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ABSTRACT 

The global carbon is determined by forests at 45%. Mangroves sequester 

more carbon per area unit than the dry land forest. The carbon 

sequestration capacities of mangroves in the Ogooue Delta are still 

unknown. Thus, this study aims to set up a carbon estimation equation for 

the species Rhizophora racemosa and Avicennia germinans of the Ogooué 

Delta mangroves in Gabon. Data was collected in 25 m * 25 m square 

plots in four sites. The dendrometry parameters collected were mainly 

diameter at breast height (DBH) with a forest meter and height from the 

laser rangefinder. The individual basal area and volume of each tree was 

determined using the Husch et al. (2003) method. This resulted in a 

fractal-shaped equation of the type: y=αxβ, i.e., AGC = 

0.000112*DBH2.466 with a determination rate of 96%, a relative bias of 

0.007 and an RMSE of 1.2. This model was developed with a dataset of 

47 individuals and validated with 41 individuals, i.e., 53% versus 47%. 

This study also allowed us to understand that the DBH structure of Ozouri 

and Olendé mangroves is stable without external disturbance. 
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INTRODUCTION 

Forests around the world sequester about 45% of 

the world's active carbon (Houghton et al., 2013). 

Coastal forest ecosystems, commonly referred to 

as "blue carbon", including mangroves, are 

important biological carbon sinks capable of 

sequestering large amounts of carbon per area 

unit, more so than terrestrial forests (Komiyama et 

al., 2008; Donato et al., 2011; Mcleod et al., 2011; 

Jachowski et al., 2013). Mangroves inhabit 24% 

of tropical coastlines and are present in 123 

countries (Spalding et al., 2010). They have a total 

of 68 typical species and 268 associated species 

(Giesen et al., 2007). They cover an area of 

140,000 km², 19% of which is along the African 

coast. As a result, the high woody potential of 

mangroves gives them the highest carbon levels, 

more than seagrass beds and salt marshes, other 

components of blue carbon (Alongi, 2014).  

The mangrove sequesters about 32% of 

anthropogenic emissions each year (Mcleod et al., 

2011). This sequestration capacity gives it a 

prominent place in the process of reducing 

anthropogenic carbon emissions by the 

Intergovernmental Panel on Climate Change 

(IPCC, 2022). The mangrove thus plays an 

essential role in mitigating climate change, but it 

remains fragile and unique. Fragile because the 

slightest disturbance can transform it from 

sequester to producer, and unique because of its 

valuable ecological and economic-environmental 

benefits. From an ecological point of view, the 

mangrove serves as a nursery for animal, 

avifaunal and fish species (Tomlinson, 1986). In 

this respect, Donato and Kauffman (2011) point 

out that 75% of fish catches in tropical areas have 

lived at some point in mangroves. Estimated at 

2500 km² in 1990, including 1000 km² in the 

Ogooué Delta (Lebigre, 1990), the Gabonese 

mangrove was reduced to 1890 km2 in 2015, 

including 570 km2 in the Ogooué Delta (AGEOS, 

2020; Nzigou Boucka et al., 2021), results that 

remain underestimated, due to the confusion 

between flooded forests, dense forests, and 

mangroves. 

Recent studies on Gabon's mangroves have shown 

that they have not finished revealing their 

mysteries. Indeed, the country has the greatest 

floristic diversity of mangroves in the sub-region 

(Congo and Democratic Republic of Congo, 2 

species; Cameroon, 5 species; Gabon, 8 species) 

(UNEP, 2007; Ajonina et al., 2014; Ondo 

Assoumou, 2017). Sampled measurements in 

Gabon, Senegal and Liberia revealed that Gabon 

and Liberia are among the states with the highest 

mangrove carbon stocks potential on the West 

African coast (Kauffman and Bhomia, 2017), with 

only estimates of the Ndougou Lagoon and the 

Mondah Estuary in Gabon. Other studies have 

found that Gabon has the highest mangroves in the 

world (Simard et al., 2019; Stovall et al., 2021; 

Akendengué Aken, 2021; Akendengué Aken et 

al., 2021b).  

Nevertheless, if knowledge on the carbon storage 

capacities of Gabon's estuarine mangroves is still 

embryonic (Ajonina et al., 2014; Kauffman and 

Bhomia, 2017; Akendengué Aken, 2021; 

Akendengué Aken et al., 2021a, Akendengué 

Aken et al., 2021b), those of deltaic mangroves 

are still unknown. Mangrove studies that have 

taken place in the region (Fromard and Fontes, 

1994; Ondo Assoumou, 2006; Rabenkogo, 2007) 

focused respectively on the impact of oil activity 

on the structure and spatial extent of mangroves. 

No study reports biomass and carbon stocks in the 

mangroves of the Ogooué Delta, as initiated in 

estuaries (Akendengué Aken, 2021; Akendengué 

Aken et al., 2021a; Akendengué Aken et al., 
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2021b). The objective of this work is the 

establishment of an allometric equation for the 

prediction of aerial carbon (AGC) of Rhizophora 

racemosa and Avicennia germinans of the 

mangroves of Ozouri and Olendé in the Ogooué 

Delta. 

MATERIALS AND METHODS 

Study Area 

The Ogooué Delta, which covers 5100 km² 

(Mombo, 2017), is made up of 20% mangroves. 

They are established on a geological base 

consisting of the Ikando, Ozouri, Mandorové and 

N'Tchengué series, dating respectively from the 

Paleocene for the first two and the Neogene for 

the last two (Hourcq and Devigne, 1950). Located 

between the main outlet (Ozouri) of the Ogooué 

River and the lagoon formed by the sandy spire of 

the secondary outlet (Olendé), the Ozouri-Olendé 

enclave is the hinge between Mandji Island and 

the Etimboué department. Isolated to the west by 

the Atlantic Ocean, to the north and east by the 

Ogooué, and to the south by the Mpolounè River, 

Ozouri-Olendé Island is home to a lush mangrove 

whose extent is occasionally interrupted by forests 

of Pandanus candelabrum and Raphia farinifera 

(Plates 1 and 2). 

 

Plate 1: Pandanus candelabrum in front, and 

Rhizophora racemosa in back 

 

Plate 2: Raphia farinifera in front, Rhizophora 

racemosa in back 

 
 

This mangrove, which extends over about 44 km 

in length, is located between two cities: Port-

Gentil in the north with its 200,000 inhabitants, 

and Omboué in the south with 2057 inhabitants 

(Direction Générale de la Statistique, 2015). The 

Ozouri-Olendé enclave, which was once 

accessible only by water, is now accessible by 

land via the Port-Gentil-Omboué road (Figure 1). 

The mangrove largely dominates the two bridges 

that stretch to a length of 4.5 km and a height of 

50 m each. The impressive size of the local 

mangroves stands out in Ozouri, at Aworiwonga 

and Olendé around Alémbetogo, where the bridge 

is barely half the height of the trees.  
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Figure 1: Location of the Ozouri-Olendé enclave and sampled stations 

 

Data Collection 

Data were collected in georeferenced 25 m x 25 m 

square plots. The dendrometry parameters 

collected are mainly the diameter at breast height 

(DBH), measured with a forest meter, and the 

height measured with the laser rangefinder. Each 

species was identified from its morphological 

characteristics and inflorescence. From the data 

collected, secondary data were produced. 

Data Analysis 

Structural Characterization of Mangrove 

Ecosystems 

Several parameters were calculated from the 

collected data, after it was entered in an Excel 

spreadsheet. The individual basal area (g), volume 

(v) and aerial carbon (AGC) of each tree were 

determined using the method of Husch et al. 

(2003), applied in mangroves by Ajonina (2008); 

(equations 1, 2, 3 and 4). The model was 

developed under R.4.0.5 through the lme4 

package for modelling, and the metrics package 

for validation, using the least squares method. 

Basal area (m²ha-1) (𝑔) = 𝜋
𝑑2

4
  [1] 

Volume (m3) (𝑣) = 𝑔 × ℎ × 𝑓   [2] 

Where π = 3.14; d = diameter in meters, g = basal 

area in m2ha-1, h = height in meters and f = shape 

factor (f = 0.6; Ajonina and Usongo, 2001). 

Individual aboveground biomass (AGB) 

(Equation 3) was obtained by the standard 

formula of Husch et al. (2003). 

Biomass (𝐴𝐺𝐵) = 𝑝 × 𝑉 × 𝐵𝐸𝐹 [3] 

Where AGB = aboveground biomass, p = average 

density of mangrove wood [(0.88 for Avicennia 

germinans, 1.17 for Rhizophora spp (Akendengué 

et al., 2021b)] and BEF = biomass expansion 

factor in mangroves (determined at 1.18; Ajonina, 

2008; Ajonina et al., 2013). 

Aerial Carbone (𝐴𝐺𝐶) = 𝐴𝐺𝐵 × 0.48 [4] 

Where 0.48 is the carbon biomass expansion 

factor in mangroves (Donato et Kauffman, 2011). 

Development and Evaluation of Allometric 

Equations 

The modelling data includes 47 trees, or 53% of 

the measured population, while the validation data 

accumulates 41 trees, or 47% of the entire 

database. The modelling DBH varies between 2 

cm and 110 cm and the height from 2 m to 60 m. 

One must note that there is a gap in the DBH class 
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[100-110[cm in the validation data. In general, 

classes between [2 and 40] cm cumulate 48.93% 

of individuals. The height for these same classes 

represents 76.58% of the modelling base. For 

validation data, the dominant classes of DBH are 

between [10 and 40] cm, i.e., a quota of 54.53%. 

The dominant height classes are between [2 and 

30] m, i.e., a rate of 92.68% (Table 1). 

Table 1: Modelling and validation data 

Class Modelling Validation 

DBH (cm) F (%) Height (m) F (%) DBH (cm) F (%) Height (m) F (%) 

[2 - 10[ 4 8.51 5 10.63 3 6.81 4 9.75 

[10 - 20[ 16 34.04 21 44.68 12 27.27 21 51.22 

[20 - 30[ 7 14.89 10 21.27 7 15.90 13 31.71 

[30 - 40[ 6 12.76 8 17.02 5 11.36 1 2.43 

[40 - 50[ 2 4.25 2 4.25 2 4.54 1 2.43 

[50 - 60[ 1 2.12 1 2.12 3 6.81 1 2.43 

[60 - 70[ 3 6.38 0 0 3 6.81 0 0 

[70 - 80[ 2 4.25 0 0 2 4.54 0 0 

[80 - 90[ 2 4.25 0 0 3 6.81 0 0 

[90 - 100[ 1 2.12 0 0 1 2.27 0 0 

[100-110[ 3 6.38 0 0 0 0.000 0 0 

Total 47 100 47 100 41 100 41 100 

53% 47% 

 

The model is generated (Picard et al., 2012) using 

the alpha (α) and beta (β) parameters applied to 

the dataset (equations 5 and 6). 

𝛼 =
𝐶𝑂𝑉(𝑌;𝑌′)

𝑉(𝑌)
 = 

ȲȲ′−Ȳ.Ȳ′

Ȳ2−(Ȳ)2   [5] 

 𝛽 = Ȳ′ − 𝛼. Ȳ    [6] 

The validation of the allometric equation 

produced is done by comparing the predicted 

carbon and the carbon measured by checking the 

root mean square error (RMSE; equation 7), the 

bias (equation 8) and the percentage bias 

(equation 9). 

    𝑅𝑀𝑆𝐸 =
1

𝑁
∑ (

((𝑃𝑖−𝑂𝑖)2)

𝑁
)𝑛

1 ∗ 0.5 [7] 

     𝑏𝑖𝑎𝑠 =
1

𝑁
∑ (𝑃𝑖 − 𝑂𝑖)𝑛

1   [8] 

𝑏𝑖𝑎𝑠 (%) =
1

𝑁
∑

(𝑃𝑖−𝑂𝑖)

𝑎𝑏𝑠𝑜𝑙𝑢𝑒
(𝑂𝑖)𝑛

1   [9] 

Where RMSE = root mean square error, P = 

predicted biomass, O = observed biomass and N = 

the number of observations. RMSE is used to 

measure the dispersion of predictions from 

observations (Chave et al., 2005). 

RESULTS 

Dendrometry Features 

The DBH of Rhizophora racemosa varies 

between 2 and 100 cm with a predominance of the 

[10 - 20[ class which represents 32.65%, followed 

by the [20 - 30[class with 18.36% and [2 - 10[ and 

[30 - 40[ classes, each having 12.24%. The height 

varies between 2 and 60 m with predominance of 

the [10 - 20[ class which cumulates 42.85%. It is 

followed by the [20 - 30[ and [2 - 10[ classes 

having respectively 20.41% and 16.33%. The 

DBH of Avicennia germinans varies between 2 

and 110 cm. The dominant DBH classes for 

Avicennia germinans are [10 - 20[ with 30.77%, 

[20 - 30[ and [30 - 40[ with 12.82% each. The 

height of this same species varies between 2 and 

40 m with a dominance of [10 - 20[ and [20 - 30[ 

classes with respectively 53.85% and 33.33% 

(Table 2). It appears that Rhizophora racemosa 

grows the highest, while Avicennia germinans 

grows the largest. 

 

http://creativecommons.org/licenses/by/4.0/


East African Journal of Forestry and Agroforestry, Volume 6, Issue 1, 2023 
Article DOI: https://doi.org/10.37284/eajfa.6.1.1228 

 

153 | This work is licensed under a Creative Commons Attribution 4.0 International License. 

Table 2: Distribution of DBH and height according to classes 

Species Rhizophora racemosa Avicennia germinans 

Classes DBH (cm) F (%) Height (m) F (%) DBH (cm) F (%) Height (m) F (%) 

[2  - 10[ 6 12.24 8 16.33 1 2.56 1 2.56 

[10 - 20[ 16 32.65 21 42.85 12 30.77 21 53.85 

[20 - 30[ 9 18.36 10 20.41 5 12.82 13 33.33 

[30 - 40[ 6 12.24 5 10.20 5 12.82 4 10.25 

[40 - 50[ 2 4.08 3 6.12 2 5.12 0 0 

[50 - 60[ 1 2.04 2 4.08 3 7.69 0 0 

[60 - 70[ 4 8.16 0 0 2 5.12 0 0 

[70 - 80[ 1 2.04 0 0 3 7.69 0 0 

[80 - 90[ 3 6.12 0 0 2 5.12 0 0 

[90 - 100[ 1 2.04 0 0 1 2.56 0 0 

[100-110[ 0 0 0 0 3 7.69 0 0 

Total 49 100 49 100 39 100 39 100 

 

Mangrove Biomass and Aboveground Carbon 

Stock per Site 

The DBH of the trees at the Ozouri site is between 

2.2 cm and 95 cm, with an average of 35.55 ± 5.27 

cm. The cumulative DBH is 1102.2 cm and the 

median is 20 cm. The height is between 6.6 m and 

51.8 m with an average of 22.68 ± 2.53 m. The 

basal area is 0.16 ± 0.04 m2ha-1 and the total basal 

area is 5.10 m2ha-1. The total volume of 

mangroves sampled at Ozouri is 107.09 m3 with 

an average of 3.45 ± 0.87 m3. The aboveground 

biomass (AGB) of the Ozouri site varies between 

0.003 and 22.148 Mg, with an average AGB of 

4.76 ± 1.2 Mg and a total of 147.85 Mg for 31 

trees sampled. This represents 72.45 Mg of 

airborne carbon (AGC) (Table 3). 

 

Table 3: Statistical parameters of mangroves sampled at Ozouri 

Statistical parameters DBH (cm) Height (m) G (m²h-1) V (m3) AGB (Mg) C (Mg) 

Mean 35.55 22.68 0.16 3.45 4.76 2.33 

Standard error 5.27 2.53 0.04 0.87 1.20 0.58 

Median 20 16.4 0.031 0.59 0.83 0.41 

Type deviation 29.34 14.11 0.22 4.84 6.69 3.28 

Amplitude 92.8 45.2 0.71 16.04 22.15 10.85 

Minimum 2.2 6.6 0.000 0.002 0.003 0.001 

Maximum 95 51.8 0.71 16.04 22.148 10.85 

Total 1102.2 703.1 5.10 107.09 147.85 72.45 

N 31 31 31 31 31 31 
 

The tree DBH of the Aworiwonga site oscillate 

between 20 and 82 cm, with an amplitude of 62 

cm for an average of 53.1 ± 6.09 cm. The average 

height is 38.06 ± 3.13 m for a total of 380.6 m. 

The height varies between 21.4 m and 51.8 m, 

with an amplitude of 30.4 m. The basal area 

gravitates between 0.031 m².ha-1 and 0.53 m².ha-1, 

i.e., an amplitude of 0.49 m².ha-1. The average is 

0.25 ± 0.05 m².ha-1 for a total of 2.48 m².ha-1, 

representing the 10 trees inventoried. The average 

volume is 6.11 ± 1.384 m3 with a minimum and 

maximum threshold of 0.59 and 14.44 m3 

respectively. This represents an amplitude of 

13.84 m3 for a total of 61.06 m3. The biomass 

varies between 0.83 Mg and 19.94 Mg, with an 

amplitude of 19.11 Mg and an average of 8.43 ± 

1.910 Mg. Carbon varies between 0.41 and 9.77 

Mg, with an average of 4.13 ± 0.94 Mg, for a total 

carbon of 41.30 Mg for the 10 trees sampled at 

Aworiwonga (Table 4). 
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Table 4: Statistical parameters of mangroves sampled at Aworiwonga 

Statistical parameters DBH (cm) Height (m) G (m²h-1) V (m3) AGB (Mg) C (Mg) 

Mean 53.1 38.06 0.25 6.11 8.43 4.13 

Standard error 6.09 3.13 0.05 1.384 1.910 0.94 

Median 55.5 35.9 0.24 6.340 8.75 4.29 

Type deviation 19.28 9.90 0.16 4.38 6.04 2.96 

Amplitude 62 30,4 0,49 13,84 19,11 9.36 

Minimum 20 21.4 0.031 0.59 0.83 0.41 

Maximum 82 51.8 0.53 14.44 19.94 9.77 

Total 531 380.6 2.48 61.06 84.29 41.30 

N 10 10 10 10 10 10 

 

At the Achanga site, 18 trees were sampled. The 

DBH of this site varies between 10 and 43 cm, 

with an amplitude of 33 cm and an average of 

22.17 ± 2.13 cm. The minimum and maximum 

height is 7.4 m and 32.6 m respectively, giving an 

amplitude of 25.2 m for an average of 18.67 ± 1.68 

m. The average basal area is 0.05 ± 0.008 m².ha-1, 

with a total of 0.80 m².ha-1. The minimum and 

maximum basal area is 0.008 m².ha-1 and 0.15 

m².ha-1 respectively. The average volume of trees 

sampled in Achanga is 0.63 ± 0.17 m3 with a total 

of 11.27 m3 and a minimum and maximum 

threshold of 0.04 m3 and 2.84 m3 respectively. The 

average aboveground biomass (AGB) is 0.86 ± 

0.23 Mg for a total value of 15.56 Mg, 

representative of the 18 trees sampled. The 

average aerial carbon (AGC) is 0.42 ± 0.11 Mg 

with a minimum and maximum threshold of 0.03 

Mg and 1.92 Mg respectively (Table 5). 

 

Table 5: Statistical parameters of mangroves sampled at Achanga 

Statistical parameters DBH (cm) Height (m) G (m²h-1) V (m3) AGB (Mg) C (Mg) 

Mean 22.17 18.67 0.05 0.63 0.86 0.42 

Standard error 2.13 1.68 0.008 0.17 0.23 0.11 

Median 20.5 17.5 0.03 0.34 0.47 0.23 

Type deviation 9.04 7.15 0.04 0.71 0.98 0.48 

Amplitude 33 25.2 0.13 2.79 3.86 1.89 

Minimum 10 7.4 0.008 0.04 0.06 0.03 

Maximum 43 32.6 0.15 2.84 3.92 1.92 

Total 399 336.1 0.80 11.27 15.56 7.62 

N 18 18 18 18 18 18 

The average DBH of the Alémbetogo site is 41.41 

± 4.86 cm with a minimum and maximum 

threshold of 9 cm and 110 cm respectively, i.e., an 

amplitude of 101 cm. The maximum height in 

Alémbetogo is 34.8 m and the minimum height is 

8.4 m, which is an amplitude of 26.4 m. The 

average is around 19.98 ± 1.09 m and the median 

is 19.2 m. A resemblance of the mean and the 

median emerges from the site of Alémbetogo. The 

average basal area is 0.21 ± 0.041 m². ha-1 and the 

median is 0.08 m².ha-1. The minimum and 

maximum threshold of land area are 0.006 m². ha-

1 and 0.95 m².ha-1 respectively. The number of 

trees sampled in Alémbetogo is 39, for a total 

volume of 118.95 m3 with an average of 3.05 ± 

0.686 m3. The average aboveground biomass 

(AGB) is 3.17 ± 0.71 Mg for an amplitude of 

17.59 Mg and a total aboveground biomass of 

123.52 Mg. The average aerial carbon is 1.55 ± 

0.34 Mg with a minimum and maximum threshold 

of 0.02 Mg and 8.63 Mg respectively (Table 6). 
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Table 6: Statistical parameters of mangroves sampled in Alémbetogo 

Statistical parameters DBH (cm) Height (m) G (m²h-1) V (m3) AGB (Mg) C (Mg) 

Mean 41.41 19.98 0.21 3.05 3.17 1.55 

Standard error 4.86 1.09 0.041 0.686 0.71 0.34 

Median 31 19.2 0.08 0.86 0.89 0.43 

Type deviation 30.32 68.53 0.258 4.28 4.44 2.18 

Amplitude 101 26.4 0.94 16.94 17.59 4.22 

Minimum 9 8.4 0.006 0.04 0.04 0.02 

Maximum 110 34.8 0.95 16.98 17.64 8.63 

Total 1615 779.1 7.99 118.95 123.52 60.52 

N 39 39 39 39 39 39 

 

Stock mapping reveals a predominance of aerial 

carbon (AGC) in the Ozouri region, which has 66 

± 15.4 Mg ha-1 in Aworiwonga and 60 ± 9.28 Mg 

ha-1 in Ozouri. The Olendé region has a 

maximum AGC of 40 ± 5.44 Mg ha-1 in 

Alémbetogo and 20 ± 1.76 Mg ha-1 in Achanga 

(Figure 2).  The predominance of aerial carbon 

stocks at the Ozouri and Aworiwonga sites is 

related to the high density of individuals at these 

sites. On the other hand, at Achanga and 

Alémbetogo, that is to say in Olendé, the densities 

are lower because the individuals are more 

voluminous and therefore far from each other. 

Indeed, the average DBH in Olendé are 

respectively 22.17 cm and 41.41 cm in Achanga 

and Alémbetogo, while, in the vicinity of Ozouri, 

in Aworiwonga and Ozouri, the average DBH are 

respectively 35.55 cm and 53.1 cm. 

 

Figure 2: Distribution of AGC stocks (Mg.ha-1) per site 

 

Modelling 

The equation AGC=0.000112DBH2.468 was 

calibrated in a DBH range between [2 and 110] 

cm. It includes Rhizophora racemosa and 

Avicennia germinans which are the most 

widespread mangrove species in the Ozouri and 

Olendé region. The sequestration of aerial carbon 

from these mangroves obeys a model of power 

form: y = αxβ. This model is adjusted with a 

coefficient of determination (r²) of 96%. The 

residuals of the model are symmetric [-2 and 2], 
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and randomly distributed around the regression 

axis y=0 (Figure 3). 

Figure 3: Residue distribution and model regression curve 

 

Validation 

The cross-referencing of the model results and the 

observed data shows a RMSE of 1.20 and a 

relative bias of 0.007% (Table 7). The 

0.000112DBH2.468 model is capable of predicting 

mangrove carbon (AGC). The cross-referencing 

of the results of the established model, the Ajonina 

et al. (2014) model and the observed data have a 

perfect superposition in the range of [0 – 38[ cm 

(Figure 4). Beyond that, the next three predictions 

are close, but no longer overlap. From 58 cm, the 

model of Ajonina et al. (2014) overestimates the 

predictions. From a DBH of 70 cm no prediction 

of the established model is superimposed on the 

observed data. 

Table 7: Model parameters and assessment criteria 

Model α β RSE bias bias % RMSE 

y=αx^β 0.000112 2.468 0.376 0.240 0.007 1.200 
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Figure 4: Model comparison and regression between estimated AGC and observed AGC 

 

DISCUSSION 

The mangrove structure encountered in Ozouri, 

Aworiwonga, Achanga and Alémbetogo is 

different from that encountered by Ondo 

Assoumou (2006) in Aléwana and N'Tchengué 

which are located north and northwest of the 

Ogooué delta. Indeed, in the Aléwana and 

Ntchengué sites, the DBH rarely exceeds 10 cm in 

mangroves. The same applies to heights that vary 

between 4 and 6 m in Aléwana and between 10 

and 12 m in Ntchengué. The Aléwana site consists 

of Rhizophora harrisonii while that of Ntchengué 

is composed of Rhizophora racemosa, as in 

Ozouri, Achanga and Alémbetogo. They are close 

to the structure mentioned by Lebigre (1990) in 

the Remboué area of the Komo estuary, where we 

find 100 cm DBH and 40 m high Rhizophora 

racemosa. Ajonina et al. (2014), Simard et al. 

(2019), Akendengué Aken (2021) observed 

mangroves, mainly Rhizophora racemosa, 41, 62 

and 60 m high at the Remboué River. It is 

certainly premature to say that Rhizophora 

racemosa tends to grow the highest, but for the 

moment, these field observations match with 

other observations in Bolokouboué, Mamboumba, 

Remboué, Aworiwonga and Ozouri (Lebigre, 

1990; Ondo Assoumou, 2006; Ajonina et al., 

2014; Akendengué Aken, 2021). 

Structural DBH analysis of the Rhizophora 

racemosa and Avicennia germinans populations 

showed a strong representation of young 

individuals, and a progressive decrease of 

individuals in the classes of large DBH or size. 

These species show a regular distribution, 

indicating little environmental disturbance. 

However, an absence of Rhizophora racemosa 

individuals is observed in the class [100-110[ 

while the same class is provided with 3 

individuals in Avicennia germinans. This fact is 

explained by the stilt root morphology of 

Rhizophora which does not favour their upright 

position above a certain DBH threshold (Ondo 

Assoumou, 2006). Indeed, from the DBH class 

[100-110[, Rhizophora falls under the effect of its 

own weight and soil structure. According to field 

observations and literature, Rhizophora's DBH 

rarely exceeds the [100-110[ cm class. These 

limitations were also observed in Benin, Congo 

Brazzaville, and Cameroon, where the largest 

Rhizophora racemosa observed has a diameter of 

102 cm (Ajonina et al., 2014). However, 

mangroves in the Philippines have large 

diameters: the DBH of Rhizophora mucronata 
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exceeds 150 cm and other mangrove species reach 

300 cm of DBH (Gonzaga et al., 2022). On the 

contrary, mangroves in arid regions, such as the 

Avicennia marina of the Arabian Peninsula, are 

generally small (less than 3 m tall) (Chatting et al., 

2020). 

The developed model overestimates carbon by 

0.007%. The margin of error predicted in 

allometric models by over- or underestimation is 

in the order of 5% (Chave et al., 2005). Thus, the 

developed model is well below this threshold and 

therefore meets the standards for assessing an 

allometric equation. This is similar to 

Akendengué Aken et al. (2021a) who present a 

nonlinear model for Rhizophora, located south of 

Libreville (Gabon), with an RMSE of 0.0014 and 

a bias of -0.35%. The Ajonina et al. (2014) model 

applied to our data, has a relative margin of error 

of 0.017% and a RMSE of 2.326. The RMSE 

between the model established here and the model 

of Ajonina et al. (2014) is 1.426 for a relative bias 

of -0.098. This negative relative bias reflects the 

fact that the predictions of the developed model 

are closer to the theoretical values. However, this 

small margin of error of the model established by 

Ajonina et al. (2014) is not surprising because this 

is a fractal model just like the one developed in 

this research. This type of model is not subject to 

geographical endemism, i.e., it can be delocalized 

to other geographical spaces and predict correctly 

(Zianis and Mencuccini, 2004). Although the 

established model represents only 25% of the 

mangrove species found in Gabon, it nevertheless 

takes into account the highest, largest, and most 

widespread species, namely Rhizophora 

racemosa and Avicennia germinans. 

Mapping of the aboveground carbon stocks has 

revealed that the Ozouri area is more important 

than the Olendé area. Despite the similarity of the 

two mangrove ecosystems, they differ in the 

absence of Avicennia germinans in Ozouri but 

their presence in Olendé. This differentiation is 

certainly due to the environmental conditions that 

favour the development of these species, 

including the fundamental contribution of 

nutrients. The Ozouri mangrove is of fluvial type 

while the Olendé mangrove is of the lagoon type. 

In theory, sediment input is greater in river areas 

than in lagoon areas. The main river (Obando), 

linking the Ogooué to the Nkomi lagoon which 

flows into the ocean through the Olendé outlet, is 

subdivided into two subarms, Mpolounè and 

Djémbagombé, less important. In addition to this 

complex hydrographic configuration, there is a 

low topography, with average altitudes under 50 

m (Mombo, 2017) that favour significant 

sedimentary inputs from surrounding rivers. 

Indeed, the lagoon current is not consistent, it 

brings less continental sediments, but rather 

marine aggregate from the Atlantic Ocean. Under 

such unique conditions, the growing conditions of 

the Olendé lagoon mangroves and the Ozouri 

river mangroves will inevitably impact the AGC 

stocks in these two areas. 

CONCLUSION 

This study resulted in a fractal form equation for 

aerial carbon prediction of the species Rhizophora 

racemosa and Avicennia germinans. This 

equation has a determination rate of 96% with a 

relative bias of 0.007 and an RMSE of 1.2. In 

general, the mangroves of the Ozouri and Olendé 

region have a stable DBH structure without 

external disturbance. Rhizophora racemosa rarely 

exceeds the DBH of the class [100-110[, which is 

contrary to Avicennia germinans. There is a need 

to evaluate the ability of this equation to predict 

the aerial carbon of the species Rhizophora 

harrisonii, Rhizophora mangle, Laguncularia 

racemosa and Conocarpus erectus. The same is 

true of the possible application for the southern 

lagoon mangroves, considering that fractality 

transcends geographical endemism. 
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