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Abstract: Land and resource use patterns in coastal areas play a key role in the resilience of ecosystems
and populations to climate change. Knowing their spatiotemporal dynamics therefore constitutes
a strategic tool to help decision-makers. Based on documentary research, geographic information
system (GIS), image processing, and field work, this article maps land use on Manoka Island between
1986 and 2018 and identifies the drivers of change and avenues for intervention with a view to
strengthening climate change mitigation. The results show a decrease of 4% in forest area on Manoka
Island, representing an average of 112 ha of inland forest and 267 ha of mangrove converted between
1986 and 2018. This increases the degraded forest area by 268% (degraded mangrove and degraded
inland forest) and exposes some camps to erosion and flooding. Reduction in forest area is mainly
linked to the harvesting of fuelwood and the conversion of forests into farmland and residential
areas. Settlements have increased in area from 15 ha in 1986 to 90.4 ha in 2018 to the detriment of
natural spaces.

Keywords: cartography; forest; mangrove; coastal areas; forest and mangrove degradation

1. Introduction

The sustainable management of coastal ecosystems has aroused considerable interest
in recent decades and occupies a prominent space in international debates relating to
climate and development. Due to their varied and coveted resources, the various activities
taking place herein have rendered coastal ecosystems much more attractive [1]. They are
therefore densely populated and centers for economic activities in many countries. This
concentration of population and activities is the root cause of rapid urbanization in coastal
regions. Urban sprawl is known to be a significant anthropogenic vector of land cover and
landscape change [2]. Changes in landscape patterns linked to urbanization are critical
drivers of climatic and ecological changes at local, regional, and even global levels [3]. In
the coastal belt, land cover changes, along with population explosion and overexploitation
of resources, have become a significant environmental issue [4,5].

Anthropogenic impacts, particularly land use change and deforestation, as well as
coastal development, various forms of pollution, illegal timber exploitation, and charcoal
production play a major role in mangrove loss [6,7]. Alongi [8] argues that deforestation
and hydrological changes are the most devastating factors for soil nutrient–plant relations
and mangrove productivity. Sustainable management of coastal ecosystems and the Earth’s
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surface including land cover and land use changes in general and at different levels by
stakeholders remains a critical environmental challenge that society must address [9]. Land
cover and land use changes are major determinants of global environmental change with
potentially severe impacts on human livelihoods [10]. Such changes are advocated as
climatological, hydrological, and biodiversity responses.

According to Alongi [8], land use changes can result in positive and negative impacts
on mangroves. Although mangrove forests have the ability to provide protection against
certain climate-related risks in coastal areas, namely erosion and flooding, climate change is
a major threat to mangrove ecosystems worldwide [11]. Climate change impacts mangrove
forest health and expansion through rising sea levels, cyclone activity, temperature, and
precipitation changes [12–14]. According to Sato et al. [15], mangroves protect coastal lands
against rising seas and tidal surges, while inland forests moderate temperature fluctuations
and stabilize the water supply. Protecting these ecosystems against global warming is
among the most readily available mitigation strategies that can help avoid future emissions
over the next three decades and play a critical role in limiting global temperature rise to
1.5 ◦C [16].

Yet, already, 25–50% of these ecosystems have been lost since the 1940s [16]. Deforesta-
tion and conversion of mangroves have been shown to contribute 0.08–0.48 Pg CO2 e yr−1,
or 10% of the total global emissions from tropical deforestation [17]. In Cameroon, man-
grove forests since the 1980s have undergone deforestation and accelerated degradation.
Almost 70,000 ha of mangrove forests were radically decimated between 1980 and 2006 [18].
This implies almost half of the Cameroonian mangroves areas were lost in 30 years [19,20].
This disappearance has recently taken place at an exponential rate in the Wouri estuary [19].
Several factors are responsible for this land cover dynamics: urbanization, population
growth, industrialization, pollution, the development of invasive species, and more par-
ticularly, deforestation for fuelwood and the construction of infrastructure. Land use and
land cover are essential components of the terrestrial ecosystem, influencing various fun-
damental characteristics and processes such as the hydrological cycle, geomorphological
processes, land productivity, and animal species [21,22]. According to the Intergovern-
mental Panel on Climate Change (IPCC), change in forest cover, for example through
afforestation, reforestation, and deforestation, directly affects regional surface temperature.
Additionally, changes in land conditions, either from land use or climate change, affect
global and regional climate [23].

Manoka Island, headquarters of Douala 6th subdivision, is part of this vast assembly
of mangrove forests in the Wouri estuary. This island is home to several human groups and
has seen its urban space expand in recent years. The establishment of human groups and the
development of their activities have subjected the natural space to various pressures due to
the perceptions inherent in each social group. In addition to its development needs and its
position as one of Cameroon’s maritime gateways, much infrastructure has been developed
there. Its mangrove forests, which serve as natural barriers to some risk, are razed each
year to meet the wood-energy needs of its population and the demands of the city of
Douala [19,24,25]. Manoka Island is therefore not exempt from the problems that coastal
areas face around the world. It faces threats of various kinds, including coastal erosion,
the reduction of its mangrove forests area, climate change, etc. However, for sustainable
management of this coastal area and to have a better idea of its resilience to climate change,
it becomes imperative to study the different land uses and their evolution, in order to
forecast and manage the possible risks related to climate change. Our study is intended to
furnish useful knowledge and quantitative data on land use and land cover in mangrove
ecosystems. To achieve this objective, we used remote sensing data and GIS techniques
to map and assess the spatial dynamics of land use/occupation. This choice is justified
by the possibilities it offers in mapping at various spatial and temporal scales [26–28].
Moreover, these tools and techniques provide accurate and timely means of tracking and
studying spatiotemporal land cover trends to assess critical ecological processes in coastal
ecosystems and at various scales [29–31]. When remote sensing systems are used wisely,
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including complementary combinations of different satellite sensors, they can provide data
that enhance the research and management of coastal ecosystems [32].

The hypothesis of the study is that Manoka Island, like other localities of
Douala 6th subdivision and its mangrove forests, is under natural and anthropogenic
influences [24,25,33–36], which reduce the carbon storage potential and exacerbate the vul-
nerability of this ecosystem and populations to climate change [37–39]. To help provide a
database on the subject, it is necessary to study the dynamics of land use on Manoka Island
using remote sensing in order to better understand its vulnerability to climate change.
Thus, the general objective of the study is to map the land use and identify the drivers of
land use changes [40,41] in order to propose some avenues for intervention with a view to
strengthening climate change mitigation.

2. Methodology

To carry out this study, we made use of documentary research, analyzed satellite
images, and collected data in the field. These data cover the period from 1986 to 2018.

2.1. Spatial Framework of the Study

Manoka Island is located in the Cameroon estuary (Figure 1). It is one of the 24 islands
that make up the Douala 6th municipality.Figure 1 

 

Figure 5  

 

Figure 1. Location of Manoka Island.

Manoka lies in the maritime equatorial climate zone. Rainfall varies in the range of
4000–5000 mm per year, with an average temperature of 24.4 ◦C. Its relief is characterized
by coastal plain, particularly that of the Wouri estuary which is the outlet of rivers flowing
from the high-relief continental shelf. Almost 70% of its territory has altitudes below 10 m
above sea level. The slopes are very low or even zero in some areas. Its vegetation is
not very varied and consists of two large vegetative entities: mangrove forests (65%) and
terrestrial forests (25%). Occupying 55% of the area is the Douala-Edéa Wildlife Reserve,
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the Manoka community forest covers 30%, and 15% is unclassified forest (residential area
and other land use) [25].

The population of Manoka Island consists of Cameroonians, Nigerians, and Ghanaians,
with Nigerians outnumbering Cameroonian nationals. Fishing is the main activity of the
inhabitants while other activities include sand mining, logging, and commercial activities.
Illegal logging of Rhizophora racemosa, Rhizophora harrisonii, and Avicennia germinans for
timber and poles is one of the most important factors for forest degradation. Worse still,
some Douala city dwellers enter the island’s mangrove forests and loot them of some vital
species irrespective of their heights. On the other hand, urbanization is one of the most
important factors influencing these forests by transforming vast areas into settlements.

2.2. Preliminary Contacts with Stakeholders to Understand the Dynamics of the Island

As part of this study, a preliminary step made it possible to contact actors such
as Cameroon Ecology, representatives of “Association de femmes fumeuses de poisson”
(AFFUMA), traditional authorities, and community forest managers to understand the
spatial dynamics on the island. These exchanges made it possible to collect the available
documentation relating to the area and to identify certain direct and indirect factors of
deforestation and forest degradation.

2.3. Remote Sensing and GIS Procedure for the Study

The satellite images we used were Landsat images sourced from the United States
Geological Survey (USGS) website combined with very high spatial resolution (HRS)
images (Google Earth and GeoEye) available from online map servers. Two criteria guided
the choice of images to be used for this study:
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Spectral characteristics that made it possible to distinguish land cover classes.

According to Howard et al. [32], for regional assessments, the use of moderate (<30 m)
spatial resolution optical (e.g., Landsat) data has been successfully demonstrated and is
generally recommended [42,43]. Exploiting the dense time series of Landsat sensor data
can also increase the level of change detected. The Landsat time-series data are those most
widely used for monitoring blue carbon changes on larger scales [44].

Given that the coastal zone in which Manoka Island is found is an area where cloud
cover often limits the availability of usable images [19], the USGS site has made it possible
to carry out multi-criteria searches to select suitable images that best meet the needs of the
study. These criteria were the cloud cover of the images < 10% and the period of the year
(dry season, December–March). This facilitated comparisons because the spectral responses
were similar (see Table 1, which presents the characteristics of the Landsat images used).

Table 1. Characteristics of Landsat images used in monitoring land use dynamics.

ID Scenes Satellite
Sensor Altitude Spatial

Resolution
Number
of Bands

Cloud Cover
Level Date

L11XXX1173032090101_HDF.
181171701 MSS 705

km 60 m 4 Medium 1 February 1973

LT05_L1TP_186057_19861221_
20170215_01_T1 TM 705

km 30 m 6 Low 21 December 1986

LE07_L1TP_186057_19991217_
20170215_01_T1 ETM+ 705

km 30 m 7 Medium 17 December 1999

LC81860572013109LGN01 OLI 705
km 30 m 7 Medium 6 March 2013

LC08_L1TP_187057_20181220_
20181227_01_T1 OLI 705

km 30 m 7 Low 20 December 2018
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Given the concerns raised in relation to the quality and availability of Landsat images,
we used those for the years 1986, 1999, 2013, and 2018 (Figure 2). This Landsat coverage
was used to develop the various land use maps. High-resolution images for 2018 available
in the Google Earth database were used to enrich, improve interpretation, and formalize
our results and the classification of Landsat images.
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Preclassification operations making radiometric and geometric corrections using ENVI
software served to improve the quality of the images before processing. The processing was
done in three ways: supervised classification, manual postprocessing, and evaluation of the
accuracy of classification results. The creation of new channels using the normalized differ-
ence vegetation index (NDVI) showed the dynamism of the vegetation on the island [45].
The NDVI has the advantage of determining the rate of change of ground vegetation cover
and biomass and also helps to distinguish and classify land cover [46].

For supervised classification, the colored compositions (bands 3-4-2 (Thematic Mapper)
or bands 7-5-3 (Enhanced Thematic Mapper Plus (ETM+)) and Operational Land Imager
(OLI)) were used to identify land cover classes. The extraction of the areas of interest was
done based on knowledge of the terrain facilitated by the spectral data. The classes selected
were undisturbed inland forest, degraded inland forest, settlement, water, undisturbed
mangroves, degraded mangroves, and bare surface (Table 2). The maximum likelihood
algorithm was used for the classification of these images and to produce maps of class
distributions. The maximum likelihood method is widely used [26,41,47–49] because of
its ability to classify pixels on a probabilistic basis by highlighting the standard margin of
error between pixel values and those of different areas of interest [50].

Inland forest is vegetation located at altitudes of >10 m. Mangroves are forest forma-
tions under the permanent influence of salt water and are prevalent on Manoka Island.
Degraded mangroves correspond to areas where human settlements have replaced natural
vegetation, characterized by the presence of small home gardens, small Rhizophora trees,
nipa palms, and herbaceous plants. Settlements contain buildings and infrastructure, while
bare surfaces comprise beaches and bare ground.

We evaluated the accuracy of the classification maps obtained in two ways. First, a
qualitative interpretation of HRS images was carried out to verify the conformity of the
land use map obtained (Figure 3). This enabled us to correct misclassified pixels and to
confirm and/or reclassify them in some areas.

The second method is quantitative and concerns the relationship between the number
of reference points for each occupancy class and those belonging to other classes. Thus,
the confusion matrix and the calculation of the kappa index of each image generated were
performed (Table 3). The indices obtained confirmed that the classifications made on the
image generations are valid.

The overall analysis of the image generation confusion matrices used shows:



Sustainability 2022, 14, 6301 6 of 19

- The dominant land use classes (inland forest, mangrove, and water) have high preci-
sion, i.e., greater than 97.5% for all years studied.

- Classes with a characteristic response and a limited spatial spread such as bare surface,
settlement area, and degraded forest for which the determination of the occupancy
class on the images was sometimes difficult, have high precision (i.e., >80%) for each
of these classes and for the different years.

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986
and 2018.

Occupancy Class Field Overview Image Preview Coordinates

Undisturbed mangrove

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lat: 3◦49′19′′

Long: 9◦36′11′′

Degraded mangrove

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lat: 3◦51′51′′

Long: 9◦37′29′′

Settlement

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lat: 3◦51′41′′

Long: 9◦38′02′′

Bare surface

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lat: 3◦52′04′′

Long: 9◦37′18′′

Inland forest

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lat: 3◦50′45′′

Long: 9◦36′34′′

Water

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 21 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sustainability 2022, 14, x FOR PEER REVIEW 7 of 21 
 

 

 

 

Occupancy Class Field Overview Image Preview Coordinates  

Undisturbed mangrove   
Lat: 3°49′19″ 

Long: 9°36′11″ 

Degraded mangrove   
Lat: 3°51′51″ 

Long: 9°37′29″ 

Settlement    
Lat: 3°51′41″ 

Long: 9°38′02″ 

Bare surface   
Lat: 3°52′04″ 

Long: 9°37′18″ 

Inland forest   
Lat: 3°50′45″ 

Long: 9°36′34″ 

Water   
Lat: 3°51′33″ 

Long: 9°38′26″ 

Inland forest is vegetation located at altitudes of >10 m. Mangroves are forest for-

mations under the permanent influence of salt water and are prevalent on Manoka Island. 

Degraded mangroves correspond to areas where human settlements have replaced natu-

ral vegetation, characterized by the presence of small home gardens, small Rhizophora 

trees, nipa palms, and herbaceous plants. Settlements contain buildings and infrastruc-

ture, while bare surfaces comprise beaches and bare ground. 

We evaluated the accuracy of the classification maps obtained in two ways. First, a 

qualitative interpretation of HRS images was carried out to verify the conformity of the 

land use map obtained (Figure 3). This enabled us to correct misclassified pixels and to 

confirm and/or reclassify them in some areas.  

 
HRS Image 

 
Landsat Image 

Figure 3. Segment comparison showing the color composition of the Landsat image and the HRS 

image. 

The second method is quantitative and concerns the relationship between the num-

ber of reference points for each occupancy class and those belonging to other classes. Thus, 

the confusion matrix and the calculation of the kappa index of each image generated were 

performed (Table 3). The indices obtained confirmed that the classifications made on the 

image generations are valid. 

  

Lat: 3◦51′33′′

Long: 9◦38′26′′

Sustainability 2022, 14, x FOR PEER REVIEW 6 of 20 
 

Table 2. Typology of landscape elements drawn from the analysis of satellite images between 1986 

and 2018. 

Occupancy Class Field Overview Image Preview Coordinates  

Undisturbed mangrove 

  

Lat: 3°49′19″ 

Long: 9°36′11″ 

Degraded mangrove 

  

Lat: 3°51′51″ 

Long: 9°37′29″ 

Settlement  

  

Lat: 3°51′41″ 

Long: 9°38′02″ 

Bare surface 

  

Lat: 3°52′04″ 

Long: 9°37′18″ 

Inland forest 

  

Lat: 3°50′45″ 

Long: 9°36′34″ 

Water 

  

Lat: 3°51′33″ 

Long: 9°38′26″ 

Inland forest is vegetation located at altitudes of >10 m. Mangroves are forest for-

mations under the permanent influence of salt water and are prevalent on Manoka Island. 

Degraded mangroves correspond to areas where human settlements have replaced natu-

ral vegetation, characterized by the presence of small home gardens, small Rhizophora 

trees, nipa palms, and herbaceous plants. Settlements contain buildings and infrastruc-

ture, while bare surfaces comprise beaches and bare ground. 

We evaluated the accuracy of the classification maps obtained in two ways. First, a 

qualitative interpretation of HRS images was carried out to verify the conformity of the 

land use map obtained (Figure 3). This enabled us to correct misclassified pixels and to 

confirm and/or reclassify them in some areas.  

 
HRS Image 

 
Landsat Image 

Figure 3. Segment comparison showing the color composition of the Landsat image and the HRS 

image. 

The second method is quantitative and concerns the relationship between the num-

ber of reference points for each occupancy class and those belonging to other classes. Thus, 

the confusion matrix and the calculation of the kappa index of each image generated were 

performed (Table 3). The indices obtained confirmed that the classifications made on the 

image generations are valid. 

  

Figure 3. Segment comparison showing the color composition of the Landsat image and the
HRS image.

Table 3. Summary of the detailed image classification of Manoka.

Classification Accuracy Kappa Index Class with More Errors

1986 92.90% 0.89 Mangrove, water

1999 98.82% 0.98 Inland forest, mangrove

2013 98.98% 0.98 Settlement, degraded forest

2018 99.15% 0.98 Settlement, degraded forest, bare surface
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2.4. Field Data Collection

To make use of remote sensing data for inventories, and in particular, to relate land
cover to land use, it is good practice to complement the remotely sensed data with ground
reference data (often called ground truth data) [32]. For this reason, in December 2019, a
sampling campaign was carried out for Manoka Island. The period used has the advantage
that it was also close to the period when the images from 2018 were acquired, making
it easier to interpret the images. This field work had two main objectives: the collection
of reference points for the classification and validation of land use, and the collection of
information on the climate change vulnerability and drivers of deforestation and forest
degradation on the island. Information was obtained through interviews with twelve
fish smokers, four officials of the La Mangrove Association, eight fishers, three traditional
authorities, and some selected informants. Direct observation of land uses and other
factors of forest degradation were also made on this occasion. The data collected during
the interviews provided information related to the changes noticed and equally made it
possible to highlight the dynamics of land use and to take this into consideration during
image classification. Thirty-two reference points were collected and used for validation.
Figure 4 is an example of tracking a segment that was visited in the field to record land
cover information and to validate the classification of the image.
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2.5. Carbon Stock and Flux Assessment

The assessment of carbon production in mangrove ecosystems in this study builds on
the work of Ajonina et al. [51], Murdiyarso et al. [40], and MINEPDED [19], who evaluated
carbon production in mangrove ecosystems. Based on Ngoufo et al. [52] on carbon pro-
duction in inland forests, we have estimated the amount of carbon stored by forests on the
island. Rates of carbon sequestration in forests vary depending on forest conditions (Table 4)
and the carbon pool involved (biomass above and below the soil surface). The soil reser-
voirs (soil and roots) have a higher carbon sequestration rate (65% per ha) than the aerial
parts (35.0% per ha) [19]. The estimate of carbon stocks was based on the approaches of
these authors but mainly on the state of the forest: greatly exploited, moderately exploited,
and undisturbed. Undisturbed forests sequester more carbon than very degraded areas.
The average stand density of mangrove forests in Cameroon is 3255.6 trees/ha in virgin
stands, with 80% of trees in the size class of >10 cm, and a stand volume of 427.5 m3/ha
corresponding to an aboveground biomass of 305.7 Mg/ha [19].

To calculate the carbon stock of each land use type, the area of that land use type is
multiplied by its emission factor: carbon stock = EF × A (EF: emission factor and A: area).
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Table 4. Land use type and emission factors.

Forest Type Land Use Type Emission Factors
(Aboveground Live Biomass) tc/ha Sources

Mangrove forest

Greatly exploited 41.60

[19,51]Moderately exploited 126.24

Undisturbed 557.3

Inland forest

Greatly exploited 85.38

[52,53]Moderately exploited 89.86

Undisturbed 164.20

3. Results
3.1. Main Land Cover and Land Uses Currently Found on Manoka Island

The analysis and processing of the different images show a very strong variation
in land use classes in the far north of the island. It is where Manoka city is located, the
headquarters of Douala 6th subdivision, and where human settlement dates from the
pre-colonial period. Here, plant species and their related vegetation are highly anthropized
and grow in the vicinity of a high concentration of buildings. In the southern part, relatively
undisturbed mangrove forests and inland forests dominate. The different land cover classes
identified on Manoka Island and their area in December 2018 are presented in Table 5.

Table 5. Land cover and land uses on Manoka Island in December 2018.

Class Name Area (Ha) Percentage (%)

Bare surface 39.38 0.3658668

Degraded inland forest 101.44 0.94244612

Degraded mangrove 442.11 4.10750055

Settlement 90.47 0.84052741

Undisturbed inland forest 3814.85 35.4425335

Undisturbed mangrove 5740.48 53.3329369

Water 534.75 4.96818873

Total 10,763.48 100

In December 2018, mangrove forests occupied more than half (53.33%) of the island’s
area (5740.48 ha). Inland forests represent the second occupancy class after mangroves with
3814.85 ha, or 35.44% of the total area. Other areas should not be neglected because they
reflect the impact of human activities, among others, on the plant cover: settlement 0.84%,
degraded mangroves 4.1%, and degraded inland forest 0.94%. Water constitutes an area of
4.96% and bare surface, 0.36%

3.2. Land Use and Land Cover Change between 1986 and 2018

Between 1986 and 2018, land use classes on Manoka Island underwent profound
changes in land cover and land use (Figure 5). All land cover/land use classes defined in
this study were impacted. Although the changes are negative for undisturbed mangroves
and undisturbed inland forests, degraded mangroves and settlement areas are significantly
increased over the same period.

Figure 5 shows the evolution of the different land use classes between 1986 and 2018.
It illustrates considerable changes in the environment when comparing the 1986 and 2018
maps. The maps show fewer dynamics of land cover in the southern part of the island and
many changes in the northern part. Changes in the northern part include the increases in
built-up areas, degraded mangroves, and degraded inland forests. In fact, some parts of
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undisturbed mangrove cover and undisturbed inland forest are increasingly being replaced
by housing, while other areas of these classes of land cover are evolving towards degraded
stages. For example, degraded mangrove areas have increased by about 325% between
1986 and 2018. The evolution in areas of degraded inland forests, degraded mangroves,
and settlement illustrates the impacts of human pressure on the forests of this island, as
can be seen in Figure 6.

Figure 1 

 

Figure 5  

 
Figure 5. Spatiotemporal dynamics of land use on Manoka Island (1986–2018).

The change matrix analysis highlights the different land use classes observed during
this period that have been converted into other land uses. These reflect the evolution of
occupancy classes such as settlement, inland forest, and degraded forest. The conversion of
certain occupancy classes to other units or land use categories between 1986 and 2018 is
summarized in Table 6.

According to the results of the change matrix inTable 6, the changes that were more
important during this period are the conversion of mangroves to degraded mangroves,
and the conversion of 31.57 ha of inland forest and 17.8 ha of degraded mangrove to
built-up space. The surface area of degraded inland forest space increased between 1986
and 2018 to the detriment of inland forests. In fact, nearly 80.18 ha of undisturbed inland
forest was transformed into degraded inland forests and 270 ha of undisturbed forest
mangroves became degraded forest mangroves. This led to an increase in degraded forest
areas during the study period. The regressive evolution of these two occupation classes,
namely undisturbed inland forest and undisturbed mangrove in favor of a more degraded
plant formation confirms the degradation of the plant cover observed in the far north of the
island and thus reduces carbon storage.

The evolution of settlement areas was also noticed during the study period. It increased
from 15 ha to 90 ha. Each occupancy class lost portions of its land to the benefit of the
settlement. In fact, 17.8 ha of degraded mangrove was converted into built-up space, as
was 21.77 ha of degraded inland forest and 31.57 ha of inland forest. This explains the
increase of settlement classes by 75 ha more, compared with 1986, confirming that urban
dynamics are on the rise on the island. This also makes it possible to classify the built area
as one of the main factors of deforestation on the island.
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Figure 6. Land use class dynamics between 1986 and 2018.

Table 6. Change matrix of land use in Manoka Island from 1986 to 2018 (ha).

2018 1986 Bare Surface Degraded
Inland Forest

Degraded
Mangrove Settlement Undisturbed

Inland Forest
Undisturbed

Mangrove Water Total Total (%)

Bare surface 0.71 1.44 0.63 36.6 39.38 0.36

Degraded inland forest 0.09 17.65 3.43 80.18 0.09 101.44 0.94

Degraded
mangrove 6.53 77.06 10.23 4.56 270.28 73.45 442.11 4.10

Settlement 2.24 21.77 17.8 1.26 31.57 8.3 7.53 90.47 0.84

Undisturbed
inland forest 0.27 4.26 3810.32 3814.85 35.44

Undisturbed mangrove 0.27 4.41 5648.65 87.15 5740.48 53.33

Water 0.45 3.26 0.09 79.84 451.11 534.75 4.96

Total 10.56 43.68 103.97 15.01 3926.63 6007.7 655.93 10,763.48

Total (%) 0.098 0.40 0.96 0.13 36.48 55.81 6.09 100

3.3. Carbon Stock and Flux (Spatial and Temporal Considerations)

The carbon stocks stored in biomass and flux are closely linked to environmental con-
ditions and human dynamics. Aerial biomass values were obtained by processing Landsat
images from the years 1986 and 2018 using ENVI and were processed using the Advanced
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) digital elevation model
(DTM) and ArcGIS software. These tools were used to estimate carbon stocks.

The average rate of carbon sequestration in the mangrove forest is presented in
Table 6 according to data activities of the current study and the emission factors from
Ajonina et al. [51]. Manoka Island with a forest area of 9645.14 ha (GIS area) could seques-
trate nearly 3,890,040.77 tc (Table 7). With regard to inland forests, we estimated, using the
activities data of the current study and the emission factor from Ngoufo et al. [52,53],
that 164.2 tons of carbon per hectare were sequestrated for undisturbed forests and
85.38 tons per hectare for highly degraded inland forests. From Table 7, between 1986
and 2018, −119,267.54 tc had been lost as a result of land cover and uses changes in
Manoka Island.
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Table 7. Carbon stock and flux between 1986 and 2018 on Manoka Island (Cameroon).

Forest Type Land Use
Type

Emission Factors
(Aboveground Live

Biomass) tc/ha
Area 1986

(ha)
Carbon Stock

(tc) in 1986
Area 2018

(ha)
Carbon Stock

(tc) in 2018
Carbon Stock,

Difference between
1986 and 2018 (tc)

Mangrove
forest

Moderately
exploited 126.24 103.97 13,125.172 442.11 55,811.96

Undisturbed 557.3 6007.7 3,347,701.1 5740.48 3,199,169.50

Inland forest

Intensely
exploited 85.38 43.68 3729.40 101.44 8660.94

Moderately
exploited 89.86 / /

Undisturbed 164.20 3926.63 644,752.64 3814.85 626,398.37

Total 4,009,308.31 9645.14 3,890,040.77 −119,267.54

Legend of the table: activity data are from the current study. Sources of emission factor: Ajonina et al. [51],
Ngoufo et al. [52], Nasi et al. [53].

4. Discussion
4.1. Direct and Indirect Drivers of Deforestation and Forest Degradation on the Island
4.1.1. Fuelwood Harvesting and Low Energy Efficiency

The harvesting of fuelwood is one of the primary causes of mangrove forest degrada-
tion in the Douala-Edéa zone [14,54–56] in general and in particular on Manoka Island [24].
Fuelwood is the main source of energy used by the island’s inhabitants. This wood is
mainly fetched from mangroves, particularly red “palétuviers” (Rhizophora mangle). It is
exploited illegally in the form of poles mainly by women fish smokers and in the form
of logs by illegal operators to meet demand in the city of Douala. For fish smokers, it is
a selective harvest (young Rhizophora plants). They are not replanted. Gradually these
harvests reduce the ability to renew degraded spaces. Efforts by civil society organizations
to use improved ovens for smoking fish to reduce pressure on mangroves have not borne
fruit. Fish smokers continue to cut considerable quantities of wood. Several large storage
depots of wood exist in the fishing settlements (Figure 7).
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Figure 7. Collection of poles for smoking fish. (Photos by Tatuebu, 2019). Photo (a): mangrove wood
piles used to smoke fish during the fishing season. Photo (b): illegal timber harvesting in Epassi.

Mangrove wood is an important source of energy and livelihood for coastal communi-
ties of West-Central Africa and beyond [57]. According to CAM-ECO [24], the volume of
wood used by fish smokers per year is estimated at 10 m3 per year per smoker. The results
also revealed that nearly 5670 m3/year of mangrove wood is cut from the Wouri estuary
and that 60% of the wood comes from Manoka Island giving an estimate of 3969 m3/year.
However, given the fact that a great portion of this wood is exported out of Manoka and
sold in Douala, only around 10% i.e., 396.9 m3/year of wood is consumed in Manoka. The
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demand for fuelwood is high in these fishing camps, while production has dropped consid-
erably due to overexploitation. The exploitation of wood from mangrove forests for use as
fuel is a significant factor contributing to deforestation and degradation of mangroves and
other forest types [22,58].

4.1.2. Urban Development and Infrastructure

In this study, our results regarding the dynamics of land use between 1986 and 2018
show strong anthropization in the northern part of the island. Acute urban growth over
the last three decades in Cameroon’s cities is an important factor in deforestation and
forest degradation. Land use changes linked to urbanization and the construction of
infrastructure are one of the driving factors of deforestation on Manoka Island. Douala
lies nearby and experiences high urbanization. However, while this may have stifled
Manoka’s own urbanization process somewhat, particularly the construction of public
buildings and residential housing, settlement areas in the north of Manoka have increased.
Indeed, the state has initiated the construction of some appropriate buildings to improve the
attractiveness of Manoka city to enhance the proper functioning of its services. In addition,
being a gateway to the country, Manoka city is host to one of Cameroon’s military bases, the
Rapid Intervention Battalion (BIR), which has numerous installations. This infrastructure,
in conjunction with the residential habitat, has increased urban space. The increase in
the settlement class, which replaces the undisturbed and degraded forest areas in 2018,
confirms this trend toward the conversion of mangroves and inland forests near large cities.
Indeed, the evolution of built-up areas clearly allows urbanization to be considered the
main factor in the deforestation and land cover change. Several research studies follow the
same logic [2,56,59–61].

4.1.3. Noncompliance with Forestry Legislation and Uncontrolled Logging

Law No. 94/01 of 20 January 1994 on forestry, wildlife and fishing and Decree
No. 95/531/PM of 23 August 1995 setting the terms of application of the forest regime set
the framework for forest resources exploitation and the involvement of adjacent populations
in management. The absence of Ministry of Forestry and Wildlife (MINFOF) services in
the field justify the fact that people cut wood illegally without fear of reprisals. Some
drivers of the degradation of mangrove ecosystems in this area are thus due to a lack
of supervision by public authorities. In addition, the presence of several nationalities
(Cameroonians, Nigerians, Ghanaians, Beninese, etc.) with different issues and perceptions
makes it difficult to apply the law and ensure its sustainable management. Numerous
illegal logging sites of mangroves have been identified on the island.

4.1.4. Human Pressure Due to Population Growth

Pressure on forests increases with population growth. The need for service and fuel
wood, agricultural land, and buildings is at the heart of the multifaceted pressures on forests
and land cover change. Population growth appears to be the main factor in the degradation
of mangroves [50,56]. On Manoka Island, the population in 1976 was 750 inhabitants but
it was 1399 in 2005, while that of the city of Douala increased from 458,426 inhabitants to
1,907,479 inhabitants in the same period [62]. This population growth is the cause of urban
sprawl and land cover change. The high rate of population growth on the island, combined
with the low income of the population and especially its proximity to the city of Douala
significantly contributes to increasing the rate of fuelwood fetching and reduced carbon
storage. In Douala, high urban growth has provoked increased demand for firewood,
resulting in a reduction in forest cover on the island. In addition, as in many other cities in
developing countries, urbanization in the city of Douala is often spontaneous. The absence
of a policy around occupying space pushes people to destroy mangroves to build houses,
even when they are regularly victims of flooding.
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4.1.5. Political and Institutional Factors

The political and institutional factors that affect the degradation of Manoka’s forests are
the insufficiency of forest control teams and the difficulties encountered in law enforcement.
The forestry law of 1994 (Law No. 94/01 of 20 January 1994 on forestry, wildlife and
fishing) seems to ignore the wood-energy sector which constitutes the main factor of forest
degradation in fishing camps in the Wouri estuary. There is no law governing the mangrove
wood-energy value chain and no regulations exist for forestry taxation in terms of mangrove
wood energy.

In addition, Zogning Lontsi et al. [56] think that the main strategies for the sustainable
management of Cameroon’s mangrove ecosystems are difficult to apply. This is due to the
diversity of actors and decision-makers who are defined as responsible for the management
of the canopy (Ministry of Forests and Wildlife, Ministry of the Environment, Nature Protec-
tion and Sustainable Development, Ministry of Fisheries and Animal Industries, etc.), who
do not always act in concert. The mangrove ecosystem faces conflicts over the attribution
of responsibilities, resulting in a lack of supervision by public authorities.

4.1.6. Economic Factors

The main drivers of land use/land cover change are socioeconomic development, pop-
ulation expansion, and pressures for land to be used in agriculture [63]. The development
of Manoka Island relies for the most part on extractive activities, the main one being fishing.
Diversification activities are mostly focused on mangrove resources. In the Wouri estuary,
the trade of mangrove wood now flourishes. In the fishing camps, mangrove wood is cut at
an alarming daily rate and in huge quantities to construct plank huts and above all for fuel
used in smoking fish. These findings had already prompted Feka [64] to say that, in the
coastal communities of West-Central Africa, more than 8 million people depend on fishing
and/or fish smoking as a means of livelihood sustenance.

A combination of these factors is at the heart of the diminishing mangrove areas on
Manoka Island and this decrease leads to a reduction in carbon storage potential.

4.2. Climatic Implication of Deforestation and Forest Degradation on Manoka Island (Green House
Gas Emission and Vulnerability)

Land use changes and the development of numerous human activities on the island
have subjected the natural space to a variety of risks which exacerbate the vulnerability of
populations to climate change. With deforestation and the degradation of mangroves, the
role of a natural green barrier that prevents coastal erosion and limits the propagation of
invasive plants is broken. People on the coast of Manoka Island are increasingly exposed
to climate change risks such as coastal erosion and flooding. In fact, in the villages of the
far north of the island (Nyangadou and Dahomey), coastal erosion is causing considerable
damage to buildings and an influx of anthropogenic vegetation. Many villages and camps
on Manoka Island are situated on the shoreline with no safe distance between the sea and
homes, making them vulnerable to flooding. This exposure combined with coastal erosion
aggravates flooding during high tides.

Figure 8a shows an example of the advancement of coastal erosion materialized by
the uprooting of trees. Figure 8b shows the current location of a building that was a
prison during the German colonial area (1890–1916). Marine waters nowadays surround
this building.

The livelihoods of 85% of the population of Manoka Island revolve around fishing,
and livelihood diversification is low for households on this island. Deforestation and
degradation of mangrove forests thus have a noticeable impact on the livelihoods of
populations. In fact, it is the reason for the destruction of spawning grounds and the
habitats of coastal and marine fauna. Over time, this reduces resource provision and the
means of subsistence of the population.
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Figure 8. Coastal erosion after mangrove loss in Dahomey. (Photos by Tatuebu, 2019). Photo (a)
shows an overview of the advancement of coastal erosion materialized with the uprooting of trees.
Photo (b) shows the current location of the building which was the prison during the German colonial
area (1890–1916).

In the fight against climate change, mangrove forests play a major role. In fact, field
observations show that the impacts of climate change such as flooding and heavy coastal
erosion are most often observed in places such as Dahomey and Nyangadou where the
coastal mangrove strip has been replaced by houses. Forest mangroves play a role in
mitigation and adaptation to climate change. Their carbon storage potential is four times
greater than that of terrestrial forests per unit area. Deforestation of mangroves not only
reduces storage potential but also increases greenhouse gases and reduces the adaptation
possibilities of local populations [40]. The conversion of coastal wetlands and mangrove
forests limits their capacity to sequester carbon, but for mangrove forests specifically,
exposure of their waterlogged soils to the air also oxidizes soil carbon and releases it as
CO2 [65]. Globally, the conversion and degradation of these ecosystems emit an estimated
0.15–1.02 GtCO2 annually [66].

4.3. Measures to Reverse the Deforestation and Forest Degradation Trends on the Island

The Government of Cameroon, civil society, and local actors are implementing several
initiatives with the aim of reducing pressure and promoting integrated and sustainable
management of mangrove forest ecosystems.

The government has upgraded the Douala-Edéa Wildlife Reserve created in 1932
to a National Park and Manoka Island is part of this protected area. The creation of
this protected area strengthens the conservation of the resources of this ecosystem and
contributes to more participatory management. The project “Sustainable community
management and conservation of mangrove ecosystems in Cameroon” (2012–2018) of FAO
and its partners (MINEPDED, MINFOF, COMIFAC, Cam-Eco, OPED, and CWCS) have

i. created dialogue and intersectoral coordination platforms for a Sustainable Man-
agement of Mangroves and Coastal Ecosystems;

ii. developed a specific protocol for environmental and social impact studies;
iii. set up a mangrove monitoring system to obtain data with statistical details.

We also note the sensitization of the inhabitants of the targeted communities in the sus-
tainable management of mangroves, and support for the development of income-generating
activities with low impact on mangroves (sustainable fishing, improved smoking, shrimp
farming, packaging, among others). These initiatives could reduce pressure and fund
sustainable management of forest mangroves if they are implemented. They should be
strengthened and capitalized on with the consultation of all stakeholders.

At the local level, the actions and initiatives undertaken by civil society organizations
and local populations to limit the degradation of mangroves on the island of Manoka have
led to the creation of the first community mangrove forest in Cameroon on Manoka Island
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called “La Mangrove”. Actions such as sensitization to the impacts of forest degradation
and monitoring of this forest are carried out by officials of the entity that manages the
community forest. Rational and judicious exploitation of these resources will contribute to
the improvement of the living conditions of the populations of this community, as well as
to the preservation of the forest and wildlife stands of the area.

Efficient energy management through the promotion of economical smokehouses
(Figure 9) using little wood has been initiated by CIFOR, Cam-Eco, Tankeu Green Energy
and other civil society organizations. It aims to reduce the quantity of wood used to
smoke fishery products and thus limit deforestation of mangroves while fighting against
climate change.
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Tankeu Green Energy. (Photos by Tatuebu, 2019). Photo (a) shows the improved smokehouse made
up of blocks. Photo (b) shows a woman fish smoker in Manoka using the smokehouse made up of
blocks. Photo (c) shows the smokehouse made up of metal.

Participatory mangrove reforestation activities were carried out by the CWCS in
degraded mangrove areas of the Douala-Edéa Wildlife Reserve. In Manoka, La Mangrove
(community forest association) with the support of Cam-Eco have identified reforestation
areas, but they face financial difficulties to implement their activities.

5. Conclusions

The main objective of this article was to map land use on Manoka Island and to identify
the drivers of change and avenues for intervention with a view to strengthening climate
change mitigation. The methodology used combined documentary research, satellite image
processing, GIS, and field work (observation and interviews) in Manoka. The results
show that the forests of Manoka Island, like those of the entire Wouri estuary, have been
undergoing degradation and deforestation for several decades, leading to a decline in
forest area. There was a 4% decrease in forest area between 1986 and 2018. This decrease
is linked to fuelwood harvest to meet the needs of the population and forest conversion
into settlement areas. Converting mangrove areas to other forms of land use reduces
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the potential for climate change mitigation and exposes populated areas to the hazards
of coastal erosion, flooding, and reduced livelihoods. Various actions aimed at more
inclusive management and conservation of this ecosystem have been identified in this
study. Different actors are still working in synergy to reverse the current trend of this
ecosystem’s degradation.
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