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Abstract Mangroves are valuable ecosystems that provide significant biological, environmental,
ecological, and cultural functions. To inform the development of management plans for the
ecosystem's sustainability, it is crucial to evaluate how their land cover, levels of degradation, and
phases of restitution have changed. GIS and remote sensing techniques were used to classify, and
analyze Landsat images from 1980 to 2022 categorized into nine classes: bare ground, Nypa palms,
settlements, coastal sedimentation, river sedimentation, regeneration, matured mangroves, dense
forest, and water body. Using the Markovian chain approach, the changes noted during the period
were utilized to forecast future trends up to 2052. Findings demonstrated that the mature mangrove
area decreased throughout the study. The surface area covered by mature mangroves was 80628.78
hectares in 1980, which decreased by 7.31%, 1.51%, 3.70%, and 5.06% in 1990, 2000, 2010 and 2022
respectively and by 17% for the overall period of 42 years. Additionally, gains of 4.07% from 2000 to
2010 and 6.84% from 1980 to 2022 were observed probably from artificial mangrove regeneration.
Settlements, invasive Nypa palms, bare ground (resulting from over-exploitation), and
sedimentation of rivers and coast primarily replaced mangroves. The prediction derived indicated
the continuous decline in mangroves if not fully protected by law. These results provide vital
information to direct future mangrove conservation actions in the recently gazetted Douala-Edea
National terrestrial and marine Park and other mangrove blocks along the Gulf of Guinea.

Keywords: Mangrove; land cover; degradation; restoration; Markov chain; Douala-Edea National
Park

1. Introduction

Mangrove forests are a form of vegetation found only on the land-sea interface between roughly
30° N and 30° S in latitude [1,2]. Mangrove forests are among the most productive ecosystems because
they offer significant socioeconomic, environmental, and cultural benefits to humanity [3-5].
Mangroves can withstand a wide range of salinities, from hypersaline waters exceeding 100 parts per
thousand to lower salinities of 2 parts per thousand [6]. These ecosystems are extremely valuable on
a global scale as they provide ecosystem services that support millions of coastal livelihoods,
estuarine, coastal, and terrestrial fauna, atmospheric carbon sequestration, coastal fisheries, shoreline
stabilization through storm and flood prevention, and favourable habitat for these species [7-10].
Currently, healthy mangrove ecosystems are seen as ecosystems of hope to store carbon and create
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resilience against impending coastal dangers as climate change takes its toll on the world's
population. Mangroves are really now acknowledged as one of the best natural ways to adapt to
climate change and lower the chance of disaster [11]. However, mangroves are subject to intense
natural and human pressures both on land and in the ocean due to their unique intertidal location
and having an increasing impact on this ecosystem's capacity to colonize and preserve its geographic
location.

Following worldwide change scenarios; mangroves and coastal areas are prone to a wide range
of environmental hazards; including sea level rise caused by climate change and its associated effects
[12]. The coastal ecosystems are highly inhabited and serve as the hubs of many nations' economies.
Land cover changes; population growth; and resource overuse have combined to create a serious
environmental problem in the coastal belt as a result of spatial and temporal synergism of their
cumulative effects. Scientists and local communities living in coastal areas; especially around
mangrove forests have been aware of mangrove forest loss and the resultant impact on the people
and nature [13].

The availability of appropriate satellite data and processing techniques has led to improvements
in mangrove mapping; yet, validation is still necessary to ensure the accuracy of these maps. A
combination of regional maps and ground truth data has been used to estimate global mangroves to
be about 181000 km?[14]. Using about 1000 Landsat images, ground truth data, regional maps, a
combination of supervised (and unsupervised classification approaches, gave an estimate of global
mangrove area at 137,760 km? with 94% accuracy using few ground control sites worldwide with
none in West Africa [1]. Other studies concluded the global mangrove area changed by 8 437 km?
between 1996 and 2016 [15]. Following a more recent assessment on mangrove restoration potential,
6186 km? of Africa's mangrove area was lost due to human activity and 12,641 km? remained intact
though others have noted an increase in the region's mangrove area [16]. According to a different
report, between 1980 and 2005, the global mangrove area decreased by 3,563,000 hectares, with Africa
contributing 14% of this loss [17]. Numerous reports on the changes in mangroves on a global and
regional scale highlight the need for more local investigations to obtain reliable data. It is important
to conduct a regional analysis of the global area change of mangroves to focus conservation efforts
using reliable data [18]. The discrepancies in the area estimates indicated above may have resulted
from inaccuracies, but they are also probably the result of changes in the mangrove area during
several assessment periods [16].

Studies have shown that mangrove conversion and deforestation account for 10% of the world's
total emissions from tropical deforestation or 0.08 to 0.48 Pg CO:2 per year [19]. Mangrove forests in
Cameroon have been experiencing rapid degradation following uncontrolled exploitation since the
1980s. Between 1980 and 2006, mangrove forests covering over 70,000 ha were severely depleted,
suggesting that in the past 30 years, about half of the Cameroonian mangrove regions have
disappeared and exponentially in the Wouri estuary [20]. Urbanization, population growth,
industrialization, pollution, landfilled detritus, the emergence of invasive species, extension of
industrial agriculture, and, more specifically, and deforestation (indiscriminate harvesting using
crude tools) for fuel wood are some of the causes that contribute to this land cover dynamics [19-
21,52,53]. Regional surface temperature is directly impacted by changes in forest cover, such as those
caused by afforestation, reforestation, and deforestation. Increase in mangrove coverage
meaningfully contributed to local cooling, thereby emphasizing the climate regulation benefits of
mangrove conservation [50]. Furthermore, changes in land conditions, brought on by either land use,
land cover or climate change, have an impact on both the global and regional climate [19].

Mangroves are marginalized in national agendas for restoration and conservation due to
limitation documentation of case studies, weak governance and institutions, best practices for
conservation, unreliable data, and limited resources and capacity to produce useful forest monitoring
data [11]. Given the importance of mangroves for carbon sequestration, ecological services,
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biodiversity preservation, it is imperative that we understand how their extent is changing at this
time [22]. In this regard, remote sensing techniques have been extensively used in mangrove
investigations, ranging from species mapping to measuring the above-ground biomass of mangroves
and to determining the optimal locations for mangrove restoration [7,11]. Mangroves are often found
in inaccessible locations, so remote sensing offers many advantages over traditional field surveys,
including the ability to analyze large forests, cost-effectiveness, and speed of the surveys. Mapping
the natural extent of mangroves allows one to quantify the services they provide, and long-term
monitoring studies also provide information on the evolution of mangroves over time [13].

The enormous collection of mangrove woods in the Cameroon estuary includes widely
established fishing camps in the Douala-Edea National Park (DENP). Each year, its mangrove forests
are destroyed to meet the population's demand for wood energy as well as the needs of the city of
Douala, which act as natural barriers to sea level rise and coastal erosion [19]. Using mangrove wood
in traditionally kitchen, about 75,000 tons of fish and shrimps is smoked yearly [52]. The DENP is not
excluded from the problems faced by mangroves worldwide and to foresee and manage potential
risks associated, it becomes essential to analyze the various land cover/land-use and their evolution
to have a better understanding of the resilience of this ecosystem. Additionally, these methods and
tools offer precise and timely ways to monitor and analyze spatiotemporal land cover trends to
evaluate crucial biological processes in coastal ecosystems and at different scales [16,17]. When
satellite sensors are used in complementary ways, remote sensing systems can give information that
improves the study and management of coastal ecosystems.

In this study, our interest was to identify the different land cover degradative stages, estimate
the mangrove extent, and detect and report changes that have occurred from 1980 — 2022, a span of
42 years in the DENP.

2. Materials and Methods

2.1. Description of Study Site

Cameroon stretches from latitude 1° 40 to 13° 05 N and longitude 8° 30 to 16°10 E and is at the
midpoint between West and Central Africa [23,24]. Cameroon mangroves are mainly grouped in
three areas from north to south: Rio Del Rey (218000 ha) in the South West Region where two rivers
flow out River Ndian and Massake, Cameroon Estuary (180000 ha) in the Littoral Region including
Tiko and Limbe (encompassing of rivers Bimbia, Moungo, Wouri, Dibamba and Sanaga) and Ntem
Estuary (2000 ha) in the South Region comprising of mouths River Nyong, Lekoundjé and Ntem (47).

The study was conducted within the Douala-Edea National Park (DENP) which is located
between latitudes 03° 13' to 04° 01'N and longitudes 009° 34' to 10° 00'E (Figure 1). The site is one of
the major and biologically rich Cameroon nature reserves established in 1932 and gazetted as
National Terrestrial and Marine Park in October 2018. The DENP lies in the southwestern part of
Douala in the Subdivisions of Mouanko and Monaka, within the Douala-Kribi basin of the coastal
Atlantic Ocean [25]. It stretches about 100km along the Cameroon coastal plains and covers an area
of approximately 262935 ha. The zone has an extremely dense hydrological network being a
confluence of four of Cameroon’s largest rivers (Rivers Sanaga, Nyong, Dibamba, and Wouri). Its
natural margins are defined by the river system bounded in the east by R. Sanaga that separates the
area into two equal parts, north by the R. Wouri estuary, west by the Atlantic Ocean, and south by R.
Nyong. There are two clear seasons: the dry season from November to March and the rainy season
from April to October. The climate is typically equatorial type characterized by regular and abundant
rains (3000 - 4000 mm) and generally high temperatures with a monthly average of 24 - 29°C. January,
February, and March make the hottest months while the coldest months are July, August, and
September Figure 3.2 [9,25]. Salt measurements during the months of August and February revealed
1.5 g/l and 12 g/l respectively. The soil varies from very sandy to very high clay content and in the
mangroves, soil is muddy in some places, firm and slushy in other places, making it difficult to
walking, if not impossible [26].
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The DENP has a high biodiversity value as it is a major wetland area encompassing two basic
ecosystems the marine and humid forest. Ticheler, [27] reports that over 135 fish species belonging
to 21 families with 21 endemics have been recorded from the River Sanaga. The DENP serves as a
refuge for several bird species and seasonal migratory Palearctic waterbird species of which over 60
species have been identified at the mouth of R. Sanaga [28]. The connecting lowland dense tropical
humid forest docks diverse fauna resources of conservation importance specifically sea turtles,
manatees, elephants, antelopes, chimpanzees, monkeys, and crocodiles. The park is host to more than
10% of the total remaining mangrove stands in Cameroon [5]. These mangroves extend from Mbiako
through Yoyo to Manoka within the Cameroon estuary and some patches at the mouth of the Nyong
River in the southern limits of the Park. The Rhizophoras (R. racemose, R. mangle, and R. harissonii) also
known as the red mangroves are the most dominant species accounting for over 90% of mangrove
forest. The R. racemose attains diameter to over 100cm and canopy reaching up to 50m in height,
especially at the Sanaga and Wouri estuaries consequently marking them one of the tallest mangroves
in the world [5]. Other mangrove species present are Avicennia germinans (Avicenniaceae),
Laguncularia racemosa, and Conocarpus erectus (both Combretaceae). All of these species are of the
Western mangrove species group, found in America and West Africa (Tomlinson, 1994). The
understory includes the pantropical Acrostichum aureum (Pteridaceae) where the canopy is disturbed.
Nypa frutican Van Wurmb (Arecaceae), intentionally introduced to Nigeria in 1906 from SE Asia, is
ravishing the area today [5,41]. Mangrove associate species present include Dalbergia ecastaphylum
and Drepanocarpus lunatus (both Fabaceae), Annona glaba (Annonaceae), Cocos nucifera (Areaceae),
Pandanus candelabrum (Pandanaceae), Achornea cordifolia (Euphorbiaceae), Anthocleista wvogelii
(Gentianaceae), Hibiscus tilaeceus (Malvaceae), Guibourtia demeusei (Fabaceae), Sesuvium
portulacastrum (L.) L. (Aizoaceae), Bambusa vulgaris, and Paspalum vaginatum, (Poaceae) [3,5].

2.2. Socioeconomic Characteristics

Since its creation in 1932 as a wildlife reserve and eventual gazettement in 2018, the Park has
been threatened with encroachment by more than 60 villages now resident in the Park doing mainly
fishing and trade in fisheries products with nearby cities of Douala, Edea, and Kribi, over
exploitation, coupled with poor policies enforcement and management. The mangrove area of the
park is occupied by over 20 villages and many fishing camps/hamlets (10-1000 persons) with a total
mangrove population of more than 6000 [17]. More than 70% of this resident mangrove population
consists of foreign nationals from neighbouring countries: Nigeria, Ghana, Benin, and Niger
Republics with Nigeria alone having more than 60% of the total population with a greater migratory
proportion following the fishing period that spans from November to April. Fish catch is mostly
preserved through smoking using mangrove wood preferred for ready availability, high calorific
value, and flammability under wet conditions thus reducing processing costs, especially drying
before use. Smoked fish production within the area is estimated at between 500 - 1000 tonnes using
over 180 000m?® of mangrove wood [29].
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Figure 1. Location of the Douala—Edea National Park (Produced by Cameroon Wildlife Conservation Society,
2018).

2.3. Forest Cover Extent

Data and image acquisition: To quantify the forest extent of the mangroves and understand its
dynamics of change over several decades a set of Landsat images Landsat 1, Landsat 5, Landsat 7,
and Landsat 8 were analyzed and compared for the years 1980, 1990, 2000, 2010, and 2022 respectively
(Table 1). This was done to reflect changes in 9 classes of land cover change, degradative and
restitution stages of mangrove forest vis: bare ground, Nypa palms, settlements, coastal
sedimentation, river sedimentation, regeneration, matured mangroves, dense forest, and water body.
The data was acquired from an open-source platform the United States Geological Survey
(glovis.usgs.gov). This platform provides free images according to “acquisition date” and “location”.
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All the satellite images downloaded were those captured during the dry season, between December
and April.

Table 1. Characteristics of the image used for time series analysis.

Image

date Image type Resolution Image name

1980  Landsat1 30m LMO1_L1TP_200058_19800201_20200909_02_T2
1990  Landsat5 30m LMO05_L1TP_186057_19901221_20200830_02_T2
2000  Landsat? 30m LE07_186058_20000426_20299917_02_T1
2010  Landsat? 30m LE07_L1TP_186058_20100426_20200917_02_T1
2022  Landsat 8 30m LC08_L1TP_186057_20221221_20211229_01_T1

Images were downloaded and imported into remote sensing software ENVI version 5.3 (Exelis
Visual Information Solutions) band after band where the separate layers were stacked together to
perform different band combinations and other analyses.

Image pre-processing: Pre-classification operations making radiometric and geometric
corrections using ENVI 5.3 software served to improve the quality of the images before processing.
The images were then pre-processed by stacking the separate layers together. Darkest pixel
corrections, filtering, noise reduction, image enhancements, and image sharpening were done all to
enhance visualization. The images were resized to the same spatial resolution and sub-sectioned into
the study area to facilitate their interpretation [30,31].

Image Processing and Classification: Digital image processing software ENVI 5.3 was used to
analyze satellite images and ArcGIS 10.3 was used for shapefiles analysis, surface area calculation,
and integrating spatial data to attain the objectives of the study. The data were then projected into
the Universal Transverse Mercator (UTM) coordinate system, Datum WGS 84, zone 32N. Multi-
temporal satellite data were visualized in Natural False colour and False Colour Composite (FCC)
format (Plate 1) and mangroves were identified using a visual interpretation technique. The bands
used for the analysis were as follows: B2: Blue band, B3: Green band, B4: Red band, B5: Near infrared,
B6: Medium infrared, B7: Thermal infrared.

Plate 1: Colour composite of the study site: (a) Natural False colour, (b) False colour.

Image co-registration: Considering that all the images were taken in different years with
different sun angles and sun elevations, individual pixels on each of these images could not be
superimposed on each other. Thus, to make them align, they were co-registered using the 1980 image
as the base image unto which the other images were warped using the image-to-image registration
method and first-order polynomial warping function in ENVI 5.3.
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Unsupervised classification: In the pre-processed Landsat images, unsupervised classification
used was based upon the interactive self-organizing data analysis (ISODATA) algorithm which
entails an automatic and computer-generated assignment of spectral signatures to various land use
types. The unsupervised classification gives a general understanding and reference about the
distribution pattern of pixels with different digital number values. At least 150 Ground Control Points
(GCPs) are automatically generated and used during the field phase to verify the different land use
types existing in the study area.

Ground truthing: To test the reliability of the unsupervised classification, a ground-truthing
survey was done to obtain ground reference data within the study period. During this survey, GPS
points were collected from different land uses (forests, bare ground, plantations farmlands, and
settlement areas) and water bodies observed using a hand-held Garmin eTrex Venture HC. The
recorded coordinates were used to transform former LULC types before performing LULCC
detection to generate the final results.

Supervised classification: The Ground control points (GCPs) data obtained from field visits was
used in the supervised classification process. The images were classified using the supervised
classification technique of Maximum Likelihood Parametric Classifier (MLPC) and Nearest Neighbor
Algorithm (NNA) where the training sets (signatures) were provided by the user based on the visual
interpretation of the image. This was a step used to identify various land use features on the images.
The Maximum Likelihood (ML) classifier differs from vegetation indices in that it assumes that the
statistics for each class in each band are normally distributed, and it calculates the probability that a
given pixel belongs to a given class. This entailed a computer-generated assignment of spectral
signatures to various land use types by assigning spectral classes to each spectral signature. These
training signatures were created with at least 10,000 pixels per land cover class [30]. The supervised
and final classification based on the GCPs collected during field visits was performed in ENVI 5.3 to
determine the actual land cover types in the study area. All ground control points were hence
overlain on the classified maps obtained from remote sensing for verification and determination of
the accuracy of fit [32].

Accuracy assessment: Due to overlapping spectral reflectance among some land cover classes,
the classification was polygonized and exported to ArcGIS version 10.3 for further processing with
on-screen manual digitization of some land cover class areas. Accuracy assessments of the different
land use land cover maps resulting from maximum likelihood classification were done using field
samples and Ground Control Points (GCPs) as validation sets. Accuracy assessment of land-use
classes is a significant set for understanding the classification errors, and their impact and for
evaluating the quality of the classified image [33]. The statistical measurements of the validation were
compiled in a Confusion matrix, producer, user, overall accuracy, and Kappa Statistics (k) [34,35]
Equation 1,2,3, and 4. The kappa statistics value is a measure of the agreement between the
classification and reference data [36].

Producer Accuracy =

Total number of pixels in a category

.1

Total number of pixels of that category derived from the reference data (i.e row total) =~~~

User's Accuracy =
Total number of pixels in a category

Total number of pixels of that category derived from the reference data (i.e..column total)
Sum of the diagonal elements

Overall Accuracy = ————————————————— e 3
Total number of accuracy sites pixels (column total)
Pa - Pe
Kappa Statistics(K) = = o 4
1_Pe
where:

e P =Probability of agreement and
e P =Probability of random agreement

Land cover change detection was done automatically by comparing land cover and land use
statistics generated from the multi-spectral and multi-temporal images over an approximately 42-
year interval. This used the post-classification approach in which GIS is overlaid in ArcGIS 10.3 based
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on generated vector themes of the different years. The process of land cover classification and change
detection are summarized in Figure 2. The supervised classified maps were subjected to a 4-stage
analysis between years. Maps were graded in terms of surface area, area change, % cover change,
annual rate of change, and % annual rate of change of the various categories defined. The estimate
for the rate of change for each of the different cover categories was computed based on the following

formulae 5,6,7 [37]:
% cover = (Areaiyeanssr)-(Aredyeand=100 5
Yi=1Area
Area; —(Area; *100
Annual rate of change = (reaiyearsst)-(Ureayeara)uao0 6
tyears
(Annual rate of change) *100
% Annual rate of change = A RN 7

Yi=1Arediyeqrx
Where: Area iere= area of cover i at the first date,
Area iyearx+1 = area of cover 1 at the second date,

Y. Areaiyesrx = total area at the first date and

i=1

tyears = period in years between the first and second scene acquisition data.

YN
Image li're- />> Unsupervised )
RECCESSIN S| classification pe  Post classification
. A » Ground truthin, i / N\
> Landsat images » spatial and radiometric > Supervised ¢ change detection » Land use land
%000, 2010, and B classification > GIS overla g
20225 ’ >lmag§ stacking, » Land use land cover overiays L.
Mosaicking, Image maps (1980, 1990, » Computer statistics/ > Trﬁnsmoll: tables
Sub-set 2000.2010.2022 area and graphs
E i el TR
s s e t £ - B
acquisition enerate assessment 2010~ 2022, 1980 - of results

» Visual interpretation
Image 2022 f
. AN  Processing D

Figure 2. Summarized procedure for image classification and change detection.

Land cover transition probability matrices

Transition probability matrices were elaborated for 5 periods 1980-1990, 1990-2000, 2000-2010,
2010-2022, and 1980-2022 to describe the changes in each degradation stage. Each matrix represents
the probability of the removal of each degradation stage or the probability of transition to another
degradation stage from the first to the last year in the period [38]. For a given period, these values
were obtained by superimposing the two maps (at to and t1) using ENVI 5.3 software and this allows
changes in the land cover to be detected between these dates.

Future scenarios for mangroves of the DENP

The transition matrices were used to predict the proportion of each land cover stage, particularly
for mangrove at any time based on the Markovian chain model. The projections were based on the
assumptions that dynamics observed in 1980-1990, 1980-2000, 1980-2010, 1990-2000, 1990-2010, 1990-
2022, 2000-2010, 2000-2022, 2010-2022, and 1980-2022 will prevail. The evolution of the degradation
mangrove stage was then predicted over some period using equation 8 [3]:

NTi =PTNoi ceovvveinininnnnnn 8

Where:

Nrti = The predicted distribution/area

P = The transition matrix of a period (e.g 1980-1990)

Noi = The distribution/area cover (e.g for 1980)

T = time step for the matrix which is either 1, 1.2, 2, 2.2, 3, 3.3, or 4.2.
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The model suitability was validated using a Kolmogorov Simonov (KS) test [46] in R version
4.2.2. For this KS test to be performed, the area predicted from the 1990 scenario was based on the
transition matrix during the 1980-1990 period which was compared with the actual distribution for
1990. The distribution and area predicted from the 2022 scenario was based on the transition matrix
1980-2022 and was compared with the actual distribution and area for 2022.

The stable stage distribution and area cover were respectively determined by computing the
eigenvalue and the eigenvector associated with each of the transition matrices. The nature and
magnitude of the dominant eigenvalue and associated eigenvector were examined for stability. The
sign and magnitude of real eigenvalues showed whether there was lost (negative eigenvalues) or
increase (positive eigenvalues) in land cover and areal extent. Eigenvalues and vectors were
computed using R version 4.2.2.

Mangrove deforestation rate

For the mangrove forest category, the annual deforestation rate (r) was calculated using the
formula by [38] Equation 9:

r= ﬁx N(Ay/Ay) ... 9

Where:

r = the annual average deforestation rate (calculated in % of mangrove loss per year);

A1 and A: = the initial and final mangrove forest areas, respectively (at dates t1 and t2);

t1 and t2 = the start date and the end date of the period in years considered for the calculation

r <0 indicates deforestation, whereas r > 0 rather indicates expansion (i.e., no deforestation), r =
0 indicate forest stability i.e., stagnation.

3. Results

3.1. Land Cover Land-Use Categories of Mangroves from 1980-2022 in the DENP

The time series analysis and processing of Landsat TM images from 1980, 1990, 2000, 2010, and
2022 resulted in nine different land use land cover classes as shown in Figure 3. The maps provide
useful information about the pattern and extent of mangroves in the past and current situation and
highlights the high rate of dynamism in the land cover classes. All through the five maps, water and
dense forest were the most dominant land cover categories indicative of areas of interest. There was
a continuous increase in bare land or degraded mangrove forests from 1980 to 2022 (Table 2) probably
resulting from strong anthropogenic pressure on mature mangrove stands. In the year 1980, matured
mangroves occupied a surface area of 89628.78 ha (27.83%), 56005.26 ha (20.52%) in 1990, 52809.52 ha
(19.01 %) in 2000, 41598.83 (15.31 %) in 2010, and 288555.16 (10.42 %) by 2022. The population of palms
in the DENP stood at 3014.1 ha in 1980 and by the year 2022, the palm had reached 5435.5 ha. We
observed that palm occurred at the fringes followed by mangroves forest and then the final transition
to the adjacent tropical forest. The fringes were also associated with build-up areas. The area of
settlement from the analysis was estimated at 3633.93 ha, 5874.57 ha, 14018.47 ha, 4146.1, and 3270.25
ha in the years 1980, 1990, 2000, 2010, and 2022 respectively. The water body covered a large surface
area of the studied area. The total surface area of degraded mangroves to the level of bare ground in
1980 was 1562.93 ha and by 2022 the degradation area had increased to 3934.7 ha at a percentage rate
of 1.42.
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Figure 3. Distribution maps of mangrove land cover for the years 1980 (a), 1990(b), 2000 (c). 2010 (d), and 2022
(e)-

Table 2. Area assessment of land cover categories with time and surface area occupied.

1980 1990 2000 2010 2022
Classes Size y Size y Size y Size y Size y
hay ° (a) ° ha ° (a °  (ha "

Bare ground 1562.93 0.54 3702.7 1.36 264591 0.95 6016.12 2.21 3934.7 1.41
Nypa palmed  3014.1 1.04 4877.02 1.79 5123.64 1.84 5119.4 1.88 54355 1.95
Settlement 3633.93 1.25 5874.57 2.15 14018.47 5.05 4146.1 1.53 3270.25 1.17

.Coastal. 1032.66 0.36 7501.81 2.75 483.59 0.17 499.38 0.18 542.36 0.19
sedimentation
.RIVGI' . 54271 1.87 8519.16 3.12 1437.72 0.52 2814.95 1.04 18837.27 6.76
sedimentation
Regeneration 1417.87 0.49 6397.35 2.34 1600.27 0.58 12631.84 4.65 20432.84 7.33
Mature 80628.7827.8356005.2620.5252809.5219.0141598.8315.31 28555.1610.24
mangrove

Dense forest 79731.8427.52 75927 27.8196432.3834.7192590.1834.0791186.2232.71
Waterbody  113298.239.10104190.938.17103263.7 37.17106354.7 39.13106614.8 38.24
Total 289747.4 100 272995.7 100 277815.2 100 271771.5 100 278809.1 100

3.2. Change Detection in Land Cover Land Use in the DENP

Change detection analyses offer information on the expansion and shrinkage rates of the area
under study in addition to the areal extent differences in a specific period. The enhancement of image
classification resulted in the overall accuracy of 99.28%, 99.88%, 99.54%, 99.7%, and 95.45% for the
years 1980, 1990, 2000, 2010, and 2022, respectively and the Kappa coefficient ranged between 0.95 to
0.99 (Table 3). These kappa values are closer to +1 for all images, indicating a satisfactory agreement
between observed and predictable accuracy.
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A detailed account of area changes observed on the land use land cover classes in the DENP
within short periods of ten, twelve, and forty-two years are shown in Table 4. The different land use
land cover types identified in the study area were impacted. There was an increase in degraded
mangrove areas between 2000 —and 2010 by 1.26%. Comparing the maps between 2010 to 2022, there
was a loss in degraded mangroves over the area and an increase of 2.68 % in regenerated mangroves.
It cannot go unnoticed that there have also been regeneration efforts both by natural, and artificial
means through government ministries, and local, and International NGOs which have boosted the
survival of mangroves in the DENP. The increase in mangrove population by regeneration (4.6 %
between 2000 — 2010, and 6.85% from 1980-2022) is also at risk from the fast-growing invasive palm
in the study, and an increase in river sedimentation poses a threat to the mangrove in this area. The
area under the river sedimentation class has changed significantly by 5.72 % in 2022, this can also
account for the decrease in mature mangrove forests. The highest decrease in matured mangrove
forests was observed between 1980 and 1990 by a percentage of 7.31. Concurrently, waterbody has
decreased throughout all the periods but increased for 2000-2010 by 1.96%. The present study also
disclosed an increase in river sedimentation with the highest values of 5.72 recorded between 2000-
2010.

Table 3. Transition matrix of mangroves in the Douala-Edea National Park between 1980 — 2022 (hectares).

1980 - 1990 Matrix
Bare Nypa Coastal  River Mature Dens

Settlem . . Regenerat Water
Class  groun palme sediment sedimenta  °, mangro e
ent . . ion body
d d ation tion ve forest
Bare
10.53 8.64 7.17 12.8 12.25 25.71 4.81 10.01 0.53
ground
NyPa 543 1285 158 1.6 1.64 115 237 3.06 0.08
palmed
Settlement 393 4.14 4.64 6.28 6.97 1.99 370 1.89 292
Coastal
sedimentati 1.61 1.39 2.80 1.23 1.73 1.67 0.61 0.68 0.97
on
River
sedimentati 045 0.83 1.18 0.42 0.26 5.06 055 1.42 0.15
on
Reg“:mtm 0.65 054 046  0.67 0.62 000 055 063 001
Mature
9.74 15.67 15.32 5.48 5.5 5.58 31.09 13.66 5.83
mangrove
]f)oi:: 31.85 4032 3321  27.77 279 3192 4342 5351 5.44

Waterbody 37.99 2446 3335  42.06 42.87 2673 1197 14.1084.06
Eigenvalues 86.147 18.968 6.28788 5.275392 3.270026 -0.12715 -2.983 -6.455-67.34
Overall Accuracy = 99.28 %; Kappa Coefficient = 0.99
1990-2000 Matrix

Bare Nypa Coastal  River Mature Dens

Settlem . . Regenerat Water
Class  groun palme sediment sedimenta °, mangro e
n . . ion ody
d d ation tion ve forest
Bare
8.87 | 5.68 6.18 3.41 0.91 11.12 250 128 0.28
ground
Nypa 73 220 438 8.09 3.63 344 1487 164 078
palmed

Settlement 4.16 5.61 5.57 12.02 13.17 6.03 851 1.78 1.86
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Coastal

sedimentati 1.71 237  0.92 0.26 0.05 1.42 111 029 0.19
on

River
sedimentati 5.01 4.82 2.37 2.05 0.96 4.14 1.74 061 022
on

Regeneratio

n 1991 1.06 448 1.36 1.81 5.64 0.80 1.11 0.03

Mature

mangrove 571 14.01 9.61 9.45 12.75 5.01 22.66 (37.18 1.2
forest

Dense
forest
Waterbody 4.48 23.17 1243 13.53 2.13 1.56 24.04 1.41 94.14
Eigenvalue 48.074 9.7198 8.267054 2.913851 -1.5569 -3.61043 -5.06613-8.704 -10.04
Overall Accuracy = 99.88 %; Kappa Coefficient = 0.99
2000-2010 Confusion Matrix

47.42 31.07 54.05 49.83 64.59 61.63 23.77 [54.69 1.29

Bare Nypa Coastal  River Mature Dens
Settlem . . Regenerat Water
Class  groun palme sediment sedimenta °, mangro e
. . ion ody
d d ation tion ve forest
Bare
10.66 190 11.07 7.52 14.39 21.96 1.06 2.02 0.02
ground
NYPa 44 2896 116 177 1.49 236 2937 975 348
palmed
Settlement 1.18 0.66 | 2.58 0.92 1.67 1.77 041 026 0.02
Coastal
sedimentati 0.13 037 0.22 0.74 0.49 0.05 0.15 0.06 0.01
on
River
sedimentati 0.12 025 0.05 0.39 0.25 0.02 0.06 0.03 0.01
on
Rege‘:’mtm .04 005 217 111 3.95 238 003 010 0.0
Mature
288 2133 3.04 3.92 3.66 2.02 1898  6.78 2.99
mangrove
Dense  cco1 1638 7664 2774 6530 6775 2836 7668 0.36
forest
Waterbody 13.64 30.1  3.09 55.89 8.81 1.70 21.58 4.32 [93.11

Eigenvalue 51.123 7.9746 6.003135 1.545931 0.989714 -2.18137 -4.24709-7.855-14.35
Overall Accuracy = 99.54 %; Kappa Coefficient = 0.99
2010-2022 Confusion

Matrix
Bare Nypa Settlem Co.astal R.1ver Regenerat Mature Dens Water
Class  groun palme sediment sedimenta ™, mangro e
. . ion body
d d ation tion ve forest
Bare
1.01 216 149 0.43 1.08 2.74 2.80 3.03 1.06
ground
NyPa 5 417 499 0.0 5.75 465 320 199 126
palmed

Settlement 1.32 1.84 | 0.85 1.73 0.54 2.29 292 298 047
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Coastal
sedimentati 047 022 011 | 0.00 0.05 033 032 031 074
on
River
sedimentati 4.02 111 042  3.03 0.18 221 264 235 058
on
Rege‘:’mt“’ 193 745 663 2.0 6.34 1240 733 986 254
Mature e 698 787 0.0 8.75 698 | 625 428 228
mangrove
Dense 1985 3819 4041 1558  33.63 5027  31.81 4416 569
forest
Waterbody 59.97 37.89 3723 7662 4369 1812 4274 31.04|85.38
Eigenvalue 50.194 12.182 5.623 3435 0999  -1.662 -4.439 -8.826-10.51
Overall Accuracy = 99.75 %; Kappa Coefficient = 0.99
1980-2022 Confusion Matrix
B 1 Ri D
are Nypa Settlem Co‘asta -1ver Regenerat Mature Dens Water
Class  groun palme sediment sedimenta °, mangro e
ent . . ion body
d d ation tion ve forest
Bare
847 451 423 0.0 5.59 489 491 401 161
ground
NYPa 135 1209 136 0.0 1.40 153 213 198 033
palmed
Settlement 446 333 | 298  0.00 3.93 265 340 282 270
Coastal
sedimentati 1.55 0.88 0.69 | 0.00 0.89 030 061 038 152
on
River
sedimentati 0.62 0.60 051  0.00 0.98 048 033 057 036
on
R ti
eger:'m 032 047 031 0.0 0.26 027 050 037 0.11
Mature
1064 1451 19.84  9.38 1601 2159 [ 1251 2270 1.75
mangrove
D
foi::f 2371 3153 3627 000 3377 3788  30.60 2537 4.06

Waterbody 48.53 41.36 33.32 90.63 36.66 29.60 44.41 40.92[87.51

Eigenvalue 47.225 7.554 4.181 1.372 -0.142 -2.107  -3.655 -7.18910 _239

Overall Accuracy = 95.45 %; Kappa Coefficient = 0.95
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Table 4. Changes in the land cover of mangroves within periods of 10 years, 12 years, and 42 years.

1980-1990 1990 -2000 2000 -2010 2010-2022 1980 - 2022

Classes Size o Size o Size Size o Size o
o o (4] o (4]

(ha) (ha) (ha) (ha) (ha)

Bare ground  2139.77 (.82 -0.40 3370.21 1.26 -2081.42 -0.80 2371.77 0.87

1056.79
Nypa palmed 186292 0.75 246.62 0.06 -4.24 0.04 316.1 0.07 24214 0.91
Settlement  2240.64 0.90 8143.9 2.89 -9872.37-3.52 -875.85 -0.35 -363.68 -0.08

“ di(;;’:izlﬁon 6469.15 239 o 257 1579 001 4298 001 -490.3 -0.16
" diriie‘:tl;tion 309206 125 . 2.60 137723 0.52 160222'3 5.72 134710'1 4.88
Regeneration 497948 185 . -177 110;’1'5 407 7801 2.68 190714'9 6.84
ml\:j;l:\ie 246235 7.31 4 o -1.51-11210.7-370-13043.7 -5.06 _ . 1759
Dense forest -3804.84 0.29 20555‘3 6.90 -3842.2 -0.64 -1403.96 -1.36 11454'3 5.19

Waterbody  -9107.37 -0.94 -927.17 -1.00 3091.04 1.96 260.09 -0.89 668341

0.86

The eigenvalues of the different matrices are presented in Figure 4 and show a general
reconstitution of the matrices. There was a high magnitude in eigenvalues from 1980-1990. Even
though there was an increase in regeneration its corresponding eigenvalues indicated degradation of
this class. While the bare ground, Nypa palm, settlement, and their corresponding eigenvalues
showed the reconstitution of these classes.

100.0
0.0 |
600 |
[ R
0.0 |
2 —4=—1980-1990
= 200 |
=2 —+=1990-2000
-
g 00 o =4=2000-2010
cn . 1 1 1 1 1 ]
=) = — = = = 2010-2022
g a 5 é é .g 107
200 [ 2 £ g g = = ——1980-2022
= ) g = £ = g
@ ] = Y o =
- = # E £ g
. L 3 = = = ©
100 F & z 3 5 E
i = 5 5
[ Z z =
600 | g =
S
800 L

Stages

Figure 4. Trends in eigenvalues matrices of the different time intervals of mangrove reconstituted stages.

3.3. Conversion of Mangroves in the DENP from 1980 to 2022
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Mangrove loss is a result of the conversion of mangrove forests to other land covers as well as
mangrove gains that is the conversion from other uses to mangroves (Figure 5). Between 1980-1990,
a large chunk of mature mangrove forest was loss/ converted to other uses mostly settlement,
waterbody and bare ground while mangrove gain was mostly from bare ground and settlement
during the same period. In the period from 1990-2000, the mangroves were converted mostly to
coastal sedimentation, river sedimentation, and gains were as well from coastal sedimentation, river
sedimentation, and settlement. Mangrove gain was highest from regeneration both artificial and
natural, bare ground, and river sedimentation, while loss was mostly as a result of conversion to bare
ground and regeneration sites during the period 2010-2022.

Conversion from other land cover (gain) to Matured Conversion of mature mangroves (loss) to other land
mangroves ;\? cover
< 100% | = 100% -
< 90% £ 90% - 1980-2022
5 80% 1 2 80% -
S 70% 19802022 £ 70% A 2010-2022
T 60% 1 20102022 © 60% 1 =2000-2010
2 50% - I 5 50% A
E 40% =2000-2010 2 40% =1990-2000
5 30% - =1990-2000 — 30% -
z -
S 20% I 1980-1990 5 20% 1 = 180-19%0
T 10% = 1980- = 10% -
3 0% - - 0% -
S E E & ® ® £ & =2 2 E E &8 ® ®= £ g =2
E s 2 B = = [ - E s 2 £ = = e = -
> a ¥ 5§ 8§ 2 5 g £ > a g E § & £ g 2
S 8 & E E &% E B 2 S 8 & E E & E § S
2773345 227334 ¢°
s & = 5 =
z z = z z =
s 2 s 2
o o

Figure 5. Conversion of matured mangroves to other land cover and from other land cover to mature

mangroves.

The average annual deforestation rate of mature mangrove forests was r =-0.036%, -0.006, -0.024,
and -0.031 for the years 1980-1990, 1990-2000, 2000-2010, and 2010-2022 respectively, indicating net
decline of mature mangroves in the DENDP.

3.4. Trends of Mangroves Predictions Following Different Time Matrices

The predictions of mangrove degradative stages with their actual distributions over the period
of the study are presented in Figure 6. Following the Kolmogorov-Smirnov (KS) test, he difference
between the actual and the predicted probability using the 2000-2010 matrix was not significant (D =
0.556, p > 0.05) though greater (p < 0.05) for the rest of the matrix. The p-values obtained were 0.0082,
0.000041, 0.000041, 0.000041, 0.000041, 0.000041, 0.126, 0.000041, and 0.000041, for 1980-1990, 1980-
2000, 1980-2010, 1980-2022, 1990-2000, 1990-2010, 1990-2022, 2000-2010, and 2000-2022 respectively.

Mangrove projections for 2032, 2042, and 2052 were done based on the cover change in 2022. It
illustrated that the bare ground which is as a result of over-exploitation of mangroves to the point
where the ground is bare will decline by 2.49% in 2052, while the area covered by settlement and
coastal sedimentation will increase by 0.23% and 0.46% respectively. As shown in Figure 6, mature
mangrove cover was projected to increase by about 4.19%, 46.06%, and 50.24% in the years 2032, 2042,
and 2052 in that order. Meanwhile, the projection of mangrove regeneration demonstrated a decline
in those same years by 1.63%, 17.91%, and 19.54%.
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Figure 6. Projection of land cover change from 2022 to 2052.

4. Discussion

The area of mangroves worldwide is decreasing due to increasing human activity, climate
change, and unfavourable environmental circumstances. Estimates from this study revealed that
matured mangrove areas experienced continuous loss in surface area over the forty-two-year study
period. This could be associated with excessive fuel wood harvesting for fuel wood and construction.
This result is per what was obtained for Manoka island where 267 ha of mangrove was lost over 32
years between 1986 and 2018 [19]. Muniji [52] also revealed that approximately 989 ha of mangrove
forest cover was lost to forest clearing and settlement relocation for over 43 years in Cap Cameroon.
In response to the sea's increasing encroachment and the yearly intensification of seasonal surges
linked to coastal flooding, the inland retreat has made it necessary to clear mangroves to make room
for relocation. Harvesting of logs for fuel wood and poles for construction props are the primary
causes of mangrove forest degradation in the Douala-Edéa National Park in general and particularly
in the fishing camps of Yoyo 1, Yoyo 2, Youme 1, Youme 2, and Mbiako [21,25]. Fuel wood is the
main source of energy used by the island’s inhabitants to cook and smoke fish, particularly the red
mangroves (Rhizophora species) [53]. 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. The
selective harvest of young Rhizophora stems greatly affects natural regeneration and recruitment into
larger size classes reducing 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 [19].
Fish smokers continue to cut considerable quantities of wood stocked and piled at several large
storage depots in the fishing settlements. The demand for fuelwood is high in these fishing camps,
while production has dropped considerably due to over-exploitation, a significant factor contributing
to deforestation and degradation of mangroves and other associated forests [39]. Mangrove mapping
and monitoring in Le Morne using remote sensing techniques demonstrated a significant increase in
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mangrove cover over the decadal scale with the main class change from mudflat to mangroves. Latest
global updates show that between 1996 to 2020, the world’s mangrove extend has declined by
5,245.24 km?, noting that drivers of loss include erosion, agriculture and aquaculture, settlement, non-
productive conservation, and extreme climatic events [48,49]. Report on the state of world’s
mangrove indicated direct settlement in mangrove area as the main driver of mangrove loss (38%) in
West and Central Africa [51].

The surface area occupied by Nypa fructicans witnessed an increase between 1980 and 2022 which
can be attributed to invasive tendency of fast growth that out competes mangrove species in open
space resulting from harvesting and other forms of degradation. Degraded mangrove forests in the
Niger Delta are reported to have been taken over by Nypa palms covering a large extent of the
mangroves in Nigeria estimated at 28000 ha in 2022 [40,41]. The continuous invasion of native
mangroves could result in a devastating combination of impacts on native habitats, carbon storage,
and economic opportunities. The presence of Nypa palms has been reported in all three mangrove
blocks along the Cameroon coast and its implications for continuous impact on mangrove habitat
assessed [40,42]. Mangroves are therefore facing severe menace from encroachment by the invasive
palm which may lead to almost complete ecological substitution of mangroves along the west and
central African coastline in the subsequent 50 years.

The observed increase in mangrove regeneration of 19014.97 ha over 42 years through natural
and human-aided restoration is an indication of a promising mitigative approach in preventing the
proliferation of Nypa palms in degraded mangrove stands in the region. Worldwide mangrove gains
have been recorded at approximately 33% and 80% by artificial and natural restoration respectively
[49].  Itisimperative that we change the way we interact with the environment and move toward
a more just and sustainable future where actions that cause ecosystem degradation and loss are
eliminated.

The period from 1990-2000 showed a high intrusion of build-up within the park, and a decrease
from 2010 through to 2022. This decrease in settlement can be related to climate change's impact on
sea level rise which has led to coastal sedimentation and the burial of some settlements in the area
(Plate 2). Land cover changes and the development of numerous human activities in the area have
subjected the natural space to a variety of risks that 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.
Mangroves play a crucial role in defending the coastline from impairment due to waves and tropical
storms, mitigating risks of erosion and flooding to coastal communities [48]. However, communities
in DENP are increasingly exposed to climate change risks such as coastal erosion and flooding. In the
villages Yoyo 1, Youme 2 and Mbiako, coastal and river sedimentation is causing considerable
damage to homes (Plate 2). Many villages and camps in the national park are situated on the shoreline
with no safe distance between the sea and homes, making them vulnerable to flooding,
sedimentation, and erosion. This exposure combined with coastal erosion and sedimentation
aggravates flooding during high tides. In line with our study, [43] in their study to evaluate mangrove
forest dynamics in the same area by then still under the status of a reserve, observed a decrease in
settlement by 47.21 km? from the year 2001 — 2015.
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Plate 2: Homes damaged by coastal sedimentation (sand accretion) in the Douala-Edea National Park.

Contrary to our study, [19] witnessed an increase in settlement in their study in Manoka due to
population growth and urban development and infrastructure. While this study presented a decrease
in waterbody all through the period except for 2000-2010 and an increase in river sedimentation. A
study to understand the dynamics of the landscape of the greater Sundarban area reported that the
river claimed several small islands that were home to mangrove forests, but it also created other small
islands that are now being progressively overtaken by mangrove forests [44]. Coastal erosion of up
to 50m per year and accretion leading to mangrove loss was detected between 2000 and 2018 [45], in
a study on mapping mangrove dynamics and colonization patterns in the Suriname coast. However,
our study showed a 0.16 % decrease in coastal sedimentation. The assessment of mangrove cover
shifts in Segara Anakan showed that mangrove was converted into fishponds, rice fields, settlement
areas, and water bodies [51].

Projection of forest area is necessary to recognize the future scenarios of the forest-based on
present and past conditions. This will aid humanity to be well prepared to face the danger ahead and
make suitable decisions geared at reducing the impacts and degree of damage. The predicted increase
in deforestation (bare ground), settlement, and coastal sedimentation in the study highlights an
essential need for preventive measures to preserve and restore the mangrove forest ecosystem (Plate
3). While monitoring mangrove forest change and its impact on the environment, there was a
considerable decline in mangrove total forest area forecasted to approximately 19% [52]. This
reduction queries the longstanding health of the forest ecosystem, while habitat loss, rising carbon
emissions, and dwindling biodiversity are just a few of the biological and environmental effects that
could arise from a drop-in forest area.
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Plate 3: Mangrove dieback from coastal sedimentation.

The framework for the exploitation of forest resources and the participation of neighbouring
communities in management was established by Law No. 94/01 of January 20, 1994, on forestry,
wildlife, and fishing, and Decree No. 95/531/PM of August 23, 1995, defining the parameters of
application of the forest regime. The destruction of mangroves is exacerbated when people cut wood
without permission or fear of punishment. According to [26], human encroachment and
development-driven enthusiasm, over-exploitation for fish smoking, and a lack of mangrove policies
are all contributing to the alarming pace of deforestation in mangrove forests. Thus, a deficiency of
oversight by governmental authorities is one of the factors contributing to the destruction of
mangrove ecosystems in this region. Furthermore, the existence of multiple ethnic groups
(Cameroonian, Nigerian, Ghanaian, Beninese, etc.) with disparate concerns and viewpoints
complicates the application of the law and guarantees its sustainable management. Nypa palm
invasions of mangrove forests have been linked to a lack of institutional and policy frameworks,
climate change, traits of species and their habitats, land use and cover, and socioeconomic activities
[41].

The political and institutional factors that affect the degradation of mangroves in the DENP
could also be a result of the insufficiency of forest control teams and the difficulties encountered in
law enforcement. The forestry law of 1994 appeared to overlook the wood-energy sector which
constitutes the core aspect of forest degradation in fishing camps in the study area. It was loose on
mangrove wood-energy value chain and no regulations for forest taxation in terms of mangrove
wood exploitation. Applying strategies for the sustainable management of the mangrove ecosystems
in Cameroon is challenging. This is because the various actors and decision-makers in the core
Ministries of Fisheries and Animal Industries (MINEPIA), Forestry and Wildlife (MINFOEF),
Environment, Nature Protection and Sustainable Development (MINEPDED) have divergent and
conflicting interests resulting in loose and insufficient institutional coordination and lack of
decentralization in decision making [53]. Bissonette et al. [53] have reported that actors collect
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mangrove resources short of actual control which results from the absence of institutions clearly
elaborated in the management of mangroves. Scientific knowledge of mangroves has gradually
increased and recent actions by the Cameroon government will go a long way to support sustainable
management of the existing mangrove stands. The decision to upgrade the Douala-Edea Wildlife
Reserve to National Park (its first marine and terrestrial national park) puts 39 982.94ha of mangroves
and 99 957.35ha of marine habitat under full protection. Law No. 2024 008 of 24 July 2024 to lay down
Forestry and Wildlife regulations now includes mangroves as a category of management forest. Law
No. 2024/019 of 23 December 2024 to lay down the rules and regulations governing fisheries and
aquaculture in Cameroon provides for mangrove protection as spawning grounds, nurseries and
refuge areas for aquatic biodiversity. Mangrove restoration efforts has also be initiated by
government and championed by Non-Governmental organisations.

Implication for conservation and sustainable management of mangroves.

In the following three decades, a regression in cover was projected following the long-term
dynamics of the mangroves in the study area. With the increased awareness of the ecosystem services
and benefits provided by mangroves, actions for its sustainable use now imperative. Inareas where
mangroves are still intact, appropriate measures must be taken, and restoration/rehabilitation efforts
stepped up to guarantee the restoration of degraded areas. There is a need to find strategies that will
cause local communities to willingly participate in restoration projects and ensure they participate in
conservation initiatives.

Another major concern that requires attention pertains to alternative sources of wood harvested
from mangroves due to difficulties in harmonizing conservation efforts with the everyday need of
the local population for wood. It would be challenging to eradicate illegal mangrove harvesting,
which is a key contributing factor to the decrease of mangroves in the DENP if local communities are
not provided with sustainable alternatives. Studies on modern ovens have demonstrated that they
cut down on the amount of mangrove wood needed to smoke fish, however, the ovens are small, and
the design of the ovens cause burns on the women who smoke the fish. Redesigning the ovens to take
in more fish at a time and avoid sustaining fire burns may be a consideration for new mangrove
restoration projects. More research is therefore required to comprehend the institutional and
socioeconomic drivers behind the locals' adherence to these conservation initiatives.

Conclusions

The Douala-Edea National Park contains mangrove forests that have declined throughout the
study from 1980-1990. The mangrove forest has also experienced an increase as a result of restoration
programs through NGOs, and government ministries. The mangroves are under threat from river
and coastal sedimentation, human exploitation, and Nypa palm invasion. Predictions using the
Markov chain approach indicated that mangroves in this area would continue to improve in the next
three decades under the current protection scenario. The degradation has effect on the livelihoods of
local communities, biodiversity and while displaying warning of the significant environmental
consequences of its exhaustive exploitations. This study demonstrates the importance of geospatial
tools for mangrove monitoring because they provide time-sensitive and spatially explicit information
that researchers, decision-makers, and other relevant stakeholders can use to develop management
plans to improve the various mangrove degradation stages in the Douala-Edea National Park.
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