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Abstract

The savannas of the Western Highlands of Cameroon are exploited for agricultural and
pastoral activities. These savannas are still poorly studied and its sustainable management
requires knowledge in terms of flora. This study aimed to assess the floristic diversity of
savannas of the Western highlands of Cameroon. The basic data on the floristic
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composition were collected to inventory plant diversity in 72 plots of 100 m2. The species Keywords

richness and biological diversity indices were used to express diversity. In this study, 260 Diversity

flora species belong to 165 genera and 72 families were surveyed from April 2013 to Floristic composition
August 2015. The most frequent and most abundant species were Imperata cylindrica and Highlands
Hyparrhenia involucrata. The families with the greatest number of species were Poaceae Savannas

(49); Asteraceae (35), Fabaceae (25), Rubiaceae (11), Hypericaeae (7) and Moraceae (7).
The Shannon diversity index (5.2), equitability of Pielou (0.97) and Simpson diversity
index (0.66) values were high. The great diversity of Western highlands savannas is linked
to the diversity of the observed biotopes.

Introduction

The knowledge of the flora and vegetation of a given
locality is an essential tool to support the policies of
sustainable development. The savanna biome covers
approximately a fifth of the terrestrial area (Sankaran
et al., 2005) including a large percentage in Africa
(65%) (Huntley and Walker, 1982). These ecosystems
have a great ecological and economic importance.
Savanna biome represents biodiversity hotspots, but also
research has shown that they also sustain high levels of
endemism (Barnard et al., 1998), support large human
and animal populations (Happold, 1995; Scholes and
Hall, 1996). These ecosystems display high levels of
primary productivity when compared to other

ecoregions and have a greater impact on the global
carbon cycle than previously appreciated (Ojima et al.,
1996; Houghton et al., 1999).

Beside Sub-Saharan Africa, Cameroon is one of the
most biologically rich countries known up to date on the
African continent (Sunderland et al.,, 2003). It
encompasses an intricate mosaic of diverse habitats with
moist tropical forest dominating the South and South
east of the country, mountain forest and savanna in the
highlands and the sub-Sahelian savanna in the far North
(Sunderland et al., 2003). These diverse habitats harbour
more than 9982 vascular plants species where 1000
species are endemic and 155 of them threatened (Onana,
2011). The majority of endemic taxa are concentrated
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around mount Cameroon and other highland areas.

Although the savannas are among the five plant habitats,
plant inventory studies there have not been devoted
exclusively to the montane savannas. Savannas,
compared to the bigger part of closed forest, are easier to
be converted to crop farms and their degradation is not
considered as a serious environmental attack compared
to the clearing of forests. Savannas have often been
noticed to be epicentres of different destructive
bushfires. The Western Highlands savannas of
Cameroon which is a stronghold of montane
biodiversity. The rugged topography and inaccessibility
of the mountainous escarpment of the areas have
resulted in a paucity of studies on its vegetation. These
savannas, can also be strongly influenced by an increase
of less destructive land use forms, above all grazing and
selective logging of valuable tree species. Previous
studies on the flora and vegetation of the Western
highlands were fragmentary and relied on a qualitative
description of the vegetation (Jacques-Félix, 1945;
Portéres, 1946; Letouzey, 1985). It is worth noting that a
complete modern flora is still lacking.

The vegetation of the Western highlands occurs in

various corners and the purpose of this study was to
understand the present state of the ecosystem in order to
provide conservation measures for the sustainability of
floristic diversity.

Materials and methods
Study site

The study was carried out in the Bambouto and Mbapit
mountains located in the Western highlands of
Cameroon between 4°54° - 6°36’North and 9°18° -
11°24’East (Fig. 1). The herbaceous stratum is
dominated by Pennisetum purpureum and Imperata
cylindrica and ligneous cover is strongly influenced by
anthropogenic activities (agriculture and pasture)
(Letouzey, 1985). The climate is of the tropical
Soudanian type, with a short dry season (from
November — March) and a long rainy season (from
March-November). The annual average rainfalls vary
according to the relief from 1500-2600 mm. The annual
average temperature is about 20°C. The predominant
soils are the andosols, the ferralitic soils and eutrophic
brown soils. Agriculture and pastures are the major
activity and occupy the totality of land.
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Fig. 1: Localization of study site in the West region of Cameroon.
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Vegetation sampling

The inventory was conducted from April 2013 to
September 2015. Seventy-two quadrats of 100 m? were
randomly distributed in the altitudinal gradient from
1132 m to 2612 m. Within each savanna, a quadrat of
100 m? (10m x 10m) was laid for the inventory of
woody components. Each plot was sub-divided into 5
sub-quadrats of 1 m x 1 m placed at each angle and in
the center of each quadrat for the inventory of the
herbaceous species. The distance between two
consecutive plots was 500 m. Within each quadrat, all
species were identified, topography, anthropogenic
activities and geographical coordinates were recorded.
When a taxon identification appeared uncertain in the
field, more specimens were collected, dried and
preserved for later identification in the Cameroon
National Herbarium. The study parameters refer more
particularly to the richness and floristic diversity.

Vegetation analysis

Species richness was calculated as the total number of
species for the study site. The floristic diversity was
calculated according to Simpson’s diversity index
formula, which takes into account both the number of
species and their dominance: A’ =1 - Y (Ni/N) > Where
Ni = strength of the species i, N = total strength of all
species. The Shannon-Weaver diversity index (H”) was
given by the formula: H’= -Y Ni/N log, Ni/N where Ni is
the strength of the species “i’” and N the strength of all
species. The diversity equitability index of Pielou (Eq)
was given by the formula: E = H’/log,S where S is the
number of species in the survey. Equitability varies from
0 to 1. It describes the distribution numbers of a
different population species. The Margalef index (R)
was given by the formula: R = S-1/In N where S is the
total number of species in the community and N the total
number of individuals for all species in the studied
community. Generic diversity index: 1G= dp/G, where
dp = number of species; G= number of genera the study
population; IG = Generic diversity index. It helps to
characterise the plant population stability (Sonke, 1998).

Results and discussion
Floristic diversity parameters
The The Shannon-Weaver diversity index (H’) was

5.202 reflected high diversity of study site and the
Pielou equitability index value was 0.667. The Simpson

diversity index value of 0.028 indicates that the
probability of taking two individuals in the study site
and for them to belong to the same species is weak. The
Margalef index indicated 23.244 species per hectare in
the studied area.

A rigorous examination of diversity requires a
combination of relative abundance of species and the
species richness of the studied area. The Shannon-
Weaver diversity index increases progressively when
species diversity increases (Tagne, 2007). Thus, the high
Shannon-Weaver’s diversity index is 5.202 indicating
high diversity of the studied savanna. This data is in
coherence with the Pielou’s equitability value which was
0.667. The weak value of Pielou’s equitability index
expresses a dominance of the zone by some species. The
values of Simpson’s diversity index obtained in this
study (0.098) is weak, then the probability that two
individuals randomly selected belong to the same
species is low. However, the Simpson diversity index
value does not directly give an idea of diversity but
rather the dominance index. It agrees to calculate the
inverse of this index such that a high value of this index
reflects a high diversity (Sonké, 1998).

In this work, the inverse of Simpson’s diversity index
was 0.902 and near the unity. High index reflects high
diversity corresponding to favourable conditions of the
milieu allowing the installation of numerous species.
These species are generally represented by a small
number of individuals (Dajoz, 1982). Thus, the mid zone
is the richest but upper zone is the most diversified and
most equitable at the level of the flora distribution. The
high diversity of highlands savannas proven by values of
various diversity indices is not surprising because
Cameroon is one of the African countries having high
biodiversity (Sunderland et al., 2003). This high
diversity could also be due to the different studied
biotopes (hollows, top of plateaux and slope zones) or
the nutritional level of the milieu. At each topographic
position corresponds a type of ground and specific type
of drainage, which can constitute niches for various
plant species.

Floristic composition

In this survey, a total of 263 species were recorded.
Among these species, twelve could not be identified
beyond the genus level, resulting in a total of 260
identified species belonging to 165 genera and 72
families (Angiosperms Phylogeny Group IlI). Recent
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data indicate that ten species met in the savanna belong
to the IUCN red list species of Cameroon (Onana,
2011). Seven of these species are vulnerable VU’ and
three belong to the category of the endangered ‘‘EN”’
species: Bafutia tenuicaulis (VU), Helichrysum
cameroonense (EN), Vernonia guinensis (VU),
Schefflera mannii (VU), Brachystelma omissum (VU),
Impatiens sakerlana (VU), Lobelia columnaris (VU),
Psorospermum aurentiacum (VU), Helictotrichon
mannii (EN) and Sporobolus montanus (EN). This high
number of species with particular ecological statute
shows the need for the protection of these species.

Specific level

Two hundred and sixty (260) species were recorded in
72 sampling plots of 100 m2. Species composition over
the total area was very heterogeneous. Only two species
occurred in more than 44% of the plots and only six
(Imperata cylindrica, Aspilia africana, Pteridium
aquilinum, Vernonia guinensis and Erigeron floribondus

in more than 25% of all plots (Table 1). A good
proportion (94) species (36.15%) are found only in one
plot. Regarding relative abundance, Imperata cylindrica
and Hyparrhenia involucrata with respectively 28.46%
and 7.16% were the most abundant species in the study
site. Fifty-three (53) species (13.07%) are represented by
less than 5 individuals; 11 species are represented by 2
individuals. The rare species having only individual
represent 2.69% of total species included Canaruim
schweinfurthii, Cyathea camerooniana, Dracaena
arborea, Euphorbia heterophylla, Mangifera indica,
Markhamia lutea and Psiduim guajava.

Table 1 lists the ten most important species in each relative
parameter. Among the recorded species, some are endemic
of the volcanic line of Cameroonian, these include: Erica
manii (Ericaceae), Maesa lanceolatta (Myrsinaceae),
Bafutia tenuicaulis (Asteraceae), Helichrysum
cameroonense (Asteraceae), Digitaria adamaouensis
(Poaceae), Helictotrichon  mannii  (Poaceae) and
Sporobolus montanus (Poaceae) (Onana, 2011).

Table 1. Species with the highest values of relative frequency and relative abundance in descending order.

Species Relative frequency Species Relative abundance
Imperata cylindrica 44.44 Imperata cylindrica 28.46
Aspilia africana 43.06 Hyparrhenia involucrata 7.16
Pteridium aquilinum 33.33 Pennisetum purpureum 6.24
Vernonia guinensis 29.17 Pteridium aquilinum 4.44
Erigeron floribundus 26.39 Asplenium abyssinicum 3.97
Pennisetum purpureum 25 Pennisetum polystachion 3.24
Cyperus distans 22.22 Asplenium mannii 2.48
Asplenium abyssinicum 22.22 Aspilia africana 1.70
Terminalia glaucescens 20.83 Chromolaena odorata 1.68
Entada africana 19.44 Helichrysum cameroonense 1.47
The most frequent species were Imperata cylindrica and Genera level

Aspilia africana. The importance of these species would
be explained by ecological, geomorphological (slopes,
low-slope, mid-slope and top) and climatic conditions of
various plots. Moreover, the edaphic and anthropogenic
conditions can also modulate in a significant manner the
variation of the flora. The great abundance of Imperata
in the studied area could be due to their great capacity of
regeneration after bush fire and recent pastures. The
presence of seven endemic species of the volcanic line
of Cameroonian met in this study is not surprising.
Indeed, the Western Highlands of Cameroon are part of
the “25 biodiversity hotspots”, which are particularly
rich, but also shelter many endemic species (Burgess
et al., 2007).

In this study, the relationship between the number of
species and genus is equal to 1.59. This value is low and
shows an average of less than two species by genus. The
genera having more than one species are very few and
their number generally decreases when the number of
species increases.

A total of 165 genera were recorded in the study site.
The Helichrysum and Vernonia genera had obtained the
highest number of species (10). These were followed by
the genera Ficus (7 species), Digitaria (6 species),
Panicum (5 species), Psorospermum (5 species),
Cyperus, Dissotis, Pennisetum and Sida with 4 species
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each. Eleven genera were represented by 3 species and
twenty-two possess 2 species. The rest of the 122
remaining genera were represented only by single
species. Two genera (Aspilia and Imperata) are found in
30 plots. Fifty-six (56) genera (33.93%) are found only
in one plot. The most abundant genus was Imperata with
28.47% of relative abundance. Ten most genera had
obtained 71.78% of relative abundance and six genera
were represented by only individual.

The species coefficient is an index that permits us to
characterise the flora. This index sets in evidence the
degree of isolation and the conditions in which plants
populations have evolved (Evrad, 1968). The obtained
value of the species coefficient in this work is low (1.59)
meaning that the majority of the genus showed only one
species in the plots. Thus, we can say that the flora of
this savannah is relatively rich in species and more
diversified in genera point of view. Therefore, we can
assert that the flora of the different zones can be
considered like stable on the geological time and does

not undergo a phenomenon of speciation.
Family level

Seventy-two families were recorded in the sampling.
More than 61.92% of the recorded taxa belong to only
11 species-rich families. The plant families with the
highest number of genera and species in the studied area
were those of the Poaceae (26 genera, 49 species);
Asteraceae (14 genera, 35 species), followed by
Fabaceae (16, 25), Rubiaceae (8, 11), Hypericaeae (2,
7), Moraceae (1, 7), Cyperaceae (3, 6), Malvaceae (3, 6),
Euphorbiaceae (4, 5), Lamiaceae (4, 5) and Myrtaceae
(3, 5). Thirty-eight families were represented only by a
single species. Three families Poaceae, Fabaceae and
Asteraceae are found in at least 52 plots. Eighteen
families are found only in one plot. The most abundant
families were Poaceae (56.07%) and Asteraceae
(16.34%) (Table 2). Four families are represented only
by one individual (Anacardiaceae, Bignoniaceae,
Burseraceae and Cyatheaceae).

Table 2. Families with the highest values of relative frequency and abundance.

Family Relative frequency Family Relative abundance
Asteraceae 91.67 Poaceae 56.07

Fabaceae 79.17 Asteraceae 16.34

Poaceae 72.22 Aspleniaceae 6.45

Basalminaceae 43.06 Dennstaediaceae 4.55

Hypericaceae 38.89 Fabaceae 2.98

Rubiaceae 33.33 Cyperaceae 2.46
Dennstaediaceae 33.33 Lamiaceae 1.52

Cyperaceae 30.56 Rosaceae 1.02

The most frequent, the most abundant and the most
diversified families in the Western Highlands savannas
of Cameroon were the Poaceae, the Asteraceae and the
Fabaceae. The observation of the current study is falling
in line with the study conducted by Huntley and Walker
(1982) who found that, savannas ecosystems are
generally dominated by grasses. The high species
number of the Poaceae family should be due to the fact
that a great portion of the studied area is today occupied
by the pastures and crossed each year by bush fires. This
could also be explained by the fact that these taxa have a
very great possibility of tillering and higher speed of
regeneration after the regular passage of fires (Salette,
1970). The abundance of Asteraceae can be attributed to
their wide ecological range of tolerance, and to their
high seed dispersal capability. Poaceae and Fabaceae
offer a very significant potential to forage; which

support the exploitation of savannas for pastorals ends.
A comparison of families in terms of the largest number
of species recorded in this investigation and in similar
studies revealed an agreement with such studies, e.g.,
Overbeck et al. (2006) in southern Brazil; Akossoua
et al. (2010) in littoral cord Port-Bouét-Grand-Bassam
Ivory Coast and Wouokoue (2014) in the Bambouto
mountain’s, West Cameroon. These three families also
occupy the first position as for their species richness and
appear among the greatest plants families in the planet
(Craven, 2009). The Poaceae is the fifth family most
diversified flowerings plants and the second most
diversified family of the Monocotyledons (APG III).
The Asteraceae and Fabaceae are respectively the
second and third greatest families of the flowerings
plants after Orchidaceae (Mabberley, 1997; Lewis et al.,
2005).
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Conclusion

The objective of this study was to evaluate the floristic
diversity of the Western Highlands savannas of
Cameroon. The floristic inventories carried out on 72
plots of 100 m? shows 260 plant species distributed in
165 genera, belonging to 72 families. The specific
composition of the highlands savannas is diversified
with 23.244 species per hectare. The most frequent
species are Imperata cylindrica and Aspilia africana.
The importance of these species would be explained by
ecological, geomorphological, edaphic and
anthropogenic conditions of various plots. The families
of Poaceae, Asteraceae and Fabaceae are the most
frequent, most abundant and most diversified in species.
The biocenotic indices showed that, the greatest specific
diversity observed in this study should be related to the
biotopes diversity. The high values of the Shannon-
Weaver diversity index, Simpson diversity index and
Pielou equitability obtained in this study permit to
affirm that this savanna is rich and diversified
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