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The Kimbi Fungom National Park is reported to be relatively less diverse compared to other national
parks of Cameroon. This might be due to the configuration of the landscape and habitat types. The
main objective of this study is to determine the species composition, structure and diversity in the
heterogeneous landscape of the Kimbi Fungom National Park defined by different habitat types. The
park was divided into 20 blocks and 10 blocks were randomly selected for this flora survey. In each
block, a 1 km line transect was established with 5 quadrates of 20 x 20 m. These transects were laid to
cut across four major vegetation types (lowland rainforest, gallery forest, woodland and grassland
savanna). A total of 2831 stems 21 cm circumference were identified and measured. This belongs to 222
species, in 54 families. Fabaceae, Rubiaceae and Euphorbiaceae were found to be the most dominant
plant families. Tree density and basal area were lowest in the grassland while it was highest in the
lowland forest. Species composition and diversity varied with vegetation type and landscape
configuration. The lowland and gallery forest were characterized by high diversity and similar species
composition shown by the Shannon diversity index of 3.8 and forest 3.75, respectively. Three species
from our survey were known to be endemic to Cameroon (Allophyllus bullatus, Cleistopholis staudtii
and Magnistipula butayei) while 6 species were known to be vulnerable; Afzelia africana, Afzelia

bipindensis, Allophyllus bullatus, Entandrophragma angolense, Hallea stipulosa, and Quassia

sanguine.

Key words: Flora composition, vegetation structure, species diversity, heterogeneous landscape.

INTRODUCTION

Vegetation is formed by plant species growing as the
result of a long development process consistent with
climate and the places they inhabit, and which constitutes
a fundamental part of ecosystems (Velazquez and
Romero, 1999; FGDC, 2005). Ecological diversity is the
degree at which life forms varies within the context of a
particular ecosystem, biome, or entire planet (Uno et al.,
2001). This encompasses all species of plants, animals
and microorganisms, the ecosystem, and ecological
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processes of which they belong. It is a general term for
the extent of nature’s variety, including both number and
frequency of ecosystems, species, or genes in a given
assemblage. Wilson (1992) defines biodiversity as the
variety of organisms considered at all levels from genetic
variants belonging to the same species through arrays of
species to arrays of genera, families, and still
highertaxonomic levels.

Studies of the main tropical forest ecosystems have

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

2 J. Ecol. Nat. Environ.

shown that African rainforests have relatively poor
diversity compared to the highest diversity regions of Asia
and the Americas (Parmentier et al., 2007). However,
based on this overall pattern of diversity, current
understanding of the local-scale community-assembly
mechanisms for tropical African tree communities is very
limited and complicated by previous sampling designs.
For instances, inventories based on 1-ha plots spread
across a wide area capture fewer than half of the local
species, with many represented only by a single
individual. In addition, most of these inventories focus on
large trees with dbh 10 cm (Hall and Swaine, 1981,
Hardy and Sonke, 2004) and in some cases only include
selected taxa (Hall et al., 2004). These small plots limit
the identification of habitats at scales that could provide
meaningful inferences on plant populations and also
preclude comparisons of degrees of habitat specificity
with other tropical forests thus having the misconception
of poor diversity of the African rainforest.

Besides other African countries, Cameroon is one of
the most diverse countries in terms of plant, with over
7,850 plant species (Onana 2011). From these species,
815 species are endangered (Onana and Cheek 2011).
The Cameroon heterogeneous landscape presents
different vegetation types among which are the Biafran
forest with high rainfall, the Congolese forest, and the
semi-deciduous forest with low rainfall (Letouzey, 1985).
Thus, Cameroon encompasses an intricate mosaic of
diverse habitats with moist tropical forest dominating the
south and south-east and covering 54% of the country,
mountain forest and savannah in the highlands and sub-
Sahelian savannah and near desert in the far north
(Sunderland et al., 2003). The vegetation of Cameroon
ranges from lowland evergreen rainforest, semi-
deciduous, deciduous, savannah woodland, and
savannah grassland forest, at different altitudinal gradient
of lowland to sub-montane, alpine and montane forest
(Letouzey, 1985; Achoundong, 2007). It forms part of the
Guineo-Congolian region of endemism (White, 1983).
Following these features, the forest of the cross-border
region of Cameroon and Nigeria are highly diverse with a
high degree of endemism (Davis et al., 1994). Further
studies conducted by Barthlott et al. (1996) ranked
Cameroon among the top countries in tropical Africa for
plant species diversity per degree square. Similar studies
equally confirmed the high diversity of endemism of plant
species, as found in the 50 ha plot in central Korup
National Park, Cameroon with close to 500 tree species
(Thomas et al., 2003) and over 250 liana species. Most of
this high diversity is usually preserved in protected areas
through gazettement. Though the flora is highly studied,
new species are recorded every year (Lachenaud et al.,
2013).

Landscape configuration significantly influence local
conditions, especially soil processes and hydrology, that
may affect the processes of growth, mortality, and
recruitment (Daws et al., 2002; Miyamoto et al., 2003).

Variation in demographic performance among habitats
can translate into species’ associations with their
preferred habitats (Harms et al., 2001; Russo et al., 2008;
Yamada et al., 2007). Thus, resolving the role of habitat
partitioning in the maintenance of high species diversity
in ecosystems will depend in part on detecting species—
habitat associations (Webb and Peart, 2000; Potts et al.,
2004). Differences among species in their habitat
associations, coupled with habitat heterogeneity, will
contribute to the maintenance of high diversity by
allowing species to coexist by specializing on different
habitats.

Diversity studies carried out in Cameroon have covered
many parts of the country but left out certain regions
despite their richness in plant diversity (Mbolo, 2002;
Ndenecho, 2005). An example of such a region is the
newly created Kimbi Fungom National Park (K-FNP) in
the North West Region of Cameroon characterized by a
hilly topography with a rich diversity of flora and fauna.
This area is part of the Cameroonian Highlands
ecoregion which encompasses the mountains and
highland areas of the border region between Nigeria and
Cameroon (Stuart, 1986; Ndenecho, 2009). The area
falls within the Afromontane archipelago-like regional
centre of endemism that spans the entire African
continent (Ndenecho, 2009). The forests in the area are
refugia in montane and sub-montane environments. The
montane forests are of great ecological significance and
contain several endangered species of plants and
animals (Alpert, 1993; Ngwabuh, 2002). This region holds
some of the globally threatened and endemic species
such as the critically endangered Nigeria-Cameroon
chimpanzee (Pan troglodytes Ellioti) and the pangolin
(Smutsia gigantea). It also holds some tree species with
high conservation values. This rich ecoregion located in
the Western Highlands of Cameroon has been under
serious human influence for over three decades.
Conservation efforts have tended to emphasize the
protection of biodiversity and to improve local livelihoods.
Based on this, some questions were asked such as;
which is the most diverse vegetation type in the park?
What is the structure of the different habitats? What is the
similarity between the vegetation types of the park?

From the aforementioned questions, this study’s main
objective was to describe the flora K-FNP. Specifically,
this study sets out to;

i) Assess the species composition of the park;

ii) Evaluate the structure of the different vegetation types;
and

iii) To ascertain species diversity in park.

MATERIALS AND METHODS

Location of the study area

The Kimbi-Fungom National Park is located between latitude 6.5-
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Figure 1. Kimbi Fungom National Park.

6.9° N and longitude 9.8-10.5° E in the North West Region of
Cameroon covering a total land surface of 95,380 ha. This national
park is located in three divisions of the North West Region of
Cameroon cutting across four sub divisions. These divisions are
Menchum, Boyo and Dongo Mantung and found in the respective
sub divisions of Fungom and Fru Awa, Misaje and Bum. The Kimbi-
Fungom National Park (K-FNP) is a newly created national park
and the only national park in the region (Figure 1).

This region experiences two seasons; a long rainy season from
mid March to mid November and a short dry season from mid
November to mid March. The wettest months are July, August and
September and the driest months being January and February.
Hawkins and Brunt (1995) described the climate as a “sub-montane
cool and misty climate” with an annual mean maximum temperature
of 20 to 22°C and mean minimum of 13 to 14°C. Annual rainfall
varies between 1780 and 2290 mm with most of the rainfall
occurring between July and September. A dry season occurs from
mid - October to mid-March (Tata, 2015).

Geographically, the Kimbi-Fungom National Park has a
heterogeneous landscape. The Fungom area lies east of Weh-Esu
and South of Esu to Kung and Fang reaching a height of 1524 m.
This area is made-up of woody savanna with hills running from Weh
to Kuk. It is characterized by a rugged terrain from steep rolling hills

10° VOE 10 D0E 10 Dot

into extensive flat valley at lower altitude. The Munkep-Gayama
axis is an extensive valley about 6 km wide in the Munkep area to
over 10 km in Gayama zone. It is in the midst of chains of some
steep rocky hills which are almost impassable. The lowlands take
another orientation from Munkep at a place called ‘Last Town’
towards the eastern forest. The valley starts behind the eastern
forests where it extends for more than 15 km wide to over 30 km
long. This extensive eastward valley is fertilized by alluvial silts from
the Southern near Escarpment chain of long hills that stretched
from the West towards the East in the Fungom Reserve. This relief
has greatly influenced the vegetation types and distribution within
the park. The Munkep Gayama axis lies on an extensive valley
between chains of two hills. These valleys gradually protrude into
near long rolling steep hills which are characterized by the woody
vegetation. The hills are sandwich by galley forests which form the
basis for the numerous tributaries in the park.

It is drained by a wide range of rivers and streams, notably the
Kimbi, the Katsina Ala, and the Kendassamen Rivers, along with
significant streams that include: the Batum, Akum, Bissaula, Kenda,
Yemene and Imia. These streams flow into the bigger ones that
eventually flow through the Katsina Ala River and finally enter the
River Benue (Tata, 2015).

The soil types in this area include; acrisols, andosols (Black soils
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of volcanic landscapes), ferrasols (red and yellow tropical soils with
a high content of sequioxide), leptosol (shallow soil) and nitisols
(deep, well-drained, red, tropical with a clayey subsurface) (Birdlife,
2010).

The vegetation is principally lowland tropical rainforest at the
Fungom low altitude area of the park and gradually progress into
tropical deciduous forest to savanna and the grassland savanna. It
has many tree species of economic values.

Data collection

Data collection on the flora took place in two different times;
November to December 2017 for the dry season and May to July
2018 for the wet season. The park was divided into 20 equal blocks
of 7 x 7 km each (4900 ha) with ten blocks randomly selected for
this study. In each block, a 1-km transect as described by Tchouto
(1999) and Buckland et al. (2007) was established. In each
transect, 5 quadrates of 20 x 20 m were established at interval of
200 m (this gives a total of 0.2 ha of land sampled per block). The
quadrates along transects were placed in alternate manner (that is,
if quadrate one is on the left of the transect, quadrate two is placed
at the right). A total of fifty 20 x 20 quadrates were sampled giving 2
ha of total land covered (representing 0.0002 ha of total park).
These transects were laid to cut across four major vegetation types
(lowland forest, gallery forest, woody savanna and grassland) at
different elevations. Two other vegetation types were identified; the
swampy forest where raffia forest grows and the secondary forest,
which was fallowed farmlands. We sampled all plants =1 cm stem
diameter in all quadrates. In each quadrate, four subplots of 1 x 1 m
were placed at the corners to sample understory and herbs
(Oosting, 1956; Condit, 2008).

Identification of plants was done in the field using various
methods. The trees were identified using a combination of
characters such as the general form of the tree (butresses, roots
systems, bark texture; slash colour, smell and exudates, leaf type
and shape) as well as the flowers, and fruits of the trees. In each
transect, records of all species of vascular plants, excluding tree
dwelling epiphytes were taken. For trees that were unable to be
identified, the leaves were collected and put in a plant press for the
Limbe Botanic Garden herbarium. Tree structural data were
collected and recorded in each quadrate using a datasheet file.
Each live and dead tree within the plot was identified and was
measured at 1.3 m dbh. The dbh of all trees were measured using
the dbh metal tape. The height of trees were measured using the
hypsometer (Vitax) and also by estimation (average estimates of all
field researchers). Some trees generally posed a lot of difficulties in
measuring the dbh at 1.3 m, due to the configuration of their
buttresses, lianes and stems at 1.3 m. In such a situation, the dbh
was measured at a distance either above or below 1.3 m. Field
manuals, field books, text books all on plants were used to help in
the identification of the plants/trees in the field.

At the start, each geographical coordinates were taken with the
help of a GPS. All individual species were counted and recorded in
each quadrate on a prepared data sheet by name for identified
species and codes for unidentified species. Materials used here
included; a portable field press, collecting bags, a machete, a sonny
camera, a GPS, field note book, a 30 m measuring tape, a diameter
tape and a rope. We used the recommended GPS (Global-
Positioning-System) Garmin 60CSx, which are so accurate in the
forest, inexpensive and works adequately under forest canopy
(Condit, 2008).

Data analysis

Field data were compiled using Microsoft Excel 2007 package and
analysis was done using the PC ORD package. For vegetation

structure, the quantitative characteristics such as Plant Diversity,
Relative Density (RD),) Dominance (D), Relative Frequency (RF),
Relative Dominance (RD), Important Value Index (IVI) were
calculated. A similar statistical analysis in wetland plants diversity
was carried out by Mueller-Dombois (1974).

Tree Basal Area (TBA) = (*2dbh) 2 x 11

2
Sum of plot Tree Basal (m)

; (m?/ha) _
Standing total Tree Basal Area Plot area (ha)

@
Stem density (st ha) = Tree in plot (stems)
em density (stems/ha) = Plot area (ha)
@
s (m°)
Standing Total Volume (m“/ha) _ Sum of plot tree volume
8 Plot area (ha) )

Number of species at that elevation 0
X
Total number of species at that elevation 4

% Dominant Species =

The assessment at the various altitudes was described based on
the species “important value index” (IVI). Thus species or families
with the highest IVI are referred to as the most “important” at that
vegetation type. The IVI is calculated as follows:

Number of Individuals of species

Relative DenSity = Number of individuals of all species 100 (5)

Basal Area (BA) = (%2 dbh) 2 x T (6)
. _BAofspecies

Relative Basal Area = BA ofall specics 100 (7)

Relative Frequency = Lrequency ofaspecies . 4 (8)

Frequency of all species

Cover value index (CVI) = Relative density + Relative dominance

9)
Important value index (V1) = CVI + Relative Frequency (20)
Relative Dominance = —22131%2_ 109 (11)

Total basal area

Measures of species diversity was done using the Shannon-Weiner
index (H’) and Simpson’s index (D), which have been shown to be
more representative of diversity in larger areas. Shannon’s index is
a measure of uncertainty, providing the probability of picking a
dominant species at random. Comparison was only possible for
lowland, gallery forest, grassland-savannah and woody-savannah.
This is because they were well represented in the sample size than
secondary and lowland forest. Based on this, the analysis was done
using sample size of 0.2 ha. Plot size was considered to be 20 by
10 m whereas quadrate was considered to be 20 x 20 m; therefore,
following our method we expect to have five quadrates in a
modified plot sampling of 20 x 100 m.

H’ = -Zpi In pi (12)

where pi is the proportion of individuals of species (Relative density
of species/100), and In is the natural logarithm. The maximum value
of H is the natural logarithm of the number of species (In S).
Evenness (E) describes the distribution among species, reaching a
value of 1 when all species have equal numbers of individuals.
Pielou’s evenness is described by the following equation:
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The Simpson’s index was introduced in 1949 by Edward Simpson
to measure the degree of concentration when individuals are
classified into various types.

The formula for calculating Simpson’s index is

_ Xni(n-1)
D= T (14)

where N = the total number of all organisms and ni= the numbers of
individuals of each individual species.

RESULTS
Species composition

A total of 2831 individual trees identified with dbh of =1
cm were identified and measured. These identified
species were found to be grouped into 54 families with
content of 222 species. The species were distributed
through four main vegetation types (lowland rainforest,
gallery forest, woody savanna and grassland savanna)
and secondary and swampy forest which were found in
any of the four main vegetation types. These six
vegetation types were identified based on species
composition and structural characteristics. A total of 129
species were identified in the lowland forest, 124 in the
gallery forest, 52 in the woody savanna, 56 in the
secondary forest, 40 in the swampy forest, and 49 in the
grassland savanna.

The families with the highest number of species in
descending order for the entire study area was
Fabaceae, Rubiaceae, Moraceae, Euphorbiaceae,
Anacardiaceae Phyllanthaceae, Loganiaceae, Meliaceae,
Apocynaceae and Melvaceae (Figure 2). These 10
families accounted for 47.51% of total species sampled
and contributed 40.55% of total plant sampled in the

study area. Two of these families, Fabaceae and
Rubiaceae, were the most diverse families, which
accounted for 24.23% of overall species richness and
contributed 53 species that accounted for 23.98% of the
total number of plant sampled. Fabaceae has 31 species,
Rubiaceae 22, Euphorbiaceae and Moraceae both had
15 species and the least in the top 10 which is Malvaceae
had 5 species (Figure 2).

Going by vegetation type, Fabaceae, Rubiaceae and
Euphorbiaceae still dominate lowland, gallery forests.
Fabaceae had 21 species in the lowland forest, 19 in the
gallery forest, 8 in the woody savanna, 9 in the grassland,
8 in the secondary forest and no species in the swampy
forest. Rubiaceae on the other hand, had 15 species in
the lowland forest, 12 in the gallery forest, 7 in the
swamp, 6 in secondary forest, 5 in the woody savanna
and 2 in the grassland. Figure 3 summarizes the
distribution of the 10 most abundant families in the
different vegetation types.

From the 222 species found, 34 (15.32%) were
common only in the lowland tropical rainforest, 19
(8.56%) were common only to gallery forest, 7 (3.15%)
were common to the woody savanna, 2 (0.9%) common
to swampy forest, 2 (0.9%) to secondary forest and 7
(3.15%) only common to grassland savanna. Only one
species (Albizia species) was common in all 6 vegetation
types. Ten species were common in both lowland forest
and gallery forest. The remaining 140 species (63.06)
were common in 3 to 5 vegetation types.

Structure

A total of 2831 stems with circumference of 1 cm from
222 species were recorded across 4 main vegetation
types and 2 others (secondary and swampy forests) in
the park. The distribution of stems by the circumference
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classes in the different vegetation types differ. Most
individual plants (992) were concentrated in the first class
of less than 9.9 cm. From this number, 378 (38.1%) were
concentrated in the lowland forest, 307(30.9%) in the
gallery forest, 148 (14.8%) in the woody savanna, 17
(1.7%) in the grassland, 58 (5.8%) in the secondary
forest, and 89 (9%) in the swampy forest. The stems
above the 10 cm class were concentrated in different
classes; 13.5% were concentrated in 20-30 cm in lowland
forest, 20.27% concentrated in the 10-20 cm class in the
gallery forest, 28.62% concentrated in the 10-20 cm class
in the woody savanna and 21.21% were concentrated in
the 21-30 cm class in the grassland, 25.41% were
concentrated the 21-30 cm class in the secondary forest
and 18.43% were concentrated in the 31-40 cm class in
the swampy forest. Only the lowland forest, gallery forest
and the secondary forest had species in the last two
classes of above 100 cm (Table 1).

The distribution of the number of stems differs among
circumference classes. The variation was determined by
the result of the variance which shows a significant
difference (p < 0.001). The number of stems with big
circumference from classes 90-100 and above 100 cm
was very low in all parts of the National Park. Among the
range of species, 36 stem had large dbh class of above
100 cm with seven stems having a remarkable large
average circumference of 140 and beyond: Ceiba
pentandra (200 cm), Pseudospondias microcarpa (200

cm), Albizia spp. (180 cm), Ricinodendron heudelotii (150
cm), Maranthes glabra (150 cm), and Erythrophleum
ivorense (140 cm).

Species diversity

Comparison was only possible for lowland, gallery forest,
grassland-savannah and woody-savannah. This is
because they were well represented in the sample size
than secondary and lowland forest. Based on this, the
analysis was done using sample size of 0.2 ha. Plot size
was considered to be 20 x 10 m whereas quadrate was
considered to be 20 x 20 m; therefore, following our
method we expect to have five quadrates in a modified
plot sampling of 20 x 100 m. The total nhumber of
individuals (N) as well as species richness (S) was high
in the lowland forest and the gallery forest than in the
woody savanna and grassland. According to Margalef's
index of species richness, representing an intermediate
mathematical measure between S/N and S, the lowland
forest was the most diversified, followed by the gallery
forest, grassland savanna, woody savanna in that order.
Shannon’s measure of evenness did not differ
significantly among different vegetation types (P<0.001).
Shannon-Wiener’s information index, which combines
species richness and evenness into a single value,
indicated that the diversity of all vegetation types were
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DBH Classes

Lowland Gallery Woody Grassland Secondary Swampy Total
<10 378 307 143 17 58 89 992
10-20 132 195 105 20 20 16 488
21-30 124 131 68 29 47 31 430
31-40 105 116 23 21 21 40 326
41-50 87 57 13 12 11 10 190
51-60 51 36 14 7 8 12 128
61-70 35 47 4 4 4 6 100
71-80 24 17 4 1 4 6 56
81-90 10 19 5 0 3 3 40
91-100 18 21 1 0 3 2 45
>100 12 16 0 0 6 2 36
Total 976 962 380 111 185 217 2831

Table 2. Floristic characteristic of the different vegetation types.

. Stem Number of Shannon’s Simpson’ Index
Vegetation type Density Tree Species Index (H’) Evenness (E) P (D)
Lowland forest 324 74 3.8 0.5181 0.9684
Gallery forest 365 65 3.75 0.5412 0.9577
Woody savanna 80 53 3.59 0.5024 0.9396
Grassland 249 35 3.05 0.802 0.9681

not very different, but the grassland was poor because its
value is less than 3.5. Simpson index which is a measure
of dominance (D) showed that the lowland forest
remained very rich than other vegetation types. As D
increases, diversity (in the sense of evenness) decreases
(Table 2).

In accordance with vegetation type, Albizia zygia,
Pycnanthus angolensis, P. microcarpa, M. glabra and
Cola lateritia were found to dominate the lowland forest,
while M. glabra, P. microcarpa, Garcinia ovalifolla,
Sterculia tragacantha and Synsepalum dulcificum
dominated the gallery forest. The woody savanna was
dominated by Vitex grandifolia, E. ivorense, M. glabra,
Afzelia africana, and Terminalia glaucescens while the
Lophira lanceolata, Vitex doniana, Bridelia ferruginea, A.
zygia and Combretum species. dominated the grassland
savanna. This is shown by their [IVI. This
phytosociological analysis of assemblages from habitats
showed that, for the first 10 species of each vegetation
type grouped with highest VI (importance value Index),
the relative values of density, frequency and dominance,
when expressed as IVI indexes, were numerically similar
(Table 3).

Cluster analysis indicated the presence of transitional
and mixed forest amidst the normal four vegetation types.
The vegetation types were heterogeneous but composed
of some samples close to each other. Except for the

lowland where we discovered an outlier with one
outstanding quadrate (15) that has purely the
characteristic of lowland forest, the lowland forest
showed closeness in species composition with the
secondary forest and to an extent with gallery forest and
woody savanna. This is due to the fact that these
vegetation types (secondary, woody and gallery) are also
found in low altitudes and share many species which are
found in the lowland forest. Most of the species are
located below 600 m asl. The gallery forest is again more
closed to woody savanna and is mostly located at altitude
between 600 and 1000 m asl. Gallery forests were found
to stretch from lowland into very highlands. The
grassland represented by 5 showed closeness with the
swampy forest and were found to be dominated at
elevation of 1000 m and above. Some of the swampy
forests observed in the park were located in highland
areas where raffia forests dominate (Figure 4).

The floristic composition within these forest types were
more or less variable, forming two additional vegetation
types, with similarity percentages ranging from 30 to
57%, transitional forest that had a similarity value at the
25% limit. The lowland forest gallery forest and woody
savanna were more similar with similarity percentage
ranging from 50 to 75%. The transitional (lowland,
secondary and gallery) forest was more similar to the
mixed forest (woody, swamps and grassland) with
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Table 3. 10 species with IVI values from four main vegetation types.

Vegetation type Species Family Rel. Den Rel. Dominance Rel. Freq. VI
Albizia zygia Fabaceae 1.85 31.62 3.05 36.53
Pycnanthus angolensis Myristicaceae 3.7 10.91 3.05 17.67
Pseudospondias microcarpa Anacardiaceae 4.63 6.79 3.82 15.24
Maranthes glabra Chrysobalanaceae 3.7 9.09 0.76 13.55
Lowland Rainforest Cola lateritia Sterculiaceae 7.41 0.34 3.82 11.57
Entada abyssinica Fabaceae 1.54 5.81 2.29 9.64
Tabernaemontana cf ventricosa Apocynaceace 5.56 0.09 3.05 8.7
Elaeis guineensis Arecaceae 4.32 0.56 2.29 7.17
Pterocarpus soyauxii Fabaceae 34 1.47 2.29 7.16
Anthonotha macrophylla Fabaceae 2.16 241 2.29 6.86
Maranthes glabra Chrysobalanaceae 12.6 21.9 4.03 38.54
Pseudospondias microcarpa Anacardiaceae 3.01 17.95 2.42 23.38
Garcinia ovalifolla Clusiaceae 5.75 5.56 2.42 13.74
Sterculia tragacantha Sterculiaceae 3.56 6.75 3.23 13.54
Synsepalum dulcificum Sapotaceae 5.21 3.77 3.23 12.21
Gallery forest Anthonotha macrophylla Fabaceae 6.58 0.7 3.23 10.5
Uapaca guineensis Phyllanthaceae 3.29 3.61 2.42 9.31
Erythrophleum ivorense Fabaceae 11 5.21 2.42 8.72
Albizia zygia Fabaceae 1.37 3.7 3.23 8.3
Psychotria sp.1 Rubiaceae 4.11 0.24 3.23 7.58
Vitex grandifolia Lamiaceae 10.04 26.16 6.94 43.15
Erythrophleum ivorense Fabaceae 7.23 20.32 5.56 33.11
Maranthes glabra Chrysobalanaceae 9.24 6.4 2.78 18.42
Afzelia africana Fabaceae 4.42 8.79 4.17 17.38
Woody Savanna Terminalia glaucescens Combretaceae 7.63 4.01 5.56 17.2
Nauclea latifolia Rubiaceae 9.24 3.14 4.17 16.55
uapaca guineensis Phyllanthaceae 8.03 2.13 5.56 15.72
Lophira lanceolata Ochnaceae 5.22 2.89 4.17 12.28
Ficus sp.1 Moraceae 1.61 6.21 2.78 10.59
Ouratea species Ochnaceae 3.61 0.22 5.56 9.39
Lophira lanceolata Ochnaceae 10 15.63 5.88 31.51
Vitex doniana Verbenaceae 6.25 12.03 1.47 19.75
Bridelia ferruginea Euphorbiaceae 5 7.04 4.41 16.46
Albizia zygia Fabaceae 25 8.15 2.94 13.59
Grassland Savanna Combretum spp. Combretaceae 3.75 3.22 4.41 11.38
Cussonia djalonensis Araliaceae 25 5.59 2.94 11.03
Harungana madagascariensis Hypericaceae 3.75 4.23 2.94 10.92
Terminalia glaucescens Combretaceae 5 0.85 2.94 8.79
Entada abyssinica Fabaceae 25 3.35 2.94 8.79
Polycias fulva Araliaceae 2.5 2.17 2.94 7.61
similarity percentage ranging from 20 to 45%. These DISCUSSION
vegetation types are close to each other. The lowland is
closer to gallery and woody savanna in terms of altitude. Fabaceae, Rubiaceae, Euphorbiaceae. Moraceae,

This is shown on the dendrogram (Figure 5). Anacardiaceae, and Phyllanthaceae were the most
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Figure 4. Cluster analysis showing distribution with different vegetation types. 1=Lowland forest vegetation,
2=Gallery forest vegetation, 3=Woody savannah forest vegetation, 4=Swampy forest vegetation,
5=Grassland savannah vegetation, 6=Secondary forest vegetation.

abundant families observed in the park across the
different vegetation types. In this study, Fabaceae was
the most dominant plant family with 31 species. This is in
line with Sainge (2016) observation the park. This
confirmed the idea that Fabaceae always fall among the
three most dominant families in the world. Fabaceae is
the most diverse plant family in the world with a wide
distribution of sort, registering 770 genera and 19,500
sorts, and considered the third largest family of
angiosperms in species numbers after Asteraceae and
Orchidaceae in the global context (Beech et al., 2017,
Azani et al., 2017). These taxa are always present
whenever native floras are sampled in the Amazon
(Matos and Amaral 1999). Fabaceae has been noted to
always appear among the three most abundant families
in the Amazon both in old and recent forest fragments, as
well as various types of forests (Rankin-de-Merona et al.,
1992; Santos et al., 2013). In studies using DBH = 10 cm,
Fabaceae is considered hyperdominant, where other
families are not part of hyperdominant groups because
most of their individuals are small. In addition, Fabaceae
had the greatest species richness and it is commonly
cited as the richest family in other Amazon forest types
(Pitman et al., 2002; Oliveira et al., 2004; ter Steege et
al., 2006). Myrtaceae and Fabaceae were considered by
Miranda et al. (1993) as the richest families in forest
areas within the Roraima savannas.

Rubiaceae was the second most abundant family in our
study area with 22 species. Its abundance had also been
recorded in other parts of Cameroon. For instance,
Fonge et al. (2013), in their study of the diversity,

distribution, and abundance of plants in Lewoh-Lebang in
the Lebialem Highlands of Southwestern Cameroon,
found Rubiaceae as the most dominant family and
suggested that Rubiaceae could be the most dominant
tree family in the Guinean equatorial forest. These
findings were also recorded by Ndam et al. (2001) and
Fonge et al. (2013) who reported that the Rubiaceae was
the most dominant tree family in the Mount Cameroon
region. Kenfack et al. (2007) also report Rubiaceae to be
the most dominant tree family in the Korup National Park.
The abundance of Rubiaceae in forest landscapes has
also been reported for Assam and the North East Frontier
Agency (present Arunachal Pradesh) where Chowdhury
(2005) listed 150 species of Rubiaceae from the state of
Assam which shows both the great range of this family
and/or the capacity of its members to adapt to forested
areas. The family Rubiaceae is widespread and occurs in
all major regions of the world except Antarctica and
shows maximum proliferation in low to mid altitude humid
forests. The family comprises 13,143 species falling
under 611 genera by which it is the fourth largest
Angiosperm family (Davis et al., 2009).

According to the structure of species in the national
park, the distribution of trees in circumference classes
was uneven. We recorded 11 dbh classes in our study
indicating that, structurally, lowland forest and gallery
forests are probably mature, stable and highly likely to
continue perpetuating their constituent species. The
smallest diameter trees (1-9.99 cm dbh) were 994
(35.11%) abundant and those >10 cm were 1837 (64.5%)
showing the ecological importance of small-trees in the
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structure, diversity and biomass to tropical forests
(Memiaghe et al., 2016). This is slightly different from
Sainge (2016) based on this percentages. In Sainge
(2016) 17 ha study of the species structure of the park,
5152 (92.81%) trees with dbh = 10 cm, and 399 (7.19%)
trees with dbh 1-9.9 cm were recorded. Going by the
different classes > 10 cm, the class 10-20 cm and 21-30
cm were more abundant than the other classes. These
results were similar to those of Savadogo et al. (2007) in
Tiogo Forest who demonstrated that at dbh of > 10 cm, a
great number of stems were recorded from the
circumference class 10 - 30 to 30 - 50 cm, indicating the
high number of small trees and the higher contribution of

shrub species which developed small circumference. This
is partly due to rampant devastation of the forests
basically, the suppression and the falling of big trees in
addition to other factors that limited the sustainability of
species (Peters, 1997). The record of average of
circumference and basal area were low in the grassland
in the K-FNP. This was due to overgrazing and bush fire
which influenced biodiversity by reducing the number of
stems desired, affected species diversity and their size
(Moleele and Perkins, 1998; Boussim et al., 2009). The
density of the desired species reduced due to the
devastating effects and lack of reafforestation in the park,
thus explaining the low rate of young plants renewal in



the woody and grassland (Ntoupka, 1999).

Also, vegetation is said to be rich if it has a Shannon
diversity value = 3.5 (Kent and Coker, 1992). Whittaker
(1970) stated that vegetation diversity is dependent on
two characteristics of the vegetation. One is the number
of species present, identified as S, which indicates
species richness, whereas the other describes the
distribution of the individuals in the population among the
species, symbolized by N. In our study site, 3 out of four
vegetation types had Shannon- Weaver diversity indices
greater than 3.5 except the grassland which has a
diversity index of 3.05. This shows that the different
ecosystems are rich in species diversity. The lowland
forest was the most diverse and also the S followed by
the gallery forest. This could be due to the fact that the
lowland forests were large enough and also receive more
nutrients from the surrounding hill which support the
growth of diverse plant species while most gallery forests
were relatively undisturbed though anthropogenic factors
such as agriculture and hunting are widespread in the
park. Most gallery forests are very steep, and were
neither good for farming or grazing; also, the
abandonment of farming activities in some areas of the
park as lands had been left to fallow for a very long time
(Fonge, 2011). Although large plantations of cocoa,
palms, maize, and millets were observed to be cultivated
in the park, a high diversity index was still recorded for
the different vegetation types, meaning that some
species or families might have been erased due to these
high anthropogenic factors. This high diversity index is in
line with Sainge (2016) observations Shannon diversity
index of 4.51 with a species richness of 86%. It was
concluded that, the Kimbi Fungom Forest though poor in
species compares to the wet Rumpi Hills Forest, but it
has a high flora diversity and species richness in the
North West Region.

For two or more areas to be considered alike, they
must have at least 25% of species in common (Muller-
Dubois and Ellenberg, 2003). Based on this criterion, our
cluster analysis revealed high similarity levels among the
different vegetation types. While the lowest similarities
obtained were between lowland and gallery forest, the
remaining comparisons revealed similarity values greater
than 75%. Similarity in species composition occurs when
the analysis is focused on the same type of vegetation
(Rodrigues and Nave, 2000). One of the factors that
influenced the grouping was forest size and proximity to
other vegetation types: Transitional forest was very close
with lowland forest, while others were distant from each
other, indicating that distance is an aggregation factor
(Kuntz et al., 2009). Figure 5 shows a dendrogram
showing similarities between the different vegetation
types. The distance correlation (ward linkage) between
lowland forest and gallery forest is minimal and this
shows that lowland forest and gallery forest have many
plants species that are similar and their similarity index
was 75% while the grassland was less similar to all the
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other vegetation types.

The majority of the taxa found in the studied area are of
conservation value and importance. They occur mostly in
the intricate mosaic of lowland and gallery forest, and the
ecological fragility and anthropogenic pressure on the
lowland forest suggest that these ecotypes are of
considerable conservation value. Out of the 222 species
recorded, 5 species (2.80%) were vulnerable according
to the IUCN (Sainge, 2016). These species included: A.
africana, Afzelia bipindensis, Allophyllus bullatus,
Entandrophragma angolense, Hallea stipulosa, Quassia
sanguine. However, A. africana was still abundant locally
in the woody savanna of the Kimbi Fungom National
Park. These species thus need high conservation effort.

Conclusion

The Kimbi Fungom National Park is an ecoregion with
four major vegetation types; lowland rainforest, gallery
forest, woody savanna and grassland savanna. These
four main vegetation types had sub vegetation types like
the swampy forest which could be found in any of the
major vegetation type, and the secondary which were
heavily disturbed gallery forests. Species richness was
high in the lowland forest than any other forest types. The
most abundant family recorded was Fabaceae with 31
species. Most of the forest had a high density of small
species of less than 9.9 cm. The renewal of species
through the regeneration was weak, the vulnerability of
young plants to grazing, drought and farming and most
importantly bush fire slow down the sustainability of
woody species. This is termed an ecological, and
environment problem that is contributing to the
degradation of the floras in the park. The woody and
grassland savannas need high conservation effort as
they are always burnt, and are also fertile grazing
environments.

The management, preservation systems including local
population and habitat regeneration will therefore be
highly advantageous to save this protected area from
destruction, save their flora and fauna species from local
extinction and to maintain a viable population size in the
face of growing anthropogenic activities. It should be
noted that the K-FNP species richness and its diversity
are under serious threats due to the anthropogenic
pressure resulting from both cash crops and food crop
production and the lack of government interest since its
creation before 2015. Serious habitat destruction and
illegal logging are still very active in the park as the
exploitation of the Pterocarpus erinaceus remained the
greatest problem. The lowland and the woody savanna
need urgent conservation effort. Measures should
therefore be taken toward good management and
monitoring of this park through frequent patrol and the
recruitment of more forest guards. Measures to support
the regeneration of tree species should also be taken, in
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order to increase the main abundance of trees and
threatened species. However, successful restoration
requires involvement from many disciplines and
stakeholders, from government and ecologists to local
communities, and from decision makers to ordinary
people. This will improve the species pocket of the park
and hence the park will remained a scientific laboratory of
biodiversity experimentation.
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