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Abstract

We evaluated the dynamics of land use in the Bouba Ndjidda National Park
(BNNP) and adjacent areas, in northern Cameroon. Using a maximum like-
lihood supervised classification of satellite images from 1990 to 2016, coupled
with field and a socio-economic survey, we performed a robust land-use clas-
sification. Between 1990 and 2016, the area included eight classes of land use,
with the largest in 1990 being the woody savannah (42.9%) followed by the
gallery forest (20.2%) and the clear forest (16.3%). Between 1990 and 1999,
the gallery forest lost 64.8% of its area mostly to the benefit of woody savan-
nahs. Between 1999 and 2016, the largest loss of area was that of the clear
forest, which decreased generally by 43.2% in favor of woody savannah. Rates
of increase of crop field areas were 59.6% and 78.8% respectively for the pe-
riods of 1990 to 1999 and 1999 to 2016 to the detriment of woody savannahs.
We attribute the changes in land use observed mainly to the increasing hu-
man population and associated agriculture, overgrazing, fuelwood harvesting
and bush fires. The exploitation of non-timber forest products and climatic
factors may also have changed the vegetation cover. We recommend the im-
plementation of farming techniques with low impact on the environment
such as agroforestry.
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1. Introduction

Protected Areas (PAs) are an important component of biodiversity conservation
in most countries (Tardif & Sarrasin, 2014). They are central to protect endan-
gered species and are also viewed as significant providers of ecosystem services
and biological resources (Dudley, 2008). Yet, Central African PAs are under-
going degradation (Doumenge et al., 2015). Clearing of land for agriculture and
logging for urban markets, increase pressure on PAs. Economic activities such as
agriculture, animal husbandry, hunting, timber harvesting and conservation ef-
forts through protected areas are usually made without land use planning in
most African regions (Arouna et al., 2009). One of the consequences of these
practices is the degradation of vegetation cover both inside and adjacent to Pro-
tected Areas.

The Bouba Ndjidda National Park (BNNP or “park”) is part of the network of
protected areas of northern Cameroon. Of the three national parks in this net-
work, it is the richest and most diversified in wildlife species (Omondi et al.,
2008). It constitutes the Bouba Ndjidda Technical Operational Unit (TOU) with
the hunting zones (ZIC) that surround it. Due to poaching, this protected area
lost about 200 elephants in 2012 (Scholte, 2012). For about two decades, the
growth of human population in this area has also favored the collection of wood
and the extension of agricultural areas (Nature Information Tracks, 2017).
However, these pressures remain less quantified at the spatial and temporal
scales, limiting the development of strategies adapted to the context. Given the
multifaceted pressure on the vegetative cover of the BNNP and adjacent areas, it
is relevant to study the different states of the plant formations, and their ten-
dency, and to infer the driving factors of these changes.

The availability of satellite images from Landsat TM, ETM+ and OLI-TIRS
sensors, which have been used earlier for the analysis of vegetation cover in Pro-
tected Areas in tropical zones, provides an opportunity to characterize and mon-
itor changes in vegetation cover in and around these PAs.

The purpose of this study is to understand the spatial and temporal changes of
the vegetation cover in order to guide the decision making regarding the land
use of this area. More specifically, the study aims to make a spatio-temporal
analysis of land use in the BNNP and its periphery between 1990 and 2016, and
to determine the factors driving those changes.

2. Material and Methods
2.1. Characteristics of the Study Area

The BNNP is located in the Soudano-Sahelian zone of Cameroon, east of the
network of Protected Areas of the Northern Region. Created in 1947, the BNNP
extends between 08°21'N -09°00'N, and 14°25'E -14°55'E. Its surface area is
about 700,000 ha including the hunting zones (10, 11, 12, 17, 20, 21, 23) that
surround it (Figure 1). The climate is Sudano-Sahelian as described by Gonné
(2016). The locality of Bouba Ndjidda receives between 800 and 1250 mm of
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Figure 1. Location of Bouba Ndjidda National Park and its adjacent zone.

precipitation per year, the rainiest months being August and September. The
average annual temperature is 28°C. Soils are generally ferruginous leached
tropical or a combination of ferruginous and hydromorphic soils (Brabant,
1972). According to Nature Information Tracks (2017), the vegetation within the
Bouba Ndjida National Park is composed of characteristic species of the Souda-
nian zone found in woody savannahs, gallery forests and dry clear forests.
Around the BNNP, there are shrubby savannahs, crop fields and forest fallows
(Ministry of Forest and Wildlife, 2010b). Twenty-eight villages are adjacent to
the east, south and west limits of the park and belonging to the district of Tchol-
liré, Madingring and Rey Bouba. The population of these districts is characte-
rized by a great diversity of ethnic groups (autochthonous and semi-migrant
groups) totalling 27,500 inhabitants in 1987 (RGPH, 1987). It rose to 194,065 in
2005 (RGPH, 2005) and was estimated at 260,149 in 2016 (RGPH, 2010b). Agri-
culture and livestock rearing are the main activities practiced extensively; the
main crops being cotton (the only cash crop), maize, groundnuts and sorghum
(Djiongo, 2015; Ministry of Forest and Wildlife, 2010b).

2.2, Map Data and Digital Processing of Satellite Images

We classified land use from Landsat 4 - 5 (TM) images of November 24, 1990,
Landsat 7 (ETM+) of November 17, 1999 and Landsat 8 (OLI/TIRS) of Novem-
ber 23, 2016. This identification of successive vegetation states over a period of
twenty-six years allows a better appreciation in the states of change of plant for-
mations. Several reasons justify the choice of this period: 1) It was in the early
1990s that rural forestry emerged for foresters (Montagne & Dubus, 1992) by

which “rural people must become the managers of their entire land, including
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woodlands, based on the notion of a multipurpose tree”. Priority is thus given to
rural forestry, which is perfectly integrated with other peasant activities such as
livestock and agricultural production (Goudet, 1992). 2) This period also in-
cludes the year 1994, from which the new Cameroonian forestry law provides a
framework for the management of natural formations by offering local popula-
tions the opportunity to set up “community forests” (Gautier & Seignobos,
2003). 3) The availability of Landsat images at the same times of the year for
these three dates. We chose images acquired at the beginning of the dry season
because of their availability and quality. During this period, the differentiation of
land-use elements such as crops, herbaceous plants and ligneous plants is maximal
(Tabopda, 2009). We downloaded the satellite images from the Earth Explorer
(EE) Geospace of the United States Geological Survey (USGS). They were all
acquired for the same season of the year in order to reduce problems related to
differences in solar angles, soil moisture and phenological changes in vegetation.
We used GRASS 7.2.2 (GRASS Development Team, 2017) and QGIS 3.0 (Quan-
tum Geographic Information System Development Team, 2018) for digital im-
age processing and integration of results with other geographic data sources, re-
spectively. The first phase of the treatment consisted of the display of color
compositions in false color by superposition of the red and green near-infrared
canals for the three dates (4R/3V/2B for Landsat TM of 1990 and Landsat ETM+
of 1999, then 5R/3V/2B for Landsat OLI-TIRS of 2016). We limited classification
to the park limits and the seven adjoining hunting area that serve as buffer zone
around it. A mask was then applied to extract this area of interest. We identified
and grouped the similar pixels using a Maximum Likelihood Classifier (MLC)
classification. On the basis of the information from the analogue interpretation,
our knowledge of the BNNP and its periphery, and field surveys, the twelve
classes initially retained were refined after reclassification into eight major
classes as shown in Figure 2.

To verify the validity of the performance of the classifications, we used
ground-thruthing data collected in the field and the control zones of each class
to create a confusion matrix. After validation, we integrated all the relevant spa-
tial information (road network, hydrographic and subdivisional headquaters
near the park) into a set of annual land use maps. We performed an evaluation
of the areas of the different land cover classes each year and estimated the area
of land use changes between 1990 and 1999, and between 1999 and 2016. We
quantified vegetation cover dynamics by calculating the overall change rate
(Tapobda et al., 2008; Arouna et al., 2009). To estimate the mean annual expan-
sion rate T, we calculated the logarithm ratio of the difference in area between
two dates over the number of years of change (Arouna et al., 2009; Taibou et al.,
2017).

2.3. Collection and Analysis of Socio-Economic Data

We conducted a participatory rural appraisal from august to November 2016,
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Figure 2. From initial classes to final classes by merging similar themes.

through semi-structured interviews and direct observations to identify the fac-
tors affecting the spatio-temporal changes. Out of the 28 villages adjacent to the
park, 13 villages selected based on their geographical location (proximity with
the park) were sampled. In each village, we realized a focus group to obtain ad-
ditional information on infrastructure, land use patterns and farming tech-
niques. At the end these focus group, household heads were randomly selected,
based on their availability (the period of study coincided with the period of crops
harvest) and 126 household heads were surveyed. In each district, the represent-
atives of local administrations (water and forest, agriculture, livestock, territorial
administration) and Cotton Development Company were also interviewed. The
main information sought during the surveys related to their status (migrant or
native), household size, plot size, income-generating activities, exploitation of
non-timber forest products and wood forest products in the park, sources of fuel
wood supply and their perceptions of the degradation of vegetation cover. So-
cio-economic data processing was performed by calculating the relative frequen-
cies of each parameter under study. To obtain the data of the population of sub-
divisions adjoining to the study area in 2016, we made projections based on data
from the general census of the population in 2005, considering the average an-
nual rate of population growth of 2.7% (RGPH, 2010b).

3. Results

3.1.Land Use between 1990, 1999 and 2016 at the BNNP and Its
Periphery

In 1990 the crop fields occupied 2.2% (15,322 ha) of its area, clear forest 16.3%
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(11,088 ha), gallery forest 20.2% (139,314 ha) and woody savannah 42.9%
(295,387 ha) (Table 1). The vegetation cover consisting of the clear forest, gal-
lery forest, saxicolous forest, woody savannah and grassland savannah
represented 95% (654,370 ha) of the surface area of the park and its periphery.
Clear forest and gallery forest were found mostly in the southeast and north of
the park, while woody savannah covered the park almost entirely (Figure 3(a)).
This high recovery rate of vegetation cover denotes the importance of the woody
area in 1990. With 4000 ha, the infrastructure accounted for only 0.6% of the
surface area of the BNNP and its periphery. In 1999, crop fields covered 3.6%
(24,455 ha), bare soil 0.8% (5527 ha) and infrastructure 1.6% (11,000 ha) of the
territory. The vegetation cover occupied 94% of the BNNP and its periphery
(Table 1), mainly distributed in the center and south of the park (Figure 3(b)).
In 2016, with 43,714 ha, the crop fields represented 6.3% of the area of BNNP
and its periphery. Crop fields were highly concentrated in the east and in the
west of the park, especially around the villages located along roads. The vegeta-
tion cover was 82% (566,430 ha) compared to 1.8% (12,146 ha) for infrastructure
and 9.7% (67,122 ha) for bare soil (Table 1). Only the central part of the park

remained fairly well preserved (Figure 3(c)).

3.2. Change of the Vegetation Cover and Other Land Use Units
between 1990 and 2016

Between 1990 and 1999, infrastructure, crop field, grassland savannah, woody

savannah and the saxicolous forest are the units of land use that have known

Table 1. Land use in the Bouba Ndjidda national park and adjacent areas between
1990 and 2016.

1990 1999 2016
Classes of land use  ¢;;f3ce area Surface area Surface area
(x1000 ha) % (x1000 ha) % (x1000 ha) %
I 4.0 0.6 11.0 1.6 12.1 1.8
BS 15.7 2.3 5.6 0.8 67.1 9.7
CF 15.3 2.2 245 3.6 43.7 6.3
GS 101.1 14.7 112.8 16.4 85.5 12.4
WS 295.4 42.9 399.7 58.0 349.9 50.8
CFo 112.1 16.3 72.4 10.5 41.1 6.0
SE 6.5 0.9 14.5 2.1 10.4 1.5
GF 139.3 20.2 49.0 7.1 79.6 11.5
Total 689.4 100.0 689.4 100.0 689.4 100.0
Vegetation cover
(GS + WS + CFo 654.4 95.0 648.5 94.0 566.4 82.1

+ SF + GF)

Legend: I: Infrastructure; BS: Bare soils or least vegetated soils; CF: Crop fields; GS: Grassland savannah;
WS: Woody savannah; CF: Clear forest; SF: Saxicolous forest; GF: Gallery forest.
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Figure 3. Map of land use in the BNNP and its periphery in (a) 1990; (b) 1999 and (c)
2016.

progressive change. After the saxicolous forest, crop fields experienced the larg-
est increase in area, from 15,322 ha in 1990 to 24,455 ha in 1999 for an overall
increase rate of 59.6%. In contrast, the clear forest and gallery forest expe-
rienced regressive change with annual growth rates of —4.9% and -11.6%, re-
spectively (Table 2). Between 1999 and 2016, the largest progressive changes
were in bare soils and crop fields with average annual growth rates of 14.6%
and 3.4%. In 17 years, the clear forest was the type of vegetation that lost the
largest area (31,300 ha) with an overall rate of —43.2%. Generally, the total vege-
tation cover decreased by —82,000 ha for an annual expansion rate of —0.8%
(Table 2).

3.3. Matrix of Land Use Change

The matrix of land use change presents in a quantified manner all the changes
that took place during the different time intervals. The matrices of land use
change for the periods of 1990 to 1999 and 1999 to 2016 are shown in Table 3.
The diagonals of the matrices represent the surfaces areas of each land use type
that remained stable from one period to another.

Between 1990 and 1999, 70.6% (~208,443 ha) of woody savannah remained
unchanged (Table 3). However, the vegetation lost 16% and 3% of its surface
area in favor of grassland savannah and crop fields, respectively. The most im-
portant negative change was that of the clear forest which lost 64.7% (~72,470
ha) of its surface to woody savannah, representing more than half of its surface

area, leading to a change in the physiognomy of the landscape.
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Table 2. Changes in land use area in the BNNP and its periphery between 1990 and
1999 and between 1999 and 2016.

Change between 1990 and 1999 Change between 1999 and 2016

Elements of

fanduse (xl()c(:):) hay (9 TOY (xlo((:)?) hay 800 TOO
I 7.0 177.3 11.3 1.1 10.2 0.6
BS —-10.2 —64.5 -11.5 61.5 1101.3 14.6
CF 9.1 59.6 5.2 19.3 78.8 34
GS 11.7 11.6 1.2 -27.3 —24.2 -1.6
WS 104.3 353 34 —49.8 -12.5 -0.8
CFo -39.7 -354 -4.9 -31.3 —-43.2 -3.3
SF 8.0 123.0 8.9 —4.1 -28.4 -2.0
GF -90.3 —64.8 -11.6 30.6 62.3 2.8
Vegetation cover
(GS+ WS + CF —-6.0 -0.9 —-0.1 —-82.0 -12.6 —-0.80
+ SF + GF)

Legend: I: Infrastructure; BS: Bare soils or least vegetated soils; CF: Crop fields; GS: Grassland savannah;
WS: Woody savannah; CF: Clear forest; SF: Saxicolous forest; GF: Gallery forest; S1: Surface area in 1990;
S2: Surface area in 1999; S3: Surface area in 2016. C1: Loss or increase in surface area between 1990 and
1999; C2: Loss or increase in surface area between 1999 and 2016. Tg: Total change rate; T: Average annual
expansion rate.

Table 3. Matrix of land use change in the BNNP and its periphery from 1990 to 1999
and from 1999 to 2016 (surface area in %).

Land use units I BS CF GS WS CFo SF GF
1990-1999

I 24.5 1.4 9.1 2.0 1.7 0.8 0.1 0.4

BS 5.6 1.2 2.2 33 0.3 0.2 0.3 0.2

CF 21.6 2.6 30.8 5.5 3.0 34 0.0 0.3

GS 374 31.5 26.7 45.7 16.0 2.4 0.8 4.4

WS 9.9 57.4 22.9 39.5 70.6 64.7 3.0 47.2

CFo 0.9 4.7 7.2 3.0 6.3 18.8 7.8 19.6

SF 0.0 0.1 0.6 0.1 0.2 4.3 45.9 4.3

GF 0.2 1.3 0.5 0.9 2.1 5.4 42.1 23.6
1999-2016

I 14.0 24.8 8.1 3.6 0.7 0.3 0.2 0.1

BS 4.8 23.1 5.8 20.3 9.4 3.7 0.8 1.4

CF 18.7 9.9 28.6 6.1 5.8 3.8 2.7 1.7

GS 23.6 21.2 33.8 253 9.5 5.6 1.2 5.2

WS 344 12.6 20.3 40.7 60.4 46.5 10.5 36.9

CFo 1.1 0.8 1.1 0.5 4.5 16.0 233 14.5

SF 0.1 0.3 0.9 0.0 0.4 2.2 44.3 1.1

GF 3.3 7.5 1.5 3.5 9.3 21.9 17.2 39.1

Legend: I: Infrastructure; BS: Bare soils or least vegetated soils; CF: Crop fields; GS: Grassland savannah;
WS: Woody savannah; CF: Clear forest; SF: Saxicolous forest; GF: Gallery forest.
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Between 1999 and 2016, the highest conversion was still that of the clear for-
est, which lost 3.8% (2743 ha), 5.6% (4065 ha), 21.9% (15,875 ha) and 46.5%
(33,675 ha) of its surface area respectively to crop fields, grassland savannah,
gallery forest and to the woody savannah. At the same time, a considerable de-
cline in woody savannah was observed in favor of the crop fields, with a loss of
5.8% (23,229 ha). The same trend was obtained for grassland savannah, which
lost 20.3% and 6.1% of its surface area to bare soils and crop fields, respectively.
Generally, between 1990 and 2016, the vegetation cover conversions amounted
to 18.8% in favor of the anthropized area represented by crop fields, bare soils

and buildings.

3.4. Local Perception Factors of Degradation of the BNNP and Its
Periphery

The neighboring populations cited several factors responsible for the degrada-
tion of the vegetation cover in the BNNP and its periphery (Figure 4).
Demographic factors were the main causes of degradation of the vegetation
cover in the BNNP and its periphery as reported by 92.5% of the respondents. In
fact, between 1987 and 2016, the population of the three subdivisions (Ma-
dingring, Tcholiré and Rey Bouba) that adjoin the park increased considerably
(Figure 5). In 29 years, this population almost quintupled in the Rey Bouba
Subdivision where it rose from 10,000 inhabitants in 1987 to approximately
146,700 inhabitants in 2016 (RGPH, 1987; RGPH, 2005; RGPH, 2010b). Ac-
cording to data from the third census of the population of Cameroon, a
household is composed of an average of 5 persons, with more than 15% of
rural households being composed of at least 9 persons. The latter situation

reflects the size of households in the Mayo Rey Division. The migrations

100 7 93

9.0 - 8.4
8.0 ~
70 A 6.6

6.0 5.5
5.0 A
4.0 -
3.0 A 2.3

2.0 A 15
1.0 +
0.0

4.7

Frequency of responses (%)

Causes of degradation of the vegetation cover

Figure 4. Frequency of citation of causes of degradation of the vegetation cover by popu-
lations neighboring to the BNNP.
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Figure 5. Change in human population of the Subdivisions surrounding BNNP between
1987 and 2016 (RGPH, 1987; RGPH, 2005; RGPH, 2010b)/Projection 2016.

organized by the administration since the year 1972 with the aim of decreasing
population densities in the Far North and spontaneous migrations in the Benoue
basin (North Cameroon) favored this strong demographic growth. According to
Dugué et al. (1994) cited by Mfewou (2013), the extent of migrant installations
after the years 1970s in the Benoue basin corresponds to a territory of about 20
inhabitants/km” with an annual growth rate of 3.14%. In our study, 40% of those
surveyed were migrants.

Agriculture: Out of the 84.2% of the neighboring populations surveyed, agri-
culture was the second cause of degradation of the vegetation cover in the BNNP
and its periphery. The BNNP occupies 76.74% of the population of the Bouba
Ndjidda TOU (WWF, 2007). It is mainly dominated in order of importance by
food crops (maize, groundnuts, cow pea, millet/sorghum, cassava, yam), which
constitute the staple foods for the majority of the population and cash crop cul-
tivation (with cotton being the only cash crop in the Division). Cultivated land
for the different crops in the Mayo Rey Division is increasing. The areas of the
plots exploited per household varied from 1 to more than 20 ha according to the
objectives, the financial means and the agricultural equipment owned by far-
mers. However, 84.13% of the respondents had plans to increase their arable
plots by more than 2 ha (14.29%) and by 1 ha (1.50%). The extension of cultiva-
tion space of a specific crop is also linked to its profitability during the previous
agricultural season. For example, if during the year during which the price of a
bag of 50 kg of maize can vary from 12,000 FCFA to 20,000 FCFA, the farmer
will tend to increase the areas reserved for maize cultivation without necessarily
reducing that of other crops, in order to maximize profit the following year.
Farmers initiate new agricultural plots after the total or partial destruction of
natural vegetation cover.

Livestock rearing is the second economic activity after agriculture in the
study area. It is practiced extensively by sedentary and transhumant shepherds.
Sixty-five percent (65.8%) of the respondents indicated that overgrazing was re-
sponsible for the degradation of the vegetation cover through the setting up of

the camps and the pruning of the trees. In the dry season, transhumant pastoral-
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ists entered and settled inside the Protected Areas. During their displacement,
they routinely prune fodder species (Afzelia africana, Ficus sp., Acacia sp. and
Balanites eagyptiaca) to feed livestock, and the bark of certain trees such as Lan-
nea kerstingil, Andansonia digitata that serves as bedding. This high pastoral
pressure is explained by the fact that the settling of migrants in the area has led
to the occupation of the pastoral grazing areas of pastoralists, forcing them to
look for the new territories which were found in the parks and the adjoining
hunting areas. Pressure from herders was high in the northern part of the park
due to the presence of the Vaimba river, which does not dry completely in the
dry season and which therefore attracted Mbororo breeders from Chad. The
herders’ pressure was low inside the park, due to increased surveillance around
the office of conservation service and the tourist camp. However, in the hunting
zone 23 abandoned in recent years, the shepherds had taken up residence.

Harvesting of fuel wood (firewood and charcoal production) is one of the
most harmful practices for the natural regeneration of vegetation cover in Pro-
tected Areas. This harvesting, which is manifested by anarchic cuttings, were
frequent inside the BNNP and the surrounding hunting zones. According to lo-
cal officials of the Ministry of Forests and Wildlife (MINFOEF), the illegal cutting
of woody species is the most reported offense after wildlife poaching. The popu-
lations adjacent to the BNNP non-selectively use a variety of woody species as
firewood while for charcoal production, they are selective and use in order of
importance Daniella oliveri (42.11%), Annogeissus leocarpus (38.6%), Prosopis
africana (15.7%), Ficus capensis (1.7%), Zizuphus mauritiana (1.7%). Per capita
consumption of firewood around BNNP is estimated at 1.17 kg/day and that of
coal at 3.45 kg/inhabitant/day (field surveys). Some officials of MINFOF issue
wood traders Authorizations for the Collection and Transport of Deadwood
(ACTBM) subject to payment of 500 FCFA for a carrier whose quantity is equiv-
alent to a stere wood. The Divisional Delegate of Forests and Wildlife for Mayo
Rey Division has signed a note within the framework of the usufruct rights of
local populations, authorizing free access to dead wood for domestic use. Inspite
of this provision, neither the collection sites, the quantities granted nor the qual-
ity (fresh wood forbidden fresh) are not always respected.

Bush fires, mainly of human origin, were used by farmers at the periphery of
the park to clean their farms (slash-and-burn agriculture). Inside the park, they
were used either for hunting by poachers or for the renewal of grazing by BNNP
managers and transhumant pastoralists who enter the park illegally. The effects
of bush fires on plant resources result in an increase in soil temperature, the de-
struction of surface organic material, and in turn, to a decrease in the productiv-
ity of the vegetation.

The exploitation of non-timber forest products (NTFPs) was reported by
23.3% of respondents to be one of the causes of degradation of vegetation cover.
The BNNP and its periphery constitute for the local populations an important
reserve of products for the traditional pharmacopoeia, the construction of huts

and food. There, they collect backs of trees (Daniella oliveri, Detarium micro-
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carpum, Anogeissus leocarpus, etc.), straw (Jardinea congoensis and Hyparrhe-
nia rufa), fruits and leaves of trees (7amarindus indica, Brideliasp., etc.), and
honey. This exploitation of NTFPs is usually anarchic and uncontrolled. The ex-
ploitation of NTFPs and wood forest products inside the park is prohibited and
regulated in adjacent ZICs. The use of unsustainable harvesting techniques by
farmers could lead to a decrease or even to the extinction of some plant species.

Climatic factors (rainfall): Between 1990 and 2016, the rainfall of the Bouba
Ndjidda TOU exhibited a downward trend (Figure 6). Depending on whether
the recorded rainfalls are in excess or in deficit, they affect land use differently,
mainly on the extension of agricultural spaces. The dates marking the start of
rainy seasons determined farming practices.

During the last 26 years, low rainfall was recorded in 1992 and 2011. This,
with other factors could explain the increases in cultivated lands the following

years.

4. Discussion
4.1. Land Classes and Image Processing

We identified eight classes of land cover, five linked to natural vegetation (clear
forest, saxicolous forest, gallery forest, woody savannah and grassland savannah)
and three linked to anthropogenic activities (bare soil, crop fields and infra-
structure). Vegetation surveys carried out by Bosch (1976) and Nature Informa-
tion Tracks (2017) in the BNNP showed that the plant formations are made of
six classes including clear forest, gallery forest, saxicolous forest, shrubby savan-
nah, woody savannah and grassland savannah. As part of this study, for a better
cartographic representation, we reclassified the type 1 savannah (shrubby) as
woody savannah. Apart from the anthropic land uses, the mapping results con-
firmed the physionomic descriptions done by Bosch (1976) and Nature Infor-
mation Tracks (2017).
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Figure 6. Interannual variation in meanrainfall of the study area from 1990 to 2016.
Source: Garoua Weather Station, 2017.
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Regarding the method for mapping land use, the strong influence of vegeta-
tion on the spectral signatures made it difficult to differentiate between the plant
formations (clear forest, woody savannah, grassland savannah and crop fields).
We ascribe the confusion between the grassland savannah and crop fields to the
fact that the useful trees left in the fields give to this class the appearance of a
grassland in some places; the same is true for fallows classified as crop fields due
to the difficulty in differentiating them from the grassland savannah. The spec-
tral confusion between water and bare soil created by bush fire also made the
classification difficult. In this case, ground-thruthing helped us to assign homo-
geneous pixels well known and accurate to different classes. In spite of these dif-
ficulties, the image treatment process as well as the mapping results remain sa-
tisfactory, since the kappa indices obtained were 76.5%, 73.6% and 72.03%, for
mages of 1990, 1999 and 2016, respectively. The quality of images and the choice
of thematic classes could explain such results (Geymen & Baz, 2008). For all
three dates, the overall classification rate was greater than 70%, which permits
the validation of the maps (Kabba & Li, 2011; Pontius, 2000).

4.2. Dynamics of Vegetation Cover and Explanatory Factors

The spatio-temporal analysis of land use in the BNNP and its periphery showed
a redecline of natural plant formations of 13.4% (clear forest, gallery forest, sax-
icolous forest, woody savannah and grassland savannah) in 26 years at the ex-
pense of anthropogenic cover, namely crop fields, bare soil, and infrastructure,
the surface area of which increased fourfold. The clear forest particularly rec-
orded a decrease of more than 50% of its surface. These results are similar to
those of Temgoua et al. (2018b) in the classified forest of Djio-li-Kera in south-
east Chad and those of Benoudjita & Ignassou (2017) in and around the W Re-
gional Park of Benin, which showed a continuous regression in forest and sa-
vannah at the expense of fallows, crop fields, bare soil and settlements. The
search for new arable land to feed a population in perpetual growth could justify
the increase over the years of anthropogenic spaces. Indeed, the average growth
rate of the population in the study area is 3.9%, far above the national rate of
2.8% (RGPH, 2010a). Following this demography and the migrants recorded in
the region since the 1970s, many plots were installed in the park during the last
two decades. In addition, the network of Protected Areas of North Cameroon
occupied 44% of the total surface area of the region; BNNP and its adjacent zone
occupying about 50% of Mayo Rey Division (Ministry of Forest and Wildlife,
2010a). These Protected Areas benefited from a more or less strict protection
status depriving neighboring populations of arable surfaces, which forced them
to extend agricultural lands towards the Protected Areas. Demography is one of
the main causes of degradation of BNNP and its periphery. It significantly in-
fluences land use through the size of household farm assets (Houessou et al.,
2013). In fact, the needs of a family vary according to the number of constitutive
members; thus, the larger it is, the greater the need. In response to increasing

household demands farmers often decide to clear new fields to overcome family
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burdens. This corroborates the results of Ouedraogo et al. (2010) who concluded
at the end of their work that there is a strong correlation between population
growth and land degradation. We explain the influence of agriculture on land
degradation by the presence of the Cotton Development Corporation
(SODECOTON) in the region. Indeed, the cotton sector is supported by the
state with subsidies via the provision of diverse inputs (fertilizer), varied super-
vision (farmers’ supervision), and available market for the cotton produced
(purchase of all production). The quantity of inputs provided free of charge or
on credit depends on the size of the cotton field. Subsidies acquired by the far-
mer probably contribute to the increase in the area of cotton fields. To further
optimize the use of fertilizers in cotton fields, farmers juxtapose cornfields and
cotton fields (depending on the direction of runoff and the location of cotton
field upstream) or rotate crops by growing maize on former cotton fields that
sometimes benefit from new wasteland. Generally, there is net expansion of cot-
ton cultivation in the study area (Bokagne, 2006) with SODECOTON opting for
the opening of extension service centres to facilitate farmers’ increase of cotton
production through the occupation new wasteland, and to facilitate the transport
and recovery of cotton produced. From an overgrazing point of view, tree prun-
ing and livestock grazing by transhumant pastoralists are the main threats to
BNNP’s plant resources; the pressure being higher on the species Afzelia afri-
cana, which is systematically pruned to feed livestock. Hountondji (2008) also
described the harmful effects of transhumant livestock farming on the degrada-
tion of vegetation cover in the Sahelian and Sudanian zones of West Africa. In
addition to the pressure on specific plant species, the regular passage of recent
bush fires does not favor the recovery of natural vegetation and thus contributes
to increasing bare soil surfaces (Lubalega et al., 2018). The exploitation of NTFPs
is a usufruct right of riparian populations of Protected Areas in tropical coun-
tries. However, the understanding of this notion remains subject to conflicting
and divergent interpretations. Although poaching was not cited by farmers as a
cause of vegetation cover degradation, it indirectly affects woody resources. The
same observation was made by the UICN (2014) in the study on the drivers of
deforestation and degradation in the Sangha Tri-National (TNS) landscape.
Poachers use wood for camp construction, game conservation and heating. The
effects of climate on the vegetation cover could be explained by the fact that
when rainfall corresponds to the expectations of the producers, the cultivated
lands are not systematically increased between two cropping seasons. But when
the rainfall is below average, there is a compensatory increase of farming area.
Several scientific studies in Cameroon and elsewhere have attempted to doc-
ument and explain land use change. Tabopda (2009) documented deforestation
through the harvesting of fuel wood in the Protected Areas of the Far North of
Cameroon and Temgoua et al. (2018a) reported agricultural extension and
grazing as factors leading to the degradation of the Ajei community forest in the
North West region of Cameroon. In Burkina Faso, Tankoano et al. (2016) iden-

tified agriculture, timber harvesting and extension of residential areas as the
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main drivers of degradation in the Deux Balé National Park. Other studies at the
global level have categorized factors related to land cover and land use change.
Fotsing (2009) classified them into two broad categories, namely: human factors
that include socio-economic and political factors; and biophysical factors. All
these factors constitute a complex network of interactions between them making
it possible to understand the dynamics of land cover or specific land use in
space. For Lambin et al. (2007) cited by Boko (2012), there are six categories of
direct or indirect factors contributing to the dynamics of land cover and land use
change; namely demographic, economic and technological, cultural, globaliza-
tion, institutional and natural variability. Apart from globalization, there is no
difference between the factors cited by Fotsing et al. (2013) and Lambin et al.
(2007) and those of this study. However, in their review, Lambin et al. (2003)
conclude that changes in land use are due to a combination of causes that can
also act as constraints in forcing actors to make decisions about degradation,
innovation or displacement.

According to Boserup (2002), population growth can lead to land degradation
in the short term, but can also stimulate innovation, especially the adoption and
intensification of eco-farming and conservation techniques as agroforestry
which is known as any simultaneous or sequential association of trees, crops
and/or animals in the same production unit (Atangana et al., 2014). The use of
agroforestry systems on the buffer zone of protected area can offer a variety of
products and services that meet some of the needs of local populations. These
benefits therefore allow them to avoid using the protected natural area to sup-
port themselves. In this context, considering the growing needs of riparian
communities for arable land, pastures, fuelwood and NTFPs, the practice of
agroforestry should be intensified. We also recommend strengthening surveil-
lance of the park, especially in the northern zone, which is subject to high lives-

tock rearing pressures.

5. Conclusion

The main aim of this research was to analyze and quantitatively assess the spa-
tio-temporal changes in vegetation cover in the Bouba Ndjidda National Park
and its surrounding area between 1990 and 2016. The vegetation cover has de-
clined by approximately 13.44% in 26 years, representing a loss of approximately
87,940 ha for fields, bare soil and human infrastructure. The corresponding in-
crease of anthropogenic land use has as a corollary a change of facies and phy-
siognomy in this Protected Area. The combined effects of demographic, so-
cio-economic and climatic factors could explain the observed changes. To be
consistent with the current paradigm of participatory management, we recom-
mend the development of income-generating agro-sylvopastoral activities. This
involves improving the agricultural and pastoral production systems in line with
population growth. A macro zoning that takes into account a multipurpose use

of the zone is also recommended.
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