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Abstract

In Cameroon, forest ecosystems are undergoing degradation due to anthropogenic activities, thus the need to raise
awareness and contribute to the conservation of its biodiversity. This study aimed to assess the flora diversity and
carbon stock of a disturbed coastal tropical forest in the Douala-Edda National Park. Data was collected after
delimitation, enumeration of the plots which made it possible to have an inventory of trees = 2 cm in diameter. The
study was carried out on three sites of different levels of disturbance of one hectare each: the Highly Disturbed Forests
(HDF), Medium Disturbed Forests (MDF) and Low Disturbed Forests (LDF). Each hectare was divided into 25 quadrats
of 20x 20 m and further to 400 subquadrate of 5 x 5 m to determine the composition, structure and the Carbon stock.
There were 4,696 individuals classified into 160 species including 41 genera belonging to 86 families. The most
important species were: Klainedoxa gabonensis Pierre. (27.19%) in the HDF; Baphia capparidifolia Baker. [41.36%] in
the MDF; and Mitragyna stipulosa (DC.) Kuntze (41.05%) in the LDF. The most important families were: Oleaceae for
HDF and Fabaceae for MDF and LDF. The Fischer a index indicated that the HDF was more diversified and the LDF was
weakly diversified. Basal area was highest in the HDF and least in the MDF. The structure of these sites showed an
inverted ] curve. The above and below-ground biomasses were higher in the HDF and least in the MDF, but the reverse
was true for the soil carbon stock. The litter carbon stock was almost equal to that of the Above ground biomass. The
total carbon stock across all sites was estimated at 8,76 TC/ha of Carbon. The present results thus indicate the
importance of forest management in maintaining and restoring plant cover in Coastal ecosystems.
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1. Introduction

Forests cover almost a third of the world's land surface, that is 4.06 billion hectares, which corresponds to 31% of the
total land area [1] and provide goods and services that enable us to meet a large proportion of our needs (energy,
medicines and recreation) including air, rich soil, food, habitats for animals and people [2]. By virtue of the way they are
populated and the diversity of the ecosystem services they provide to both mankind and the environment, forests are
an essential asset in maintaining global equilibrium. It therefore requires knowledge, and coordination to manage them
appropriately to ensure their viability and sustainability. However, many definitions are given by many organizations
about forests, making existing data mixed and uncertain [3,4].
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One contemporary use of forest is its mitigation measures in climate change through its Carbon stock. In nature, forest
ecosystems are the major terrestrial reservoirs of carbon in the form of plant biomass and soil organic matter [5,6] and
are thus among the locally and globally recognized sources or sinks of carbon in the remaining or regenerating forests
[7-9]. Also, it has been proposed that biodiversity plays an important role in ecosystem function, particularly in
productivity [10] as several studies have found positive relationships between biodiversity and productivity, measured
through biomass [11], and this relationship has been explained as a function of the complimentary between plant life
strategies and use of resources [12,13]. Biomass is one of the most used predictors of productivity because it represents
the stocks of organic matter in forests, and its quantification and monitoring are relevant to establish strategies against
climate change [14]. Although tropical forest ecosystems typically persist on strongly weathered nutrient-poor soils,
they comprise high species richness of over 50% of terrestrial biodiversity [15,16] and store large amounts of carbon
in the form of carbon sequestration in trees from the atmosphere via plant carbon metabolism [17]. Knowledge of the
terrestrial biodiversity and forest cover would depend on the composition and structure of the forests. Composition
refers to the biodiversity of an ecological system, including the variety of genes, species, communities, and ecosystems,
while structure refers to the physical arrangement of various physical and biological components of an ecological
system. Thus, knowledge on the floristic diversity and Carbon stock of a tropical forest will provide information on the
state of tropical coastal forest in the Congo basin.

The Congo basin tropical forests ecosystems in Central Africa also plays an important role in the global carbon cycle,
especially in carbon sequestration [18]. Cameroon has the fourth most important forest reserves in the Congo Basin
after the Democratic Republic of Congo, Gabon and Congo with a considerable diversity of flora and fauna [19]. This
carbon results from global warming and is partly linked to anthropogenic activities such as loss in forest cover [2,20].
Environmental problems are further compounded by the fact that most of the knowledge on the ecology and diversity
of the Congo Basin is descriptive and dated [21], furthermore large areas remain unexplored [21-23]. This lack of
knowledge precludes proactive management, as it is impossible to predict the environmental impacts of development
with any form of reliability [24]. Despite the size of the surface area of Cameroon’s forest (19.09 million hectares, 40%
of the country's territory and 11% of the Congo Basin's forests) [25,26], the richness of their biodiversity, forests are
undergoing progressive destruction due to anthropogenic activities like population growth and agricultural expansion
[27], which in Cameroon is estimated at a net deforestation rate of 0.14% and a net degradation rate of 0.01% [28], to
support the increasing demands of global populations [29]. It has therefore become very imperative to assess the in situ
biodiversity such as to better understand its natural regeneration [15] to continuously provide for its ecosystem goods
and services.

Disturbance is considered as a factor affecting plant community structure, distribution, composition and functionality
of most tropical forests [30,31]. Human disturbance on vegetation is nowadays an important concern in biodiversity
conservation and current global change [32,33]. The loss of carbon is based on the fact that disturbances affect the
structure of forests including the type, size, age, species stand and species diversity, the parameters, which are directly
associated in the storage of carbon in forest ecosystems [34-36]. The effects of this disturbance could lead to high levels
of species rarity [37,38], high occurrence of invasive species [39], and ecosystem loss of habitat fragmentation [40].
Moreover, human disturbance could completely change the species composition of the original plant communities,
which in some cases can become irreversible [41,42].

Deforestation is due to several direct and indirect causes [19,43,44]; one of which the direct causes is urban growth
[19]. This destroys natural areas [45] and is a major source of greenhouse gas emissions [46]. It also contributes to the
disruption of forest ecosystems, leading to the loss of significant carbon stocks and forest biodiversity [45,47] which is
a key element in the global carbon cycle [48]. Human activities cause land cover and land use changes that pose
challenges on the capacity of forests to regenerate, function, and offer various ecological services including the capacity
to function as carbon sources and sinks [49-51]. However, there is little information about the amount of carbon in
regenerating forest ecosystems along the tropical coastal forests [in this study referred to as tropical coastal forests].
Therefore, it is important to estimate carbon stocks of the species in order to understand their contribution in the global
carbon stock and in addressing climate change [52].

To reduce deforestation by agricultural activities and to protect its biodiversity, the Douala-Edéa National Park was
created in 2018 as part of the permanent domain of the national forests. This therefore requires a management plan
for its functioning taking into consideration its diversity in flora and fauna. Basic information is required for the
implementation of management plans in forests in general and Parks in particular which will ensure the sustainable use
of the forest resources. For the preparation and revision of these management plans, appropriate knowledge of the
resource is of utmost importance to understand how these ecosystems function in order to derive and implement
management plans that succeed in maintaining crucial ecosystem processes under projected future scenarios, while
concomitantly providing ecosystem functions, such as continuous extraction of food and timber under realistic
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socioeconomic pathways. The knowledge of the vegetation would help in understanding the effects of disturbance on
the composition and dynamics of the forest community. The present study thus aimed at assessing the tree diversity,
the Carbon stock and the conservation status across different disturbance types in the Douala-Edéa National Park, thus
bridging the information gap on the effect of disturbance on a coastal tropical forest. Specifically, the objectives of this
study were a) to describe the species diversity, composition, and structure of a disturbed coastal forest for a sustainable
forest management; b) to determine the carbon stock of a coastal disturbed forests as a climate change mitigation
measure; and c) to assess the conservation status of woody plant species under human activities.

2. Material and Methods

2.1. Description of the study site

The study was carried out in the Douala-Edda National Park [DENP], located between latitudes 3°14 and 3°50 N and
longitudes 9°34 and 10°03 E in the Cameroon coastal plain, precisely in the Douala-Kribi Basin [53]. It is bounded to the
north by the Wouri estuary, to the east by the Sanaga, Dipombé and Kwa Kwa rivers, to the south by the Nyong and to
the west by the Atlantic Ocean, with which it shares a boundary of around 100 km between the mouth of the Nyong and
the Wouri estuary. The climate is equatorial, with two seasons [54] and usually experience 2,000 mm of rainfall or more
in a year [55]. It belongs to the Littoral Atlantic forest domain with a variety of floristic species such as Lophira alata
Banks ex Garten., and Saccoglottis gaboneseis (Bail.) Urb., with characteristic mangrove species (Rhizophora sp. and
Avicenia sp.), wetland species such as Euphorbiaceae but also many commercial species: Pterocarpus soyauxii Taub.,
Afzelia africana Sm. ex Pers., Guibourtia tessmannii (Harms) Léonard., Staudtia stipitata warb., Afzelia pachyloba Harms.,
Milicia excelsa (Welw.) Bureau. Entandrophragma cylindricum (Sprague) Sprague. and especially Sacoglottis
gabonensis (Baill.) Urb., and Lophira alata Banks ex Gaertn [54]. The choice of sites was marked by the diversity of
species, its broad geographical spectrum, various anthropogenic activities such as the collection of NTFPs and the
establishment of agro-industrial companies such as the Société Camerounaise de Palmeraies (SOCAPALM) (Figure 1)
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Figure 1 Map of the Douala-Edéa National Park (study site)

2.2. Establishment and demarcation of plots in the Douala-Edéa National Park

The study was carried out in three [3] sites of one [1] hectare each at different disturbance levels. These plots were
located in two surrounding villages of Malimba and Yankonzok (Figure 1) and the delimitation of the plots for the
inventory followed the standard protocols for permanent monitoring forest plots described by [56]. Each hectare was
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divided into 2, 100 x 100 m, subsequently into 25 plots or quadrats of 20 x 20 m and finally subquadrats of 5 x 5 m,
giving a total of 400 quadrats (Figure 2).
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Figure 2 Demarcation of the study site of the Douala-Edéa National Park plots

2.3. Justification for the choice of sites

The sites were selected based on the tree species diversity and the level of disturbance found around the Douala-Edéa
National Park. To this end, three [3] sites of one [1] hectare each indicating three levels of disturbance were maintained
for our study:

e Highly Disturbed Forest (HDF): this forest is temporarily flooded at an altitude of about 12 m with slightly firm
and sloping ground. It is located in the village of Malimba at the intersection of two unsealed roads and close to
the local population, which is the reason for the increased and permanent anthropogenic activities (felling sites
were observed and banana stems);

e Moderately Disturbed Forest (MDF): forest on sloping ground, partially flooded, at an altitude of around 16m
with the bottom of the slope being inundated by water. It is located close to Lake Tissongo and far from the
population, with natural tree fall on the ground;

e Low Disturbed Forest (LDF): forest with completely firm, almost level ground, at an average altitude of 13 m,
close to the moderately disturbed forest. This site is far from the population and large-diameter dead wood is
enormously present.

2.4. Enumeration

All tree species whose DBH was =2 cm were measured at 1.30 cm above the ground using a diameter tape measure for
trees with a diameter = 6 cm and a caliper for trees with a diameter < 6 cm. To locate these species, X and Y coordinates
were determined in each 5 x 5 cm subquadrate and pulled to the entire one-hectare plot. Trees with multiple stems 22
cm were taken into account i.e. a measurement was taken on each stem. Species identification was carried out by a
villager to determine the common names and by a botanist for scientific or commercial names. Specimens (with or
without flowers) were collected, pressed and dried, then matched with herbarium collections. Unidentified specimens
were identified at the Yaoundé National Herbarium.

3. Data Analyses

3.1. Stand characteristics

3.1.1. Determination of the flora composition of the Douala-Edéa National Park (DENP)

To determine flora composition, species richness and absolute density [abundance] helped in the determination of other
indices, such as the Important Value Index (IVI), and Family Important Value (FIV). The abundance of the species was
determined as the total number of individuals of all the different species present in each plot [57]. Species richness (S)
is the total number of species present in the population considered in a given ecosystem [58]. It is mainly expressed by
the total number of species observed per unit area. The important Value Index (IVI) corresponds to the most important
species according to[59]. It is calculated using the formula:
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IVI = SRDe + SRDO + SRF ..o e Eql
Where SRDe = Species Relative Density which is

number of individuals of that species
RDe= — x 100
total number of individuals

SRDo= Species Relative Dominance which is

Basal area of that species
SRDo= x 100
total basal area

SRF= Species Relative Frequency which is

number of quadrats with that species
= x100

total number of quadrats
The Family Importance Value (FIV) corresponds to the most important family [60]. It is calculated by the formula:
FRDeE + FRF +FRDO  ..uviiiiiicit et s e s e Eq2
Where FRDe = Family Relative Density which is

Number of individuals of that family
FRDe= — x100
total number of families

FRDO = Family Relative Dominance which is

Basal area of that family
FRDo= x100
total basal area

FRF= Family Relative Frequency which is

Number of quadrats with that famil
FRF = 2 Y x100

total number of quadrats

The species diversity was determined by the Fisher-alpha diversity and the Shannon diversity index. In calculating
diversity only species that were identified to the species level were considered. Pielou’s evenness for similarity was also
calculated. Fisher’s alpha diversity as described by [61] was determined as;

S=a X IN (1THN/00) it e Eq3
Where S is number of taxa, n is number of individuals and a is the Fisher's alpha.
Shannon diversity was determined as described by [62];

H==1 (2 Pl *IN PI) e e s Eq4

Where pi is the proportion of individuals belonging to the i species in the dataset.

Species evenness was calculated using the Pielou’s evenness index following the equation of [63];

Where H is the observed shannon diversity and H'max is the maximum possible Shannon Index.

Determination of the floristic structure of the DENP
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It was determined by the diameter size classes, density and basal area of a stand. Stems of a DBH range were grouped
together in different diameter size classes for a better distribution of the species present at our different sites. These
diameter size classes were distributed as follows: (<5 cm], [>5-10 cm], [>10 - 20 cm], [>20 - 30 cm], [>30 - 40 cm], [>40
- 50 cm], [>50 - 60 cm], [>60 - 70 cm], [>70 - 80 cm], [>80 cm]. The relative density [or otherwise known as density]
corresponds to the number of individuals on a given surface area. Tree density was calculated by dividing the number
of trees by the surface area of the sample. The basal area corresponds to the surface area of all the cross-sections of the
trunks, at a height of 1.30 m, of the trees present in one hectare of forest. It is an excellent indicator of the weight of the
stand. It depends on both the size and number of trees and is correlated with tree canopy cover, which makes it possible
to quantify the degree of competition within the stand and the light conditions on the ground. It is expressed as:

where: BA = basal area [m?], D = diameter at breast height (cm) and 7 = pi (3.142).

3.2. Carbon stock assessment of the DENP

3.2.1. Estimation of the Above-ground Carbon Stock (ACS) of the DENP.

The diameters obtained during the floristic inventory were used to assess the above-ground biomass of the individuals
surveyed. The allometric equation developed by [34] was used to assess above-ground biomass:

AGB = ps x exp[-1.499+ 2.148 x In [DBH] + 0.207 X In (DBH)2 -0,0281 X In [DBH]3]......... Eq7

Where DBH= diameter at breast height in centimeter, ps= specific wood density. For species without wood densities, an
average for the genera or family was used.

The Above ground Carbon stocks (ACS) in aerial biomass was estimated according to [64] :
Carbon stock =0,47 X AGB......ccoviniiiiiniie s Eq8

3.2.2. Estimation of the Below-ground Carbon Stock (BCS) of the DENP

It makes up a significant proportion of the total forest above-ground biomass. This was calculated using the formulae of
[65].

BGB = 0.21 X AGB....ceericieirecie et enee s e e s s Eq9
Where AGB = above-ground biomass;
Carbon stocks in underground biomass were estimated according to [64] as follows:
Below-ground Carbon stock (BCS) =0.47 x BGB .......cccoeoevviveve e Eq10

3.2.3. Estimation of the Litter Carbon stock [LCS] of the DENP

Litter which consisted of leaves, tree barks, branches and woody roots was collected from ten random 1 m x 1 m
quadrats per plot and for all three plots. The litter samples were bulked for each plot. Each collected sample was labeled,
weighed (W field) and transported to the University of Douala Plant Biology Laboratory. Samples were then weighed
(W sub sample fresh) using a scale to obtain their masses and oven-dried at 105°C to constant weight (W sub sample
dry). Litter dry weight was determined as described by [66].

Wfield  Wsubsample (dry) 1
A~ Wsubsample (fresh) 10000

where LB is leaf litter biomass in (ha), W field is weight of wet field sample of litter sampled within an area of size 1 m2
in (g), A is size of the area in which litter was collected (ha), W sub-sample (dry) is weight of the oven-dry sub-sample
of litter taken to the laboratory to determine moisture content (g), and Wsub-sample (fresh) is weight of the fresh sub-
sample of litter taken to the laboratory. Carbon stocks in leaf litter biomass was computed as follows:

LS = LB X Y0C v veeeeeeeeseeeeeesssssssessesseseee e ssesessessessee s seseeenn Eq12
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where LCS is Litter Carbon Stock in ton/ha, %C is carbon fraction determined in the laboratory.

3.2.4. Estimation of the Soil Organic Carbon [SOC] of the DENP

Soil sampling was determined according to [67]. Nine quadrats of 1 m x 1 m were randomly selected in all the 3 plots
and cored soil samples carefully collected and placed in polythene bagsat 0 - 10 cm, 10 - 20 cm and 20 - 30 cm, giving a
total of 27 samples/plot. The soil samples of the different soil depths for the different plots were labeled, bulked
together, and representative samples taken. The soil samples were air-dried to prevent oxidation and sieved using a 2
mm sieve in order to separate the fine and coarse materials. Soil samples were weighed (W1) using a scale balance and
oven-dried at 105°C for 2 days to get the dry weight (W2). The samples were ashed at 500°C for 5 hours to get the
percentage of Carbon (%C) present in the sample (W3). The Soil organic Carbon was determined by the formula:

SOC =d X %C (W3) X BDeovoorveeeeeeeeeeeeesseesnessessessssessesseeseesees s sese e Eq13

where d = depth of soil, W1 is the weight of soil sample before drying, W2 is the weight of soil sample after drying, %C
= percentage of carbon (W3) and BD = bulk density (kg/ha).

To determine the bulk density, a soil corer was used to collect soil samples with a known volume. The fresh weight (W1)
was determined by weighing scale and this was oven dried at 105°C for 48 hours to have the dry weight (W2). This was
later used to determine the bulk density of the soil.

BD= W2 /V (Z.CM-3) ittt s e e en s Eql4

3.2.5. Estimation of the total Carbon Stock of the DENP

It was estimated on the basis of the different carbon pools studied and evaluated as described in measuring and
calculating carbon stocks:

C(plot)= ACS + BCS + LCS 4+SO0C......ccooiivreeeceertieces e creseesin e seneens Eql5

3.2.6. Where

C(plot)= total carbon content in the plot (tonnes/ha)

ACS= total carbon content of above-ground biomass per hectare in the plot (tonnes/ha)
BCS=total carbon content of underground biomass per hectare in the plot (tonnes/ha)
LCS= total carbon content of the litter biomass per hectare in the plot (tonnes/ha)
SOC= total soil carbon content per hectare in the plot (tonnes/ha)

3.3. Determination of the conservation status of the woody species In DENP

The conservation status of the plant biodiversity in the DENP forest was assessed by determining the commercially
exploitable species according to [68] and using the conservation status of plant species of the International Union for
Conservation of Nature (IUCN). The conservation status has been assigned to each plant species based on information
from the global threat assessments provided by IUCN [69-71]. The tree species statuses were obtained through the
online consultation of the Red List of Threatened Species published by[72]. The IUCN Red List categories used in this
study are: Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT), Least Concern (LC),
Data Deficient (DD) and Not Evaluated (NE). Critically Endangered (CR), Endangered (EN) and Vulnerable (VU) species
are those listed as threatened in the IUCN Red List of Threatened Species [72].

4, Results

4.1. Floristic composition of the DENP

The floristic inventory recorded a total of 4,696 individuals/ha, 160 species/ha belonging to 86 families/ha and 41
genera/ha. The HDF had more individuals (1,734 stems/ha) with a higher number of species (58/ha), families (31/ha)
and genera (49/ha) than the LDF, which had the least abundance (1,469 stems/ha); families (23/ha) and genera
(39/ha).
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Table 1 Floristic composition of the Douala-Edéa National Park

Sites/level of | Plant absolute | Number Number of | Number of

disturbance density Species/ha families/ha genera/ha
(stems/ha)

Highly (HDF) 1734 58 31 49

Moderate (MDF) 1493 54 30 48

Low (LDF) 1469 48 23 39

Total 4696

The most important species in the Douala-Edéa National Park was Baphia capparidifolia Baker., (41.36%) and the least
important was Funtumia africana (Benth.) Stapf (0.05%). The most important species for the different sites were:
Klainedoxa gabonensis Pierre., (27.19%) for HDF, Baphia capparidifolia Baker., (41, 36%) for MDF and Mitragyna
stipulosa (DC.) Kuntze., (41.05%) for LDF. The least important species were the genus Funtumia africana in the HDF
(0.05%) and LDF (0.72%) and Heisteria parvifolia Smith., (0.72%) in the MDF (Table 2).

Table 2 The floral species Importance Value Index (IVI) in the Douala-Edéa National Park

Sites | Levels of importance | Species Family IVI (%)
HDF | More Klainedoxa gabonensis | Irvingiaceae | 27.19
Less Funtumia africana Apocynaceae | 0.05
MDF | More Baphia capparidifolia | Fabaceae 41.36
Less Heisteria parvifolia Olacaceae 0.72
LDF | More Mitragyna stipulosa Rubiaceae 41.05
Less Funtumia elastica Apocynaceae | 0.72

The most important family in the Douala-Edéa National Park was Fabaceae (114.22%) and the least important was
Gentianaceae (1.48%). The most important families were the Olacaceae (46.56%) for HDF, and Fabaceae for MDF
(72.99%) and LDF (114.22%) while the least important families were Gentianaceae (1.48%) for HDF, Olacaceae (1.65%)
for MDF and Lamiaceae (1.88%) for LDF (Table 3).

Table 3 The Most Important Family (FIV) in the Douala-Edéa National Park

Sites | Levels of importance | Family FIV (%)
HDF | More Olacaceae 46.56
Less Gentianaceae | 1.48
MDF | More Fabaceae 72.99
Less Olacaceae 1.65
LDF | More Fabaceae 114.22
Less Lamiaceae 1.88

These results showed an average of 10.7 Fisher index, 3,14 Shannon-weaver index and 0.44 Pielou equitability. The HDF
was the most diverse with a 3.30 Shannon-Weaver index and 0.47 equitability, whereas the LDF was the least diverse
with 2.96 and 0.4 equitability, as shown in Table 4 and Figure 3.

4.2. Plant community structure of the Douala-Edéa National Park

Figure 4 below follows an inverted ‘]’ curve with more individuals in the < 5cm diameter size class. There were less
individuals in the diameter classes between 60-80 cm. However, at diameter classes >80 cm, there were more
individuals present especially in the HDF.
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Table 4 Diversity and similarity indices of the Douala-Edéa National Park

Sites Fisher a index | Shannon-Weaver Index | Equitability of Piélou
HDF 11.56 3.30 0.47
MDF 10.98 3.17 0.44
LDF 9.58 2.96 0.40
Average | 10.7 3.14 0.44
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Figure 3 Species diversity of the Douala-Edéa National Park

The average basal area was 1.35+0.41 m?/ha with 1565 individuals/ha in the Douala-Edéa National Park. The HDF
contained more individuals (1734 individuals/ha) and had the highest basal area of 1.83 m?/ha, whereas the MDF has
the least density (1493 individuals/ha) and basal area (0.91 m?/ha) (Table 5).
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Figure 4 Distribution of stems in the Douala-Edéa National Park
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Table 5 Proportion of the Basal area in the Douala-Edéa National Park

Sites Number of individuals | Basal area (m?/ha)
HDF 1734 1.83+0.45
MDF 1493 0.91+0.26
LDF 1469 1.32+0.51
Average | 1565 1.35+0.41

4.3. Carbon stock of the Douala-Edéa National Park

4.3.1. Above-ground and Below-ground Carbon stocks

Above-ground biomass (AGB) and carbon stock were highly significant between the 3 sites (P<0.05). The results
indicate an average AGB of 2.37+0.51 tC/ha and an average carbon stock of 1.17+0.25 t/ha. HDF had the highest above-
ground biomass (4.39t/ha) and carbon stock (2.19 t/ha), while MDF had the lowest above-ground biomass (0.34t/ha)
and carbon stock (0.17t/ha) (Table 6). On the other hand, the average below-ground biomass was 0.5+0.11 tC/ha and
the average carbon stock was 0.22+0.04 t/ha. Similarly, HDF contains more below-ground biomass (0.92 t/ha) and
carbon stock (0.43 t/ha), whereas MDF contains less: 0.07 tC/ha biomass and 0.003 tC/ha Carbon.

Table 6 Mean Above-ground, Below-ground biomass and Litter in the Douala-Edéa National Park

Sites Above-ground | Carbon Below-ground Carbon Dry weight of | Carbon stock
biomass [t/ha] | stock (t/ha) | biomass(t/ha) Stock (t/ha) | litter (t/ha) in litter (t/ha)

HDF 4.39+0.80 2.06+0.39 0.92+0.17 0.43+0.04 2.3+0.28 1.08+0.13

MDF 0.34+0.02 0.16+0.01 0.07+0.00 0.03+0.00 1.92+0.77 0.9+0.36

LDF 2.28+0.70 1.07+0.33 0.48+0.15 0.23+0.07 2.38+1.16 1.11+0.55

Average | 2.37+0.51 1.11+0.24 0.5+0.11 0.22+0.04 2.2+0.74 1.03+£0.35

4.3.2. Litter Carbon stock in the Douala-Edéa National Park

The average dry weight of the litter was 2,2+0.74 tC/ha and the average carbon stock was 1,03+0.35 tC/ha. The LDF
contained more dry weight (2,38 t/ha) and carbon stock (1.11 tC/ha) while the MDF had the least (1.92 tC/ha) (Table
6).

4.3.3. Soil Carbon Stock in the Douala-Edéa National Park

The results indicated that the highest carbon was found in the soil of MDF (0.7 t/ha) and least in the soil of HDF (0.152
t/ha). Overall, the carbon stock increases with soil depth in the MDF and LDF, whereas in the HDF there is more carbon
between 5-15 cm depth (0.33 t/ha) (Table 7).

4.3.4. Total Carbon Stock of the Douala-Edéa National Park

The total carbon stock was highest in the above ground Carbon stock (3.5 tC/ha) while the least was found in the Below
ground carbon stock (0.7tC/ha) (Table 11). The total Carbon stock in the Douala-Edéa National Park was 8,76 tC/ha.

Table 7 Mean Carbon stock at the different soil depths in the Douala-Edéa National Park

Sites Fresh weight of | fresh weight of | Ash soil | Bulk density | Soil  carbon | Soil carbon
total sample (g) | sub-sample (g) | sample (g) | (g/cm3) stock (g/cm3) | stock (tC/ha)
FTI
0-5cm 263.7 134.4 10.0 0.9 45.0 0.05
5-15cm 216.9 155.2 211 1.04 329.2 0.33
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15-30cm | 225.8 158.0 2.6 1.06 82.68 0.08
Average 235.5 149.2 11.2 1.1 152.3 0.15
FPI

0-5cm 208.7 193.0 353 1.29 227.7 0.23
5-15cm 218.8 192.5 353 1.29 683.1 0.68
15-30cm | 242.0 211.0 28.2 1.42 1201.3 1.20
Average 223.2 198.8 3.9 1.33 704.0 0.70
FNI

0-5cm 2125 194.0 16.2 1.3 105.3 0.11
5-15cm 2249 202.3 31.8 1.35 644.0 0.64
15-30cm | 225.0 200.2 28.9 1.3 1127.1 1.13
Average 220.8 198.8 25.6 1.33 625.5 0.62

Table 8 Carbon stock of the Douala-Edéa National Park

Sites Above-ground Carbon | Below-ground Carbon | Soil Carbon stock | Litter Carbon stock
stock (tC/ha) stock (tC/ha) (tC/ha) (tC/ha)

HDF 2.19 0.43 0.15 1.08

MDF 0.17 0.003 0.70 0.90

LDF 1.14 0.23 0.62 1.11

TOTAL | 3.50 0.70 1.47 3.09

Average | 1.17 0.22 0.49 1.03

4.3.5. Total Carbon stock

The total carbon stock was calculated as follows

C(site) = C(AB) + C(BG) + C(Soil) +C(Litter)

=3,50+0,70 + 1,47 + 3,09 =8, 76 tC/ha

4.4. Conservation status of the woody species in DENP

4.4.1. Exploitable species

According to the list of 10 exploitable species in Cameroon, some tree species in the DENP are exploitable and
commercial internationally [73]. In our different sites seven species were found: with 6 individuals in the HDF, 1 in the
MDF and 3 in the LDF for a total of 10 individuals in our 3 sites (Table IV).

Table 9 Commercial and exploitable species in the Douala National Park-Edéa

Common Scientific names of species Family Presence of species by
names site
HDF MDF LDF Total
1 | Dabema Piptadeniastrum  africanum [Hook.f.] | Fabaceae 1 1
Brenan
2 | Eveuss Klainedoxa gabonensis Pierre. Irvingiaceae 1 1
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3 | Frake Terminalia superba Engl. et Diels. Combretaceae | 1 1 2
4 | Iroko Milicia excelsa (Welw.) C.C.Berg. Moraceae 1 1 2
5 | Kimba Ceiba pentandra (L.) Gaertn. Bombacaceae | 1 1
6 | Moabi blanc Baillonella toxisperma Pierre. Sapotaceae 1 1 2
7 | Sapelli Entandrophragma cylindricum (Sprague) | Meliaceae 1 1
Sprague.
TOTAL 6 1 3 10

Some species recorded in the Douala-Edéa National Park according to the red list of the International Union for
Conservation of Nature (IUCN). In total there were 3 vulnerable species and 2 species of minor concern. There were in
the great majority in the FTI (5 species); 2 species in the FPI and 2 species also in the FNI (Table V).

Table 10 Endangered species in Douala-Edéa National Park

No Scientific names of species Status Presence of species by site
HDF | MDF | LDF | Total

1 Annickia chlorantha (Oliv.) Setten and Maas. Least concern | 1 1 2

2 Baillonella toxisperma Pierre. Least concern | 1 1 1 3

3 Entandrophragma utile (Dawe and Sprague) Sprague | Vulnerable 1 1

4 Entandrophragma Cylindricum (Sprague) Sprague Vulnerable 1 1

5 Ricinodendron heudelotii (Baill.) Pierre ex Heckel Vulnerable 1 1 2

Total 5 2 2 9

5. Discussion

5.1. Floristic composition of the Douala-Edéa National Park

The present study was carried out on 3 hectares in the Douala-Edéa National Park, and measurements were taken on
all woody tree species with DBH = 2 cm. The inventory of woody plants recorded a total of 4,696 individuals of 160
species belonging to 86 families and 41 genera. These results were similar to those of [74], who counted 4,717
individuals of 130 species belonging to 43 families and 110 genera with DBH 2 10 cm in the middle of the Biafran Rain
Forest of Cameroon; [75] who had counted 10,205 individuals,103 species, 89 genera and 56 families of DBH 21 cm in
the coastal line of the Douala-Edéa Wildlife Reserve; and [76] who counted 108 species, 37 families, 77 genera of DBH
210 cm in a humid semi-deciduous forest following anthropogenic disturbances and plant invasion in the Tinte Bepo
Reserve in Ghana. The average densities of 1,545 individuals obtained in this study were quite low when compared to
the mean values of 3,914, 3,068 and 3,600 stems/ha found in other understories of tropical rainforests reserves, by [77-
79] respectively, indicating its level of disturbance as compared to these other undisturbed forests reserves stated
above. This variation in recorded species number is best explained by the sampled area, the presence of fragmentation
conditions caused by disturbance and the presence of communities of plants associated with different stages of
secondary succession (e.g., pioneer species).

This high level of anthropogenic activities is the reason for the fact that the HDF had the highest plant density than in
the others. This dynamics of forest regeneration and resilience after human disturbance, would favour the development
of young individuals of different plant species in the understory. The high densities of small-diameter individuals (3-10
cm) indicates the renewal of seed-bearing trees and the replacement of cut down, felled or dead trees will be ensured
in forest areas with farming activities. The HDF was closest to the population, which means that human activity is more
frequent, as this will open up the canopy and allow light to enter easily and recurrently, enabling the germination of
seeds in the soil seed bank. Also there might be an influx of seeds from neighboring primary forests, thus increasing the
number of individuals. In fact, [80] indicated that when the ecosystem is more disturbed, the number of stems per
hectare increases in a similar study in the East region of Cameroon. On the other hand, the other sites are close to lakes,
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restraining human intrusion thus reducing human activity in these areas. These results therefore highlight the human
disturbance influence on plant communities’ distribution and composition.

The IVIis a reliable measure to assess the relative importance of a species since it takes into account several properties
of the species in the vegetation[59], thus highlighting the ecological importance of species and families. A species or
family is ecologically dominant when its FIV or IVI > 10[81]. The most important species in the 3 sites were as follows:
Klainedoxa gabonensis (27.19%) for HDF, Baphia capparidifolia (41.36%) for MDF and Hallea stipulosa (41.05%) for
LDF. Klainedoxa gabonensis is a tree with seeds that germinate quickly and the tree is usually kept standing because of
the hardness of its wood[82] which prevents the local population from exploiting it easily, which would explain why it
is common in the most disturbed forest. Baphia capparidifolia, is a member of the Fabaceae family[83], which is widely
distributed and found in almost all tribes, is characterized by its pod-like fruit and its large number of easily dispersed
seeds[84]. The trees are often found in secondary tropical regions with non-climax character of forest areas with
farmers’ exploitation [85-87]. Mitragyna stipulosa, a species of the Rubiaceae family, found in marshes and wetlands,
and requires a damp subsoil all year round, although not in swamps that are completely flooded twelve months out of
the year. It is dominant in tropical forests and along lake shores. It is the wind that disperses a large quantity of seeds,
causing dense seedlings to appear uncovered in the mud [82,88]. Padalia et al.[89] indicated that Euphorbiaceae and
Rubiaceae were the most dominant families in all coastal forest types, except mangrove. The study sites were found
around the lake Tisongo found in the Douala-Edéa National Park thus justifying the presence of the Rubiaceae. Similar
studies were indicated by [90] who indicated that the Euphorbiaceae, Rubiaceae and Fabaceae were amongst the first
10 important families in the tropical deciduous forests of North Central Eastern Ghats, India. Kegne et al.[86] indicated
that the Rubiaceae and the Fabaceae were amongst the eight most important species in the understory of the
Essiengbot-Mbankoho rural tropical forests of Cameroon. The most important families at the various sites were:
Olacaceae and Fabaceae. This result is similar to those obtained by [91] in the Dja reserve in Southern Cameroon; [86]
in the two rural forests located in the Eastern and Southern agroforestry zones of Cameroon, which states that the
tropical rainforest is mainly characterized by Fabaceae; [92] in the Lesio-louna protected forests in Southern Republic
of Congo and [93] in a Protected Tropical Evergreen Forest of Belize.

The average Shannon index of 3.14 bits is similar to that of [78] with 3.56 bits in the Douala-Edéa National Park. The
high Shannon value corresponds to environmental conditions favourable to the establishment of numerous species
represented by a small number of individuals. This tendency towards high diversity associated with low density of each
species is always observed in tropical forests [94,95]. The Piélou equitability index was 0.44 similar to that of [75] with
0.49 bits in the Douala-Edéa National Park. Sonke,[96] indicated that ecosystems that have reached a level of maturity
have a high equitability between 0.6 and 0.8. This therefore means that these sites were not even and matured but
rather disturbed by anthropogenic activities and thus most of the individuals inventoried belonged to just a few species.
Spellerberg et al.[97] and Fedor et al.[98] indicated that an evenness index > 60% characterized an undisturbed
ecosystem. The highest diversity in the HDF is similar to the results of[99] in forest communities in the Kouilou
Département, Republic of Congo, who indicated that the highest diversity was closest to human infrastructure where
the human pressure and disturbance was at its highest. This relationship could be interpreted in two ways:

e -Humans are selecting the most diverse plant communities for their activities or;
e -Human impacts are increasing plant diversity.

Previous reports of human impacts and disturbance on plant diversity in African rain forests have been contradictory.
Von Gemerden et al.[100] reported a decrease in diversity after disturbance, whereas[101] reported that shifting
cultivation could increase diversity on condition that the fields were small and embedded in a forest matrix. Cultivation
lasted only a few years, remnant trees were preserved and fire was excluded. The present results support this
hypothesis of an increase in diversity after disturbance. However, decrease in diversity usually occurs just immediately
after the disturbance thus the long-term effects of disturbance should be taken into consideration.

5.2. Structure of the Douala-Edéa National Park

The stand structure of this park followed a reverse "]" curve, reflecting the presence of a tropical forest in full natural
regeneration, since there were more young species with diameters < 10cm and the number of individuals decreased as
the diameter increased. Djomo,[102], Mokake et al.[38], and Mokake et al.[42] indicated that when the ecosystem is
more disturbed, the number of stems per hectare in the lower diameter size classes increases in a similar study in the
East region of Cameroon. According to[103], the diversity and abundance of the small diameter trees suggest that the
forest could have the ability to respond to disturbances in general. The same structure was observed by [104] in the
Mondah natural forest and[105] in the Ituri province of the Democratic Republic of the Congo. According to[106], these
curves are typical of tropical forests undergoing progressive dynamics. There were less individuals between the 60-
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80cm diameter size class. This may be due to the illegal logging from the local population and tree fall activities which
were greatly visible in the field. The increase in the number of trees in the >80cm may be due to certain tree individuals
that are left in the forest as seed trees and most importantly due to the presence of trees species with hard wood like
Klainedoxa gabonensis that is difficult to exploit by the local population due to lack of machines qualified to cut through
the hardness of this wood and this result was most visible in the HDF.

The basal area provides a better measurement about the relative importance of tree species than simple stem count.
The average basal area was 1.35+0.41 m?/ha in the Douala-Edéa National Park. The HDF contained more individuals
(1,734 individuals/ha) and a basal area of 1.83 m?/ha, whereas the MDF contained the least of 0.91 m?/ha. This could
be explained by the fact that the HDF contained more small-diameter trees, compared to the MDF, which contained the
lowest density of large-diameter trees. This result is low when compared to that found by [107] in the Mindourou
community forest (3.919 m?/ha) and by[108] in the dense semi-deciduous forests of East Cameroon (4.85 m?/ha). Basal
area is an excellent indicator of stand richness. It depends on both the size and the number of trees and is correlated
with tree canopy cover, which makes it possible to quantify the degree of competition within the stand and the soil
lighting conditions. The average density of this study which was 1,565 stems/ha differed from the forests of the
Impfondo-Dongou axis from 144 stems/ha in primary forests to 868 stems/ha in degraded forests[109], from[91] who
found an average density of 512 trees/ha in the forests of the Dja Reserve in south-east Cameroon, from [110] who
obtained 532 trees/ha in the forest formations of southern Cameroon, and from [111] obtained 749 stems/ha in the
Bangang forest in West Cameroon. This difference could be due to the reconstitution of the forest after anthropogenic
activities and to the recruits that settle and develop after anthropogenic and natural disturbances. Disturbance has a
direct influence on tree density, diversity and species composition [106]; like the felling of an individual tree of one of
the species increases the distance between breeding individuals [112]. This makes it possible to assess the degree of
disturbance or conservation of a biotope. In view of the results obtained, it should therefore be stated that the stands
explored are not mature and constantly disturbed by human and natural activities, which confirms [113] assertions that
the young vegetation of the reserve's coastline is constantly being renewed by the ebb and flow of the tide.

5.3. Carbon stock of the Douala-Edéa National Park

In tropical forest ecosystems, Carbon is stored at different levels: above ground, below ground, in the soil, in litter and
in dead wood [114]. The total carbon stock of the various sites studied in the Douala-Edéa National Park stored was
8.76 tC/ha of Carbon. This result is far below the results of other studies. Njila, [115]acquired 210.42 tC/ha in the natural
ecosystems of Kikot in Littoral-Cameroon; Mokake et al.[38] who indicated 278.75 t:C/ha in the Deng Deng forest
reserve; Chimi et al.[108] in the semi-deciduous forest in the East region indicated that the biomass varied between 261
and 437 tC/ha; and Kabelong et al.[116] who indicated that the average total Carbon stock varied from 200.1 t ha™ in
forest residues to 439.1 t ha™ in secondary forest. This reduction in the Carbon stock indicates the high level of
disturbance in the Douala-Edéa National Park. One peculiarity of this National Park is the fact that the local population
resides within the National Park who freely exploits it for their livelihood without them having any rights to artisanal
and commercial logging. It is not surprising that forest owners have sought to start performing agricultural activities
within the current National Park borders before the National Park establishment in 2018. This constant level of
harvesting of forest resources, will make the forests to be in a state of constant regeneration and definitely reduce the
Carbon stock. This therefore calls for the production of alternative sources of income for the local population which will
prevent the over dependence on forest resources. However, as most of the Congo Basin countries are signatories to
international conventions on biodiversity, the challenge is to develop sustainable projects to bring economic growth
with minimal negative environmental impacts. Also, though a National Park has been created, more human and material
resources from the Ministry of Forestry should be deployed for an effective control of the harvesting of the forest
resources.

These differences can also be explained by the different allometric equations that have been used in the calculations of
the Above ground biomass which is one of the greatest stores of the Carbon stock. Chimi et al.[108] used site specific
equations while our study used the traditional pantropical equation of[34]. It has often been claimed that simply using
stem diameter as a predictive variable of AGB is an effective approach [117]. In this study, one of the simplest models
to estimate AGB for tropical forests around the world [34] was chosen in order to consider the principle of parsimony
based on their mathematical simplicity as previous studies have already shown that species specific equations are
unnecessary in estimating forest biomass [118]. This therefore calls for further analysis to investigate if there’s a
significant difference in the use of site specific and pantropical allometric equations in the calculations of the above
ground biomass. Also, most of the other studies studied trees from =10 cm indicating that they had large individuals
and were undisturbed. Although our study carried out individuals =22 c¢m, the low AGB thus indicates a disturbed site
particularly by wildfires and illegal tree cutting in the study area. These results are however similar to that found
by[108], who obtained 10.81 tC/ha in the dense semi-deciduous forests of Eastern Cameroon and [116] who had a
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carbon stock of 5.02 tC/ha in old secondary forests in the periphery of Deng-Deng National Park in the East Region of
Cameroon.

The Litter Organic Carbon was as high as that in the Above-ground biomass. This may be due to the high leaf fall caused
by the wind coming from the waves of the sea which strongly adds to the fact that this site is highly disturbed. Ngo et
al.[119] indicated that the contribution of the different compartments to total carbon stock varies markedly between
primary and secondary forests. In primary forest, the dominant compartment is the aboveground biomass, and the soil
contributes less due to a greater number of trees with larger diameters, while the opposite is true in secondary forest
where the soil contributes a higher carbon stock than the above ground biomass. Also studies have shown that
sediments characterized by high soil density are less porous and rich in mineral particles[120]. Such sediments restrict
tree growth via their impact on soil aeration and water penetration. These sites are characterized by high litter fall and
flooding in clay-sandy soils thus less porous. This increases the soil bulk density which reduces the growth of most trees.
This is consistent with the general observation that soil C accounts for > 90% of total ecosystem Carbon in mangrove
forests [121-123] which is a nearby vegetation to the coastal tropical forests. This is very close to the results of our
study as the high Carbon stock of the Litter will be decomposed to the soil organic Carbon as leaf litter contributes to
the soil organic Carbon. The LDF carbon stock was higher (2.38 t/ha) than the HDF carbon stock (1.92 t/ha) because of
the absence of flooding and the presence of a forest canopy that will prevent erosion, leading to carbon accumulation in
the LDF litter. Thus, the rainforest stored carbon in the leaves, the soil, above and below ground but at different
proportions. Apparently, the bulk density and carbon stock generally increased with soil depth in the MDF and LDF
which was the contrary in the HDF. This may be due to the fact that the HDF was constantly flooded leading to the
erosion of the organic carbon from the top soil. Also, it could be due to leaching into the bottom layer, which is 15-30
cm deep.

6. Conclusion

This study assessed the diversity and carbon stock of the Douala-Edéa National Park which is a coastal tropical forest.
It has contributed to the evaluation of the diversity of a coastal tropical forest and in the estimation of Carbon stock in
the Central African Region in general and the Congo basin in particular. It confirms the Carbon storage of tropical forests
found around the Mangrove ecosystem and highlights the impacts of the local population on the Carbon storage capacity
of a coastal tropical forest in the Congo Basin. There is therefore an urgent need to consider the use of local traditional
and governance approaches to improve on the conservation of the Douala-Edéa National Park. Conservation measures
and research towards the sustainable use of coastal tropical forest resources must be prioritized in addition to
sensitization and strengthening of local governance approaches to improve on the conservation of the Douala-Edéa
Park. This therefore calls for both moral and physical resources to be allocated to the management of the Douala-Edéa
National Park for a sustainable management of its forests.
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