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469,80 Mg/ha à l'intervalle supérieur. Le stock total de carbone de l'écosystème varie de 730,24 Mg/ha à 1085,64 Mg/ha et fournit la

Abstract

We present here the methodology and results obtained through analyses of satellite images and ground truthing for the Ndongere mangrove forest cover change and carbon stock assessment. The results indicate that; between 1990 and 2000, ~33.68ha of mangrove was lost, with an annual percentage of ~-0.03%. During 2000 and 2010, ~205.79ha, was deforested, an annual percentage change of ~-0.21%. Within a time, span of 8 years (2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018), the total change doubled the last decade (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010), ~-522.60ha with an annual change of ~-65.33ha estimated and total percentage change of ~-5.23% and ~-0.65% per year. Assessment of drivers of deforestation and degradation shows ~ 58% of the local population are involved directly in fishing as main income source with less than 28 % engaged in other related activities. This implies that fuelwood demand is the main contributor to deforestation/degradation in the studied area.

Biomass appraisal indicates that Litter and understory vegetation contribute 0.11Mg/ha to 1.2Mg/ha with ~0.13% contribution of total above ground carbon. The carbon density of wood debris ranges from 0.00Mg/ha to 103.66 Mg/ha, with 13.74% contribution from overstory carbon. Lianas carbon density ranges from 0.00Mg/ha to 0.53 Mg/ha, with mean values within 0.00Mg/ha to 0.53Mg/ha. Stump values ranged from 0.00Mg/ha to 208.8 Mg/ha, with mean carbon density between 0.00Mg/ha to 26.10 Mg/ha and ~ 23.36% contribution to the overstory carbon density. Standing dead trees range from 0.00 Mg/ha to 23.49 Mg/ha, with carbon density between 0.00Mg/ha and 23.47 Mg/ha and 2.33% contribution to overstory carbon density. Standing live trees mean carbon density ranged from 21.7 Mg/ha to 234.37 Mg/ha and make up 60.44% of the total over story carbon. The mean carbon densities ranged from 97.67Mg/ha at the deepest soil interval (80-100cm) to 469.80Mg/ha at the upper interval. The total ecosystem carbon stock ranges from 730.24 Mg/ha to 1085.64 Mg/ha and provided the sum carbon.

Résumé

Les résultats à partir d'images satellitaires indiquent qu 'entre 1990 et 2000, environ 33,68 ha de mangroves ont été perdues, avec un pourcentage annuel d'environ -0,03%. Entre 2000 et 2010, environ -205,79 ha ont été déboisés, la variation annuelle étant de -0,21%. En l'espace de 8 ans (2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018), le changement total a doublé par rapport à la dernière décennie (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010), ~ -522,60ha avec une variation annuelle d'environ ~ -65,33ha et une variation totale en pourcentage d'environ ~ -5,23% et ~ -0,65% par an. L'implication de 58% de la population locale dans la pêche et moins de 28% dans d'autres activités connexes indique que la demande en bois de feu contribue à la déforestation / dégradation de la zone.

L'évaluation de la biomasse indique que la litière et la végétation sous-bois contribuent pour 0,11 à 1,2 Mg/ha à 0,11 Mg/ha, avec une contribution d'environ 0,13% du carbone total. La densité de carbone des débris de bois varie de 0,00 à 103,66 Mg/ha, soit une contribution de 13,74% au carbone de l'étage dominant. La densité de carbone des lianes allait de 0,00 Mg/ha à 0,53 Mg/ha, les valeurs moyennes comprises entre 0,00 Mg/ha et 0,53 Mg/ha. Les valeurs de souche allaient de 0,00 Mg/ha à 208,8 mg / ha, avec une densité de carbone moyenne comprise entre 0,00 Mg/ha et 26,10 Mg/ha et une contribution d'environ 23,36% à la densité de carbone globale. Les arbres morts debout se situent entre 0,00 Mg/ha et 23,49 Mg/ha, avec une densité de carbone comprise entre 0,00 Mg/ha et 23,47 Mg/ha et une contribution de 2,33% à la densité de carbone en étage dominant. La densité moyenne de carbone des arbres sur pied va de 21,7 à 234,37 Mg/ha et représente 60,44% du carbone total. Les densités moyennes de carbone allaient de 97,67 Mg/ha à l'intervalle de sol le plus profond (80 à 100 cm) à

INTRODUCTION

Mangrove forests of Cameroon as elsewhere in central Africa and associated coastal and estuarine environments provide an important array of ecosystem goods and services that support the livelihoods of millions of people. They constitute shrubs and medium height trees found in the saline coastal areas located in the tropics and subtropics (Djomo, 2015). Despite representing only about 0.7% of global tropical forest, mangroves collectively store as much as 22 million tonnes of carbon annually (Giri et al., 2011) and are among the world's most productive ecosystems. However, mangrove ecosystems are very sensitive and fragile and have recorded changes detectable using satellite remote sensing approach. 

In

DATA AND METHODS

Change detection mapping

The mapping exercise combined analyses of historical medium-resolution SPOT/Landsat satellite imagery datasets and other existing spatial resolution to assess changes in the extent of mangroves over the past three decades. Targeted analyses, calibrated with field data collected in 28 sampled plots and extrapolated provided mangrove maps for the area. Specifically, SPOT2 satellite images of 1990 pivot (including 1989-1992) Satellite image ground truthing and biomass inventory were carried out in 28 established plots. The random systematic (stratified) sampling approach was adopted. This stratification was used to achieve high accuracy, precision and efficiency linked to the heterogeneous nature of the forest and its functional reliability with the variables in equations as recommended in Kauffman and Donato (2012), However, Stratification criteria took account of the tree heights, cost, site conditions, species, and accessibility (security, soil nature, tides), nature of forest (intact, degraded, and deforested zones).

A Digital Elevation Model (DEM) of the Shuttle Radar Topographic Mission (SRTM) was used to differentiate height ranges. (figure 4). The mangroves height data was used as the basis for stratification.

Five classes were distinguished using geometric interval breaks which is a compromise method between equal interval, natural breaks (Jenks), and quantile (Carl C. et al 2015). It creates a balance between highlighting changes in the middle values and the extreme values, thereby producing a result that is visually appealing and cartographically comprehensive using ESRI Suites.

Figure 4: (i) Map of Field stratification through the use of SRTM canopy height data and (ii) histogram of the height classes

The application of SRTM data to estimate mangrove biomass and carbon was applied following an approach tested in Mozambique (Fatoyinbo et al. 2008) and later at continental scale (Fatoyinbo and Simard 2013). SRTM data was used in designing inventory of mangrove carbon stocks (Stringer et al. 2015). An analytical framework to guide the derivation of the spatial distribution of canopy height, biomass, and carbon scales was accessed (Wenwu Tang et al 2015). Several factors are however considered when comparing mangrove canopy heights from remote sensing [START_REF] Lagomasino | A Comparison of Mangrove Canopy Height Using Multiple Independent Measurements from Land, Air, and Space[END_REF].

Understanding drivers of change

Different approaches were applied to examine and understand the potential drivers of mangrove forest fragmentation;

(1) a survey conducted at the regional delegations of the Southwest region-Buea 

Field data collection on carbon stock and ground truthing

Square and nested plots were adopted for field data collection considering the diversity of the ecosystem to measure trees of variant sizes Stringer et al. (2014). Twenty-eight Plots of 20 X 20 m (figure5) were established on selected stratum to get data for trees of DBH > 5cm (Jones 2014). Within the 20 x 20m space, a subplot of 10 X 10m was further designed to measure trees with DBH 2.5 -5cm. Moreover, four 1m X 1m subplots were established at the extremes of the 20 X 20m plots to measure trees with diameters < 2.5cm. Four line transects of 12m each were established at the corners of the plots for the collection of litter, understory, and dead down wood debris samples. The Centre of the plot inside the 10m X 10m was marked for collection of soil samples, collection of spatial location of plots with GPS for ground trothing of the satellite images and photos (figure 5). This plot type fit such assessment given the heterogeneous and diversified nature of the forest strata that captures all variations within the given area. Also it provides a better quantification of biomass and thus carbon stock estimates (ICIMOD, 2016).

Sample analysis for tree biomass involves all analyses linked with live trees, standing dead trees, lianas, stumps and dead downed wood debris; published general allometric equations developed by [START_REF] Komiyama | Common allometric equations for estimating the tree weight of mangroves[END_REF] were used for estimating the biomass of live standing trees both for those with DBH > 5cm

(overstory) and those with DBH< 5cm (understory). Species-specific equations for this region have not yet been developed, thus, general equations were used as recommended in Kauffman and Donato (2012).

Figure 5 Field data collection plot design

Two mean mangrove species were identified;

(1) Rhizophora racemose with average specific gravity = 0.933 and

(2) Laguncularie racemose with average specific gravity=0.61.

𝐵AG = 0.251𝜌𝐷 2.64 (komiyama et al. 2005)……………………………………………………1
For understory trees, < 5cm, 𝐵 𝐵𝐺 = 0.199𝜌 0.899 𝐷 2.22 (komiyama et al)., 2005)...…………………………………………2

Where: BAG and BBG represent above-ground and below-ground biomass (kg), respectively; ρ represents wood density (g cm -3 ) and D represents DBH (cm).

The calculated individual tree biomass was summed up at the subplot level and normalised to have the total plot biomass (Mg/ha). Biomass were then converted to carbon using the published carbon concentration of 0.5 and 0.39 for above-ground and below ground respectively (Kauffman and Donato,

2012)

The large ones where measured as standing live trees with their diameter taken while the smaller ones were sampled as underground vegetation.

𝐵 = 𝐷 2.607 * 𝑒 -0.968 * ln(𝐷) (Schnitzer et al. 2006) …………………………………………3

Where B= biomass (kg), D= diameter (cm) at DBH

The lianas biomasses were then converted to carbon mass by multiplying with a default value for carbon concentration of 0.46 (Jaramillo et al., 2003b).

(i) Standing dead wood Biomass of standing dead wood was estimated differently, corresponding to the decay status of each wood category. Class 1 and 2 used the same allometric equation and the densities used were those of the identified species.

Status 1 (dead wood with almost all branches present) estimated using the live tree equation. Then the biomass was gotten by subtracting a constant of 2.5% from the biomass estimate of the tree.

Status 2 is dead wood that had lost its leaves and a portion of its main branches. A constant of 20 % biomass accounting for both leaves and some branches were subtracted.

Table1: Wood debris size classes and associated diameter range (Brown 1971).

Class (diameter in cm)

Measurement approach (Tallied) ) * 𝑑 2 𝑏𝑎𝑠𝑒 + 𝑑 2 𝑡𝑜𝑝 + (𝑑𝑏𝑎𝑠𝑒 * 𝑑𝑡𝑜𝑝)……………………………….5

dtop is diameter at the top estimated from the taper equation. Where taper equation result to a negative number, 0 was used for dbase. Once the volume was gotten, it was used to get the biomass.

Thus; Biomass of the dead trees (g) was then determined by: Volume (cm 3 ) x wood density.

Biomass density estimated was converted to carbon mass by using the carbon concentration factor of 50% or 0.5.

Quadratic mean diameter for debris and diameter of large down wood. For the small, fine and medium wood classes of the debris the diameter of each wood particle was derived from the measurement of about 50-100 randomly selected particles of each class in the field to get the quadratic mean diameter.

𝑄𝑀𝐷 = √ ∑𝑑𝑖 2 𝑛 ……………………………………………………………………………..….6
Where di= diameter of each sampled piece of wood in the size class, n= total number of pieces sampled.

This was used to get the volumes of the various classes. For large down wood, their diameters were measured at the points of intersection of the transect using a diameter tape. These diameters will be used to get the volumes of the different downed woods.

Specific gravity was determined for each category (fine, small and medium) by dividing the mass over the volume for each piece. Further, the mean of each of the categories was then gotten. At least 20-25 pieces were randomly collected throughout the entire area from each class size for this specific gravity sampling where a representative range of size and species present in the sample plots were captured.

Each piece collected for specific gravity had a mass of about 0.5 -50g and were collected outside the sample plots to avoid disturbance.

The wood pieces were oven dried to acquire the dry mass using a memmert Oven, at 105 o C for 24 hours. The masses were then gotten through measurements using an electronic balance.

Volumes were obtained by submerging in a water container. Water was displaced and collected in a burette, to get the volume. The burette measured at 0.2 mL with the error margin of 0.1 mL. Because the specific gravity of water is known (1gcm ͞ -3) , the resultant displaced water in the burette was the volume of the particle.

The densities or specific gravity of the different samples were obtained by dividing each wood mass (g) by its volume (cm -3 ), given that the mass and volume are all functions of density, with mass having a direct proportionality while volume has an inverse proportionality. Their mean specific gravity was then gotten by summing their individual specific gravities and dividing by the number of the wood counts.

(ii) Volumes

To get the volume for fine, small and medium size wood, the equation below was used;

𝑉𝑜𝑙. (𝑚 3 ℎ𝑎 -2 ) = ( Where; d1, d2, d3= diameters of each intersecting pieces of the large wood (cm), L = length of transect.

The biomasses of the downed wood debris (small, medium and large classes) were then gotten by multiplying their volumes (eqn.7) by the calculated mean specific gravity of their respective classes while those of large downed dead wood where equally calculated by multiplying its volume by the specific gravity of the plots dominant live wood species, given that most of the plots had just a single species or where dominated at about 87.4%.

Thus, 𝑊𝑜𝑜𝑑 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 = 𝑉𝑜𝑙. * 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 Finally, the downed wood biomass was converted to carbon mass by the equation; Carbon mass = Wood biomass * carbon concentration of wood. This was done using 0.5 or 50% which is the acceptable default value of carbon concentration for dead wood in the tropics (Donato and Kauffman 2012).

(iii) Dry mass measurement for Litter and Ground Vegetation

Litter and ground vegetation samples were taken to the laboratory, dried at 105 o C for 24 hours using a memmert Oven and their dry mass measurement was done using an electronic balance. These masses were inputted in to the formula below to get the biomass;

𝐿𝑇𝐻 = ( 𝑊𝐹𝑖𝑒𝑙𝑑. 𝐴 𝑊𝑠𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒 𝑑𝑟𝑦 𝑊𝑠𝑢𝑏𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑡 * 1 10,000
)……………………….……………………………….9

Where; LHG = Biomass of leaf, litter herbs and grass, WField = Weight of fresh samples of leaf, litter, herbs and grass within an area of size A (g), Wsubsample dry = Weight of oven dry sample of leaf, litter; and grass, Wsubsample wet = Weight of fresh subsample of leaf, litter and grass. These masses were converted to carbon concentration by multiplying it with the recommended representative conversion factor of 0.45 as mean carbon concentration for tropical forest litter (Kauffman and Donato, 2012).

(iv)

Soil sample analyses Soil samples were taken to the laboratory where it was air dried, grinned and sieved through a 2 mm sieve. The grinding speeded up and improved the drying process and equally eased sieving. Thorough drying was done at a temperature of 105°C for 48 hours till a constant dry mass was attained. For carbon analysis; soils were further fine grind and sieved through a 0.5 mm sieve. Organic carbon was then determined by chromic acid digestion and spectrophotometric analysis (Heanes, 1984). To control the quality, there was inclusion of four external reference samples and a certified sample from International soil exchange program in every batch analysed.

The soil bulk density was gotten by dividing the sample dry mass in grams by its volume (cm -3 ) for each core.

𝑆𝑜𝑖𝑙 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦(𝑔𝑐𝑚 -3 ) 𝑂𝑣𝑒𝑛 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 (𝑔)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙 ( 𝑐𝑚-3)

…………………………………………10

The soil carbon mass per sampled depth interval was calculated as follows;

𝑠𝑜𝑖𝑙(𝑚𝑔ℎ𝑎 -1 ) = 𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦(𝑔𝑐𝑚 -3 ) * 𝑠𝑜𝑖𝑙 𝑑𝑒𝑝𝑡ℎ 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙(𝑐𝑚) * %𝐶………….11 % C, is the percentage Carbon concentration expressed as a whole number. The total plot soil carbon was then determined by summing the carbon mass of each sampled soil depth interval (0cm -60cm, 60cm-80cm, 80cm-100cm).

Total carbon stock or total ecosystem carbon pool

Total carbon stock (density) of pools, were estimated (Table2) Where; C = Carbon, Over story Carbon, SOC= Organic Soil Carbon. 

RESULTS

Mangroves cover change detection

Results from the satellite image analysis section indicate that the Ndongere mangroves forest cover changed between 1990 and 2018, the percentage of mangroves forest cover canopy in 28 sampled plots ranged slightly less than 10% to ~80% canopy cover. The average canopy cover which occupies more than 50% of the sampled plots falls within a range of 40-70 % (Figure6)

Figure6 (a) Average mangroves tree height and (b) percentage canopy cover in the 28 different sampled plots

Areas deforested in the study area increased gradually from 1990 to 2018 as indicated in the areas mapped and shown as deforested zone while a slight decrease in the areas marked as intact mangrove areas. Mudflat/sand dune areas varied greatly in the project area. Image analysis shows that regeneration was faster during the period 1990-2000 with a 0.52ha of mangrove area regenerated. But this regeneration dropped during the period of 2010-2018 with the total area regenerated of 0.19ha. 

Table3: Total and annual changes in forest cover between 1990 and 2018 in the mangroves of Ndongere

Drivers of change

Application of the DPSIR (figure9) to assess drivers of deforestation and degradation over the last three decades highlights fuelwood for local consumption is a major driver of mangrove deforestation in this area. This is coupled by illegal logging of timber exported to neighboring Nigeria, increasing population through immigration with conspicuous activities that are associated with the migrants being doing fishing (73%), farming (13%), and periwinkles collection (7%). Indirect drivers include inadequate law enforcement, increasing population, and lack of sustainable alternatives. Increasing Biomass assessments indicate that carbon density of wood debris ranged from 0.00Mg/ha to 103.66 Mg/ha. They make up 13.74% of the overstory carbon (figure10). Carbon density for lianas ranged from 0.00Mg/ha to 0.53 Mg/ha. The lianas where seen in only two plots and contribute very little in the above-ground carbon with mean values ranging from 0.00Mg/ha to 0.53Mg/ha. Only class 1 had lianas and represent only 0.28% of the total overstory carbon density.

Figure10: Contributions of biomass components to aboveground carbon density; the values represent the average within height classes

Stump carbon density ranged from 0.00Mg/ha to 208.82 Mg/ha. The stumps mean carbon density range between 0.00Mg/ha to 208.82 Mg/ha and made up 23.36% of the overstory carbon density (Table4).

The highest mean value is 208.8 in class 3 and the lowest value is 0.00 Mg/ha in height class 5.

Standing dead trees range from 0.00 Mg/ha to 23.49 Mg/ha, and were found in all height classes except in height class 1. Their carbon density ranged between 0.00Mg/ha and 23.47 Mg/ha, and they had 2.33% of the overstory carbon density.

Table4: Summary statistic of the mangroves, data analysed Standing live trees mean carbon density ranged from 21.7 Mg/ha to 234.37 Mg/ha between height classes 1 and 5, making up 60.44% of the total over story carbon.

The total carbon biomass estimate shows that classes 5 and 4 recorded the highest mean carbon respectively and not class 1 with highest stem density per hectare. This is contrary to the report of Camacho et al. (2011) which states that the occurrence of more trees within a defined area shows a high carbon. Here, class 1 with highest stem density did not necessarily translate into high carbon density.

Tree carbon densities were lower in class 1 where some of trees in that class had stem diameters below 5cm, with a majority of the trees having stem diameters >5cm with mean DBH of 8.17 cm as compared to other classes with mean DBH 37.03-47.43. This may be accounted for by the pressure mounted on the ecosystem by adjacent communities (i.e. some of the plots in this class were made up of regenerating trees) where destructive harvesting of mangrove trees for fuel wood, construction and other subsistence uses have resulted in the occurrence of very few large trees in some stands.

According to Kauffman and Donato (2012) trees with stem size less than 2.5 cm do not contain significant carbon density. It is important to note that allometric equations used in estimating tree biomass are heavily dependent on the stem size with less focus on other parameters such as height because of the difficulties encountered in accurate height measurement (Kauffman & Donato 2012).

This impact was observed in classes 4 and 5 with high tree canopies and well developed mangrove forest status (figure11).

Figure11 Mean soil bulk density (i) and % carbon concentration (ii) with depth

Thus, the total overstory biomass carbon for the height classes ranged from 24.5Mg/ha to 409.73 Mg/ha. 

DISCUSSION AND CONCLUSION

4.1Discussion

Mangrove forest cover dynamics results from satellite image analysis of 1990, 2000, 2010 and 2018 indicate that the Ndongere mangrove zone is relatively intact. It however also indicated there has been increasing fragmentation, and will required immediate and more conservation interventions.

Moreover, the average mangrove tree height in the different plots sampled ranged from less than 5m to ~28m. Plots 13, 21 and 26 (figure 6) indicate the greatest average mangrove heights in the zone whereas plots 2, 22 and 26 indicate the densest mangroves zone in terms of canopy cover (Table 3).

Furthermore, analysis of the images shows a 30% covered by mudflat with some level of natural regeneration of mangroves in some of the areas which were initially occupied by mudflat or sand dune as observed in the 1990 satellite image. Sediments deposition is influenced by the main rivers in the area at Cape Bakassi, in which strong ocean waves work against incoming river currents to precipitate deposits in the form of large inter-tidal mud or sand flats which with time favor the growth of mangrove tree species. The relative rate of regeneration therefore observed from the images do tie with the perception of the local population that mangroves do have a high regeneration rate. That they do practice a sustainable management approach in which mangrove harvesting sites are abandoned for a period. The general observation is that, the abandoned site gets regenerated with some efforts of replanting or regeneration occurs naturally. Mangroves occupying over 97.04% in 2018 as compared to 97.43% of 1990 is an indication that the Ndongere mangroves segment is still relatively very intact as compared to the other segment of the Cameroon mangroves zone.

Conclusion

In conclusion, a mapping exercise and carbon accounting in the Ndongere mangroves combined analyses of historical medium-resolution SPOT/Landsat satellite imagery and other existing resolution data previously used to assess changes in mangrove extent over the past three decades. Both the supervised and unsupervised classification in the definition of clusters in feature space was explored.

Selection of the classification algorithm was done using the Maximum Likelihood (ML) classifier. The classification process focus on three main classes (deforested/degraded, forested and regenerated areas).

A random sampling design to inventory the mangrove vegetation was adopted. This same approach had previously been used in the Zambezi River Delta, Mozambique, to provide a basis for estimating biomass pools. A canopy height methodological approach, derived from remote sensing data stratify the inventory area. A random spatial decision making approach provided some level of objectivity in the stratification of the study area. Height and diameter were measure in the inventory tree species, liana, standing dead trees, soil sampling and analysis of data were perform during the project. The calculation of biomass was done using different allometric equations. Despite the differences in the magnitude of the various ecosystem carbon stock estimates, combining the relative contribution of the various components gave 28.54 % for the biomass carbon.

Efforts were made to identify drivers of deforestation and degradation. Continued work with local communities on various measures towards adapting to changes in climate change and considering alternative approaches for their livelihood rather than depending mainly on the natural resources. This work is expected to contribute to the Cameroon national REDD+ process through the consideration of the mangrove ecosystem sector in the national REDD+ strategy.

UNEP (United Nations Environment Programme). Mangroves of Western and Central Africa. UNEP-Regional Seas Programme/UNEP-WCMC, Cambridge, UK, 88 p (2007).

Wenwu Tang et al (2015), the assessment of mangrove biomass and carbon in West Africa: a spatially explicit analytical framework

  Cameroon mangroves are constituted into three major segments including; the Rio Del Rey; (~162km & ~45% of mangrove), the Douala Estuary (~219km & ~51% of the mangroves) and the Ntem Estuary (~113km & ~2.8 of the mangroves). This project focused on the Rio Del Rey segment with objective centered squarely to; (1) Assess changes in the mangrove forest of Ndongere over the last 3 decades through the use of space-based technology (remote sensing techniques) coupled with ground truth data, (2) Undertake quantitative and qualitative analyses of carbon stock and drivers of degradation and deforestation and (3) Use findings to support national REDD+ process in Cameroon.

Figure1:

  Figure1: Project location site, southwest of Cameroon

  were analyzed. SPOT4 satellite images of 2000 & 2010 were treated together with other available SPOT satellite images of the areas missing full coverage. An Operational Land Imager (OLI) landsat8 satellite image scene of 2018 (http://glovis.usgs.gov/) was used in viewing project area and analyses of the current state of the mangrove forest cover. Preliminary analyses included masking out terrestrial forest ecosystem (Klaus Tempfli), with the remaining mangrove area ~104,322.15ha (figures 2 and 3) and image processing performed in ArcGIS 10.6 and ERDAS IMAGINE of 2018 as the principal software used in the analyses and production of the final maps.

Figure2:Figure 3 :

 3 Figure2: Analyzed images for the change detection analysis as per the different dates (a) SPOT image of month 1990, (b) SPOT image of month 2000, (c) SPOT image of that month 2010 and (d) Landsat8 image of April, 2018

  targeting ministerial delegates or representatives from key line ministries such as Ministry of Forestry and Faunal -MINFOF, Ministry of fishing -MINEPIA, and Ministry of Environment, Protection of Nature and Sustainable Development(MINEPDED), (2) gathered local community perception on mangrove usage and extent of degradation and deforestation. (3) stimulated local community members' spatial thinking through participatory mapping and awareness raising on the importance of mangrove and the need to conserve it, (4) Scrutinized the inter play between environmental and socio-economic activities through the use of Driver, Pressure, State Impact and Response (DPSIR) framework.

Fine

  trees with significant loss of part of branches, and were difficult to subtract. The tree volume was estimated using an equation for a truncated cone. To do this the top diameter, was estimated with a taper equation, using the tree basal diameter and height 𝑑𝑡𝑜𝑝 = 𝑑𝑏𝑎𝑠𝑒 * 𝐻𝑡 * ( 𝑑𝑏𝑎𝑠𝑒-𝑑𝑏ℎ 130 )…………………………………………….…………4 dtop = estimated diameter at top of tree (cm), dbase = the measured basal diameter (cm), Ht = tree height, dbh = diameter at breast height The volume was then determined by assuming that the tree is a truncated cone 𝑉𝑜𝑙. (𝑐𝑚 3 ) = ( 𝜋 * (100 * ℎ𝑡) 12

  = the number of counts of intersecting woody debris pieces in a size class, QMDi = the quadratic mean diameter of each size class in cm (eqn. 5), l = the transect length (m) For the large wood (>7cm of diameter) on the transect, the equation below was used;

For

  each height class, the carbon stock in Mg per hectare of the different biomass component carbon and organic soil carbon was gotten. These different height class carbon stock values where summed across the different height classes and multiplied by the area to obtain the total carbon stock in the entire project zone. I. e; 𝑎𝑟𝑒𝑎 𝑝𝑙𝑜𝑡 = 𝑂𝐶 + 𝑆𝑂𝐶….……………………………..12

  Between 1990 and 2000 (Table3), the mangrove zone experienced an approximate total change in its mangroves cover by losing ~33.68ha of its forest, with an annual percentage loss (negative) of ~-0.03%. During the period 2000 and 2010, the total change in mangrove cover increased to -205.79ha, with an annual percentage loss of -0.21%. Within 8 years, the total change doubled that of the last decade. A total change of ~-522.60ha with an annual change of -65.33ha and total percentage change of -5.23% and annual percentage change of -0.65% was calculated (figure8).

Figure 8 :

 8 Figure 8: Maps of mangroves forest situation of 1990, 2000, 2010 and 2018 of the Ndongere mangroves zone, southwest of Cameroon.

  pressure on the mangrove results from fuelwood over exploitation, land use change, petroleum exploitation with companies such as ADDAX Petroleum Ltd and SHELL Oil undertaking exploration activities in the area leading to destruction and deforestation of mangrove. Water pollution chemicals, expansion of agriculture, natural threats from sea waves resulting from increased changes in climate and lack of adequate adaptive capacities by the local population.

Figure 9 :

 9 Figure 9: DPSIR framework for the Ndongere mangroves

  

  

  

  

  

  

Table 2 :

 2 Soils layers represented by samples and the sampling intervals for each soil core

	Soil ID	Sample depth (cm) from surface	Sample interval(cm)
	1	0-60	55-60
	2	60-80	75-80
	3	80-100	95-100

Table 6 :

 6 This value is close to the 537.73 Mg/ha recorded for Cameroon and the Central Africa sub region(MINPDED-RCM, 2016 and UNEP-2014). The compared values for Cameroon and the Central African Sub region are for non-degraded mangroves and their plots where few as well. Thus for the entire Ndongere study area where research was done on both degraded and non-degraded, this value is appreciative. In fact, definite comparison cannot be effectively made here since this is a first order research value for work that covers this entire area.The major factors affecting the determination of soil carbon stock (Table5) are bulk density, carbon concentration, and the total depth over which the estimates are integrated. The mean soil carbon concentration for each sampling depth, ranged from 8.13% to 9.10% (Tab.7). They are really different to whatStringer et al., (2014) reported, that in a recent compilation of global mangrove sediment data, a median carbon concentration of 2.2% was sited(Kristensen, et al. 2008). But the same review illustrated that 44% of the available literature data shows carbon less than 2% with 28% of this review having values between 2% and 5%(Kristensen, et al. 2008), illustrating that carbon concentrations are not in the same range as those of the published data (Table6). Carbon density (mean and standard Error) in, biomass components for each height class In this work, mean soil interval density ranged from 97.67 Mg/ha to 533.77 Mg/ha while pool soil carbon densities ranged from 585.9 Mg/ha to 896.86 Mg/ha. This is close to the soil carbon of 982.49 Mg/ha for Cameroon reported by MINEPDED-RCM (2016) and for Central Africa, (UNEP, 2014).

	Table5: Carbon density for Biomass (mean and standard error) and soil pools within each height
	classes and the corresponding ecosystem carbon stock				
			Bulk density(g/cm3)	%C		Carbon density (Mg/ha)
	Height class	soil depth (cm)	Mean	S.E.	Mean	S.E	Mean	S.E
		0-60	0,77	0,19	9,9	2,1	469,8	126,32
	1	60-80	0,71	0,11	9,4	2,33	133,96	42,38
		80-100	0,62	0,16	8,94	2,01	101,98	17,81
		0-60	0,7	0,03	12,74	0,12	533,77	24,39
	2	60-80	0,81	0,01	11,56	0,97	185,99	15,33
		80-100	0,75	0	11,78	0,45	177,1	5,4
		0-60	0,78	0,05	10,51	0,85	503,99	62,5
	3	60-80	0,74	0,06	10,02	0,93	150,53	19,26
		80-100	0,6	0,07	9,91	0,92	119,35	18,01
		0-60	0,71	0,05	9,05	0,77	364,03	15,2
	4	60-80	0,65	0,04	8,84	0,93	108,93	7,27
		80-100	0,69	0,04	8,13	0,66	112,94	11,2
		0-60	0,67	0,04	9,45	1,18	320,41	42,87
	5	60-80	0,68	0,07	9,1	1,26	173,59	85,13
		80-100	0,56	0,03	8,86	1,45	97,67	14,88
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