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The combined effect of climatic deterioration and anthropogenic pressure has caused a 
gradual degradation of the natural resources of the Mbam and Djerem National Park. 
This phenomenon has not spared the woody stratum which constitutes in this region 
the main source of forage in the dry season. The rehabilitation of these ecosystems 
necessarily requires precise ecological knowledge, hence the interest in making a 
diagnosis of the floristic diversity of the woody stratum. The dendrometric sampling 
method was used for this study carried out in Mbam and Djerem National Park. This 
inventory consisted in systematically identifying all the woody species by height class in 
3 sites according to factor gradients. This method made it possible to inventory a total 
of 1,596 trees, divided into 45 species belonging to 24 families. Statistical processing of 
data obtained in the field shows that the flora is dominated by the family of 
Euphorbiaceae, Combretaceae, Fabaceae and Rubiaceae group together the maximum 
of species with, respectively, 7 and 4 listed for the others.  The richness of flora is more 
important in Kpayere which presents a weak similarity with Debiro. 
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Introduction 
 
Savannahs constitute a complex ecosystem marked 
by the coexistence of a herbaceous layer and one or 
more shrub and / or tree layers under the effect of 
the interaction of several environmental factors: 
varied rainfall regimes, role of fire and breeding. 
The savannahs are clearly distinguished from the 
closed environments of the dense forest; the 
contact between the two facies can be linear and 
straightforward, or more complex when 
intermediate forest formations are interposed or 
when a forest-savanna mosaic ensures the 
transition (Lamine et al., 2009). Savannahs are 

ecosystems playing major ecological, 
socioeconomic, and environmental roles in the 
world. Rich in endemic species, they contribute 
strongly to global biodiversity (Demers-Lemay, 
2014; Ousmane et al., 2018). In addition, their 
high forage value allows them to support the 
largest populations of wild and domestic 
herbivores on the planet (N’dri, 2011; Ousmane    
et al., 2020). 
 
During the rainy season, the pasture consists 
mainly of the herbaceous layer whereas in the dry 
season, the woody layer contributes very strongly 
to the feeding of the cattle. As in all pastoral areas, 
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wood resources play an important role in feeding 
livestock and meeting the needs of the populations 
of Mbam and Djerem national park. However, 
these resources have known for more than four 
decades, a process of significant degradation as a 
result of climate change and multiple human 
interventions. This deterioration results in a 
regression of certain woody species correlated with 
the expansion of others (MINFOF, 2017). At the 
same time, the average density of woody trees in 
the area has decreased significantly in recent 
decades, with the consequences of land depletion, 
soil erosion, etc. 
 
Faced with this context, strategies for 
rehabilitating these ecosystems are not known in 
the PNMD. Indeed, for the success of these 
strategies, it is necessary to set up a sustainable 
management in order to restore the protective role 
of woody plants on sensitive soil substrates. This 
sustainable management requires precise 
knowledge in certain fundamental areas of ecology, 
such as vegetation dynamics, biodiversity 
conservation and the process of restoring an 
ecosystem. This is the framework for this study, 
which aims to determine and assess the 
characteristics of the flora. More specifically, it is a 
question of determining the richness and the 
floristic composition of the savannah of the 
protected area and of characterizing the structure 
of the vegetation. 
 
Materials and Methods 
 
Study area 
 
The specific vulnerability of savannahs in protected 
areas (PA) led this study to focus on the PNMD, 
which are considered priorities at the national 
level. The choice fell on this protected area to 
respond to: a request from the NGO Wildlife 
conservation society (WCS) which is funding the 
PNMD / WCS Development Support project; at the 
request of park managers who consider fire as one 
of the tools for land management and protection 
(Grégoire et al., 2003); scientific questions that the 
same managers are asking about the impact of fires 
on the nature and structure of plant cover. The 
Mbam and Djerem National Park is located 
between 5° 30' and 6° 13' north latitude, and 12° 
13' and 13° 10' east longitude. This park extends 
over the Center, East and Adamaoua regions, in 

the heart of Cameroon. It is located at the southern 
limit of the Adamawa plateau and on the northern 
edge of the dense forest of the Congo Basin (Fig. 1). 
There is both the equatorial rain forest (to the 
south and east) and areas of Savannah-Guinean 
type with a rainfall of 1800 mm Created in January 
2000, the park covers a total area of 416 512 ha, 
half of which is lowland tropical forest. The other 
half of the savannah is wooded and wooded. 
Between the two, there is a large belt of ecotone, 
that is to say overlapping of the two contiguous 
zones. This overlap provides the Mbam and 
Djerem national park with a great diversity of 
habitats and therefore a great biodiversity 
(MINFOF, 2016). 
 
Methods 
 
Experimental setup 
 
This study was carried out as part of the 
PAAPNMD / WCS project in 2018, on three sites in 
shrub savannah. These sites were chosen based on 
accessibility, proximity to the forest-savannah 
transition zone and the periphery of the park. A 
system of 1.89 ha (1.5 ha of plots and 0.39 ha of 
firewall) has been defined by site. Each device 
includes three plots of 40 mx 125 m (1/2 ha). Each 
corner of the plots was marked with the help of the 
markers (the 2m poles and signed with the 
marking strip (fluorescent tape, sign plate) and the 
GPS points of each corner were also noted (Fig. 2). 
 
Woody stratum inventory 
 
The inventory of the woody stratum was carried 
out at the 3 sites. This inventory consisted of 
systematically identifying all woody species by 
height class. The individuals were divided into the 
following height categories: 
 

  Class 1 grouping individuals of height less than 1 
m; it corresponds to regeneration; 

  Class 2 grouping individuals of height between 1 
and 3 m: this is the class of juveniles; 

  Class 3 with individuals higher than 3 m. these 
are adults. 

 
The following parameters were recorded during 
the inventories: 

 The scientific name of the species; 
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 The class of the individual; 

 Phenology. 
 
Phenophases follow the distribution of Savadogo 
(2002). However, we adapted taking into account 
the fire factor. It is: 
 
a) Leafing with: 
• Fe0 = absence of leaves 
• Fe1 = start of leafing corresponding to bud burst 
• Fe2 = full leaf 
• Fe3 = end of leafing marked by the senescence of 
the leaves and their fall. 
• Fe4 = presence on the tree of leaves dried by fire. 
Combinations of phenophases give codifications 
such as Fe1.4 or Fe2.4. This is due to the fact that 
after the passage of the fires, the individual can 
start again to give young leaves without the old 
leaves burnt by the fire not having completely 
dropped. 
 
b) Flowering with: 
• FI1 = start of flowering (flower buds on the tree) 
• FI2 = full bloom (blooming flowers on the tree) 
• FI3 = presence on the tree of flowers dried by fire. 
 
c) Fruiting with: 
• Fr1 = start of fruiting 
• Fr2 = full fruiting 
• Fr3 = end of fruiting (ripe fruit of the year) 
• Fr4 = presence of fire-dried fruit. 
 
These data made it possible to estimate the woody 
specific richness of the PNMD, the stratification of 
woody species. 
 
Data processing 
 
The data processing was carried out with the Excel 
spreadsheet of Microsoft Office 2016, in order to 
assess the floristic diversity of the woody stands. 
The data collected were analyzed, the list of species 
inventoried and their taxonomies drawn up in 
order to assess the floristic composition. 
 
The Relative Density, the floristic similarity and 
the diversity of the three study areas were 
estimated through the following indices: 
 
Relative density 
 

It is the measure of the density of a species in an 

area or in a community in relation to the total 
number of individuals of all species in the same 
unit. It is often expressed in% and is calculated by: 
 
Relative density = (Na / NT) × 100 with Na 
expresses the number of individuals of the species, 
NT expresses the number of individuals of all 
species 
 
Floristic similarity between the three study 
sites 
 
It was estimated using the qualitative Jaccard 
index Cj = J / (a + b - J) and the quantitative index 
of Morisita. 
 

 
 
For the Jaccard index: j = number of species 
common to the two sites in comparison; a and b 
are the respective species numbers of the two sites. 
 
For the Morisita index: aN = number of individuals 
from site A, bN = number of individuals from site 
B, ani; = number of individuals of species i in site 
A, bni. = number of individuals of species i in site 

B. da =   and db =  
 
Diversity of the three study sites 
 
Indices were used to characterize the diversity in 
these three study areas. These are: N: the number 
of individuals surveyed, S: the total number of 
species surveyed, S / N: the ratio of the number of 
species to the number of individuals surveyed 
 
• Margalef's index on specific wealth: D = (S -1) / ln N 
 
• Shannon's index on regularity: J ’= H '/ InS 
 
• Shannon-Wiener's index: 

 

avec  Pi= proportional abundance of species i 
 
• The converse of the Simpson's index: 

 
 
with n, the number of individuals in the species i of a 
site, N being the total number of individuals of this 
same site. 
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Fig. 1: Geographical location of the study area. 

 
 

 
Fig. 2: Photograph showing the arrangement of the experimental plots. 
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Results  
 
Woody stratum inventory 
 
Specific wealth 
 
A total of 1,596 trees, divided into 45 species 
belonging to 24 families, have been identified. The 
Euphorbiaceae Combretaceae, Fabaceae and 
Rubiaceae family groups together the maximum 
number of species with, respectively, 7 and 4 listed 
for the others. 
 
Vertical structure 
 
One of the major problems with this food resource 
is the accessibility of animals to wood fodder 
(Samaya, 2005, Savadogo, 2011). 
 
Figure 3 shows the distribution of woody 
individuals by height category (seedling = H <1 m; 
juveniles = 1 m <H <3 m; Adults = H> = 3 m). 
 
Figure 3 shows a dominance of small individuals, 
reflecting a strong regeneration of the species. 
Semis represent 48.26%, juveniles 28.69% and 
adults 23.05%. This dominance of small 
individuals could be linked to the impact of bush 
fires permanently rejuvenating stands. 
 
Floristic similarity between the three study 
areas 
 
The similarity indices for the Miyere, Debiro and 
Kpayere zones are presented in Table 2. 
 
The Jaccard index, which takes into account only 
the species present, shows a fairly high similarity 
(more than 50%) between the three zones taken 2 
to 2. 
 
However, the Morisita index which, in addition to 
the species present, includes their relative 
abundance, shows that the similarity is very low 
(20%) between on the one hand, Miyere and 
Debiro and on the other hand, Debiro and Pkayere. 
This similarity is not very different (48.4%) 
between Miyere and Pkayere. These indices 
confirm, after the physiognomic aspects observed 
in the field, that these three zones are very 
different and deserve to be studied separately. 
 

Diversity of the three study areas 
 
Table 3 shows the diversity of woody plants in the 
three study sites. Legend: N = the number of 
individuals surveyed, S = total number of species 
surveyed, S / N = ratio of the number of species to 
the number of individuals surveyed, D = Margalef's 
index on specific wealth, J '= the Shannon index on 
regularity, H' = the Shannon-Wiener index, 1 / ƛ = 
reciprocal of the Simpson index. 
 
It appears from this table that the different 
calculated indices compete to classify the three 
zones in terms of decreasing diversity, in the 
following order: Kpayere, Miyere, and Debiro. 
 
Discussion 
 
In the savannas of the PNMD, the woody flora 
inventoried is rich with 45 species. The family of 
Euphorbiaceae Combretaceae, Fabaceae and 
Rubiaceae groups together the maximum of 
species with, respectively, 7 and 4 listed for the 
others. This situation is not specific to PNMD. 
Indeed, the dominance of these families is a fairly 
general phenomenon for most protected areas 
(Ousmane et al., 2020). This floristic richness is 
variable according to the sites, it is higher in 
Kpayere and lower in debiro. This procession of 
species which includes endemic, rare and 
endangered species would fully justify the 
membership of the PNMP forest in the "Guinean 
Forests of West Africa Hotspot", one of the 36 
tropical zones of global importance for their 
biodiversity (Michael et al., 2016). 
 
The woody flora of the PNMD savannas is 
therefore richer in the central part compared to the 
North. This difference in flora richness could be 
explained in addition to the drastic climatic 
conditions, by the practice of agriculture and 
animal husbandry in the North which would seem 
to be a transition zone between the sylvo-pastoral 
zone and the forest. Indeed, the climate plays an 
essential role in the composition and the floristic 
structure (Sarr, 2008). According to Wezel (2004) 
more than the climatic factor, it is the anthropic 
pressure which completes the disappearance of the 
species therefore of the biodiversity after the 
climatic changes will have resulted in the loss of 
density of the woody species (Gonzalez, 2001). 
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Table 1. Main woody species and families of the three systems and their densities in the PNMD. 

  Density (No. / ha) 
Family Species Miyere 

device  
Debiro 
device 

Pkayere  
device 

Mimosaceae Albizia zygia 2 2 16 

Sapindaceae Allophylus africanus 2 0 2 

Annonaceae Annona senegalensis  55 30 66 

Euphorbiaceae Antidesma venosum  3 0 0 

Palmaceae Borassus aethiopum 4 0 0 

Euphorbiaceae Bridalia ferugina 7 12 74 

Combretaceae Combretum fragrans  5 5 23 

Rubiaceae Crossopteryx febrifuga 25 10 28 

Araliaceae Cussonia arborea 10 58 1 

Caesalpiniaceae Daniellia oliveri  15 5 0 

Mimosaceae Entada africana 2 2 0 

Fabaceae Erythrina sigmoedae 1 0 0 

Moraceae Ficus exasterata 21 9 0 

Moraceae Ficus mucosa 0 5 0 

Euphorbiaceae Phyllanthus muclerianus 4 1 1 

Euphorbiaceae Hymenocardia acida 52 77 122 

Annacardiaceae Lannea welwitschii 0 3 3 

Ochnaceae Lophira lanceolata 2 8 5 

Euphorbiaceae Maproumea africana 13 6 10 

Euphorbiaceae Margaritaria discoidae 1 0 0 

Bignoniaceae Markhamia tomentosa 1 0 0 

Celastraceae Maytenus sengalensis  125 144 0 

Rubiaceae Nauclea laticolia 23 1 21 

Mimosaceae Parkia biglobosa  3 5 1 

Fabaceae Pedocarpus lusens 1 0 0 

Fabaceae Piliostigma thonningii 25 40 51 

Proteaceae Protea madiensis 6 14 6 

Bignoniaceae Stereospermum kunthianum  3 38 0 

Logonaceae Strichnons spinosa 2 0 0 

Myrtaceae Syzygium guineense  7 2 23 

Combretaceae Terminalia  glaucescens 7 0 7 

Combretaceae Terminalia macroptera 7 71 0 

Combretaceae Terminalia albizia 0 0 81 

Fabaceae Terocarpus lucens 1 0 0 

Meliaceae Trichilia emetica 3 2 9 

Verbenaceae Vitex doniana  14 7 1 

Olacaceae Ximenia americana  7 16 0 

Euphorbiaceae Wapaka guineensis 0 1 0 

Rubiaceae Psychotria mbibiensis 0 0 1 

Anarcadiaceae Spondias mombin 0 0 2 

Polygalaceae Securidaca longepedunculata 0 0 1 

Rubiaceae Sarcosephalu latifolius 0 0 6 

Clusiaceae Harungana madagascariensis 0 0 1 

Ochnaceae Ochna afzellii 0 0 1 

Apocynaceae Funtumia elastica 0 0 2 
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Table 2. Floristic similarities between the specific woody compositions of the Miyere, Debiro and Kpayere systems in 
the PNMD. 

Comparison between plant communities Jaccard index (%) Morisita index (%) 

Miyere/ Debiro 
Miyere / Pkayere 
Debiro/ Pkayere 

0.648 
0.576 
0.586 

0.178 
0.484 
0.128 

 
 
Table 1. Woody diversity of the three zones in the PNMD. 

Zone N S S/N D J' H' 1/ƛ 
Miyere 
Debiro 
Kpayere 

451 
590 
555 

35 
27 
28 

0.076 
0.047 
0.049 

5.545 
4.092 
4.417 

0.975 
0.894 
1.050 

3.794 
3.442 
4.130 

0.1319 
0.162 
0.094 

 

 

 

Fig. 3: Vertical structure of the woody stratum of PNMD. 

 
This specific richness is relatively higher than that 
resulting from the study by Barima et al. (2016) 
and Ousmane et al. (2020) in Le Parc national du 
Mont Péko (PNMP) located in the western part of 
Côte d'Ivoire. In the savannahs of PNMD we 
observe a dominance of small individuals, 
reflecting a strong regeneration of the species. 
Semis represent 48.26%, juveniles 28.69% and 
adults 23.05%. This dominance of small 
individuals could be linked to the impact of bush 
fires permanently rejuvenating stands. 
 
Samaya (2005) based on the maximum heights 
reached by antelopes (large, medium and small 

antelopes), indicates that it is beyond 3 m that 
woody trees become inaccessible to animals 
(exception made of elephant and giraffes). This 
categorization distinguishes seedlings, juveniles 
and adults. As a result, 76.95% of the woody 
individuals of the PNMD are accessible to wild 
herbivores.  
The Shannon index is on average high in the 
PNMD but varies according to the sites. It is higher 
in Pkayere and lower in Debiro and Miyere. This 
reflects a particular dominance over the 
distribution of individuals of different species in 
Pkayere, but also a greater stability of this site 
compared to Debiro and Miyere. 
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Woody vegetation is more balanced in Debiro and 
Kpayere, as evidenced by their relatively high 
fairness value compared to the other site. The 
different indices calculated in the PNMD combine 
to classify the three zones in terms of decreasing 
diversity, in the following order: Kpayere, Miyere, 
and Debiro 
 
Conclusions 
 
The present study made it possible to assess the 
floristic diversity of the savannas of the Mbam and 
Djerem National Park. This diversity is high 
compared to other agro-ecological zones in 
Cameroon. The woody diversity decreases from 
North to South while the indices increase. The 
study also corroborated the idea that the PNMD is 
a transition region between the agro-ecological 
sylvo-pastoral zone and that of the forest. Indeed, 
this northern part of the PNMD has a relatively low 
floristic diversity compared to the PNMD South, 
which confirms that this northern part is much 
more affected by human action, in particular that 
linked to pastoral activities. 
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