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ABSTRACT
Due to the rapid increase in population, land cover has changed in Benin. Because of this,
the management approach adopted by most developing countries in Africa for biodiversity
conservation was the development of protected areas. But these areas were located where
poverty and insufficient employment opportunities determined the population’s needs and
activities hence, protected areas’ vulnerability increased. This study focused on land cover
change evaluation inside the W Biosphere Reserve (WBR) in Benin during these last
decades. For this purpose, three maps, taken in 1989, 2000 and 2013 were interpreted
using the software Arc Gis 10.1. Dynamic area proportion values were calculated and
transition matrices were elaborated. Results showed that land cover has changed
considerably and these changes were mostly observed in the periphery of the hunting zone
where settlements, farms and fallows were noticed and in high proportions in 2013 than in
1989 and 2000. Concerning natural vegetations, the savannahs increased from 1989 to
2000 and were the most represented land cover type in 2013 while dense forests, gallery
forests and woodlands decreased in the same period. Our results highlights, the necessity to
study the dynamics in floristic composition of the area in order to assess change in floristic
composition and to redefine with actors the best management practices which will allow
the protected areas to assume their main role of biodiversity conservation.
Key-words: Land cover, Maps, Dynamics, Change, Benin Republic.

land cover to desired human purposes

INTRODUCTION
Land cover is the result
process

and

can

be

of a complex

defined

the

decades, land use/cover is undergoing drastic

biophysical state of the earth’s surface

change. This change is to accommodate the

andsubsurface,

soil,

rapidly growing population as observed

topography and groundwater (Turner, 2002;

currently by Mondal et al., (2012). The

Lambin et al., 2003; Lepers et al., 2005)

world’s population is estimated to reach 8.9

while land use refers to the transformation of

billion in 2050 (Lutz et al., 2001).

including

by

(Houessou et al., 2013). Over the last few

biota,
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This rapidly increasing population has led to

areas are considered as areas (forest, land and

increasing land requirement for agriculture

water)

and urbanization, heightening the clearance

conservation

through

of forests. At the beginning of the twentieth

legislations.

These

century, the world’s forest cover was

representative

estimated at 5 billion hectares and has

preservation

reduced to 2.9 billion hectares nowadays

generations (Pimm et al., 2001; IUCN, 2005)

(Issiaka, 2012). These declined forests are

and

mainly concentrated in developing countries

between land cover changes and needs to

(DeFries et al., 2007; FAO 2010). From 1990

preserve other ecosystem services.

till today, the loss of forests in developing
countries has averaged 13 million hectares
per year (Lester, 2009). Steppes, savannas
and grasslands also experienced a rapid
decline, from around 3200 million hectares in
1800 to 2700 million hectares in 1990
(Ramankutty et al., 1999; Goldewijk, 2001).

dedicated

for

areas

lands
for

constitutes

local

of

current

an

biodiversity
laws

and

serves

as

biodiversity
and

appropriate

future

balance

Many protected areas around the world are
likely to undergo increasing pressures,
depending

on

the

land

use

and

socioeconomic dynamics of the regions in
which they are located (DeFries et al., 2005).
The maintenance of ecological functions of
protected areas is not static through time.

The management approach adopted by most

Wittemeyer et al., (2008) observed an

developing

for

accelerated human population growth around

the

protected areas in developing countries in

development of protected areas (Lambi et al.,

Africa. These areas are located in densely

2012).

populated

countries

in

Africa

biodiversity conservation has been

These

areas

were

established

regions

where

poverty

and

throughout the world, sequel to land cover

insufficient employment opportunities exist;

conversion in degraded ecosystems and the

indicating that the local human population

consequent habitat loss. Therefore, protected

relies on local resources for food and energy
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needs (DeFries et al., 2007).This situation

zone of Djona and addressed the following

increases protected areas vulnerability.

scientific

Knowing trends on land use and land cover
change in protected areas remains a great
concern

to

sustainably

design

and

conservation strategies for the management
of protected areas (Clerici et al., 2007;
Flamenco-Sandoval et al., 2007). In Benin,
previous studies have assessed land cover
change and demonstrated its impacts on
natural’s

ecosystems

which

become

degraded. For instance, in the central part of
Benin, Oloukoi et al. (2006) showed that land
cover regression is about 59.4% from 1978 to
1998. Adi et al. (2013) analyzed temporal
dynamics of landscapes in the Sudanian zone
of North Benin. And Houessou et al. (2013)
investigated how land use and land cover
change in two sites with different land use
intensity around the W National Park. Their
findings showed a rapid decline in land cover
around

the

protected

areas

and

a

deforestation rate of 7.63%-15.13% outside
the reserve.

Thus, this study focused on

questions:

(i):

What

change

happened in the vegetation coverin the last
two decades? (ii): Is the periphery of the
hunting zone most affected than the other
parts of the study area? (iii): Does the
population’s activities affect the land cover
of the protected area?
METHODS
Study area
This study was carried out in the W
Biosphere Reserve (WBR) in Benin, which
covers 563.280ha and is located between
11°20’-12°23’N

and

2°04’-3°05’E.

The

WBR is subdivided into three zones: core
area, hunting and buffer zones. The hunting
zone constitutes especially our study area
(figure 1). It’s an area devoted to hunting and
safari tours. Agriculture, domestic livestock
grazing, wood harvesting and non timber
products extraction are excluded from that
zone. But these prescriptions were not
followed by populations surrounding the
hunting zone and vegetation is highly

changes in land cover within the hunting
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degraded giving way in some places to

temperature is about 28.21°C with 16.83°C

mosaic systems.

minima value in December and 39.26°C in

According to White (1983), the WBiosphere

April for maxima value. The relative

Reserve (WBR) belongs to the regional

humidity is highest in august (81%) and

centre

lowest in February (26%).

of

Sudanian

endemism

and

is

characterized by a single rainy season (from
May to October) and a single dry season
(from November to April). Data related to
the weather characteristics for the period
1980-2010 was taken at Kandi-Asecna,
(2010). Thus, the average annual rainfall for
the period from 1980 to 2010 is 979.19 mm.
For the same period, the average annual

Various soils are distinguished: minerals
soils, little mature soils, tropical ferruginous
soils

and

minerals

soils

with

gley

(Avakoudjo et al., 2014). Highly degraded
land, called bowé, was also observed in this
area (Padonou et al., 2014). The vegetation is
mainly composed of woodlands, fallows, tree
and shrubs savannas (Ahoudji et al., 2014).

Figure 1: Localization of the study site, the hunting zone of Djona-part of the W Biosphere Reserve (Benin).
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woodlands, dense forest and gallery forest.

Data collection
Three maps, taken in 1989, 2000

Land cover map of 1989 (figure 2a)

and 2013 were interpreted. All images

showed that savannahs (57.71 %) followed

were acquired from landsat images, at the

by woodlands (30.01%) were the most

“Centre

Télédétection

dominant land cover types comparatively

(CENATEL)”. The three maps of the W

to the others. Farm and fallows and

Biosphere Reserve were clipped to obtain

settlement were the less represented land

maps of the hunting zone of Djona, using

cover

the software Arc Gis 10.1.

respectively as proportions values) in

Data analysis

1989. The land cover map of 2000 (figure

National

Based

the

(1.25%

and

0.01%

2b) showed that savannahs were the most

classes’ maps, we grouped the different

dominant land cover type with 76.31% as

land cover types. Land covers dynamics is

proportion

evaluated with determination of proportion

woodlands and gallery forest land cover

of each land cover type and the realization

types. In year 2000, farms-fallows and

of

settlements proportions’ increased and

graph

land

types

cover/use

dynamic

on

de

with

excel.

The

value.

It’s

followed

by

transition matrices were elaborated for the

passed respectively to 3.26 and 0.02%.

periods 1989-2000; 2000-2013 and 1989-

In 2013, land cover map (figure 2c), we

2013.

remarked that the more dominant land

RESULTS

covers were savannahs (62.19%) and

Land covers types in the study area

woodlands (21.21%). We also noticed that

Land cover maps of 1989, 2000

farms and fallows were represented with

and 2013 showed six land cover types:

5.33% proportion value and settlement

settlements, farms and fallows, savannahs

with 0.07%.

(woody,

trees

and

shrubs,

woody),
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(a) (b) (c)
Figure 2: Land covers maps for 1989 (a), 2000 (b) and 2013 (c).

Land
covers dynamics for 1989-2000;
Myrèse et al.,

Dynamics of land cover types from 2000

2000-2013 and 1989-2013

to 2013 showed the increase of all land

We observed for 1989, 2000 and

cover types without savannahs land cover

2013 that the most represented land cover

type which decreased (with -14.12 as

types were savannahs and woodlands.

dynamic proportion value). From 1989 to

Dynamics values graphs presented on

2013, we observed on dynamic change in

figure 3 showed that from 1989 to 2000,

land cover in the settlement; farm and

the savannahs increased to 76.31% while

fallow proportions increased in respective

woodland land cover decreased drastically

proportions of 0.06 and 4.08. Savannahs

and from 30.04 to 13.52%. At the same

land-cover type increased while woodland,

time, settlement proportions doubled and

dense forest and gallery forests decreased.

to 0.02% as farms-fallows land cover type
increased to 3.25%.
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Figure 3: Land cover dynamics from 1989 to 2013 at the hunting zone of Djona (WBR)
Legend: St: settlements; W: woodlands; DF: dense forest; GF: gallery forests; FF: farms and fallows; S:
savannah.
(a): Land cover change in the Hunting zone of Djona in WBR from 1989 to 2000; (b): Land cover change in the
Hunting zone of Djona in WBR from 2000 to 2013 and (c): Land cover change in the Hunting zone ofDjona in
WBR from 1989 to 2013.

transition

Transition matrices

matrix

of

1989-2013

we

The transition matrices of land

observed in 2013 that gallery forest was

cover in the hunting zone of Djona for

degraded in farms and fallows. Dense

1989-2000, 2000-2013 and 1989-2013

forest land cover type was degraded

were presented in Table 1. From 1989 to

mostly

2000,

savannah and lower in farms and fallows.

dense

forest

was

moderately

in

this

woodland,

period,

moderately

woodland

in

degraded in woodlands, savannah, farms

For

degraded

and fallows. In the same time, woodland

moderately in savannah and lower in farms

was also lower degraded in savannah and

and fallows. Savannah land cover type in

in farms and fallows. Transition matrix for

2013 was degraded in farms and fallows.

2000-2013 showed the same trend. On
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Table 1: Transition matrices of land cover in the Hunting zone of Djona for 1989-2000;
2000-2013 and 1989-2013.

Gallery

Gallery

Dense

forests

forest

woodlands

Savannah

Farms

Settlements

Total

and

areas

fallows

(Km2)

105.77

0

0

0

0.80

0

106.60

Dense forest

0

0.92

7.71

3.65

0.55

0

12.86

Woodlands

0

0.15

90.17

249.78

14.13

0

354.5

Savannah

0

0

38.39

631.26

14.11

0

683.43

0

0

0

4.96

9.59

0

14.74

Settlements

0

0

0

0

0

0.18

0.18

Total

105.77

1.07

136.27

889.66

39.36

0.18

1172.31

85.23

0

0

0

20.54

0

105.77

Dense forest

0

0.93

0.03

0.08

0.02

0

1.07

Woodlands

0

2.55

86.46

43.46

3.79

0

136.27

Savannah

0

0

179.97

675.88

33.22

0.61

889.66

0

0

0

9.95

29.16

0

39.36

Settlements

0

0

0

0

0

0.18

0.18

Total

85.22505

3.483

266.456

729.3721

86.73075

1.0395

1172.31

85.23

0

0

0

21.31

0

106.78

0

0.70

7.32

3.40

1.41

0

12.86

forests

Farms

and

fallows

area

1989 (km2)

Gallery
forests

Farms

and

fallows

area

2000 (km2)
Gallery
forests
Dense forest
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woodlands

0

2.78

259.14

65.37

26.54

0

354.50

Savannah

0

0

0

656.18

27.59

0

683.43

0

0

0

4.42

9.45

0.82

14.74

Settlements

0

0

0

0

0

0.18

0.18

Total

85.23

3.48

266.46

721.50

86.73

1.04

1172.31

Farms

and

fallows

area

(km2)

DISCUSSION

also moderate degraded in farms and

Land cover types

fallows and settlements. Then, farms and

This study investigated the land

fallows area increase from 1989 to 2013.

cover and land use change around W

These observations underlined changes

Biosphere

and

induced in vegetation and highlight the

highlighted change occurring in this area

evidence of land conversion and land use

especially in the hunting zone of Djona.

change inside the protected area. This

Our

most

corroborates with (Houessou et al., 2013)

represented land cover types for these tree

who observed changes in land cover

years

outside the protected area.

Reserve

results

in

showed

were

Benin

that

savannas

the

followed

by

woodland. From 1989 to 2013, areas of

Land covers dynamic

some of land covers such as dense forest

The presence of settlements, fields and

and gallery forest were reduced and

fallow land cover typeswas considered as

degraded

woodlands,

human intrusion in the protected area. We

savannahs and lower in farms and fallows.

noticed that these two land cover types

When in the same time woodlands were

were

degraded in savannahs and farms and

periphery

fallows. Savannahs land cover type was

characterized

mostly

into

particularly
of

located
the

by

the

within

hunting

the
zone,

proximity
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population’s
breeding.

activities
These

characterized

by

and

regions

livestock
are

also

transhumance

from

166

induced change in vegetation cover. High
grazing

intensity

explained
covers.

the

conversion

of

Niger, Nigeria and Burkina Faso. We can

consistent

with

deduce that farms and fallows and

showed in Sahel regions that grazing is

settlements land cover types were induced

one of important factors inducing changes

by the shift and burn agricultural practice

in land cover.

in this area. This is consistent with

land

also

Issiaka,

This

(2012)

is

who

CONCLUSION

previous studies (Lambin et al., 2003;
Wood et al., 2004) which concluded that
human practices and agriculture remains
the principal factors inducing land cover

Our results on land use/cover change in the
hunting zone of Djona in W Biosphere
Reserve in Benin confirmed all of the three
hypotheses and we can retained that,

change in sub-Saharan Africa.

globally,
Our results showed that dense forests,
gallery forests and woodlands land cover
types proportions decreased from 1989 to
2013.

This

highlights

that

without

agricultural activities, others factors also
induced change in land cover. According
to Brink and Eva, (2009) the main drivers
of land cover change were both natural and
human. However, the perceived driving
forces could vary in the same region and
from one region to another (Lykke, 2000).
Land use in a protected area as “grazing”

land

use

has

changed

considerably in the last decades. The most
represented land cover type was savannas
formations and the periphery of this area
was the most affected by the installation of
farms and agricultural purposes. This
situation affected natural resources. Our
research

highlights,

the

necessity to

redefine with actors best management
practices in order to preserve natural
resources and to permit to protected areas
to assume their main role which was to
protect biodiversity.
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