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Abstract

This study was carried out in the forest reserve of Mbalmayo, Center Region
of Cameroon, with the aim to analyze the dynamics of land use/land cover
(LULC) changes over the past 30 years. The databases used were made up of 3
Landsat satellite images (5TM of 1990, 7ETM+ of 2005 and 80LI of 2020).
The satellite images were processed using ArcGIS and Erdas Imagine soft-
ware. Ethnobotanical surveys were conducted to investigate the relationships
between the local population and the forest reserve. The Mbalmayo forest re-
serve is consisted of seven main land cover namely: mature secondary forest,
young secondary forest, savanna, fallows and crops, built, bare soil and water
surface. The dynamics of the forest cover undergoes more significant changes
between the years 1990-2005 with losses estimate at 4762 ha compared to the
years 2005-2020 (2231 ha), with a marked decrease in the area of dense fo-
rests. This regression is much more important in dense forest vegetation. The
forest cover lost 6993 ha (26.92%) of its surface, which corresponds to an av-
erage rate of deforestation of 233.1 ha/year. The survey revealed the need for
NTEFPs for the Mbalmayo reserve forest populations. Indeed, all respondents
agreed that they use non-timber forest products from the forest, mainly for
medication (37%), wood (34%) and food (24%). Therefore, it becomes urgent
to redefine a management plan for the Mbalmayo forest reserve which will
define how the forest must be managed in order to avoid the loss of large
areas of forests disappearing each year under the human action, which exerts
pressure on forest species, thus leading to their possible disappearance.
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Cover Change

1. Introduction

Cameroon’s forests are important locally, regionally and globally because of the
various environmental services they provide. Despite their importance, these fo-
rests face several threats that impact their ability to produce goods and services
(WRI, 2012). These changes within the forest which negatively affect the stand
or site and, in particular, reduce productive capacity, are called forest degrada-
tion (FAO, 1998; Vasquez-Grandon et al., 2018). This is a process that takes dif-
ferent forms, especially in open forest formations, deriving mainly from human
activities such as overgrazing, overharvesting (for firewood or logging), repeated
fires, or due to attack by insects, disease, plant pests or other natural sources such
as cyclones. In most cases, degradation does not manifest itself as a decrease in
the area of woody vegetation but rather as a gradual reduction in biomass, changes
in species composition and soil degradation (FAO, 1998; Modica et al., 2015).
Between 2015 and 2020, the world-wide rate of deforestation was estimated at 10
million hectares per year, against 16 million hectares per year in the 1990. The
global area of primary forests has shrunk by more than 80 million hectares since
1990 (FAO, 2020). This deforestation is leading to imminent extinctions of plant
and animal species (Ricketts et al., 2005), making it urgent to monitor the dy-
namics of these ecosystems and their preservation, before their possible disap-
pearance.

Land use changes are among the components of global change responsible for
the erosion of biodiversity around the world (Loreau, 2005). Land cover changes
information is useful to achieve a better perspective of landscape dynamics and
is also proper for evaluating the sustainability of natural resources (Whittle et al.,
2012; Aliani et al., 2019). Thus, ground cover monitoring and mapping are re-
quired to investigate spatial planning and environmental examination (Cheng &
Wang, 2019; Tripathy & Kumar, 2019). Additionally, land cover and land use
analysis will help in the reliable prediction of future circumstances. For example,
future changes in forest cover can be predicted using the substance gained from
historical data sets and remote sensing observations (Hamad et al., 2018). The
assessment of land use and land cover changes and trajectories at the global, na-
tional, and local levels is, therefore, useful for sustainable development policies,
monitoring food security, and climate change and environmental-related research
(Wang et al., 2016).

Tropical African forests are threatened by a wide range of anthropogenic ac-
tivities that imperil natural ecosystems and biodiversity. For instance, the few
previous studies conducted in the threatened forest of the Koupa-Matapit Gal-
lery Forest in West Cameroon (Momo et al., 2018), Melap Forest Reserve in West
Cameroon (Temgoua et al.,, 2021), Ajei Community Forest in North West Re-
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gion of Cameroon (Temgoua et al., 2018) and the greater Congo Basin (Laurance
et al,, 2015) identified deforestation as a major factor driving both forest loss and
degradation (Hosonuma et al., 2012; Ordway et al., 2017; Aleman et al., 2018).
To reduce deforestation, forests mapping and the monitoring of their evolution
are very important. Mapping areas of forest cover change is essential for devel-
oping locally adapted strategies to better control these dynamics (de Wasseige et
al., 2014). To carry out such monitoring, remote sensing is a less-expensive me-
thod that has proven its effectiveness for assessment of forest cover dynamics
and degradation over several decades and at different scales (Loveland et al.,
2012; Hansen et al., 2013; Nagendra et al., 2013; Wani et al., 2016; Mukete et al.,
2017).

The Mbalmayo Forest Reserve is a peri-urban forest. The development of the
city and the increase of its population have increased the pressure on the reserve
for firewood and farmland. The forest was classified at a time when the popula-
tion density was low, in areas of cultivation and hunting. The colonial decree
No. 269 of July 29, 1947 establishing the forest reserve of Mbalmayo stipulates,
in its article 2, that: “The cocoa plantations cultivated and in good condition will
be maintained, and new plantations will only take place replacing the old ones”.
Article 3 specifies that: “The natives, customary owners of the land, are autho-
rized to establish their food crops within the classified perimeter at the condition
that they respect the trees which will be indicated by the Water and Forestry
Service”. This has generated a “logic of clearing and the race for land” to consti-
tute a “land heritage”. Then, gradually, the peasants associated fruit trees such as
mango trees, avocado trees, African plum trees (Dacryodes edulis) and cola trees
with food crops. These trees serve as land markers and traditional title deeds
(Owona et al., 2009). Hence there is a need for a land use management plan. In
fact, recent studies show that even classified forests are facing many anthropo-
genic pressures that lead to their degradation and deforestation (Zekeng et al.,
2019; Djiongo et al., 2020; Fokeng et al., 2020; Temgoua et al., 2021). Therefore,
the aim of this study is to present the changes in forest cover in the Mbalmayo
forest reserve over the past 30 years, based on GIS analysis of satellite images.
More specifically, we seek to identify the activities carried out by the local popu-
lations and determine agents and drivers of land use and land cover change of

the Mbalmayo forest reserve.

2. Material and Methods
2.1. Study Site

The Mbalmayo Forest Reserve is situated in the chief town of the Nyong and
So’o Division, in the Center region of Cameroon. It lies between 3°31' North and
11°30" East at an altitude of 335 m and covers 650 km? The area is under equa-
torial climate with rainfall range between 1600 - 1700 mm and temperatures 19 -
28°C (Foahom, 1983). The reserve is part of the bioclimatic zone of dense humid
evergreen to weakly deciduous forests (Morellet, 1952). The Mbalmayo city’s
economy depends on agriculture follow by brewing and wood industries (Peltier
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& Njoukam, 2006). Some research and academic institutions frequently carried

their activities in the reserve. The actual study was conducted in IRAD com-

partment covering 1000 ha. It borders the Forestry National School in the north
and the Ebogo touristic forest at West. It is limited to the West and North by the
Nyong River, in the South by So’o River, and at East by a village track and the

Mbalmayo municipality forest. The entire reserve is extended to the municipali-

ties of Mbalmayo and Menguemé (Figure 1).
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Figure 1. Localisation of the Mbalmayo forest reserve. Source: MINFOF 2020.
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The agricultural practices are subsistence agriculture and shifting slash-and-burn
agriculture practices. The old fallow system is the most common cropping sys-
tem where crops are a mixed and dominated by groundnuts (Arachis hypogea),
cassava (Manihot esculenta), and maize (Zea mays) cultivated mostly twice a
year. The first farms being set up in March-April with corn and peanuts. They
are harvested in June-July. Cassava associated with it stays for another 6 to 12
months. This farm thus represents a granary which is placed under the responsi-
bility of the woman although the man holds the responsibility of clearing. The
second type of farm is that of off-season and is cultivated by approximately 70%
of the households. In this zone, arable land is relatively scarce: around 30% of
households practice the old fallow system. Secondary forests continue to be ex-
ploited by those who lack old fallow land. Fifty two percent of households culti-
vate the flooded valleys for off-season crops. The average number of fields in this

category is significantly high (Zapfack, 2005).

2.2. Ethnobotanical Studies

The ethnobotanical study was carried out following a series of surveys using a
pre-established questionnaire containing questions on: the respondent, the use
of plants (particularly on non-timber forest products and wood), the parts used,
the access to resources, the local perceptions of forest degradation. Surveys
mainly involved household heads and 42 people aged 27 to 65 were inter-viewed,
including 16 women and 26 men. Only people carrying out activities in the re-
serve were surveyed. These surveys were carried out in the IRAD concession of
the Mbalmayo reserve forest in order to assess the perception of population on
the state of reserve. The method used was semi-structured interview. Questions
were prepared ahead of time and this allows us to be prepared during the inter-
view and allow informants the freedom to express their views in their own

terms.

2.3. Data Collection and Analysis

In order to develop land use/land cover maps over the past decades, we have
used Landsat 5TM, Landsat 7JETM+ and Landsat 8OLI satellite images taken in
1990, 2005 and 2020 respectively. These images are GLCF GeoCover (Global
Landcover Facility) data, produced under contract with NASA (National Aero-
nautics and Space Administration). They contain location information provided
by the NGA (National Geospatial Agency) and USGS (US Geological Survey)
and are freely downloadable from the website www.landcover.org. GeoCover
data has the advantage of being orthorectified: the geometric deformations of the
image have been corrected in order to obtain a correct planimetric image that
can be easily integrated into a geographic information system (GIS). In order to
reduce cloud cover, images from the dry season period were selected. These dif-
ferent images were processed using ENVI 5.3 software to extract desired infor-

mation. They are provided in the standard Geotiff format, with a UTM (Univer-
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sal Transverse Mercator) projection based on the WGS 84 Datum. The processing
of satellite images was carried out in two stages (Figure 2): pre-processing and
supervised classification (Bamba et al., 2010; Barima et al., 2010). All processing
was performed using ERDAS Imagine 14.0 software (Leica Geosystems GIS &
Mapping, LLC, 2003).

The classification stage consisted in defining the nomenclature of different
land cover (Dense forest, fields, light forest ,grassy savannah, buildings etc.)
based on the LCCS model (Land Cover Classification System) of FAO (Di Gre-
gorio & Jansen, 2005), later on, followed the colored composition of bands;
(2-4-1) for the scene of 1990, (5-4-3) for the scene of 2005, and (6-5-3) for the
scene of 2020 using the Envi 5.3 software. Afterwards, the sampling plots were
materialized on a homogenous zone in order to develop an algorithm based on
the recognition of the reflection of spatial entities, after which followed the su-

pervised classification of images.

« Year of acquisition (1990, 2005 and 2020)
Acquisition of satellite |  Raw scenes Landsat image downloading (glovis.usgs.gov)

image
« Assemblage of bands (layer staking)
« Corrections (geometric and radiometric)
Pre-treatments « Mosaic
« Nomenclature of land cover classes
« Colored composition
Classification « Supervised classification

« Sampling plots

« Colored and classified image comparison

Post « Validation (field, Landsat image Google Earth ...)
Classification

« Elaboration of Meta data
« Calculation of surface area

Finalization
« Crossing of different images (1990-2005) and (2005-2020)
Detection of « Statistical analysis of land cover units
Changes
o Land cover cards of different images
« Statistics on the evolution of land cover landscape
Results

o Discussions

\/

Figure 2. Flowchart showing the different stages of processing satellite images to obtain
land cover maps.
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In Post classification, change detection method was used to compare inde-
pendently produced classified images. This was achieved via an extraction of sta-
tistics for time series analysis and trends of change of the different identified
land uses and land cover classes. Finally, vectors derived from digital processing
in ENVI were imported into Arc Map 10.2 software for the extraction of the lay-
ers to be used, digitization, generation of databases, and production of maps.

Figure 2 shows the different phases of image processing.

3. Results

3.1. Economic Activities and the Drivers of Deforestation
According to Population

The respondents were mainly people carrying out activities within the reserve.
42 people aged 27 to 65 were interviewed, including 16 women and 26 men. The
data from the surveys of the 47 farmers met in the forest constituted several ele-
ments among which we can cite the method of tree management and the needs
of the local population (firewood, service wood, NTFPs).

Wood is an important resource for all respondents in this locality. For 34% of
respondents, wood is intended for several uses, in particular energy wood (fire-
wood, charcoal) and lumber (Figure 3). Generally, this collection is done in
their fields. The preference of the tree to be exploited depends on its uses, and its
presence in the fields determines the type of crop. The uses cited for ligneous
plants are among other things, food, medicinal (by using the leaves, roots, bark)
and traditional. Main use of NTFPs in the reserve.

The survey revealed the need for NTFPs for the Mbalmayo reserve forest pop-
ulations. Indeed, all respondents agreed that they use non-timber forest products
from the forest, mainly for medication (37%), wood (34%) and food (24%).

The vegetation of the Mbalmayo reserve forest appears to be progressively de-
graded. Indeed, 90% of the respondents answered in the affirmative to the ques-
tion of whether the vegetation is degraded, against 10% who did not observe de-
gradation. Unsustainable exploitation of timber and non-timber forest products,
presence of several farms inside the reserve, the cultivation techniques uses
(slash and burn agriculture) constitute some drivers of degradation highlighted.
All respondents use fire to clear the land because, according to them, it reduces
the ardour of work. They set fire in the dry season and it is during this period
that most of the woodcutting is done. However, about 66% of farmers use fire-

breaks to limit damage when fire passes.

3.2. Land Use/Land Cover Dynamics of Mbalmayo Forest Reserve
from 1990-2020

From the hybrid image classifications of Landsat scenes of 1990, 2005 and 2020,
seven main land cover classes were identified namely; mature secondary forest,
young secondary forest, savanna, fallows and crops, built, bare soil and water sur-
face (Figure 4).
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Figure 3. Main use of NTFPs in the Mbalmayo forest reserve.
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Figure 4. Land use/land cover types between 1990 and 2020.

e Secondary forest: Forest that has been logged and has recovered naturally or
artificially, divided into mature secondary forest and young secondary forest.

e Savanna vegetation: It is an assembly of grass and herbs. This cover is at the
boundaries of sparse vegetation representing formally sparsely dense surfaces
that have lost their tree covering.

e Fallows and crops: Agricultural land with crops (cereal, vegetable, and fruits)
and old and young fallows.

e Built area: Areas occupied by settlements (cities, villages, roads, and other buil-

ding).
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e Bare soil: There are partly boulders of stones and rocks and sections of the
soil with insignificant vegetation cover or no vegetation cover at all. They con-
stitute sections of lands obtained from savanna cover as a result of scorch
heat action or drought conditions and fires.

e Water surface: Rivers, ponds, and reservoirs.

The analysis of the evolution of land use/land cover in the Mbalmayo forest
reserve and its surroundings between 1990 and 2005 is summarized in Table 1
and Figure 4. It appears from this table that between 1990 and 2020, the propor-
tions of dense vegetation decreased and that of savanna, built, bare soil and
sparse vegetation increased. Over the last 30 years, the forest reserve of Mbal-
mayo and its surroundings have undergone notable land use and land cover
(Figure 4). The comparison with the help of Table 1 of the land use/land cov-
er show that changes were more significant between the years 1990-2005 com-
pared to the years 2005-2020, with a marked decrease in the area of dense fo-
rests. The mature secondary forest lost over the past 30 years 6993 ha (26.92%)
of its surface, which corresponds to an average rate of deforestation of 233.1
ha/year.

Land use and land cover changes are also observed in young secondary fo-
rests, savannas, buildings and bare soils which increase their area from 1990 to
2005. We went from 3781 ha in 1990 to 7166 ha in 2005 for young secondary
forest, 1073 ha in 1990 to 2297 ha in 2005 for savannas, 856 ha in 1990 to 1002
ha in 2005 for buildings and 300 ha in 1990 to 572 ha in 2005 for bare soils. In-
deed, the different types of land use are likely to be transformed into crop fields,
which leads to changes in forest cover.

In 1990, forest reserve of Mbalmayo consists mainly of mature (65%) and
young (14%) secondary forest, followed by savannas (4%), fallows and crops
(9%). The Mbalmayo reserve and its surroundings had a total area of 25,803 ha.
This area is divided into secondary forest occupying an area of 20,775 ha (80.51%
of the total area), savannas occupying an area of 1073 ha (4.16% of the total area),

fallows and crops with an area of 2397 ha (9.29%), buildings which represent an

Table 1. Change in land use/land cover from 1990 to 2020 in Mbalmayo forest reserve.

1990 2005 2020

Land cover/Land use
Area (ha) % Area (ha) % Area (ha) %

Mature secondary forest 16,994 65.86 12,232 41.71 10,001 38.94
Young secondary forest 3781 14.65 7166 27.95 6859 26.70

Savanna vegetation 1073 4.16 2296 8.95 3506 13.65
Fallows and crops 2397 9.29 2036 7.94 2897 11.28
Built 856 3.32 1002 3.91 1521 5.92
Bare soil 300 1.16 572 2.23 473 1.84
Water surface 402 1.56 337 1.31 427 1.66
Total 25,803  100.00 25,803  100.00 25,803  100.00
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area of 856 ha (3.32%), bare soil and water surface with respectively 300 ha and
400 ha (1.16% and 1.56% of the total area)

It can be seen that the reserve and its surroundings have undergone a change
in 2005 compared to that of 1990. The dense forest has experienced a loss of
area, which leads to an increase in the area of other types of land use. Despite the
fact that secondary forest has experienced a reduction in size due to the estab-
lishment of plantations, it has always remained dominant. The area of mature
secondary forest (16,994 ha; 65.86%) in 1990 decreased to 12,232 ha (47.71%) in
2005. This loss of area of mature forest (4762 ha) goes with an increase in the
areas of young secondary forests from 3781 ha (14.65%) in 1990 to 7166 ha
(27.95%) in 2005; savannas of 1224 ha, 1073 ha (4.16%) in 1990 to 2297 ha
(8.96%) in 2005; buildings of 146 ha, 856 ha (3.32%) in 1990 to 1002 ha (3.91%)
in 2005; bare soils of 272 ha, 300 ha (1.16%) in 1990 to 572 (2.23%) in 2005. The
area of fallows land and crops decreased from 361 ha, 2397 ha (9.29%) in 1990 to
2036 ha (7.94%) in 2005 (Table 1).

In 2020, we also observe changes in the Mbalmayo reserve and its surround-
ings compared to 2005. Indeed, we see that the area of secondary forest has suf-
fered a loss of 2231 ha, we have gone from 12232 ha (41.71%) in 2005 to 10,001
ha (38.94%) in 2020. This decrease in the area of mature secondary forests goes
hand in hand with the increase in certain types of land use, in particular savan-
nas which increased from 2297 ha (8.96%) in 2005 to 3506 ha (13.65%), an in-
crease in its surface area of 1208 ha, fallows and crops increased by 861 ha on the
area (2036 ha in 2005 compared to 2098 ha in 2020), buildings increased from
1002 ha (3.91%) in 2005 to 1521 ha (5.92%) in 2020, an increase of 519 ha. With
regard to young secondary forests and bare soils, there is rather a decrease in
area; we pass respectively from 7166 ha (27.95%) in 2005 to 6859 ha (26.70%) in
2020 and 572 ha (2.23%) in 2005 to 473 ha (1.84%) in 2020.

Changes in the state of the forest cover from 1990 to 2020 is summarized in

Table 2.

Table 2. Summary of changes of land cover and land use from 1990 to 2020.

Annual change from 1990 to 2020 (%)

Land cover/Land use

1990-2005 2005-2020 1990-2020

Mature secondary forest -18.16 -8.77 —26.92
Young secondary forest 13.29 -1.24 12.05
Savanna vegetation 4.80 4.69 9.49
Fallows and crops -1.35 3.34 1.99
Built 0.59 2.01 2.60
Bare soil 1.07 -0.39 0.68
Water surface —-0.24 0.35 0.11

Negative value signify a lost while positive values signify gains in percentages.
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The mature secondary forest has experienced a significant change in the pe-
riod from 1990 to 2005 (—18.16%) compared to the period from 2005 to 2020
(—8.77%). The savannah vegetation experienced a slight change in its area from
2005 to 2020 (4.69%) compared to the period 1990-2005 (4.80%). With regard to
fallows and crops, there are changes in its area, at a rate of —1.35% for the period
1990-2005 against 3.34% for the period 2005-2020. For buildings, the changes in
the period 2005-2020 are greater (2.01%) than the period 1990-2005 (0.69%).

4. Discussion

The increased presence of standing burned trees, burned stumps and residues of
illegal sawing testifies on the one hand to the neglect of ligneous trees in favour
of food crops and on the other hand to the absence of forest control in the
Mbalmayo forest reserve. Thus, after cultivation season, the search for fertile
plots forces farmers to move, dragging old plots in a fallow state, which accele-
rates degradation. Agriculture therefore appears to be the main cause of degra-
dation of the Mbalmayo forest reserve. Recent studies show that even classified
forests are facing many anthropogenic pressures that lead to their degradation
and deforestation (Zekeng et al., 2019; Djiongo et al., 2020; Fokeng et al., 2020;
Temgoua et al., 2021). Similar drivers are found in other parts of Cameroon by
Momo et al., (2018) in the Koupa-Matapit gallery forest and Temgoua et al.,
(2018) in the Ajei community forest. Agriculture has been identified as the main
activity in the locality. The local populations therefore create agricultural planta-
tions within the reserve in order to be able to extend their cultivable land con-
sequently have a higher income when selling products coming from these plan-
tations.

The 47 people surveyed and carrying out activities in the forest reserve are all
farmers, who through their activities such as conversion into agricultural land of
both large and medium plantations as well as smallholders and harvesting fire-
wood have a negative impact on woody formations and species richness. This
can be illustrated by the practice of fallow after a growing season; the farmer can
decide for the following season to leave a field fallow and thereby convert other
forest formations into agricultural land. Since the agricultural revolution, the
world has lost much of the vegetation cover (Goudie, 1996). According to this
author, nearly 16% of the forest is transformed into arable land. These transfor-
mations lead to the disappearance of certain habitats in certain parts of the ter-
restrial globe. Zapfack (2005) noted that agricultural land use causes land cover
changes. The disappearance of certain natural habitats is frequent in the dense
humid forest zone of southern Cameroon. In the Yaounde region and even in
many others localities in the South, the original forests have disappeared, proba-
bly with plant and animal species. The state of degradation of the forest here re-
sults in excessive cutting and slash-and-burn agriculture. In Asia for example,
Sakthivel et al. (2010) highlighted illegal lumbering, forest fires and shifting cul-

tivation as leading causes to land use and land cover change in the tropical de-

DOI: 10.4236/gep.2022.109016

281 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.109016

M. D. Liliane et al.

ciduous forest in Kalrayan hills in India. These findings do clearly reveal that
agricultural expansion generally affects land cover conditions and status and is at
the center of most forest lost registered in the world. The uses made of ligneous
resources have been replaced, these are food, wood energy, traditional medicine
and traditional rites. The respondents also noted that the rarity or even the dis-
appearance of certain species that are highly valued in the pharmacopoeia, such
as Baillonella toxisperma, Mammea africana, and many others. Dan et al. (2012),
in their study of the swamp forest of Lokoli in Benin pointed out that the almost
daily human presence within the forest, the research and harvesting of NTFPs
and other wood products are at the origin of the loss or the disappearance of
species.

Analysis of Landsat 5TM, Landsat ZETM+ and Landsat 8OLI satellite images
taken in 1990, 2005 and 2020 respectively has made the assessment of the evolu-
tion of forest cover in the Mbalmayo forest reserve and its surroundings over the
past three decades possible. Land use leads to a change in vegetation cover. Ve-
getation is experiencing an essentially regressive evolution. This regression is
much more important in dense forest vegetation. Since the agricultural revolu-
tion, the world has lost much of the vegetation cover (Goudie, 1996). According
to this author, nearly 16% of forests have been transformed into cultivable land.
Changes in forest cover over a period of 8 - 10 years and at a precise scale using
images presented at different time periods remain the most appropriate tool to
detect changes in vegetation cover (Mahmoud et al., 2010). The results obtained
show that the forest reserve of Mbalmayo lost from 1990 to 2020 an area of 6993
ha (26.92%) of its forest cover, corresponding to an average deforestation rate of
0.89% or 233.1 ha/year. Temgoua et al., (2021) at the end of their work within
the Melap reserve forest also obtained results showing an ongoing deforestation
process. This trend of decreasing forest cover in favour of other land use types
was observed by many authors in other protected areas in Cameroon. Some of
these authors are Wafo et al. (2005) in Laf-Madjam forest reserve; Fokeng & Me-
li (2015) in Santchou wildlife reserve; Djiongo et al. (2020) in Bouba Ndjidda na-
tional park and Fokeng et al. (2020) in Metchie-Ngoum forest reserve. However
this deforestation rate is higher than that found by Rogers (2011) who obtained a
deforestation rate of 0.05% in Central Africa, and lower than those of Momo et
al. (2012) who obtained a deforestation rate of 50.9% in the forest mountains of
Kilum-Ijim, a value which follows the trend reported globally indicating that
50% of tropical forests have been severely degraded or converted for agriculture
(Wright, 2005; FAO, 2007; Stork et al., 2009). This trend is similar to those ob-
served by many authors in Cameroon and in Africa (Momo et al., 2012; Fokeng
& Meli, 2015; Momo et al., 2018; Temgoua et al., 2018) and in other African
countries (Avakoudjo et al., 2014; Benoudjita & Djinet, 2017; Zakari et al., 2018).

The Mbalmayo forest reserve is part of the Permanent Forest Domain (DFP)
and therefore classified among the forests for integral protection. The changes

observed then in the evolution of its forest cover over the last 30 years, especially
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since there are villages all around, suggest that the populations who are in con-
stant search of land to exercise their subsistence activities, are the main players
in the loss of forest cover in the area. Indeed, the Operational Unit for Monitor-
ing Forest Cover (2019) in its report indicates that all the causes of deforestation
are due to human activities. Of these, 60% were caused by agriculture (subsis-
tence or industrial) which remains the main cause of forest cover loss nation-
wide regardless of land use category. As for logging activities, they cause 34.45%
of disturbance on the whole forest areas encroached and lost. Temgoua et al.
(2018) noticed from field observation that, farmers practicing slash and burn
farming techniques, cattle head men are the principal agents causing land use
change. They are accompanied by loggers who harvest wood for construction
and housing purposes in the forest.

The results also showed a clear progression of young secondary forests during
the period 1990-2020. The latter result from the degradation of old forests and
can be qualified in this context as secondary post-cropping forests. Post-cultivation
secondary forests are mainly home to ruderal and ubiquitous plant communi-
ties, very different from those of primary forest (Zapfack et al., 2002) and proba-
bly require several centuries before returning to the state of primary forest (Cas-
cante-Marin et al., 2006; Barlow et al., 2007; Alvarez-Yépiza et al., 2008; Kassi &
Decocq, 2008), although secondary forests can sometimes be an interesting
complement from a species conservation point of view (Castillo-Campos et al.,
2008; Dent & Wright 2009). Zapfack et al. (2002) have shown that primary and
secondary forests in Cameroon have only 42% similarity in terms of specific
composition and do not provide equivalent ecosystem services. The images also
show an increase of built-up area. Urbanization and the expansion of infra-
structure and population growth could explain this situation. When population
pressure is intense enough, people also accentuate off-season crops in swamps in
order to supply markets and meet their needs.

The current mature secondary forest cover of the Mbalmayo forest reserve is
10,001 ha, which corresponds to the data obtained after verification in the field.
There is a decline in the areas of young secondary forests as well as that of old
forests. In fact, we went from an increase in area of 3385 ha (13.3%) in 1990-2005
to a decline of 307 ha (—1.27%). Large areas of forests are therefore disappearing
each year under the human action of man, who exerts pressure on forest species,
thus leading to their death and probable disappearance. The Operational Unit
for Monitoring Forest Cover (UOCSF) in 2019 reports with regard to protected
areas such as the National Parks of Bakossi, Douala-Edéa and Tchabal Mbabo
and in certain unnamed forest reserves located in the Center and South Regions
Cameroon, it has been detected signals of deforestation due to agricultural activ-
ities and logging for timber harvesting. Knowing that these massifs are forest
titles with a vocation of integral protection, it is necessary to awaken the con-
science of the personnel of MINFOF in order to be more vigilant to accentuate

the actions of protection of titles of this category.
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5. Conclusion

This study aimed to present the changes in forest cover in the Mbalmayo reserve
over the past 30 years, based on GIS analysis of satellite images. The methodo-
logical approach used for the processing of the satellite images chosen within the
framework of this study shows us that observation and measurements in the
field constitute an effective means for the characterization of the vegetation cov-
er of the forest reserve of Mbalmayo and its surroundings. Thus, we have identi-
fied 7 types of land use, namely old secondary forests, young secondary forests,
savannas, fallows and crops, buildings, bare soil and finally water surfaces. From
1990 to 2020, the mature secondary forest cover is in a trend of progressive de-
forestation. There is an area loss of 6993 ha (26.92%) of its surface, correspond-
ing to an average deforestation rate of 0.89% (233.1 ha/year). This is explained
by the fact that there is a human activity in the forest, by the cuts made by the
populations in their growing need to extend land for the practice of agriculture
and for exploitation lumber. Given that the forest reserves are classified in the
Permanent Forest Domain, and therefore intended for integral protection, it
therefore becomes urgent to redefine a management plan for the Mbalmayo for-
est reserve which will define how the forest must be managed to optimize the use
of its resources and contribute to their sustainability. It also requires the partici-
pation of the local population, for example through the recognition of user rights.
It would be important to make floristic inventories to have an idea of the specific
richness of the forest reserve in order to delimit the zones to be granted more vi-
gilance to limit the activities of the local populations and also to launch a pro-

gram of reforestation.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

Aleman, J. C,, Jarzyna, M. A., & Staver, A. C. (2018). Forest Extent and Deforestation in
Tropical Africa since 1900. Nature Ecology & Evolution, 2, 26-33.
https://doi.org/10.1038/s41559-017-0406-1

Aliani, H., Malmir, M., Sourodi, M., & Kafaky, S. B. (2019). Change Detection and Pre-
diction of Urban Land Use Changes by CA-Markov Model (Case Study: Talesh Coun-
ty). Environmental Earth Sciences, 78, Article No. 546.
https://doi.org/10.1007/s12665-019-8557-9

Alvarez-Yépiza, J. C., Martinez-Yrizara, A., Burqueza, A., & Lindquist, C. (2008): Varia-
tion in Vegetation Structure and Soil Properties Related to Land Use History of Old-
Growth and Secondary Tropical Dry Forests in Northwestern Mexico. Forest Ecology
and Management, 256, 355-366. https://doi.org/10.1016/j.foreco.2008.04.049

Avakoudjo, J., Mama, A., Toko, I., Kindomihou, V., & Sinsin, B. (2014). Dynamique de
Poccupation du sol dans le Parc National du W et sa périphérie au nord-ouest du Be-

nin. International Journal of Biological and Chemical Sciences, 8, 2608-2625.
https://doi.org/10.4314/ijbcs.v8i6.22

DOI: 10.4236/gep.2022.109016

284 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.109016
https://doi.org/10.1038/s41559-017-0406-1
https://doi.org/10.1007/s12665-019-8557-9
https://doi.org/10.1016/j.foreco.2008.04.049
https://doi.org/10.4314/ijbcs.v8i6.22

M. D. Liliane et al.

Bamba, I, Barima, Y. S. S., & Bogaert, J. (2010). Influence de la densité de la population
sur la structure spatiale d’un paysage forestier dans le bassin du Congo en R, D. Congo.
Tropical Conservation Science, 3, 31-44. https://doi.org/10.1177/194008291000300104

Barima, Y. S. S., Egnankou, M. W., N’doumé, C. T. A,, Kouamé, F. N., & Bogaert, J.
(2010). Modélisation de la dynamique du paysage forestier dans la région de transition
forét-savane a I’est de la Cote d’Ivoire. Télédétection, 9, 129-138.

Barlow, J., Gardner, T. A., Araujo, I. S., Avila-Pires, T. C., Bonaldo, A. B., Costa, J. E,,
Esposito, M. C. et al. (2007). Quantifying the Biodiversity Value of Tropical Primary,
Secondary, and Plantation Forests. Proceedings of the National Academy of Sciences of
the United States of America, 104, 18555-18560.
https://doi.org/10.1073/pnas.0703333104

Benoudjita, N., & Djinet, I. A. (2017). Comment les aires protégées structurent les éco-
systemes des périphéries. International Journal of Biological and Chemical Sciences, 11,
2225-2242. https://doi.org/10.4314/ijbcs.v11i5.22

Cascante-Marin, A., Wolf, J. H. D., Oostermeijer, J. G. B., Den Nijs, J. C. M., Sanahuja,
O., & Duran-Apuy, A. (2006). Epiphytic Bromeliad Communities in Secondary and Ma-
ture Forest in a Tropical Premontane Area. Basic and Applied Ecology, 7, 520-532.
https://doi.org/10.1016/j.baae.2005.10.005

Castillo-Campos, G., Halffter, G., & Moreno, C. E. (2008). Primary and Secondary Vege-
tation Patches as Contributors to Floristic Diversity in a Tropical Deciduous Forest
Landscape. Biodiversity and Conservation, 17,1701-1714.
https://doi.org/10.1007/s10531-008-9375-7

Cheng, K., & Wang, J. (2019). Forest Type Classification Based on Integrated Spectral-
Spatial-Temporal Features and Random Forest Algorithm: A Case Study in the Qinling
Mountains. Forests, 10, Article No. 559. https://doi.org/10.3390/f10070559

Dan, C. B. S, Sinsin, B. A., Mensah, G. A., & Lejoly, J. (2012). Influence des activités
anthropiques sur la diversité floristique des communautés végétales de la forét
marécageuse de Lokoli au Sud-Bénin. International Journal of Biological and Chemical
Sciences, 6, 3064-3081. https://doi.org/10.4314/ijbcs.v6i6.8

De Wasseige, C., Flynn, J., Louppe, D., Hiol Hiol, F., & Mayaux, P. (Eds.) (2014). Congo
Basin Forest: State of the Forests 2013. Weyrich Edition.
https://www.observatoire-comifac.net/docs/edf2013/FR/EDF2013 FR INTRO.pdf

Dent, D. H., & Wright, S. J. (2009). The Future of Tropical Species in Secondary Forests:
A Quantitative Review. Biological Conservation, 142, 2833-2843.
https://doi.org/10.1016/j.biocon.2009.05.035

Di Gregorio, A., & Jansen, L. J. M. (2005). Land Cover Classification System (LCCS):
Classification Concepts and User Manual. Food and Agriculture Organization of the
United Nations. http://www.fao.org/docrep/003/x0596€e/x0596e00.HTM

Djiongo, J. E. B., Desrochers, A., Avana, M. L. T., Khasa, D., Zapfack, L. & Fotsing, E.
(2020). Analysis of Spatio-Temporal Dynamics of Land Use in the Bouba Ndjidda Na-
tional Park and its Adjacent Zone (North Cameroun). Open Journal of Forestry, 10,
39-57. https://doi.org/10.4236/0jf.2020.101004

FAO [Food and Agriculture Organization of the United Nations] (1998). FRA 2000 Terms
and Definitions (FRA Working Paper 1). FAO Forestry Department.
http://www.fao.org/forestry/fo/fra/index.jsp

FAO [Food and Agriculture Organization of the United Nations] (2007). L’Etat des res-
sources zoogénétiques pour I'alimentation et l'agriculture dans le monde. Food and
Agriculture Organization of the United Nations. http://www.fao.org/3/a-a1250f.pdf

FAO [Food and Agriculture Organization of the United Nations] (2020). Situation des

DOI: 10.4236/gep.2022.109016

285 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.109016
https://doi.org/10.1177/194008291000300104
https://doi.org/10.1073/pnas.0703333104
https://doi.org/10.4314/ijbcs.v11i5.22
https://doi.org/10.1016/j.baae.2005.10.005
https://doi.org/10.1007/s10531-008-9375-7
https://doi.org/10.3390/f10070559
https://doi.org/10.4314/ijbcs.v6i6.8
https://www.observatoire-comifac.net/docs/edf2013/FR/EDF2013_FR_INTRO.pdf
https://doi.org/10.1016/j.biocon.2009.05.035
http://www.fao.org/docrep/003/x0596e/x0596e00.HTM
https://doi.org/10.4236/ojf.2020.101004
http://www.fao.org/forestry/fo/fra/index.jsp
http://www.fao.org/3/a-a1250f.pdf

M. D. Liliane et al.

foréts du monde.

Foahom, B. (1983). Note de présentation de I'antenne de Mbalmayo (état d’avancement
des recherches) (18 p). Institut de Recherche Agricole.

Fokeng, M. R., & Meli, M. V. (2015). Modelling Drivers of Forest Cover Change in the
Santchou Wildlife Reserve, West Cameroon Using Remote Sensing and Land Use Dy-
namic Degree Indexes. Canadian Journal of Tropical Geography, 2, 29-42

Fokeng, M. R,, Forje, W. G., Meli, M. V., & Bodzemo, B. N. (2020). Multi-Temporal For-
est Cover Change Detection in the Metchie-Ngoum Protection Forest Reserve, West
Region of Cameroon. The Egyptian Journal of Remote Sensing and Space Sciences, 23,
113-124. https://doi.org/10.1016/].ejrs.2018.12.002

Goudie, A. (1996). The Human Impact on the Natural Environment. The MIT Press.

Hamad, R., Balzter, H., & Kolo, K. (2018). Predicting Land Use/Land Cover Changes Us-
ing a CA-Markov Model under Two Different Scenarios. Sustainability, 10, Article No.
3421. https://doi.org/10.3390/su10103421

Hansen, M. C,, Potapov, P. V., Moore, R., Hancher, M., Turubanova, S. A., Tyukavina,
A., & Townshend, J. R. G. (2013). High-Resolution Global Maps of 21st-Century Forest
Cover Change. Science, 342, 850-853. https://doi.org/10.1126/science.1244693

Hosonuma, N., Herold, M., De Sy, V., De Fries, R. S., Brockhaus, M., Verchot, L. et al.
(2012). An Assessment of Deforestation and Forest Degradation Drivers in Developing
Countries. Environmental Research Letters, 7, Article ID: 044009.
https://doi.org/10.1088/1748-9326/7/4/044009

Kassi, J., & Decocq, G. (2008). Successional Patterns of Plant Species and Community
Diversity in a Semi-Deciduous Tropical Forest under Shifting Cultivation. Journal of
Vegetation Science, 19, 809-820. https://doi.org/10.3170/2008-8-18453

Laurance, W. F., Sloan, S., Weng, L., & Sayer, J. A. (2015). Estimating the Environmental
Costs of Africa’s Massive ‘Development Corridors’. Current Biology, 25, 3202-3208.
https://doi.org/10.1016/j.cub.2015.10.046

Leica Geosystems GIS & Mapping, LLC. (2003). ERDAS IMAGINE Tour Guides: ERDAS
IMAGINE 8.6. Leica Geosystems GIS & Mapping, LLC.

Loreau, M. (2005). Paris Declaration on Biodiversity. In M. D. la Recherche (Ed.), Inter-
national Conference on Biodiversity: Science and Governance (319 p), Paris: UNESCO.

Loveland, T. R., & Dwyer, J. L. (2012). Landsat: Building a Strong Future. Remote Sensing
of Environment, 122, 22-29. https://doi.org/10.1016/j.rse.2011.09.022

Mahmood, R., Pielke, R. A., Hubbard, K. G., Yogi, D. N., Bonan, G., Lawrence, P., Mcnider,
R., Mcalpine, C., Etter, A., Gameda, S., Qian, B., Carleton, A., Beltran-Przekurat, A.,
Chase, T., Quintanar, A. I., Adegoke, J. O., Arambu, S. V., Conner, G., Asefi, S., Sertel,
E., Legates, D. R,, Wu, Y., Hale, R., Frauenfeld, O. W., Watts, A., Shepherd, M. H., Mi-
tra, C., Anantharaj, V. G,, Fall, S., Lund, R., Trevifio, A., Blanken, P., Du, J., Chang,
H-I, Leeper, R., Nair, U. S., Dobler, S., Deo, R., & Syktus, J. (2010). Impact of Land Use
and Land Cover Change on Change and Future Research Priorities. Bulletin of the
American Meteorological Society, 91, 37-46. https://doi.org/10.1175/2009BAMS2769.1

Modica, G., Merlino, A., Solano, F., & Mercurio, R. (2015). An Index for the Assessment
of Degraded Mediterranean Forest Ecosystems. Forest Systems, 24, Article No. e37.
https://doi.org/10.5424/fs/2015243-07855

Momo, S. M. C., Chabrerie, O., Gallet-Moron, E., Nkongmeneck, B. A., Leumbe, L. O. N,
& Decocq, G. (2012). Analyse de la Dynamique de Déforestation par Télédétection
Couplée aux Modeles d’Equations Structurales: Exemple de la Foret Nepheliphile du
Mont Oku (Cameroun). Acta Botanica Gallica, 159, 451-466.

DOI: 10.4236/gep.2022.109016 286 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.109016
https://doi.org/10.1016/j.ejrs.2018.12.002
https://doi.org/10.3390/su10103421
https://doi.org/10.1126/science.1244693
https://doi.org/10.1088/1748-9326/7/4/044009
https://doi.org/10.3170/2008-8-18453
https://doi.org/10.1016/j.cub.2015.10.046
https://doi.org/10.1016/j.rse.2011.09.022
https://doi.org/10.1175/2009BAMS2769.1
https://doi.org/10.5424/fs/2015243-07855

M. D. Liliane et al.

https://doi.org/10.1080/12538078.2012.750583

Momo, S. M. C,, Njouonkouo, A. L., Temgoua, L. F., Djouda, Z. R., Wouokoue, T. J. B., &
Ntoukpa, M. (2018). Land Use/Land Cover Change and Anthropogenic Causes around
Koupa-Matapit Gallery Forest, West-Cameroon. Journal of Geography and Geology;,
10, 56-65. https://doi.org/10.5539/jgg.v10n2p56

Morellet, J. (1952). Une Expérience Sylvicole au Cameroun. Bois et Foréts des Tropiques,
25,297-331.

Mukete, B., Sun, Y., Baninla, Y., Achem Baye, J., Bakia, M., Sajjad, S., Tamungang, R., Ja-
ba, W., & Chalwe, P. (2017). Perspectives of Remote Sensing and GIS Applications in
Tropical Forest Management. American Journal of Agriculture and Forestry, 5, 33-39.
https://doi.org/10.11648/j.ajaf.20170503.11

Nagendra, H., Lucas, R., Honrado, J. P., Jongman, R. H. G, Tarantino, C., Adamo, M., &
Mairota, P. (2013). Remote Sensing for Conservation Monitoring: Assessing Protected

Areas, Habitat Extent, Habitat Condition, Species Diversity, and Threats. Ecological
Indicators, 33, 45-59. https://doi.org/10.1016/j.ecolind.2012.09.014

Operational Unit for Monitoring Forest Cover (2019). Report on Major Deforestation
Events in Cameroon in 2019.

Ordway, E. M., Asner, G. P., & Lambin, E. F. (2017). Deforestation Risk Due to Com-
modity Crop Expansion in Sub-Saharan Africa. Environmental Research Letters, 12, Ar-
ticle ID: 044015. https://doi.org/10.1088/1748-9326/aa6509

Owona, N. P. A, Peltier, R., Linjouom, I., Louppe, D., Smektala, G., Beligne, V., Njou-
kam, R. & Temgoua, L. F. (2009). Plantation de bois d’ceuvre en zone équatoriale
africaine: Cas de l'arboretum de ’Enef de Mbalmayo au sud du Cameroun. Bois et
Foréts des Tropiques, 299, 37-48. https://doi.org/10.19182/bft2009.299.a20421

Peltier R., & Njoukam R. (2006). Plan Directeur de Formation de 'ENEF de Mbalmayo
(Cameroun) (p. 4). MINFOF [Ministére des Foréts et de la Faune]/CIRAD [Centre de
coopération internationale en recherche agronomique pour le développement].

Ricketts, T. H., Dinerstein, E., Boucher T., Brooks T. M., Butchart, S. H. M., Hoffman, M.
et al. (2005). Pinpointing and Preventing Imminent Extinctions. Proceedings of the
National Academy of Sciences of the United States of America, 102, 18497-18501.
https://doi.org/10.1073/pnas.0509060102

Rogers, J. (2011). The Effectiveness of Protected Areas in Central Africa: A Remotely
Sensed Measure of Deforestation and Access (p. 128). Thesis Submitted to the Gradu-
ate School of Arts and Sciences, Columbia University.

Sakthivel, R., Manivel, M., Jawaharraj, N., Pugalanthi, V., Ravichandran, N., & Vijay, D.
A. (2010). Remote Sensing and GIS Based Forest Cover Change Detection Study in Ka-
Irayan Hills, Tamil Nadu. Journal of Environmental Biology, 31, 737-747.

Stork, N. E., Coddington, J. A., Colwell, R. K., Chazdon, R. L., Dick, C. W., Peres, C. A,,
Sloan, S., & Willis, K. (2009). Vulnerability et Resilience of Tropical Forest Species to
Land-Use Change. Conservation Biology, 23, 1438-1447.
https://doi.org/10.1111/.1523-1739.2009.01335.x

Temgoua, L. F., Allaissem, B., Tchamba, M., Saradoum, G., Osee, M. M., & Solefack, M.
C. M. (2018). Spatio-Temporal Dynamic of Land Use and Land Cover in the Classified
Forest of Djo-li-Kera, South-Eastern, Chad. Open Journal of Forestry, 8, 283-296.
https://doi.org/10.4236/0if.2018.83019

Temgoua, L. F., Meyabeme, E. A. L., Younchahou, M. N., Ngouh, A., & Nzuta, C. K.
(2021). Land Use and Land Cover Dynamics in the Melap Forest Reserve, West Came-

roon: Implications for Sustainable Management. Geology; Ecology, and Landscapes.
https://doi.org/10.1080/24749508.2021.1923269

DOI: 10.4236/gep.2022.109016

287 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.109016
https://doi.org/10.1080/12538078.2012.750583
https://doi.org/10.5539/jgg.v10n2p56
https://doi.org/10.11648/j.ajaf.20170503.11
https://doi.org/10.1016/j.ecolind.2012.09.014
https://doi.org/10.1088/1748-9326/aa6509
https://doi.org/10.19182/bft2009.299.a20421
https://doi.org/10.1073/pnas.0509060102
https://doi.org/10.1111/j.1523-1739.2009.01335.x
https://doi.org/10.4236/ojf.2018.83019
https://doi.org/10.1080/24749508.2021.1923269

M. D. Liliane et al.

Tripathy, P., & Kumar, A. (2019). Monitoring and Modelling Spatio-Temporal Urban
Growth of Delhi Using Cellular Automata and Geoinformatics. Cities, 90, 52-63.
https://doi.org/10.1016/j.cities.2019.01.021

Vasquez-Grandon, A., Donoso, P. J. & Gerding, V. (2018). Forest Degradation: When Is a
Forest Degraded? Forests, 9, Article No. 726. https://doi.org/10.3390/f9110726

Wafo, T. G., Fotsing, J. M. & Huaman, D. (2005). Evolution du couvert végétal dans la
réserve forestiere de Laf-Madjam (Extréme nord du Cameroun) de 1976 a 2003. In
Anais XII Simposio Brasileiroo de Sensoriamento Remoto (pp. 3379-3386), INPE
[Instituto Nacional de Pesquisas Espaciais].

Wang, W., Zhang, C., Allen, J. M., Li, W., Boyer, M. A,, Segerson, K., Silander, J. A.
(2016). Analysis and Prediction of Land Use Changes Related to Invasive Species and
Major Driving Forces in the State of Connecticut. Land, 5, Article No. 25.
https://doi.org/10.3390/1and5030025

Wani, A. A, Joshi, P. K., Singh, O., & Shafi, S. (2016). Multitemporal Forest Cover Dy-
namics in Kashmir Himalayan Region for Assessing Deforestation and Forest Degra-
dation in the Context of REDD+ Policy. Journal of Mountain Science, 13, 1431-1441.
https://doi.org/10.1007/s11629-015-3545-3

Whittle, M., Quegan, S., Uryu, Y., Stilewe, M., & Yulianto, K. (2012). Detection of Tropi-
cal Deforestation Using ALOS-Palsar: A Sumatran Case Study. Remote. Sens. Environ,
124, 83-98. https://doi.org/10.1016/j.rse.2012.04.027

WRI [World Resources Institute] (2012). Atlas Forestier Interactif du Cameroun— Version
3.0. (64 p). Document de Synthése, World Resources Institute.

Wright, S. J. (2005). Tropical Forests in a Changing Environment. Trends in Ecology &
Evolution, 20, 553-560. https://doi.org/10.1016/j.tree.2005.07.009

Zakari, S., Toko, I., Thomas, O. A. B., Djaouga, M., & Arouna, O. (2018). Application de
la télédétection et du SIG au suivi des formations végétales de la forét classée des trois

riviéres au Nord-Est du Benin. European Scientific Journal, 14, 450-469.
https://doi.org/10.19044/esj.2018.v14n15p450

Zapfack, L. (2005). Impact de L’agriculture Itinérante sur Brulis sur la Biodiversité
Végétale et la Séquestration du Carbone (I-249 p). Theése de Doctorat, Université de
Yaoundé.

Zapfack, L., Englad, S., Sonké, B., Achoundong, G., & Birang a Mandong (2002). The
Impact of Land Conversion on Plant Biodiversity in the Forest Zone of Cameroon. Bio-
diversity and Conservation, 11, 2047-2061.
https://doi.org/10.1023/A:1020861925294

Zekeng, ]. C., Sebego, R., Mphinyane, W. N., Mpalo, M., Nayak, D., Fobane, J. L., Onana,
J. M., Funwi, F. P. & Abada M. M. M. (2019). Land Use and Land Cover Changes in
Doume Communal Forest in Eastern Cameroon: Implications for Conservation and
Sustainable Management. Modeling Earth Systems and Environment, 5, 1801-1814.
https://doi.org/10.1007/s40808-019-00637-4

DOI: 10.4236/gep.2022.109016

288 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.109016
https://doi.org/10.1016/j.cities.2019.01.021
https://doi.org/10.3390/f9110726
https://doi.org/10.3390/land5030025
https://doi.org/10.1007/s11629-015-3545-3
https://doi.org/10.1016/j.rse.2012.04.027
https://doi.org/10.1016/j.tree.2005.07.009
https://doi.org/10.19044/esj.2018.v14n15p450
https://doi.org/10.1023/A:1020861925294
https://doi.org/10.1007/s40808-019-00637-4

	Quantifying Forest Loss in the Mbalmayo Forest Reserve (Center Region, Cameroon)
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods 
	2.1. Study Site 
	2.2. Ethnobotanical Studies
	2.3. Data Collection and Analysis

	3. Results 
	3.1. Economic Activities and the Drivers of Deforestation According to Population
	3.2. Land Use/Land Cover Dynamics of Mbalmayo Forest Reserve from 1990-2020

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

