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Abstract

This study assesses land cover change of the Koupa Matapit forest gallery, West Cameroon, in relation to
anthropogenic factors. Ethnobotanical surveys were conducted to investigate the relationships between the local
population and the gallery forest; the spatio-temporal dynamics of the landscapes around the gallery forest were
studied from the diachronic analysis of three Landsat TM satellite images of 1984, Landsat ETM + 1999 and
Landsat OLI TIRS of 2016, supplemented by verification missions on field. The satellite images were processed
using ArcGIS and Erdas Imagine software. According to surveys, it should be noted that agriculture and livestock
are the main economic activities of the population of Koupa Matapit, agriculture and fuel wood collection for
energy were the main anthropogenic activities responsible for deforestation and degradation of the forest gallery.
The collection of non-timber forest products (NTFPs) would have a significant implication in land use and cover
changes. The results indicate that the extension of savannah/agricultural land (from 6989 ha in 1984 to 7604 ha in
2016) and bare soil/built up area (from 71 ha in 1984 to 342 ha in 2016) would have led to the disappearance of
much of the forest area (1465 ha in 1984 to 580 ha in 2016). The rapid population growth of Koupa Matapit would
be responsible for these pressures. There is an urgent need to implement appropriate land use policy in this area.
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1. Introduction
1.1 Introduce the Problem

The human population and human consumption of natural resources have increased steadily throughout the world
since the origin of agriculture. The forest is a major source of food for the people of the Congo Basin. The
contribution of forests to food security is often neglected, with human population living in and around forests
deriving between one-fifth and one-quarter of their income from forest-based sources (Wollenberg et al., 2011). In
addition to those living in the forest, many other peoples depend directly or indirectly on forest products for heating,
food, medicines and other non-timber forest products (Megevand, 2013). Also, the increase of the population
coupled with effects of climate change bring the farmers to look for new agricultural lands where water is available
through the year like swamping areas or stream and riverborders. As a consequence, forests and other natural areas
have been transformed into agriculture, pastureland, and cities. Land-use change, i.e. the transformation of natural
land into agricultural and urban area, is among the most important human impacts on biodiversity and ecosystem
functioning (Pereira et al., 2010). Land-use and land-cover change (LULCC) represents one of the most important
components of global environmental change (Grau et al., 2003). Land-cover change is very intense in tropical
developing countries that are characterized by agriculture-based economies and rapidly increasing human
populations (Watson et al., 2001; Yeshaneh et al., 2013, Erika et al., 2015). In addition, land use remains an
important factor in habitat degradation and destruction as well as biodiversity loss (Lucas et al., 2015). Remote
sensing has proven to be an essential technology for determining land use and cover at different scales (Loveland
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and Dwyer, 2012; Hansen et al., 2013).

The gallery forests play an important role, that of a migration corridor that offers opportunities for genetic
exchanges between geographically isolated populations (Ouédraogo, 2008). Today, under the combined effect of
increase population and the need for cultivable land, gallery forests are being stormed by local populations and are
subject to traditional land-use systems such as shifting cultivation, extensive livestock grazing, firewood collection
and harvesting of non-timber forest products (Nacoulma et al., 2012). Cutting of gallery forests for agriculture
may lead to an extension of savannah and open areas, especially near towns. Cattle can penetrate into the gallery
forests in the savannah landscape and alter the structure of the forest. Further, cattle and agriculture can lead to
soil erosion, which may alter the suitability for open areas to be recolonized.

In Cameroon, the law No. 94/01 of 20 January 1994 governing the forest, wildlife and fisheries regime seems to
focus exclusively on logging without much concern for wildlife, local populations, indigenous peoples and
vulnerable forest types such as mangroves, gallery forests and mountain forests. The small size of the gallery
forests, their isolation and even their legal status are a threat to the biodiversity of these ecosystems. This paper,
therefore, initiated a remote sensing-based vegetation baseline assessment that is nonexistent in Koupa Matapit
forest gallery in western Cameroon, as a strategy for informing expert policy makers involved in the sustainable
governance and development of the region. This is necessary to understand the dynamic nature of local vegetation
and land cover types that may have been impacted over time. The information will be useful in streamlining policy
efforts towards sustainable urban growth in the long-term, land cover recovery and agricultural resilience in the
face of increasing changing climate. The following specific objectives have been addressed:

(1) to estimate the spatial extent of the vegetation cover changes using remotely sensed satellite data;
(2) to quantify the temporal changes (1984, 1999, 2016) based on spatial extent of the vegetation cover;

(3) to identify and document responsible factors for the changes in terms of areal extent of the study area combined
with farmers’ perceptions.

2. Method
2.1 Case Study Area

Administratively, Koupa Matapit is situated in the West region of Cameroon, Noun Division and Foumban
subdivision, at 13 km from the city of Foumban. Geographically, it is located between 5 © 43 'and 5 ° 46' north
latitude and between 10 ° 45 and 10 ° 54 east longitude, 1180m altitude (Atoupka, 2016). The soil is lateritic. The
vegetation is dominated by shrub savannah with forest plantations of conifers (Cupressus, Pinus, etc.), and
Eucalyptus saligna. This savannah is crossed by bands forest galleries along streams. The climate is of
Cameroonian type, with a dry season from November to mit-March and a rainy season from mit-March to October.
The temperature is relatively low (average 20 °C). The average annual precipitation is 1700 mm. Two wind regimes
dominate Koupa Matapit: the monsoon, wet southwest wind that causes the rains, and the opposite, the harmattan
which is a northeasterly wind that causes drought. The relief is dominated by plains, plateaus and mountains or
hills. Koupa Matapit is watered by several rivers such as Manoun, Ngouolam, Nchoutlue, Zonkpara. In 1967, the
locality had 3,567 inhabitants (ORSTOM, 1968), composed mainly Bamoun tribe. As in many Cameroonian
villages, the population of Koupa Matapit is growing rapidly. It has more than doubled in 38 years, since at the
2005 census (BUCREP, 2005), there were 8,327 inhabitants.

2.2 Ethnobotanical Studies

The ethnobotanical study was carried out following a series of surveys carried out using a pre-established
questionnaire containing questions on: the respondant, 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, the relationship
between the forest degradation and water availability, and the extinct or rare species.

Surveys mainly involved household heads and 30 people aged 35 to 85 were interviewed, including 8 women and
22 men. These surveys were carried out in 3 quaters of Koupa matapit: Kegou, Njikouet and Njilaré. The
processing of ethnobotany survey data was based on the calculation of relative frequency of citation (RFC) using
the Excel 2007 software. The RFC is the response rate by type of use. It is expressed by the formula used by
Dossou et al. (2012).

RFC=S/N*100
With:

S: number of people who provided a response for a given use;
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N: total number of people interviewed.
2.3 Estimation of Land Use and Land Cover Change
2.3.1 Remote Sensing and Field Data

The remote sensing data consists of Landsat 5STM, Landsat 7ETM+ and Landsat 8OLI TIRS satellite imagery,
showing land use taken in 1984, 1999 and 2016, respectively. These images contain location information provided
by the National Geospatial Agency (NGA) and the USGS (US Geological Survey) and are freely downloadable.
Geocover images have the advantage of being orthorectified Landsat images, so they can be easily integrated into
a geographic information system (GIS). They are supplied in standard Geotiff format with Universal Transverse
Mercator (UTM) projection. The images were acquired approximately for the same period, at the beginning of the
dry season to ensure that the phenological stages of plant cover were not too different between dates. Also, images
captured in the dry season have the advantage of low cloud cover.

2.3.2 Image Processing
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Figure 1. Flowchart showing the different stages of satellite images processing to obtain the land cover map

The first phase of the treatment consisted of the combination of the different spectral bands and permitted to obtain
the images of the 3 dates. The images used were already all geo-rectified to UTM WGS 84 with radiometric
corrections. To avoid geographical deviation between images due to differences in sensor when superimposing
them for change detection analysis, the images of 1984 and 2000 were georectified to the image of 2016 already
corrected using ground survey. Using ERDAS Imagine, the enhanced false colour composite bands of the different
years depicting the vegetation image pixels were trained and categorized into appropriate classes. After adjusting
the images, coloured compositions were created. Then, the study area was extracted from the scene to determine
the land cover land use types by classifying images. We then carried out non-directed classifications that allowed
us to segment the images into several sub-classes of land use. These subclasses were grouped into 3 main classes:
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Forest gallery, Savannah / croplands and bare soil / built-up area, from comparisons based on the different spectral
signatures of Landsat images (Momo et al., 2012). The results from the classification were used to quantify the
land cover and highlight the vegetation cover in 1984, 1999 and 2016. These treatments were carried out using
ERDAS Imagine software. The images obtained were finally introduced into ArcGIS software for the realization
of the map of land occupations of 3 dates.

3. Results
3.1 Economic Activities and Use of Non-Timber Forest Products (NTFPs) by Local Populations

The main economic activity is agriculture, which is practiced by 93% of respondents. In addition to agriculture,
several secondary activities have been identified, among which those of healers (30.7%), pastoralists (23%), wood
sellers (7%), carpenter and merchant (14%).

The survey revealed the need for NTFPs for the Koupa Matapit populations. Indeed, all respondents agreed that
they use non-timber forest products from the forest, mainly for traditional medicine (80%) and for food (20%).
The most used plant parts are leaves (38%), followed by barks (27%), roots (14%), fruits (14%), sap (6%) and
seeds (1%).

B Leaves
@ Barks
BRoots
Fruits
M Sap
Seeds

Figure 2. Proportion of plant parts used

The availability of NTFPs is sharply reduced as 48% of respondents find them less abundant and 24% say they are
rarer to find today than in the past.

3.2 Perceptions of Vegetation Degradation by Local Community

The vegetation of Koupa Matapit appears to be progressively degraded. Indeed, 83% of the respondents answered
in the affirmative to the question of whether the vegetation is degraded, against 17% who did not observe
degradation. According to the locals, the main causes of the degradation of the native vegetation are agriculture,
use of wood as a source of domestic energy, population increase and overgrazing. Many persons mentioned more
than one of the above as causes; the figure 3 shows the frequency of citation of each of them. This degradation
does not seem to have an influence on the availability of water resources since 80% of opinions were against this
hypothesis. This degradation also resulted in the disappearance or rarefaction of certain plant species, the main
ones being: Alchornea cordifolia Schmach. (Euphorbiaceae) locally known as “Mbouopvou”, Polyscias fulva
(Hiern) Harms (Araliaceae) named Pungue by locals and an unknown species call “Pepekwot by locals.
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Figure 3. Frequency of citation of various causes of vegetation degradation by the local community

3.3 Evolution of the Land Cover and Land Use

The land use and land cover mapping identified three classes namely gallery forest, savanna/ croplands, and bare
soil/built up area. Land cover statistics (Table 2) troughout the period of observation showed the dominance of
savannah / croplands that is extending. The area covered by gallery forest decreased gradually from 17.19% in
1984 to 6.80% in 2016. Bare soil/built up area expanded slowly from 1984 (0.83%) to 1999 (1.46%) but became
more than double between 1999 (1.46%) and 2016 (4.01%).

Table 1. Area (ha) and proportions (%) of land cover types around the Koupa Matapit forest gallery in 1984, 1999
and 2016

Land
1984 1999 2016
use/Land
cover types Area (ha) % Area (ha) % Area (ha) %
Gallery
1465.40 17.19 1056.7 12.40 580.12 6.80
Forest
Savannah /
6989.85 81.98 7344.82 86.14 7604.01 89.19
Croplands
Bare soil /
i 71.28 0.83 125.01 1.46 342.4 4.01
built up area
Total Area  8526.53 8526.53 8526.53

For the three different assessment occasions the gallery forest was dominated by savannah/croplands and bare
soil/built-up area that together represented 82.81% of the area in 1984, 87.6% in 1999, and 93.2% in 2016. The
diachronic land cover maps obtained for the three periods are presented in Figure 4.
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Figure 4. Maps of land occupations in 1984, 1999, 2016

As concerning land use land cover dynamics, the rate of change was positive in all periods for savannah/croplands
and bare soil/built up area while that of forest gallery was negative (Figure 5). The overall annual rate of change
(1984-2016) was highest for savannah/croplands with an increase of 7.21% and lowest for bare soil/built up area
(3.18%). Forest gallery recorded the greatest loss between 1984 and 2016 (-10.39%).

® Gallery Forest
m Savannah / Croplands

= Bare soil / built up
area

Rate of changes (%)

Years

Figure 5. Annual rate of land cover change in Koupa Matapit gallery forest between 1984 and 2016

4. Discussion
4.1 Impact of Socio-Economic Activities of the Koupa Matapit Population on Vegetation

The main economic activities of the population of Koupa Matapit are agriculture and livestock. Atoupka (2016)
made the same observation during his study on the diversity and uses of wood resources in the Koupa-Matapit
area. These activities are largely responsible of the degradation of the gallery forest. Some farmers prefer to create
farmland within the gallery forest because the gallery soil is richer than savannah soil and near the water soil. This
observation is similar to that of Kondayen & Kaine (2009) in the Ngoumbélé forest gallery in the Central African
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Republic. According to Dvorak & Novak (1994), forest galleries have more fertile soils than neighboring
ecosystems due to nutrients in the water stream associated with organic matter from litter decomposition. Thus,
the search for new, fertile and wet farmland is causing the agricultural front to migrate to previously unexploited
areas such as the banks of watercourses (Ouédraogo, 2008). Populations opt for a double annual crop by installing
recessional crops on land with favorable conditions (Madjigoto, 2003). But these agrarian changes in response to
pedoclimatic changes weaken natural ecosystems, including the gallery forests that naturally surround the rivers.

4.2 Use of Non-Timber Forest Products (NTFPs)

The surveys have shown that NTFPs are of great importance for local of Koupa Matapit who use them mainly for
traditional medicine and for food. Harvesting NTFPs is a cause of forest degradation through loss of biodiversity
(ITTO, 2002). 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. In Koupa Matapit the populations reported that some species are
becoming rare or extinct, among which are Alchornea cordifolia and Polyscias fulva. None of the both species is
mention in the IUCN red list of threatened species; but are listed among useful plants and are mainly used in
traditional medicine (Jeruto et al., 2008; Jiofack et al., 2010; Shalukoma et al., 2015). A. cordifolia is frequent in
secondary forest and riverine forest; it is especially expended in marshy areas and sometimes in drier sites
(Mavar-Manga et al., 2008). In savannah zone this species is generally found in forest galleries where the
water content of the soil is high. Its rarety in Koupa Matapit is then intimately link with the diaspearence of
gallery forests in favor of farmlands. Lescuyer (2010) made the same observations during his study of the
economic importance of non-timber forest products in some villages in southern Cameroon, pointing out that
farmers destroy some plants in order to make their path to the raffia plant. P. fulva is used in the West region of
Cameroon especially the Noun division for the production of handicrafts. This has put a great pressure on it
population in Foumban and vicinities so that crafters have go for a long distance before collecting it (Njoukam et
al., 2008). This over exploitation is at the origine of the drastic reduction of this species in the study area that is
very closed to Foumban. The increased exploitation of the various NTFPs leaves a significant impact on the
ecosystem. In the Koupa Matapit forest gallery, the parts of the plants most used as NTFPs are leaves, bark and
roots. Indeed, the use of bark and roots causes a vulnerability of plants (Betti, 2002). The same observations were
made by Dan et al. (2012) in the swamp forest of Lokoli in southern Benin.

4.3 Local Perception of Deforestation and Vegetation Degradation

The majority of Koupa Matapit's population (83%) thinks that the gallery forest is deteriorating and that the main
causes are agriculture (96%) and the use of wood as a source of energy (60%). The main drivers of deforestation
and degradation in the Congo Basin are the combination of several factors, including the expansion of peasant
agriculture and timber extraction (Geist & Lambin, 2002; Defourny et al., 2011). Anthropogenic factors are not
the only ones that can influence this ecosystem. Environmental and climatic factors are probably also involved.
Oliviera-Filho et al. (1994) have shown that changes in topography, edaphic factors, and flood intensity can affect
riparian plant formations in streams. These degraded gallery forests then lose all of their multiple functions.

4.4 Spatial and Temporal Evolution of Land use between 1984, 1999 and 2016

Land cover change studies are crucial for the development of effective natural resource management plans (Gilani
etal., 2015). The diachronic analysis of the Koupa Matapit forest landscape developed from the Landsat TM, ETM
+ and OLI TIRS images on the region, allowed an effective monitoring of the landscape changes that occurred
between 1984 and 2016. The good knowledge of the field led to the identification of the constitutive elements of
the environment and a precise characterization of land use patterns in the realization of supervised classification.
This approach has already been used in the analysis of land-use dynamics by many authors namely Frank (1984),
Wafo et al. (2006).

The remote sensing data processing allowed us to observe that changes had occurred in land cover. In fact, we
observed a decline of the forest gallery area, from 1465 ha in 1984 to 580 ha in 2016. This decline is due to human
activities, the main ones being agriculture and the new built. The presence of NTFPs species explains an intense
resource withdrawal rate and a daily human presence within the plant communities concerned, conducting to the
regression of the vegetation cover. These changes can be attributed to a number of factors including rapid
population growth and land scarcity which have forced farming households to expand their agricultural fields into
natural environments in order to be to increase their agricultural productions and cover their daily household’s
needs. Rapid population growth in Koupa Matapit, from 3.567 inhabitants in 1967 (ORSTOM, 1968) to 8.327
inhabitants in 2005 (BUCREP, 2005) has also resulted to clearance of natural vegetation to allow room for
settlement. As a result, large areas, which were under natural vegetation cover, are now exposed to clearance,
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which has resulted to environmental degradation and threat to biodiversity and wild life habitat loss.

Deforestation in the Congo Basin is correlated with population density and related subsistence activities
(agriculture and energy) that usually occur at the expense of the forest (Dibi et al., 2008). This study provides a
basis for planning and planned conservation and development interventions. The results will not only help fill the
data gap for Koupa Matapit and the West Cameroon region, but they will also contribute to a better understanding
of global change and the underlying causes, as global data on coverage change poor (Turner et al., 1994), and the
need for a local assessment of land cover, particularly in developing countries, has been highlighted by several
studies (Lambin et al., 2003; Vadrevu et al., 2015). Similar studies in the Laf-Madjam Forest Reserve in Cameroon
(Wafo et al., 2006) have shown that population growth and resource pressures result in a decline in vegetation
cover and uncontrolled exploitation of arable land, reflecting the difficulties, in a weakly intensified system, of
feeding a population which is increasing at a rate of 2% per year (Bergonzini & Lanly, 2000). These results are
not only observable in Cameroon because, in the tropics, the development of human activities such as agriculture
has an immediate impact on land use and a direct impact on forest cover (Mather & Needle, 2000; Geist & Lambin,
2002; Jansen et al., 2008).

5. Conclusion

In Koupa Matapit, the forest gallery cover is reduicing despite its contribution to the daily life of the locals due to
the growing needs of its rapidly expanding population. The main activities at the base of this is agriculture that
here is for subsistence and rudimentary. Construction of new human habitat can also be taking in to consideration
as driver to this alteration. The lack of conservation of this forest and other natural ecosystems can be attributed to
to the weak land use and planning policy It is therefore capital to put in place a local policy of conservation and
sustainable management of this particular ecosystem according to the national forest law and this should be
extended to other villages. Also, the present data obtained can be used by a wider range stackholder for the
planification of the sustainable land use and management in Koupa Matapit. After a general overview of land cover
and related causes, it would be necessary to conduct a phytosociological study to understand the impact of human
activities on phytodiversity at a smaller scale.
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