda. Population structure differed across sites, the
largest stand basal area of 43.78 m?/ha was recorded in Bondokombo while
the smallest (2.15 m?/ha) was recorded in the Sacred Island. Cecropia peltata
L., Pseudospondias macrocarpa Oliv. Pierre and Ceiba pentandra (L.) Gaertn
had the largest basal areas across the different sites. Species rich families were
Malvaceae (9 species), Fabaceae (9 species), Annonaceae (4 species), and
Anacardiaceae (4). This study shows that, there is a high tree species diversity
in the protected forest (Tung) but the other unprotected sites are highly dis-
turbed by anthropogenic activities. There is need to develop and enhance ex-
isting management policies for this riparian forest, especially by replanting
the cut trees and creating a protected riparian buffer to conserve its floristic
diversity and ecological functions.
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1. Introduction

All over the world, land-water ecotones are characterized by a high biodiversity
compared to their adjacent ecosystems, usually as a result of the heterogeneous
habitats created by frequent disturbances [1] [2]. Occurring at a transition zone
between the terrestrial uplands and aquatic ecosystems, these ecotones are highly
productive and provide a habitat for a large range of co-existing plant and ani-
mal species [3]. Riparian areas have become an integral part of watershed man-
agement in different landscapes and because of the many ecosystem services
they render, they are undergoing serious degradation as a result of anthropo-
genic pressure [4]. Hence there is need to pay more attention to these areas to
ensure that, the key ecosystem functions and services they render are not ham-
pered. Riparian vegetation encompasses a wide range of plant life forms ranging
from herbs, shrubs, climbers and lianas to trees. Trees and other woody plants
that form the dense canopies are recognized as the primary and most valuable
components of riparian communities [5]. Riparian vegetation is denser, taller
and in most cases has different species and more diverse composition than the
adjacent upland terrestrial ecosystems. This can be partly explained by greater
water availability (higher soil moisture) and their unique soils which are fre-
quently disturbed [6]. The multi-layered vegetation structure dominated by
moisture-loving (hydrophilic) trees, shrubs and herbs, forms a distinctive phy-
siognomy in the landscape [2].

Forests are a source of livelihood to most rural communities especially in de-
veloping countries, satisfying local demands for fuel wood, construction mate-
rial, herbs for medicinal uses including socioeconomic functions alongside their
key ecological functions like carbon sequestration, mediation of biogeochemical
cycles, water table stabilization, water retention and filtration, prevention of
bank erosion and also serving as a habitat for fauna [7] [8] [9].

Differences in biogeography, habitat type and disturbances have resulted to
variations in tree diversity along different landscapes, with the major types of
disturbances grouped into natural and anthropogenic [10]. The natural pertur-
bations in riparian landscapes include wind action, fire, action of water amongst
others while anthropogenic activities include logging of riparian trees, livestock
grazing, conversion of forest to agricultural lands and construction of dams and
houses [1] [11]. Both forms of perturbations are known to have tremendous ef-
fects on the forest vegetation structure, causing compositional and structural
changes in riparian plant community structure and soil characteristics. This
usually results to deforestation and land degradation [5] [12] [13].

Degradation of riparian vegetation is a serious problem and studies have
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proven that, this is mostly as a result of increased land use activities around these
forests [14] [15] [16]. These changes most often are characterized by a decline in
biological diversity, tree basal area, and tree canopy cover. Processes that lead to
the removal of leaf litter, soil compaction, a reduction in native species diversity
and a concomitant increase in the abundance and diversity of exotic plant spe-
cies are usually associated to riparian degradation [17] [18]. As a result, riparian
ecosystems are considered as potentially threatened and endangered ecosystems
in the world [14]. Hence, the distribution characteristics of the vegetation, the
relationship between plant diversity and the major influencing factors of plant
diversity in the riparian vegetation should be understood to solve vegetation
restoration and management problems in these areas. Several studies have been
carried out to elucidate the floristic composition and anthropogenic distur-
bances within riparian ecosystems. Reference [18] determined the impact of land
use on riparian forest along urban and rural gradient in the southeastern eco-
zone of Canada and found that agricultural land use tremendously affected spe-
cies composition and soil quality. Loss of native species and a proliferation of
exotic plants with reduced ecosystem services were associated to high anthropo-
genic disturbances in Southern India [19].

Among the Congo basin countries, Cameroon has the fourth largest amount
of dense tropical forest with around 42% of its total land area covered with forest
[20]. Cameroon also has an estimated annual deforestation rate range of 0.06% -
0.2%, placing it among the highest in the Congo basin countries. The former
dense riparian forest around Lake Barombi Kotto is facing a high anthropogenic
pressure from wood extractors who use wood for the construction of houses,
canoes, fuel wood for cooking and drying of cocoa [7]. This has led to structural
simplification of the riparian vegetation and the probable disappearance of some
keystone animal and plant species. Some portions of the forest are intensively
cultivated for different agricultural purposes, exposing the soil to erosion and
siltation with the resultant effect of leaching of some organic debris and agro-
chemicals directly into Lake Barombi Kotto. These various land uses may have
profound ecological implications on the lake’s ecological integrity.

Detailed knowledge about the ecology, floristic composition and diversity of
plant communities which is the first step to conservation is still lacking in the
riparian forest of Lake Barombi Kotto. A rapid inventory of tree species provides
information on abundance and diversity which are useful tools in plant conser-
vation. In order to formulate policies governing species decline and to control
ecological drivers of change, it is important to identify the status of species
present in the forest, whether they are rare, endangered, abundant or getting ex-
tinct. This study therefore aims at giving an account of the general tree structure
in terms basal area, species composition, similarity between different fragments
of the riparian forest and the evidence of anthropogenic disturbances within this
forest.

The objectives of this study were
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1) to determine the tree species composition, abundance and diversity in the
riparian forest around Lake Barombi Kotto.

2) to delimit the forest structure in terms of tree basal area and determine the
Importance Value Index (IVI) of the different tree species.

3) to provide evidence on the different anthropogenic activities carried out in
this forest.

2. Materials and Methods
2.1. Description of Study Area

The riparian forest describes the stretch of natural forest that surrounds Lake
Barombi Kotto, a shallow fresh water crater lake located 100 m above sea level in
a complex geological arrangement of volcanic rocks. It is found between latitude
4°27'49.3"N and 4°2829.2"N, and longitude 9°15'56.1"E and 9°15'36.4"E in
Meme Division of the South West Region, Cameroon [21]. The continuous and
adequate availability of both ground and shallow water table around the Lake
Barombi Kotto allows the establishment and long-term existence of different
plant species, thus justifying their classification as riparian vegetation (Figure 1).
Immediately after this natural forest are large plantations of Cocoa ( Theobroma
cacao L.) and small subsistence agricultural farms where food crops are cultivated.
Barombi Kotto has a tropical climate, a long rainy season (March-October) and
a Dry season (November-February). Annual temperature is 25.5°C and annual
rainfall is 3035 mm with the driest month being January which has 45 mm of
rainfall [22].

2.2. Tree Composition and Diversity Analysis

A reconnaissance survey was carried out in November to delimit sampling plots
and nature of the vegetation. A total number of four plots measuring 250 m by
40 m were laid in Tung, Komba, Malenda and Bondokombo, and within each,
four quadrats of 50 by 40 m were laid. These quadrats were located at fixed dis-
tances, each separated from the other by 10m intervals. An additional plot was
laid in the Sacred Island of Kotto Barombi called Fionda Fiond which is an iso-
lated Island with no anthropogenic influences due to its location and sacred na-
ture. GPS coordinates of each of these sites were collected using Garmin etrex
and descriptions of each plot were noted (Table 1).

All individual trees with diameter at breast height (dbh) > 10 cm were counted
and identified within each plot. The dbh (1.3 m) of the species were measured
using a diameter tape. In the case of buttresses, the measurement was made
above the buttress, following standard forestry techniques. Trees were identified
using scientific identification keys in the Flora of West Africa. This was done
together with experienced taxonomists of the Limbe Botanical Garden. Voucher
specimens were collected in triplicates for unidentified species and taken to the
Limbe Botanical Garden for identification. The present dataset was updated to

match the APG III classification of angiosperm families [23].
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Figure 1. Riparian vegetation showing study sites and other land cover types around Lake
Barombi Kotto, Cameroon.

Table 1. Description of sampling plots in riparian forest of Lake Barombi Kotto.

GPS Coordinates
Site Site Name Description
Latitude Longitude Elevation (m)
Isolated Island within Lake Barombi
Sacred Island Fionda fiond 04°28'18.1"N 009°15'48.1"E 99 Kotto, characterized by a thick
vegetation (Control site)
Adjacent to a waterfall and an inflowing
Plot 1 Tung 04°27'49.3"N 009°15'56.1"E 123 stream. Protected by the Barombi
Traditional Council.
F t adj ttoT , leading t
Plot 2 Komba 04°27'58.0'N 009°16'00.2"E 103 orestacjacelit fo Thng, eacing to
large cocoa farms.
Located on the upper left wing of
Plot 3 Malenda 04°2829.2"N 009°15'51.8"E 109 Lake Barombi, bordered by
large cocoa farms.
Adjacent to non-native settlement,
Plot 4 Bondokombo 04°2829.2"N 009°15'36.4"E 106 located on the lower left wing of

Lake Barombi Kotto.
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With respect to the evidence of anthropogenic activities in the riparian forest,
observations were made within the study sites and disturbance scores obtained
for each site as described by [24]. Disturbance scores were given to each site by
qualitatively assessing various disturbances (tree logging, grazing, fire occur-
rence, encroachment and settlement) which were ranked into rare (1), occa-
sional (2) and frequent (3) levels of disturbances. At the end, the sum of all the
scores within each site was calculated and sites with high values were considered

as high disturbance sites while those with low values as low disturbance sites.

2.3. Data Analysis

Data were analyzed using standard methods relevant to the different ecological

parameters outlined below.

Ecological Measurements

The vegetation data were quantitatively analyzed for basal area, relative density,
relative frequency and relative dominance. Importance Value Index (IVI) for the
tree species was determined as the sum of the relative frequency, relative density

and relative dominance [25].

Basal area (mz ) =(1/2 dbh)2 (1)
Density = Total number of individuals of species in all the quadrats / @)
Total number of quadrats studied
Relative density = (Total number of individuals of species/ 3)
Total number of individuals of all species) x100
Relative frequency = (Total number of quadrats in which species occurred / @)
total number of quadrats studied ) x100
Relative dominance = (Total basal area of species/ )
total basal area of all species)x100
Importance Value Index (IVI) = X relative density + relative frequency (6)

+relative dominance

Diversity indices
Shannon-Wiener Index was used to determine the tree diversity, calculated as

follows:
H'=—X(ni/N)In(ni/N) [26] (7)

where H = Index of species diversity, P/ = Proportion of total sample belonging
to ith species, n = number of species, In = natural log.
Pielou’s Eveness Index [27]

E=H'/In(S) (8)

where H’ is the Shannon Index of species diversity and InS is the natural log of
the total number of species.

SQ@renson’s similarity index [28]

DOI: 10.4236/ajps.2021.121008

132 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2021.121008

A. Miranda Egbe et al.

Cj=2C/a+b 9)

where C is the number of species common to both sites, (a) is the number of

species in site A and b is the number of species in site B.

3. Results
3.1. Riparian Forest Structure and Species Composition

A total of 340 individual trees were enumerated in the floristic survey. These
trees belong to 70 species, 61 genera and 28 plant families. Results of some eco-
logical parameters recorded during the survey are presented in Table 2.

The highest number of tree species was recorded in Tung, 44 species from 36
genera and 22 families and the least number of species was recorded in Malenda
(13 species from 13 genera and 11 families). In Komba, a total of 25 species from
24 genera and 16 plant families were recorded while in Bondokombo, a total of
37 tree species from 34 genera and 18 plant families were recorded. The Sacred
Island had 14 tree species from 14 genera and 12 families. The Shannon-Wiener
diversity differed across the different sites, with the highest diversity recorded in
Tung (H = 3.58) and the least in Malenda (2.21). The Stand basal area differed
across the different forest sites. The highest stand Basal area occurred in Bon-
dokombo with a value of 43.78 m*ha™' and the lowest was found in Malenda
(5.81 m*/ha).

3.1.1. Site Similarity

S@renson’s Index of Similarity expresses the similarity between communities
and it gives a value between 0 and 1. The closer the value is to 1, the more the
similarities communities have in common. Complete community overlap is
equal to 1; complete community dissimilarity is equal to 0. In this study, the
highest S@renson’s coefficient was found between Komba and Bondokombo
(0.47) and the lowest was between Tung and Bondokombo (0.28). A very close
similarity was found between the tree species in the Sacred Island other sites in
the study (Table 3).

Table 2. Some ecological parameters of the riparian forest around Lake Barombi Kotto,

Cameroon.

Parameter Tung Komba Malenda Bondokombo Sacred Island
Number of species 44 25 13 37 14
Number of genera 36 24 13 34 14
Number of families 22 16 11 18 12

Shannon-Wiener Index 3.58 2.99 221 3.26 2.45
Pielou’s Eveness 0.92 0.92 0.86 0.9 0.92
Stand Basal area (m*ha™!)  17.84 11.93 5.81 43.78 2.15
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3.1.2. Relative Abundances of Families

The twenty-eight plant families encountered during the study had varying rela-
tive abundances and number of species within the different surveyed plots. A
total of twenty two plant families were recorded in Tung, eighteen in Bondo-
kombo, sixteen in Komba, eleven in Malenda and twelve in the Sacred Island.
The families with the highest number of species were Malvaceae (9 species),
Moraceae (4), Fabaceae (3) and Meliaceae (3). The following plant families were
among the most abundant families in the riparian forest: Malvaceae (19.71%),
Anacardiaceae (11.76%), Moraceae (10.88%), Meliaceae (8.53%), and Fabaceae
(7.35%). The least abundant families were Dracaenaceae (0.59%), Putrajivaceae
(0.59%), Flacourtiaceae (0.59%), Rubiaceae (0.59%), Violaceae (0.59%), Ulma-
ceae (0.59%), Rhamnaceae (0.29%), Burseraceae (0.29%) and Verbenaceae (0.29)
(Figure 2). The most abundant plant species in the riparian forest were Pseu-
dospondias macrocarpa (8.52) Cecropia peltata (6.17) Ceiba pentandra (5.0)
Trichilia rubescens (4.70) Ficus sur(4.11).

Table 3. S@renson’s Similarity Index across study sites in the riparian forest around Lake
Barombi Kotto, Cameroon.

Tung Komba Malenda Bondokombo

Tung -
Komba 0.28 -
Malenda 0.35 0.41 -
Bondokombo 0.25 0.47 0.34 -

Sacred Island 0.28 0.6 0.59 0.58

20.00
18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

Relative Abundance

Fabaceae msssss——

Apocynaceae esm—m

Meliaceae e ————

Annonaceae e
Arecaceae e
Sapotaceag ===
Phyllanthaceae e
Cecropiaceae m——
Malvaceae
Sapindaceae m—
Dracaenaceae =
Putrajivaceae =
Moraceae
Flacourtiaceae =
Rhamnaceae *
Rubiaceae =
Myristicaceae ==
Olaceaceae =
Rutaceae =™
Violaceae =
Combretaceae wem
Begoniaceae =
Burseraceae *
Lauraceae =
Bignoniaceae ==
Ulmaceae =
Verbenaceae *

Anarcardiaceae

Figure 2. Relative abundance of plant families in the riparian forest of Lake Barombi

Kotto, Cameroon.
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Of the twenty two families in Tung, Malvaceae, Moraceae, Meliaceae, Apocy-
naceae and Cecropiaceae had the highest relative abundances (15.62%, 10.93%,
10.51%, 10.1% and 9.37% respectively) while the least abundant families were
Dracaenaceae (0.78%), Rhamnaceae (0.78%) and Rubiaceae (0.78%). In Komba,
a total of 16 plant families were recorded. The highest relative abundances were
recorded in Fabaceae (16%), Anacardiaceae (14%), Apocynaceae (14%), Malva-
ceae (14%), Meliaceae (12%) and Moraceae (8%) while the families with the least
relative abundances included Arecaceae, Benoniaceae, Burseraceae, Combreta-
ceae, Dracaenaceae, Myristicaceae and Phyllanthaceae which all had a relative
abundance of 2%. The highest number of species in this forest fragment was
recorded in Malvaceae (4), Fabaceae (3) and Moraceae (3). Of the eleven plant
families recorded in Malenda, the Anacardiaceae had the highest relative abun-
dance (32.14%). This was followed by Malvaceae and Meliaceae which had rela-
tive abundances of 17.86% and 14.29% respectively. Malvaceae and Meliaceae
had the highest number of species (2 species each) for this site. A total number
of eighteen plant families were recorded in Bondokombo with four plant fami-
lies having the highest relative abundances (Malvaceae: 30.27%, Moraceae:
13.76%, Anacardiaceae: 10.09% and Fabaceae: 10.09%). The highest number of
species were found in Fabaceae (6), Moraceae (6), Annonaceae (4) and Malva-
ceae (4) while Anacardiaceae (28%) and Arecaceae (20%) were the families with

the highest abundances in the Sacred Island.

3.1.3. Basal Area

Table 4 shows the first five tree species with the largest basal areas in each ripa-
rian forest fragment during the study. In Tung, tree basal area ranged from 0.01
- 3.35 m*/ha. The top five species with the largest basal areas included Cecropia
peltata (3.35 m?/ha: Cecropiaceae), Pseudospondias macrocarpa (2.48 m?*/ha:
Anacardiaceae), Ceiba pentandra (1.42 m*/ha: Malvaceae), Chytranthus talbotii
(1.28 m?/ha: Sapindaceae) and Tabermontana crassa (1.23 m*/ha: Apocynaceae).
In Komba, tree basal area ranged from 0.01 - 7.20 m*ha. Pseudospondias ma-
crocarpa (Anacardiaceae), Ceiba pentandra (Malvaceae), Albizia zygia (Faba-
ceae), Aningeria robusta (Sapotaceae) and Trilepidium angolensis (Moraceae)
were the tree species with the largest basal areas (7.2 m*ha, 1.14 m*ha, 0.96
m*/ha, 0.66 m?ha and 0.47 m%*ha respectively). In Malenda, tree basal area
ranged from 0.01 - 4.35 m*ha with Pseudospondias macrocarpa (Anacardia-
ceae), Sterculia tragacantha (Malvaceae), Cola lateritia (Malvaceae), Trichilia
rubescens (Meliaceae) and Cleistopholis patens (Annonaceae) being the species
with the largest basal areas (4.35 m?/ha, 0.67 m*/ha, 0.28 m*ha, 0.11 m*ha and
0.10 m*/ha respectively). Tree basal area in Bondokombo ranged from 0.01 -
24.15 m*/ha. Ceiba pentandra (Malvaceae), Sterculia oblonga (Malvaceae), Ficus
mucuso (Moraceae), Lannea welwischii (Anacardiaceae) and Pseudospondias
macrocarpa (Anacardiaceae) were among the tree species with the largest basal
areas (24.15 m?/ha, 7.87 m?/ha, 2.88 m*/ha, 1.92 m*ha and 1.08 m*ha respec-
tively).
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Table 4. Tree species with highest Basal area (BA) (m?) in the riparian forest of Lake Barombi Kotto, Cameroon.

TUNG KOMBA MALENDA BONDOKOMBO SACRED ISLAND
S/N
SPECIES BA SPECIES BA SPECIES BA SPECIES BA SPECIES BA
Pseud. di
Cecropia setidospondias Carapa grandifolia Ceiba pentandra Elaeis guineensis
1 cltatal 3.35 macrocarpa 7.20 Sprague 4.35 (L) Gaertn 24.15 Jac 0.91
P ’ (Oliv) Pierre prag ’ a
Pseud. di. Sterculli;
seadospondias Ceiba pentandra ereuia Sterculia oblonga Mangifera
2 macrocarpa 2.48 1.14 tragacantha 0.67 7.87 o 0.47
. i (L.) Gaertn . Mast. indical
(Oliv) Pierre Lindl
Ceiba pentandra Albizia zygia Cola lateritia Ficus mucuso Alstonia boonei
3 1.42 0.96 0.28 . 2.88 . 0.16
(L.) Gaertn (DC.) J.F. Macbr K.Schum Welw.ex Ficalho De Wild
h th Ani ja robust.
¢ y.t‘ran us amgeria rovusta Trichilia Lannea welwischii Lannea welwitschii
4 talbotii (Baker f) 1.28 (A.Chev.) Aubrev 0.66 . 0.11 K 1.92 . 0.16
rubescens Oliv. Hiern Engl Hiern Engl.
Keay & Pellegr
Trilepidium Cleistopholis Pseudospondias Sterculia
Tabernaemontana i
1.23 angolensis 0.47 patens Benth 0.10 macrocarpa 1.08 tragacantha 0.15
crassa Benth. 7 K o R
Ficalho Engl & Diels Oliv. Pierre Lindl

The basal area of trees in the Sacred Island ranged from 0.01 - 0.91 m*/ha.
Elaies guineensis Jacq. (Arecaceae), Mangifera indica L. (Anacardiaceae), Alsto-
nia boonei Wild (Apocynaceae) and Lannea welwischii Hiern Engl (Anacardia-
ceae) were among the tree species with the largest basal areas (0.91 m?/ha, 0.47
m?/ha, 0.16 m*/ha, 0.10 m*/ha and 0.15 m?/ha respectively).

3.1.4. Importance Value Index (IVI)

Trees in the different plots of the riparian forest differed in terms of IVI (Table
5). In Tung, IVI ranged from 2.05 - 29.84. The species with the highest IVI in-
cluded: Cecropia peltata (IV1 of 29.84), Pseudospondias macrocarpa (IV1 of
21.52), Tabernaemontana crassa (IV1 of 17.2), Chytranthus talbotii (IVI of
15.54) and Ficus sur (IVI of 14.67). In Komba, tree species with the highest IVI
included the following: Pseudospondias macrocarpa (IV1 of 80.06), Albizia zygia
(IVI of 23.79), Aningeria robusta (IV1 of 17.23), Trichilia rubescens (IVI of
15.06) and Ceiba pentandra (IVI of 14.41). IVI in Malenda ranged from 10.38 -
120.4. Trees with the highest IVI were Pseudospondias macrocarpa (IVI of 120),
Sterculia tragacantha (IVI of 39.18), Trichilia rubescens (IVI of 19.29), Ficus sur
(IVI of 15.22) and Cola lateritia (IVI of 14.67). The IVI of trees in Bondokombo
ranged from 2.90 - 69.96, with the highest IVI in Ceiba pentandra (IVI of 69.96),
Sterculia oblonga (IV1 of 31.07), Ficus mucuso (IVI of 14.18), Lannea welwischii
(IVI of 12.89) and Cecropia peltata (IVI of 11.39). In the Sacred Island, Elaies
guineensis, Mangifera indica, Alstonia boonei, Sterculia tragacantha and Pseu-
dospondias macrocarpa were the five most important species with IVI values of
69.21, 44.95, 22.65, 21.65, 21.94 and 19.70 respectively.
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Table 5. List of 5 tree species with highest Importance value index (IVI) in the riparian forest of Lake Barombi Kotto, Cameroon.

TUNG KOMBA MALENDA BONDOKOMBO SACRED ISLAND
SIN
SPECIES VI SPECIES vl SPECIES VI SPECIES VI SPECIES VI
Pseud di Pseud di.
Cecropia seu- ospondias seudospondias Ceiba pentandra Elaeis guineensis
1 eltata L 29.84 microcarpa 80.06 macrocarpa 120 (L) Gaertn 69.96 Jac 69.21
P ’ (Oliv) Pierre Oliv. Pierre ’ ¢
Pseud di Sterculi
seadospondias Albizia zygia ereutia Sterculia oblonga Mangifera
2 macrocarpa 21.52 23.79 tragacantha 39.18 31.07 . 44.95
. . (DC.) J.F. Macbr . Mast. indical
(Oliv) Pierre Lindl
Aningeria robusta o , . .
Tabernaemontana Trichilia rubescens Ficus mucuso Alstonia boonei
17.2  (A.Chev.) Aubrev 17.23 . 19.29 X 14.18 . 22.65
crassa Benth. Oliv. Welw.ex Ficalho De Wild
& Pellegr
Ch th Sterculi.
}Tran us Trichilia . Lannea welwischii ereutia
4 talbotii (Baker f.) 15.54 . 15.06  Ficus surForssk  15.22 . 12.89 tragacantha 22.71
rubescens Oliv. Hiern Engl .
Keay Lindl
Pseud di;
, Ceiba pentandra Cola lateritia Cecropia seu. Opondias
5  Ficus surForssk  14.67 14.14 14.67 11.39 microcarpa 19.70
(L.) Gaertn K.Schum. peltataL.

(Oliv) Pierre

Overall, the most important species in terms of IVI in the riparian forest of
Lake Barombi Kotto were Ceiba pentandra (IVI = 33.64), Pseudospondias mac-
rocarpa (IVI = 23.25), Sterculia oblonga (IV1 = 14.70), Cecropia peltata (IVI =
12.49) and Sterculia tragacantha (IVI = 10.12) while the most important plant
families were Malvaceae (IVI = 76.55), Anacardiaceae (IVI = 35.43), Moraceae
(IVI = 31.50), Fabaceae (IVI = 22.32) and Meliaceae (IVI = 19.48). Those with
the least IVI included Violaceae (1.56), Verbenaceae (1.19), Burseraceae (1.10),
Putrajivaceae (1.09) and Rhamnaceae (1.09).

3.2. Evidence of Anthropogenic Disturbances in the Riparian
Forest

Results of anthropogenic disturbances recorded during the study are presented
on Table 6. These disturbances included grazing, fire, encroachment by agricul-
tural farms, tree logging, and construction of houses (settlement). Bondokombo,
Malenda and Komba had a total score of nine, seven and four respectively and
were classified as sites with high disturbance while Tung a total score of one, and
thus classified as low disturbance. No anthropogenic disturbance was recorded
in the Sacred Island.

4. Discussion

4.1. Forest Structure and Species Composition

A total of 70 tree plant species were recorded in the survey, belonging to 28 plant

families and 61 genera. The most species-rich families were Malvaceae, Fabaceae,
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Table 6. Disturbance score (1 = low, 2 = moderate; 3 = high) for five study sites in the ri-
parian forest of Lake Barombi Kotto, Cameroon.

Disturbance Tung Komba Malenda Bondokombo  Sacred Island
Grazing 0 0 0 2 0
Fire 0 0 1 1 0
Settlement 0 0 0 2 0
Encroachment 0 2 3 1 0
Tree logging 1 2 3 3 0
Total score 1 4 7 9 0

Annonaceae, Moraceae and Anacardiaceae. Several studies have documented
high diversities of these plant families in different forests including riparian
ecotones. [13] documented a high diversity of Fabaceae, Moraceae and Melia-
ceae at Upper, Middle and Lower zones of Dikhu river, in India. Similar findings
were made by [4] in the forest reserve around Lake Barombi Mbo, Cameroon
where high diversities of Fabaceae, Moraceae, Malvaceae were recorded. Refer-
ence [29] also recorded high diversities of Moraceae, Meliaceae and Fabaceae in
the Takamanda forest, Southwest Cameroon. Same observations were made by
[30] who also recorded high species richness in Annonaceae and Fabaceae in Dja
forest reserve in Cameroon. Fabaceae has been found to be the most species rich
family in most forest formations. This is further confirmed by [31] who reported
that Fabaceae is the most dominant plant family in the tropics and in Neotropi-
cal lowlands. The species richness of these families can be attributed to their
good seed dispersal mechanisms which make them to be capable of colonizing
different forest fragments, coupled with their ability to produce numerous seeds
which eventually establish at suitable sites. The high number of specialists in
Tung forest than in other forest fragments indicates that some of the indigenous
species of this riparian forest are conserved in this site. Tung is the water re-
charge zone of Lake Barombi Kotto, the inflowing stream (Tung Nsuria) which
feeds Lake Barombi Kotto flows through this forest. The Barombi Kotto com-
munity depends on it for the supply of potable water. As a result of this very
important role, the Barombi Kotto traditional Council has put in place laws pro-
hibiting logging activities in this zone. This therefore explains why Tung forest
had the highest tree diversity. Ficus sur was one of the generalist species in this
study. Species of Ficus (Moraceae) have been documented as common tree spe-
cies in riparian landscapes [32]. They are prominent components of riparian
zones where they contribute to bank stability, supporting associated animals.
Three different species of Ficus were recorded in this study: Ficus exasperata, F.
mucosus and F. sur. These findings are in line with [32] who studied the distri-

bution and abundance of riparian Ficus in Nothern Thailand and reported sev-
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eral Ficus species as common riparian trees. Some are capable of growing on
rocks (rheophytes) while other species grow on bankside as specialists. Gene-
ralists found in this riparian forest provide main food resource by producing
fruits all year round which sustain the frugivore population especially when
other fruits are limited in supply. Hence the diversity of these trees has relev-
ance for conservation and also maintenance of the integrity of this unique

ecosystem.

4.2. Shannon Diversity and IVI

The Shannon-Wiener diversity index which takes into account the total number
of species and their relative abundance offers a good description of communities
and allows comparisons to be made between them. The high Shannon diversity
(H = 3.7) recorded in the riparian forest of Lake Barombi Kotto indicates a high
floristic heterogeneity with a high number of native plant species. Low diversity
of riparian tree species in Malenda could be attributed to the severity of observed
land use activities like logging, agricultural land conversion carried out in this
forest. These findings are similar to those of [33] who studied the effects of dif-
ferent land uses in a riparian landscape in Kenya. Disturbance parameters like
garbage, number and size of foot trails and presence or absence of logging in
forest sites were used to determine the associations between these variables and
species richness and composition. They recorded low tree diversities in urban
sites and corresponding poor soil characteristics in areas of high land use activi-
ties.

The high species diversity in Tung could be due to the fact that this forest is
protected by the Barombi Kotto traditional council which prohibits logging and
other anthropogenic activities in this forest. This high diversity can be explained
by the fact that most of the trees are within the diameter class of 10 - 30 cm, their
canopies are not large and this permits more light levels to penetrate the forest
floor, influencing the growth and establishment of seedlings of a wide number of
species. The presence of a water fall and a shallow stream that run across this for-
est offer a unique microclimate that is suitable for the growth and regeneration of
the tree species in this forest. A very low diversity was recorded in the Sacred Isl-
and. This could be due to the fact that this Island is isolated from the other sites
and is surrounded by the lake which prevents the transfer and movement of
seeds and some pollinators. It was dominated by palms (Flajes guineensis)
whose seeds can be dispersed by water and birds capable of flying for long dis-
tances.

With respect to the S@renson’s coefficient, all the different forest fragments had
similar species, implying that the forest’s floristic diversity was homogeneous.
IVIis introduced as a one of the most important indices in forest management
and the index can be useful in biodiversity preservation [34]. The high values
of IVI recorded by Ceiba pentandra (IVI = 33.64), Pseudospondias macrocarpa
(IVI = 23.25), Sterculia oblonga (IVI = 14.70), Cecropia peltata (IVI = 12.49)
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and Sterculia tragacantha (IVI = 10.12) suggest that these plants make the great-
est contribution in this riparian forest in terms of relative frequencies of occur-
rence, relative abundances and relative dominance. Malvaceae, Anacardiaceae,
Moraceae and Meliaceae were among the most important families in this study
suggesting their influence in the functioning of the riparian forest of Lake Ba-
rombi Kotto. Similar findings were made by [31] in the riparian forest of Benin.
These families were also recorded among others in protected riparian areas in
Togo [11].

4.3. Evidence of Anthropogenic Alterations

Anthropogenic activities recorded within this forest included grazing, fire, en-
croachment, tree logging and settlement. These activities have been categorized as
drivers of change in riparian landscapes, responsible for the structural simplifica-
tion, loss of biodiversity and a reduction in the generation of ecosystem services
by riparian forests [14] [19].

Tung a total score of one, and thus classified as low disturbance. There was
the absence of disturbances like grazing, fire, encroachment of agricultural farms
and settlement in this site and tree logging was rare in the site. This could be due
to the fact that this site is protected by the Barombi Kotto traditional council,
owing to the fact that it is harbours the inflowing stream that feeds Lake Barom-
bi Kotto and it is the only source of potable water in this community. No anth-
ropogenic disturbance was recorded in the Sacred Island probably as a result of
its sacred nature and mythical beliefs about its existence and most importantly
by virtue of its enclosed nature.

Bondokombo, Malenda and Komba had very high disturbance scores and
were classified as highly disturbed sites. The high disturbance score of Bondo-
kombo could be due to its proximity to the non-native settlement, and also
because the main beach into the Barombi Kotto Island settlement is found in
this site, thus exposing it to a high anthropogenic pressure. Malenda was also
subjected to almost the same pressure but no form of settlement was recorded
in this site. The very frequent tree logging in Malenda and Bondokombo,
coupled with the encroachment of agricultural farms, mostly cocoa farms
could lead to the exposure of bare soil and subsequent soil erosion. Tree log-
ging and encroachment of agricultural farms have been considered as the main
activities associated with the deterioration of the water quality of Barombi Kotto
[7].

Increased sedimentation in this lake could be as a result of soil erosion aggra-
vated by tree logging, fire and other disturbances recorded during the study. The
removal of streamside vegetation not only removes the binding effects of roots
upon the soil, but also causes a reduction in the hydraulic roughness of the
bank and an increase in flow velocities near the bank [35]. Such situations in-
variably lead to accelerated channel erosion during subsequent periods of high

flow or even during episodes of high rainfall. This may further be exacerbated
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by environmental changes such as climate change.

Although the degradation of native riparian plant communities by unsus-
tainable logging, agriculture, and grazing can often be reversed, other practices
such as drainage modifications and structural developments in these areas
generally lead to irreversible changes in riparian areas over long periods of
time e.g. some parts of the forest in Bondokombo had settlement very close to
it, land was cleared for the pinning of electrical poles. The impacts of these

anthropogenic alterations are manifested in the water quality of adjacent water
bodies.

5. Conclusions

This study has assessed the floristic composition of trees as well as species diver-
sity in the riparian forest of Lake Barombi Kotto, thus providing a first checklist
of the trees found in the riparian forest. This study reveals that the riparian for-
est harbors a rich tree species composition, which provides habitat and food re-
sources to a large dependent community of fauna. A high tree diversity (H = 3.7)
was recorded in the riparian forest of Lake Barombi Kotto indicating a high flo-
ristic heterogeneity with a total of 70 tree species belonging to 28 plant families
and 61 genera. The most species-rich families were Malvaceae, Fabaceae, Anno-
naceae, Moraceae and Anacardiaceae.

The stand basal area of trees in the riparian forest of Lake Barombi Kotto
ranged from 5.81 to 43.7 m*/ha., with Cecropia peltata L., Pseudospondias ma-
crocarpa Oliv. Pierre, Ceiba pentandra (L.) Gaertn having the highest basal areas
across the different forests. Trees in the different plots of the riparian forest also
differed in terms of IVI. The most important species in the riparian forest of
Lake Barombi Kotto were Ceiba pentandra, Pseudospondias macrocarpa, Ster-
culia oblonga, Cecropia peltata and Sterculia tragacantha. Five most important
plant families in terms of IVI were Malvaceae, Anacardiaceae, Moraceae, Fa-
baceae, Meliaceae.

Anthropogenic activities are direct drivers of change in this ecosystem. These
anthropogenic disturbances were grazing, fire, encroachment, tree logging and
settlement. Bondokombo and Malenda and Komba had very high disturbance
scores and classified as highly disturbed sites. The Sacred forest and Tung had
little or no anthropogenic disturbances.

Prevailing anthropogenic activities like tree logging for construction of
houses and canoes, fuel wood collection and forest conversion to agricultural
farmlands by the locals have imposed a huge threat to the survival of this eco-
logically-sensitive landscape. If nothing is done to curb the current trends of
anthropogenic pressure, plant recruitment, growth and development shall be
affected with long term effects of local extinction of some species and total
disappearance of the riparian forest. Traditional authorities have the potentials
of managing forest resources and preserving both the resources and ecological

integrity. This was seen in the Tung forest which was protected by the tradi-
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tional council because it is the water recharge zone which feeds both Lake Ba-
rombi Kotto and also provides them with potable water. The resultant effect of
this was a high tree diversity compared to the other unprotected forest frag-
ments.

Therefore, a proper conservation and management strategy is required for this
forest to ensure sustainability. Reforesting of the already destroyed portions of
the forest with the indigenous plants within this forest is vital. This is important
in maintaining and safeguarding the key ecosystem functions and services of this
forest and also preserving its integrity. There is a need for environmental educa-
tion of both the inhabitants of the Barombi Kotto Island community and other
users of these forest resources on the importance of riparian vegetation, its

management and conservation.

Recommendations for Further Studies

Further studies should be carried out to determine the carbon stock in this for-
est. Other life forms including herbs, shrubs and animal population of this forest
should be studied so that the forest dynamics can be fully understood. There is a
need for an ethno-botanical study to establish the relationship between this ve-
getation and man. This information can be useful in pharmaceutical industries
as well as policy development towards management of the forest. The effects of
anthropogenic activities on the soil characteristics should be studied especially as
this could influence the growth and development of the riparian vegetation as
well as the water quality of Lake Barombi Kotto.
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