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Introduction
Mangroves act as a barrier against some natural disasters such as cyclones, hurricanes 

and tsunamis (Dahdouh [1] and Alongi [2]). Because of their role in limiting coastal erosion, 
they contribute to the advance of the land to the ocean while providing a buffer zone in storm 
and cyclone areas (Hong [3]) The entangled roots of mangroves contribute to the filtration of 
estuarine water through the retention of many coarse debris as well as sediments, but also 
have an important role in maintaining biodiversity and controlling the population (Lin [4]).

In the tropics, mangroves are classified as one of the most carbon-rich forests. They play 
a significant role in climate stability because recent estimates show that about 11% of the 
total mass of organic carbon at the earth-ocean interface is set by mangroves. Mangroves fix 
atmospheric CO2 and thus contribute to the fight against global warming (Alongi [5]). These 
coastal ecosystems also mitigate the negative effects of rising sea levels (Ellison [6] and Nitto 
[7]). A high-density mangrove population has been shown to promote sediment accretion 
and, as a result, the elevation of the coastal surface (Kumara [8]). Mangroves also have an 
important function in stabilizing the coastline and coastal substrate, biological purgation, 
shoreline protection and coastal erosion prevention (Din [9]).

In the Cameroon estuary, the loss of mangrove vegetation cover is mainly due to the 
extension of the port of Douala, the exploitation of firewood and timber, the extraction of sand 
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Abstract
Mangroves are recognized worldwide as one of the most remarkable ecosystems because of their 
exceptional biological diversity whose origins are terrestrial, marine or intertidal. Mangroves play 
a role in coastal protection, biodiversity maintenance, flood mitigation, storm protection, pollution 
control, and coastal erosion reduction. This study was conducted with the aim of determining the 
impact of anthropogenic activities on the structure of some biological components in the mangroves of 
the Cameroon Estuary. The work took place at seven sites in the study area, spread across the Littoral 
and Southwest regions from February to December 2019. Inventories were carried out on all trees of 
at least 5cm in diameter in plots of 2500m2 (50m x 50m). Species were identified and counted, and 
parameters such as circumference, height, or distance between two neighboring trees were measured. 
The results identified 24 species belonging to 12 families. The “Bois des Singes” (1100 individuals/ha) 
and Tiko (850 individuals/ha) sites showed higher densities, while the Youpwè site showed the lowest 
density (125 individuals/ha). The diameters varied significantly (K=11.48; p=0.04) between the Bobongo 
(33.07±23.10cm) and “Bois des Singes” (18.14±7.94cm). Heights also varied significantly (K=12.22; 
p=0.03) between Tiko (20.28±10.41m) and “Bois des Singes” (11.98±4.59m). Distances between 
neighboring trees did not vary significantly between the sites (K=9.17; p=0.1). The calculated basal 
area was higher at Tiko (36.84m2/ha), and lower in “Bois des Singes” (8.87m2/ha). The free and gratis 
exploitation of the mangrove’s natural resources leads to its degradation. However, the absence of the use 
of these resources can also become a disadvantage because the progressive dynamics of the mangroves 
can lead to channel obstruction.
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and also the construction of huts following rampant urbanization 
(Din [10]). Mangrove trees close to homes are cut down by local 
people who traditionally use them for firewood, and when this 
activity becomes lucrative, people use more efficient cutting and 
transportation equipment to maximize their income (Nfotabong 
[11]).

The Cameroon estuary, like many mangroves in developing 
countries, is characterized by anarchic urbanization due to high 
population pressure that causes complete deforestation of these 
peri-urban ecosystems (Din [12] and Massou [13]). The resurgence 
of anthropogenic activities such as anarchic logging, the discharge 
of domestic and/or industrial waste, oil and mining operations are 
causing enormous damage to these unstable ecosystems to the point 
where estimates and modelling tests predict a total disappearance 
of all mangroves in the next hundred years (Rajkaran [14]). This 
work was carried out with the aim of determining the impact 

of anthropogenic activities on the structure of some biological 
components in the mangroves of the Cameroon estuary.

Materials and Method

Study site
The study was carried out in mangroves of the Littoral and 

Southwest administrative regions for eleven months from February 
to December 2019. These regions are characterized by the northern 
coastal equatorial climate, marked by two seasons in a year: a 
longer rainy season from mid-March to mid-November; a short 
dry season from mid-November to mid-March. The temperature 
at the Wouri estuary is almost constant throughout the year and 
is around 26 ᵒC needed for optimal mangrove growth (Massou 
[13]). The study covered seven sites, namely Bobongo, “Bois des 
Singes”, Bojongo, Essengue, Limbe, Tiko, and Youpwe, in degraded 
mangroves (Figure 1); [15].

Figure 1: Map showing the location of the sampling stations (Modified from Din [15]).

Method
Table 1: Diameter classes (Nfotabong [11]).

Diameter Classes Values

C1 D < 10cm

C2 10cm < D < 20cm

C3 20cm < D < 30cm

C4 30cm < D < 40cm

C5 40cm < D < 50cm

C6 D > 50cm

All woody species with a circumference stem of at least 15cm 
were then sampled from a 50m x 50m plot delineated at the 
prospected sites. The circumference of the stems was measured 
using a tape meter while the heights of trees required the use of 
a clinometer. The circumference data were used to calculate the 
diameters by using the classical formula D=C/π. The diameter 
classes were then defined (Table 1); [11].

A decameter was used to measure the distance between two 
neighboring trees on a specific itinerary (Essome [16]); (Figure 2).
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Figure 2: Path followed for the measurement of the 
distance between the trees (From Essomè [16]).

The absolute density of the trees was calculated using the 
formula:

Da=1/(dm)² ×10000

dm being the average distance of trees in the plot.

The basal area was also calculated by the formula:

Ba=(Da(Dm/2)²)/10000

Dm being the average diameter of the trees in the plot.

The statistical analyses were carried out from the XLSTAT 2015 
software version 11.0.0. Data allowed to obtain a dendrogram of 
similarity of the sites by the Jacquard index. The Kruskal-Wallis test 
was used to compare the averages of tree structure parameters. The 
correlations between the structure parameters were studied by the 
Pearson correlation coefficient. An analysis of key components was 
also used.

Result
A total of 24 species were identified, divided into 22 genera 

belonging to 12 families. The most represented family is the 
Fabaceae (05 species), followed in descending order by the 
Rhizophoraceae (04 species), Arecaceae and Combretaceae (03 
species). Similarly, five species were present at all sites. These are: 
Acrostichum aureum; Dalbergia écastaphyllum; Nypa fruticans; 
Rhizophora harrisonnii and Rhizophora racemosa. Two species 
(Hibiscus tiliaceus and Drepanocarpus lunatus) were present at four 
sites. Four species were present at three sites (Raphia palma-pinus; 
Phoenix reclinata; Pandamus satabiei; Guibourtia demeusei. Five 
species (Anthocleista vogelii; Carapa procera; Cynometra mannii; 
Ormocarpum verruscom; Heteropteris leona) were present in three 
localities. Annona glabra was present only at Essengue (Table 2).

Table 2: Distribution of species in the studied area.

N° Species Families
Localities

Essengue Youpwe Bojongo Bobongo Bois des Singes Tiko Limbe

1 Acrostichum aureum Linn. Polypodiaceae ◾ ◾ ◾ ◾ ◾ ◾ ◾

2 Alchornea cordifolia Müll. Arg. Euphorbiaceae ◾ ◾

3 Annona glabra L. Annonaceae ◾

4 Anthocleista vogelii Planch. Combretaceae ◾ ◾

5 Avicennia germinans (L.) Stearn Acanthaceae ◾ ◾ ◾ ◾ ◾ ◾

6 Carapa procera DC Meliaceae ◾ ◾

7 Cassipourea barteri (Hook.f.) 
Oliv. Rhizophoraceae ◾

8 Chrysobalanus icaco L. Rosaceae ◾

9 Conocarpus erectus Linn. Combretaceae ◾ ◾ ◾

10 Cynometra mannii Oliv. Fabaceae ◾ ◾

11 Dalberbia ecastaphyllum Taub. Fabaceae ◾ ◾ ◾ ◾ ◾ ◾ ◾

12 Drepanocarpus lunatus G. F. 
Meyer Fabaceae ◾ ◾ ◾ ◾

13 Guibourtia demeusei J. Leonard Fabaceae ◾ ◾ ◾

14 Heteropteris leona (Cav.) Exell Malpighiaceae ◾ ◾

15 Hibiscus tiliaceus Linn. Malvaceae ◾ ◾ ◾ ◾

16 Laguncularia racemosa Gaertn. Combretaceae ◾ ◾

17 Nypa fruticans (Thurnb.) 
Wurmb. Arecaceae ◾ ◾ ◾ ◾ ◾ ◾ ◾

18 Ormocarpum verrucosum P. 
Beauv. Fabaceae ◾ ◾

19 Pandanus sabatiei Huynh Pandanaceae ◾ ◾ ◾
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20 Phoenix reclinata Jacq. Arecaceae ◾ ◾ ◾

21 Raphia palma-pinus Hutch. Arecaceae ◾ ◾ ◾

22 Rhizophora harrisonnii. Leech-
man Rhizophoraceae ◾ ◾ ◾ ◾ ◾ ◾ ◾

23 Rhizophora mangle L. Rhizophoraceae ◾

24 Rhizophora racemosa Meyer Rhizophoraceae ◾ ◾ ◾ ◾ ◾ ◾ ◾

Tree densities varied significantly at different sites (Figure 
3). The highest number of individuals per hectare is the “Bois des 
Singes” (1100ind./ha), followed by Tiko (850ind./ha), Bojongo 
(750ind./ha Limbe (500ind./ha), Youpwe (500ind./ha), Essengue 
(300ind./ha) and Bobongo (225ind./ha). Mean diameters were 
significantly higher at the Bobongo (33.07±23.10cm) than the “Bois 
des Singes” (K=11.48; p=0.04). In Bojongo, the mean diameter was 
23.19±11.57cm; in Essengue it was 32.43±10.51cm; In Limbe, the 
mean diameter was 21.68±18.32cm; In Tiko, 31.42±23.06cm; and 
in Youpwe, the mean diameter was 19.50±16.72cm. The minimum 

and maximum diameters were all obtained at Tiko (5.74cm and 
83.07cm respectively). In Bobongo, the minimum and maximum 
diameters were 6.05cm and 74.80cm; At “Bois des Singes”, 9.55cm 
and 42.97cm respectively; In Bojongo, 6.68cm and 58.89cm 
respectively; In Essengue, 14.97cm were obtained as a minimum 
diameter, and 49.04cm as maximum diameter; A Limbe, 8.91cm for 
the minimum diameter, and 68.44cm for the maximum diameter; 
In Youpwe, the minimum diameter was 6.68cm and the maximum 
diameter was 53.15cm (Table 3).

Figure 3: Tree’s abundance in different localities.

Table 3: Stems diameter measurements in the studied localities.

Localities Bobongo Bois des Singes Bojongo Limbe Essenguè Tiko Youpwè

Minimum 6.05 9.55 6.68 8.91 14.97 5.73 6.68

Maximum 74.8 42.97 58.89 68.44 49.04 83.07 53.15

MEAN 33.07±23.10 18.14±7.94 23.19±11.57 21.68±18.32 32.01±24.10 31.42±23.07 19.50±16.73

Figure 4: Number of individuals of diameter classes.
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The distribution of diameter classes in all sites shows 
important differences and gaps (Figure 4). Two sites, Bojongo and 
Tiko, presented all diameter classes. Classes 2 and 3 had the highest 
number of individuals in Bojongo, with 25 individuals and 10 
individuals and 13 individuals, respectively. The sites of “Bois des 
Singes”, Limbe and Youpwe are characterized by the high number of 
Class 2 individuals (11 individuals, and 9 individuals respectively), 
and a relatively small number of individuals of the other diameter 
classes, these not exceeding 6 cm in diameter. The Bobongo site was 
characterized by a very small number of individuals not exceeding 
2 among the 5 classes in diameter that it counted; Essengue was the 
only site with four (04) diameter classes, and the highest number of 
individuals was found in Class 4 with 6 individuals.

Heights also varied significantly between Tiko and Youpwe 
(K=12.22; p=0.03). The average heights were 20.28±10.41m 
and 11.98±4.59cm respectively in Tiko and “Bois des Singes”. 
It was 20.05±10.15cm in Bobongo, 17.57±7.67cm in Bojongo, 
19.21±2.60cm in Essengue, 15.72±10.94cm in Limbe, and 
12.25±6.58cm in Youpwe. The minimum height was obtained 
at “Bois des singes” (Hmin - 3m), and the maximum height was 
obtained at Limbe (Hmax - 37.5m). The minimum heights were 
5.43m in Bobongo, 5.89m in Bojongo, 7.5m in Limbe, 15m in 
Essengue, 5.2m in Tiko, and 5.9m in Youpwe. The maximum height 
was 37m in Bobongo, 36.5m in Bojongo, 23.3m in Essengue, 37m in 
Tiko, and 24.3m in Youpwe (Table 4).

Table 4: Trees height measurements in the localities.

Height (m) Bobongo Bois des Singes Bojongo Limbe Essengue Tiko Youpwe

Min 5.43 3 5.89 7.5 15 5.2 5.9

Max 37 22.05 36.5 37.5 23.3 37 24.3

Mean 20.05±10.15 11.98±4.59 17.57±7.67 15.72±10.94 19.21±2.60 20.28±10.41 12.25±6.58

Figure 5 shows the distribution of height classes at different 
sites. The height classes C1, C2 and C3 were found at the Bobongo, 
Bojongo, Limbe and Tiko sites. Class 3 was the most represented in 
Bobongo (03 individuals) and Tiko (18 individuals). Class 2 was the 
most represented in Bojongo with 15 individuals, while class 1 was 

the highest in Limbe (09 individuals). Classes 1 and 2 were found 
at the «Bois des Singes” site (20 individuals and 24 individuals 
respectively), while in Essengue, they are classes 2 (09 individuals) 
and 3, with 03 individuals.

Figure 5: Number of individuals in height classes.

Figure 6: Average distance between the localities.
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Figure 6 shows the average distances between trees. Distances 
between the trees did not vary significantly (K =9.17; p=0.1), ranging 
from 2.59±1.62m at Tiko, to 5.13±2.24m at Bobongo. The average 
distance between the trees was 3.04±1.82m at “Bois des singes”, 
3.02±2.08 m in Bojongo, 3.36±3.44m in Essengue, 3.35±2.67m in 
Limbe, and 2.92±1.70m in Youpwe.

Absolute density was higher at the Tiko site at 149.28ind/m2, 
and the lowest was found in Bobongo (37.95ind/m2). It was valued 
at 107.9ind/m2 at “Bois des Singes”, 109.64ind/m2 in Bojongo, 
88.45ind/m2 in Essengue, 88.97ind/m2 in Limbe, and 117.28ind/
m2 in Youpwe. Basal surfaces ranged from 8.87m2/ha in «Bois des 
Singes” to 36.84m2/ha in Tiko. In the other sites, land areas were 
10.37m2/ha in Bobongo, 14.75m2/ha in Bojongo, 23.26m2/ha in 
Essengue, 10.45m2/ha in Limbe, and 11.15m2/ha in Youpwe (Table 
5).

Table 5: Absolute densities and basal areas of the locali-
ties.

Localities Da (ind.m-²) Ba (m²/ha)

Bobongo 37.95 10.37

Bois des singes 107.9 8.87

Bojongo 109.64 14.75

Essengue 88.45 23.26

Limbe 88.97 10.45

Tiko 149.28 36.84

Youpwe 117.28 11.15

Discussion
The distribution of individuals by diameter class is not uniform 

in all study sites. It has the characteristics of disturbed stands with 
a few diameter classes absent with the exception of Bojongo and 
Tiko. Also, the larger classes do not always have a smaller number 
of individuals than the smaller classes, which is observed in all 
localities. This change is more pronounced in Tiko where the last 
diameter class (D˃50cm) has more individuals than the middle 
classes. This structure is far removed from that of Thevand [17] 
which indicates that in the kaw mangroves in Guyana, the histogram 
of distribution of individuals by diameter shows that 74.93% of 
individuals have a diameter of less than 5cm, only a few individuals 
exceed 10cm in diameter and are the furthest from the waterfront. 
It is important to note that localities where the plots have been 
established are affected by logging, although it is more important in 
the vicinity of fishing camps for fishing and all classes of diameters 
are affected. On the other hand, Din [15] believe that although all 
classes are concerned, it is the fourth class (30 < D ≤ 40cm) who are 
most exploited for Rhizophora spp. and cutters operate trees with 
an average diameter of 32cm (31.36 ± 11.92cm).

The work of Gehring [18] confirmed that Chest Diameter 
(DBH) and height are standard parameters for studying trees. 
Despite numerous disturbances, the sampled communities have 
well-developed mangrove ecosystems because for Pellengrini [19], 
mangroves with a DBH between 27.0 and 29.9cm and an average 

height of the most developed trees of 17.7 to 21.2m have a maximum 
development structure. Thus, more than half of the localities, 
namely Bobongo, Bojongo, Essengue, and Limbe, can be classified 
as intermediate development structure, the other localities (“Bois 
des Singes”, Bojongo and Limbe) have a minimum development 
structure according to the values reported by Pellengrini [19].

Basal areas are variable and low in study communities. Thus, 
the plots with a higher basal area (Tiko, Essengue) correspond to 
adult vegetation facies. This is the view of Ondo [20] that low basal 
areas correspond to young or juvenile stands, while strong basal 
areas suggest a mature stand. This author also points out that for 
an adult stand consisting mainly of Avicennia germinans, because 
of the relatively large differences between individuals, in the case 
of falling tree, regeneration is ensured quickly, which increases 
density obtained basal area values ranging from 11.93 to 43.07 m2 
ha-1 for all facies in the mangroves of the Sinnamary basin in French 
Guiana. Basal areas in this study (27.87 to 115m2 ha-1) are greater 
or equal to those obtained by Perera [21] and [22] in a mangrove in 
Sri Lanka with values ranging from 27.10 to 48.25m2 ha-1. However, 
our basal area values are much higher than those obtained by 
Maia [23] which range from 0.60 to 2.97m2 ha-1 in the mangroves 
of the estuaries of Brazil and those obtained by Aheto [24] in the 
mangroves of the Kakum River estuary in Ghana. The basal areas 
in this study are also higher than those obtained by Din [10] which 
find average basal area of 8.804m2 ha-1 for Rhizophora racemosa 
and 5.167m2 ha-1 for Avicennia germinans in the mangroves of the 
Wouri estuary.

Conclusion 
The free and gratis exploitation of the natural resources of the 

mangroves leads to its degradation, the absence of the use of these 
resources can also become a disadvantage because the progressive 
dynamics of the mangroves can lead to obstruction. Therefore, the 
preservation of this ecosystem, which should be accentuated in 
the Bobongo and Essengue sites, which are distinguished by a low 
density of individuals, does not necessarily mean full protection 
of any activity. In an unstable environment, maintaining this 
ecosystem requires the constant reshuffling of its impacts thanks 
to their plasticity. It is not an identical posture or a return to any 
“stable state” like the climax, but to set up a new dynamic ‘balance’.
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