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Lack of knowledge to the statute, economic and ecological values of mangrove ecosystems promotes 
his degradation. Rhizophora gender has significant proportion and important economic value and it is 
excessively exploited within Cameroon's mangroves. Nowadays it is urgent to assess the vitality of this 
ecosystem in order to preserve ecosystems services that were provided. This study was conducted to 
clarify the stock of Rhizophora spp and to assess his growth within the study area. Transect method 
was used. So, two transects of 100 m in length, 10 m in width and 0.1 ha in area each distance to 5km 
oriented NNE-SSW and perpendicular to the main channel were established randomly. Each transect 
was divided in three plots of 20m ×10m each and each plot separated in two subplots of 20mx5m each. 
Measures (Diameter and height) were collected within each subplot during three data collections 
campaigns (2007, 2010, 2014). Some structure parameters (absolute density, basal area and volume) 
were calculated through field measures. Periodic annual increment and death rate were also calculated. 
The results show that mean diameters of transect 1(T1) are 3.04 ± 0.23cm; 3.24± 0.23cm and 
3.32±0.23cm to 10.31 ± 2.91cm; 11.16 ± 3.02cm and 13.06 ± 3.58cm for transect 2 (T2) respectively in 
2007; 2010 and 2014. Mean heights values are 3.26 ± 0.16 m (2007); 3.40 ± 0.16m (2010) and 3.46 ± 0.16m 
(2014) for T1 to 8.51± 2.09m; 9.12 ± 2.18m and 10.49 ±2.58m for T2. In 2007 absolute density (Da) was 
8333 stem/ha (T1) and 717 stems/ha(T2) to 8267 (T1) and 683 stems/ha (T2) in 2010 then 7850 (T1) and 567 
stems/ha(T2). Study of growth with one way ANOVA test show a higher significant difference (P<0.01) 
for diameter annual increment of 2007-2010 and 2007-2014 periods. A significant difference (P=0.021) 
for diameter annual increment of period 20010-2014 and no significant difference (P>0.05) for basal 
area, volume and their periodic annual increment between T1 and T2. Total mortality of 2007 to 2014 is 
484 stems/ha(T1) and 150 stems/ha(T2) corresponding to a annual death rate of 0.8% (T1) and 2.29%(T2). 
According to this result showing a relatively weak death rate, it is necessary to implement conservation 
methods in order to perpetuate this ecosystem. 
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INTRODUCTION 
 
Mangrove swamps are found in tropical and subtropical 
tidal areas where brackish water is encountered with 
variable salinity contents and a diversified fauna 
(Tomlinson, 1986; Duke, 1992; Jayatissa et al., 2002; 
Cannicci et al., 2008; Nagelkerken et al., 2008). By and 
large considered as uncongenial areas (Thevand, 2002), 
mangrove swamps for some decades now have been 
recognized as having public interest. Undeniably, their 
benefits are both economical (Kovacs, 1999) and 
ecological. Ecotone between land and marine environ-
ment, the ecosystem of mangrove swamps is a very 
unique structural and functional zone (Betoulle, 1998), 
playing a role in coastal food chains (Dittmar et al., 2001; 
Laedgaard and Johnson, 2001 ) and constituting an 
important source of carbon (Twilley et al., 1992 ; Gattuso 
et al., 1998). Most recent studies on mangrove swamps 
have proven the ability of this ecosystem to avert the 
phenomenon of climate change by sequestrating the 
carbon of these various components (Trevor et al., 2014; 
Adame et al., 2013; Donato et al., 2012; Lovelock et al., 
2011). Moreover, mangrove swamps play a barrier role 
against natural disasters. This is the way they safeguard 
the surrounding populations against damage which can 
be caused by cyclones, tsunamis and hurricanes 
(Dahdouh-Guebas, 2006; Alongi, 2008)  

They also produce goods and services as well as 
income to the community (Krauss et al., 2008). By limiting 
coastal erosion, this ecosystem contributes in the 
seaward shift of the continent and at the same time 
acting as a buffer zone to regions subjected to storms 
and cyclones (Hong et al, 1993). 

Mangrove swamps also constitute an important source 
of revenue and several other survival and commercial 
activities such as fishing and wood exploitation are 
carried out there (Din et al., 2006). As a result of these 
numerous goods and services, the worth to protect the 
biodiversity of mangrove swamps by the follow-up of its 
growth parameters becomes obvious. 

Several studies show that approximately 5 to 85 % of 
the original area of mangrove swamps was predo-
minantly lost during the second half of the 20th century. 
The perceptions of a world without mangrove swamps 
appear to be a reality (Duke et al., 2007) because the 
anthropogenic activities along the coasts are on 
permanent increase (Walters et al., 2008).  

The mangrove swamps of Africa endure enormous 
pressures during the last decades, to the point that in 
west and central Africa, 20 to 30 % of mangrove swamps 
have vanished in 25 years. This is due to several factors 
and in particular is urbanization through the development  
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of infrastructures and residences, the exploitation of salt 
mines and sand, pollution caused by industries, the 
industrial agrochemical products and the exploitation of 
oil and gas, the absence of an appropriate legislation, the 
cutting down of trees for fish smoking (Ajonina and 
Usongo, 2001; Ajonina et al., 2005) the increase of 
insidious species and the effects of climate change, 
amplified by population growth. Along Cameroon’s coast 
mangrove swamps are estimated to cover a surface area 
of roughly 1961.84 km

2
 (Spalding et al., 2010). They are 

mainly distributed between two estuaries (the Rio del Rey 
estuary and Cameroon estuary) but are equally present 
in small zones with variable surface areas in the South 
Region of Cameroon (Rio Ntem Estuary) 

If the mangrove swamps of the Cameroon Estuary 
have been studied by numerous authors, those of the Rio 
Ntem Estuary are not well known. This very productive 
zone is rich in oil and fish and so out-and-out scientific 
researches have to be carried out on the area.  

In view of the aforementioned observations the 
objective of the present study is to estimate the stock of 
Rhizophora spp. population of the site by determining the 
structure of the vegetation. In addition the dynamics of 
the population will be studied through the calculation of 
the annual growth and mortality rates during the various 
field campaigns. 
 
 
MATERIALS AND METHODS 
 
Study Area 
 

The study was carried out in the mangrove forest of the 
locality of Campo (Rio Ntem Estuary). Being the sub-
divisional capital, Campo is located in the Ocean Division 
of the South Region. Bordered to the North and the East 
by the Lobe river, to the South by Ntem river and to the 
West by Atlantic ocean (Figure 1). This locality of 
geographical coordinates latitude 02° 19' - 02° 32' North 
and longitude 009° 48' - 9° 58' East has a vegetation of 
evergreen forest subjugated by the mangrove swamp 
and intermittent by a shrubby meadow (Ajonina, 2011). 
This mangrove forest conquered by the family of 
Rhizophoraceae is cut apart by a large number of 
waterways for fishermen, poachers and tourists.  

The climate fits into the equatorial domain of littoral 
type or "Cameroonian" which is characterized by two 
seasons with a long rainy season (from March to 
November) that can totally expunge the dry season 
always interspersed with rains. This hypothetical dry 
season (November to February) appears in several 
localities as basically slowing down rain. The most 
predominant streams on the site are the Mbome, the 
Lobe, and the Ntem. 

The sociological component is made up of non-native 
and natives. The  latter  are  Bulu,  while  the  non-natives  
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Figure 1. Localization of the study area (modified from Ajonina 2011). 

 
 
 
are composed of the Iyassa, Batanga, Mvae and Ntumu, 
Mabea and Bagyeli. While the natives consider mangrove 
swamps as sacred sites dedicated to diverse rites, the 
non-natives use them for construction, fish smoking and 
to a lesser extent for farming. 
 
 
Sampling 
 
The sampling method is that of transects (Imbert, 1985). 
Two transects of 100m length and 10m wide giving a 
surface area of 1000 m

2
 each were randomly established. 

They were 5 km apart with base lines directed NNE-SSW 
and perpendicular to the main channel. Each transect 

was split into three plots of 20 m ×10 m and each division 
was further subdivided into two subplots of 20 m × 5 m 
(Figure 2). The measures of diameter and height were 
made during three field campaigns ( 2007, 2010 and 
2014) inside twelve subplots. 

All the Rhizophora spp. individuals from one centimeter 
of diameter were listed and measured. When the closest 
tree was spotted, DBH measure (Diameter at Breast 
Height) was taken to D130 (1.30 m from the ground) by a 
caliper if the diameter did not exceed 10cm or by a forest 
ribbon for the individuals of diameter greater than 10cm. 
Otherwise, the diameter was measured at 30 cm above 
stilt roots having climbed on the tree (Figure 3). 

The height of certain trees was  estimated  by  means a
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Figure 2. Plot positioning in the transect. 

 
 

 
 
Figure 3. Diameter measurements: a-After climbing; b-From the ground. 
 

 
 

clinometer. This estimation coupled with the measure of 
the lengths of fallen trees allowed to set up a relation 
between the diameter and the height. The established 
equation allowed extrapolating the values of the missing 
heights for Rhizophora spp. To avoid counting or 
measuring a tree twice, every recorded individual was 
marked in red and labelled. 

The parameters which were not measured were 
obtained by calculation from the measures made on the 
field. So, the absolute density, the basal area, the volume 
of the population, the annual growth per period and the 
mortality rate were obtained from the following equations: 

 
Density expressed in individuals per hectare:  
 

 Da = 

N 

Sp 

x 10 000              

 
 

with Da ( absolute density), N (number of individuals of 

the plot), Sp (area of the plot in m
2
) ; The basal area 

expressed in squared meter per hectare 

 14,3
2

2

×







=
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Sb 10000×  ;  

Dmoy being the average diameter of the zone and the 
volume of the population (Vp) in m

3
/ha 

 
Vp = Sb x H x 0,6; 
 
Where; H = the height of trees and 0.6 being form factor  
the annual growth per period of diameter(Cad) and 
heights(Cah) expressed in cm /yr  
 

 

 
D and H being the diameters and heights at time t, Do 
and Ho the initial diameters and heights (time to) and the 
annual growth per period of basal area (Cas) and volume 
(Cav)  



 

 
 
 
Cas =     ;                              Cav= 
 
 
Cas in m

2
/ha/yr and Cav in m

3
/ha/yr; S and V being basal 

area and volume at time t ; So and Vo the initial basal 
areas and volumes (time to)  

The mortality rate m expressed in percentage per unit 
time is defined by the differential equation: 
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N being number of individuals at time t and No initial 
number of individuals (time to). 
 
 
Data Analyzes 
 
The collected data were statistically handled and 
analyzed by two approaches: the descriptive and the 
inferential statistics. The descriptive statistical analysis 
consisted in arranging the data in EXCEL spreadsheet, 
and in obtaining the results in the form of tables and 
graphs. The inferential statistical analysis was made by 
means of the SPSS software package; and the latter 
served to determine if there is a significant difference 
between the structural parameters of the different 
transects. 
 
 

RESULTS 
 
Structure of the vegetation 
 
Stock of the population  
 
In 2007, year of the first field campaign, transect 1 (T1) 
gave an average diameter of 3.04±0.23cm with a minimal 
value (Dmin) of the order of 1 cm for a maximal value 
(Dmax) of 36.2cm. As for transect 2, the average 
diameter was of 10.31±2.91cm with Dmin of 1.6cm and 
Dmax of 110 cm. Average heights were 3,26±0.16m and 
8.51±2.09m for T1 and T2 respectively. The minimum 
height (Hmin) of value 1.73m was obtained on transect 1 
while the maximum height (Hmax) of value 80.42m was 
gotten from transect 2. The average diameters in 2010 
and 2014 are 3.24±0.23cm (T1) and 11.16±3.02cm (T2) 
then 3.32±0.23cm (T1) and 13.06±3.58cm (T2). 
respectively. In 2010 and 2014, the average heights are 
3.40±0.16m and 5.23±0.16 m for transect1 against 
9.12±2.18m and 19.39±2.58 m for transect 2 respectively. 

The total number of individuals (N) listed in 2007 in 
both transects is 543 with 500 for transect  1  and  43  for  
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transect 2. The absolute density was 8333 N/ha for 
transect 1 and 717 N/ha for transect 2. In 2010 this 
density is of 8267 N/ha and 683 N/ha T1 and T2 
respectively against 7850 N/ha (T1) and 567 N/ha (T2) in 
2014 (Table 1). 

The density had a decreasing trend with time in 
transects 1 and 2. The decreasing trend with time of the 
absolute density can be due to the death of certain trees 
as a result of intraspecific competition with regards to sun 
light and nutritional substances. The average basal area 
was 1.42 m

2
/ha for T1 and 1.56 m

2
/ha for T2 in 2007. It is 

of the order of 1.47 m
2
/ha (T1) and 1.58 m

2
/ha (T2) in 

2010 against 1,33 (T1) and 1.58 m
2
/ha (T2) in 2014. 

These values show an increasing trend of the basal area 
with time for T1. The volume of the population was 14.32 
m

3
/ha (T1) and 56.16 m

3
/ha (T2) in 2007. In 2010, it was 

14.77 (T1) and 56.45 m
3
/ha (T2) against 12.68 (T1) and 

56.64 m
3
/ha (T2) in 2014. 

The application of ANOVA test shows an significant 
difference (P =0,043) between the average diameter 
values for transect 1 and transect 2. The basal areas and 
volume between these transects show no significant 
differences (P>0,05). 
 
 
Height and Diameter class distributions  
 

During the first field campaign (2007), the distribution of 
the number of individuals (N) by diameter class shows 
that the individuals are spread out into four classes: class 
I: 1≤ D < 5cm ; class II : 5 ≤ D < 10cm; class III: 10 ≤ D < 
30cm; class IV: 30≤ D <50cm for transect 1 (T1) and into 
six classes for transect 2 (T2): class I: 1≤ D < 5cm ; class 
II:5≤ D < 10cm ; class III : 10 ≤ D < 30cm; class IV: 30 ≤ 
D < 50; class V: 50 ≤ D < 100; class VI > 100cm. Class I 
(1≤ D < 5cm)) constitutes the modal diameter class for T1 
(N=448) and T2 (N=28). The largest diameter class for 
transect 1 is 30-50cm (N=4; 0.8% of total number of 
individuals of this transect) against >100cm (N=1; 2.32%) 
for transect 2 (Figure 4). 

The heights are disseminated in three classes (T1) and 
five classes (T2). Just like the diameters the modal height 
classes are 1-5 m for T1 (N=448 giving 89.60 %) and T2 
(N=28 giving 65.11 %).The largest height class for 
transect 1 is10-30m (N=31; 6.2% of total number of 
individuals of this transect) against 50-100m (N=1; 
2.32%) for transect 2 (Figure 5). 
 
 
Population growth  
 
The annual growth of the diameters (cad) is of the order 
of 0.05 ± 0.006 cm/an and 0.16± 0.018 cm/year for T1 
and T2 respectively for the period 2007-2010. It is of 0.05 
± 0.01 cm/year and 0.08 ± 0.008 cm/year (2010-2014) 
against 0.05 ± 0.008cm/year and 0.11 ± 0.09cm/year 
(2007-2014).The heights show a annual growth (cah) of 
0.041± 0,005 (T1) and  0.11 ± 0.06  m/year  (T2)  in  2007- 

S-SO 

t-to 

V-Vo 

t-to 
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Table 1. Distribution of the structural parameters of the site. 
 

 

Year 

 

Transect 

Parameters 

Diameters (cm) Heights (m) Number of 
individuals (N) 

Absolute 
Density (N/ha) 

Basal area 
(m

2
/ha) 

Volume 

(m
3
/ha) Dmin Dmax Dmoy EC Hmin Hmax Hmoy EC 

 

2007 

T1 1 36.2 3.04 0.23 1.78 27.18 4.5 0.16 500 8333 1.42 14.32 

T2 1.6 110 10.31 2.91 2.22 55.24 80.42 2.09 43 717 1.56 56.16 

Total 543 9050 2.98 78.48 

      

 

2010 

T1 1 36.5 3.24 0.23 1.42 27.40 3.40 0.16 496 8267 1.47 14.77 

T2 1.8 110 11.16 3.02 1.56 80.42 9.12 2.18 41 683 1.58 56.45 

Total 537 8950 3.05 71.22 

      

 

2014 

T1 1 32.8 3.32 0.23 1.78 24.73 5.23 0.16 471 7850 1.33 12.68 

T2 1.6 110 13.06 3.58 2.36 80.42 19.39 2.58 34 567 1.58 56.64 

Total 505 8417 2.91 69.32 
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Figure 4: Distribution of the number of individuals per diameter class. 
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Figure 5. Distribution of the number of individuals per height class. 

 
 
 

Table 2.  Annual growth of population per period. 
 

 

Period 

 

Transect 

Annual growth parameters 

Cad (cm/year) Standard 
deviation 

Cah 
(m/year) 

Standard 
deviation 

Cas (m
2
/ha/year) Cav (m

3
/ha/year) 

 

2007-2010 

T1 0.059 0.006 0.041 0.005 0.017 0.14 

T2 0.16 0.018 0.11 0.06 0.008 0.09 

        

 

2010-2014 

T1 0.058 0.01 0.02 0.03 0.026 0.27 

T2 0.082 0.008 0.06 0.006 0.004 0.05 

        

 

2007-2014 

T1 0.058 0.008 0.04 0.005 0.02 0.20 

T2 0.11 0.09 0.08 0.01 0.005 0.07 

 
 
 
2010 period against 0;02 ± 0.03(T1) and 0.06 ± 0.006 
m/year (T2) between 2010 and 2014 then 0.04 ± 0.005 
(T1) and 0.08 ± 0.01 (T2) in 2007-2014 period. The annual 
growth of the basal areas (Cas) shows an increasing 
growth trend in T1 (0.017 and 0.026 m

2
/ha/year) and 

abnormal growth trend T2 (0.008 and 0.004 m
2
/ha/year) 

during the successive periods 2007-2010 and 2010-2014. 
The annual growth of the volume shows an increasing 
trend for T1 (0.14 and 0.27 m

3
/ha/year) and abnormal 

growth trend T2 (0.09 and 0.05 m
3
/ha/year) for the two 

consecutive periods (Table 2).  
In order to study the level of importance of the growth 

values of the population, one way ANOVA test was used. 
It revealed a significant difference (P=0,021) for diameter 
annual growth in 2010-2014 periad and a non-significant 

difference (P > 0.05) of the annual growth of basal area 
and volume in transect 1 and transect 2. 
 
 
Mortality  
 
The number of individuals that died (Nm) for the period 
2007-2010 was 4 for T1 and 2 for T2. For period 2010-
2014, Nm is 27 for T1 and 7 for T2. From 2007 to 2014, 
the total number of dead trees is 29 in T1 and 09 in T2. In 
hectare this mortality is 67 for T1 and 33 for T2 during the 
period 2007-2010 against 417 (T1) and 117 (T2) for 2010-
2014. The total mortality from 2007 to 2014 is 484 Nm/ha 
for T1 against 150 Nm / ha for T2 (Table 3). 

The annual mortality rate (m) for the  period  2007-2010  
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Table 3. Mortality per period between the different transects. 
 

 

Period 

 

Transect 

Mortality 

Nm Nm/ha m (%/year) 

2007-2010 T1 4 67 0.26 

 T2 2 33 1.55 

     

2010-2014 T1 25 417 1.26 

 T2 7 117 4.26 

     

2007-2014 T1 29 484 0.8 

 T2 9 150 2.29 

 
 
 
is 0.26% (T1) and 1.55% (T2) against 1.26 % (T1) and 
4.26 % (T2) for the period 2010-2014. The average 
annual mortality rate from 2007 to 2014 is 0.8% (T1) and 
2.29 % for T2. 
 
 
DISCUSSION 
 
The study on the mangrove swamp of the Rio Ntem 
Estuary was connected with the spatial structural 
parameters of the vegetation (Fuhr, 1999). The studied 
vegetation populations showed the assorted immensity 
with well defined locations which is in synchronization 
with the works of Dajoz (2000). In 2014 the average 
diameters (Dmoy) were of 3.32±0.23cm (T1) and 
13.06±3.58cm (T2) while the average heights (Hmoy) 
were of 3.46±0.16m (T1) and 10.49±2.58m (T2). The 
study of the structural parameters of the Rhizophora 
gender of the mangrove swamps of the Wouri Estuary 
(Din et al., 2008) revealed values of 18 cm (Dmoy) and 
10 m (Hmoy). These results are greater than those of 
transect1 and transect 2 consider diameter and greater 
than those of transect 1 then lower than those of transect 
2 consider the height of the present study. A similar 
observation can be established between the results of 
this study and those obtained by Nfotabong (2011) who 
obtained 20.92 cm (Dmoy) in the mangrove swamps of 
the Douala peri-urban zones. The average diameter of 
transect 1 (0<Dmoy<4) illustrates that its structure is 
comprised of smallest individuals pertaining to the 
microphanerophytes strata (2<Hmoy<10) which consists 
of shrubs. Transect 2 on its part belongs to the structure 
with large individuals (Dmoy > 10) of the 
mesophanerophytes strata (10<Hmoy<30) made up of 
trees (Lavigne et Magdelaine, 2005). According to 
Ajonina (2008), the average diameter of transect 1 
(0<Dmoy<5) places these individuals in the group of 
plantules while those of transect 2 (10<Dmoy<30) are 
amongst the group of posts.  

The results of absolute density (Da) convey by and 
large the average competition within the population 
(Favrichon et al., 1998). Its values are 7850 N / ha for T1 

and 567 N / ha for T2 in 2014. The mangrove swamps of 
the Rio Ntem Estuary would thus have absolute densities 
greater than those of the mangrove swamps of the 
Douala peri-urban zones (Da=95 N/ha) for the 
Rhizophora gender (Nfotabong, 2011). On the other hand 
these densities are lower than those of the mangrove 
swamps of Gabon (Da=15200 N/ha) for the same gender 
(Ondo, 2006). The basal area(Sb) in this work puts 
across the sum of the areas on a hectare of the 
transversal sections of the tree trunks performed at 1.30 
m from the ground and its interpretation is strongly 
connected to the thickness (diameter) of the individuals 
(Jenner, 2002). Its values for transect 1 (Sb=1.33 m

2
/ha) 

and for transect 2 (Sb=1.58 m
2
/ha) are evidently smaller 

than those found by Ondo in 2006 (Sb=251.99 m
2
/ha) 

and by Nfotabong in 2011 (Sb=49.31 m
2
/ha) for the same 

Rhizophora gender. 
 
 
Conclusion 
 
The study on growth dynamic and mortality rate of 
Rhizophora spp. in the mangrove swamps of the Rio 
Ntem Estuary shows that individuals of the same species, 
situated in diverse places, can present different structural 
parameters from each other. A total of 543 individuals all 
belonging to the Rhizophora gender were listed in 2007 
and analysis of their diameter, height or absolute density 
shows that transect 1 is constituted of young individuals 
while transect 2 includes are more matured individuals. 
Also the basal area of transect 2 composed of large 
diameter individuals stay stable during 2010 and 2014 
campaigns. The relatively low mortality rate portends a 
good recruitment rate as well as low anthropogenic 
activities on this ecosystem. This study area turns out to 
be little perturbed and it is important to emphasize the 
need for conservation measures to ensure its continued 
existence. Similar studies are to be encouraged in other 
localities of Rio Ntem for the same gender as well as 
other mangrove swamps characteristic genders. If these 
studies could demonstrate the little disrupted character of 
this ecosystem as it is the  case  with  the  present  study,  



 
 
 
 
the mangrove swamps of the Rio Ntem could play a 
preeminent role to limit the phenomenon of climate 
change by reducing seawater intrusion as well as carbon 
sequestration of these various components. 
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