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Abstract. In Burkina Faso, vegetation dynamic has been more influenced by
human activities. Actually, the interest is focus on protected areas, which are
more green areas and the last habitat for biodiversity. Conservation and
restoration require a thorough understanding of the dynamic of each protected
area and its surrounding zones. This study aim to analyze Comoé-léraba
protected area vegetation spatial and temporal changed. For this study, we use
satellite images taking account a period of twenty years (1990-2000-2009).
Then the diachronic analysis considers globally and separately the land cover
situation inside the protected zone and outside in the surrounding zone. As
results, the diachronic study of Comoé-Léraba vegetation revealed significant
changes. Some plant communities have remained intact; others were restored
inside the protected area and against others suffered a severe deterioration. The
vegetation degradation occurs, around and close to the protected area. During
the twenty years 14.28 % of the natural vegetation has been loss, versus
expanding fields and settlements. Beyond the obtained maps, an important data
based is available. These results are important scientific stools which can
support policy, conservationists and researchers for improving strategies of
conservation in Comoé-Léraba zone.

Introduction

Investigations on canopy at a local level directly in the field are laborious,

tedious and almost impossible on large scale. Often, there is subjective
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estimation of the canopy and it can vary depending on the evaluator. Direct
assessment of the vegetation is also limited in time and on a small scale (Yang
et al., 2012). Furthermore, remote sensing gives an alternative to quantify the
biophysical elements of the land cover (Conhen et al., 2003). It allows more
access to information on their previous state. Therefore, monitoring of the
dynamics of vegetation in time and space, using satellite images is a valuable
contribution to the management of natural resources (Leimgruber et al., 2005).
This monitoring provides specific estimates of vegetation cover and the pace of
deforestation. Hence, remote sensing is widely used in tropical forest study
which is strongly influenced by bioclimatic and anthropogenic processes
(Vaidyanathan et al, 2010). Studies in West Africa have shown that
deforestation occurs at an alarming rate (Dibi et al, 2008; Ajonou et al 2010.).
The vegetation of Burkina Faso is also influenced negatively by this process
which leads to the regression of the canopy.

Mapping land cover from satellite images LANDSAT TM 1992 and
Landsat 7 ETM + 2002 has quantified the rate of deforestation in Burkina Faso
(Anonymous, 2006). On average, its canopy is under an annual decrease of
110,500 ha or 4.04% per year from 1992 to 2002 (Anonymous, 2006).
Reducing the rate of deforestation, would require investigations at two levels.
First, a precise knowledge of the areas covered by vegetation which is lost and
its rate of deforestation (Davidar et al, 2010.) and secondly, to control the
causes at reduced scales. Causes at local level can vary from one location to
another (Inoussa et al., 2011), as the cultures and history of local people have
an impact on their activities. Satellite images are still reliable tools in the
analysis of vegetation dynamics in time and space (Kanembou et al, 2009;
Ajonou et al, 2010). Some survey on protected area vegetation dynamic have
proved that many changes occurred particularly around protected areas
(DeFries et al., 2009) and often even inside the protected area (Guinko, 1997).
And this is a major concern for natural resources conservation in protected
areas. Located in the extreme southwest of the country, the classified forest and
partial faunal reserve of Comoé-Léraba (Comoé-Léraba reserve) is widely
influenced by local populations who are mainly farmers. This area is facing to
rapid population growth because of its enormous potential climate-related
characteristics compared to other regions of the country. The expansion of
cultivated areas is significant; leading to the vegetation loss with biodiversity
general. It is then necessary to provide reliable scientific information’s which
should be a better guide to define methods for these plants communities’
management and sustainable used.

This research aims to analyze the spatial and temporal dynamics of the
vegetation; the land used of the reserve Comoé-Léraba with its surrounding
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zones (10 kilometers around the protected area) using satellite images of three
different periods with two gaps of ten years (1990-2009). The specific
objectives are:

- to analyze the dynamics of land use inside the protected area and outside
in its surrounding land,

- to produce land use maps which can be used as a tool for decision
making in the context of the management and conservation of natural resources
in the protected area.

Study site

The classified forest and partial faunal reserve of Comoé-Léraba is located
in the South-western part of Burkina Faso (figure 1); between the latitudes
10°2° and 9°31°N and the longitudes 4°55’and 4°13° W. It was established
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Figure 1: Map of the classified forest and partial faunal reserve of Comoé-Léraba

from two existing classified forests (Diéfoula and Logoniégué) in 2001. It
covers 125 000 ha. The Comoé¢-Léraba reserve belongs to the category IV of
IUCN protected areas (IUCN, 1994) and also is a Ramsar site since 2009
(www.ramsar.org) mainly due to the 2 permanent rivers (Comoé¢ and Léraba)
which cross the reserve. The reserve is managed by the local association
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“AGEREF” (Comoé¢-Léraba classified forest and partial faunal reserve’s inter-
village association of natural resource management). Hunting and ecotourism
are permitted under a forester agreement in a specific period of each year
during the dry season. Land use pressure is high in the cultivation zone
surrounding the reserve. Indeed the conservation of this protected area is
sustained by the integrated management based on local participation
(AGEREF). After 13 years, positive results have been obtained, according to
the spatio-temporal dynamic survey of the protected area and its surrounding
zones (Gnoumou, 2013).

Materials and methods

Satellite data

The images have been chosen according to our objectives by covering
throughout the reserve and its surrounding zones.Two types of images were
used namely Landsat TM, ETM ETM + or for the periods 1990 and 2000. The
average spatial resolution is 30 m. Then ASTER image for the period 2009
with 15 m spatial resolution. The period of shot of all images corresponds to
the month of November.

Vector data used and images processing

Then the national geographic institution data base has been used for some
spatial important information’s; firstly to check already made the 2009 ASTER
image. Moreover, they were used in superposition with the results of the
processed images; such as a part of occupation, in the cases of the river and
road networks and localities.

Images (1990, 2000 and 2009) processing for data base development, took
place at the end of the identification of land used classes and the establishment
of key of classes interpretation. GEOMATICA 9.2 PCI, software have been
used in the image processing.

For a better spatial understanding of the dynamics of land use in the study
area from 1990 to 2009, our analysis will focus first on the space of the
classified forest of Comoé-Léraba and secondly on the land located in the band
of 10 km around it.

Indicators for analyzing which changed over time in terms of land cover
units are the size and the attribute. These indicators are obtained from the
automatic crossing of land tenure data. The sequences are: 1990-2000, 2000-
2009 and 1990-2009.
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Results

1. Analysis of changes in occupancy units’ inside the classified forest
of Comoé-Léraba

During the period (1990-2009), the evolution of different land cover units
within the reserve Comoé-Léraba is as follows:

The unit composed of dense dry forest and riparian forest: in 1990, this
unit covered 6.08% of the total classified forest area; in 2000, it has increased,
or 9.27% of the classified forest area and in 2009, it recorded a slight decline to
occupy 8.99% of the area;

-The unit composed of woodland and woodland savanna: it was
respectively 33. 98% of the classified’ forest area in 1990 and 43.09% of latter
in 2000. This unit has declined in 2009 and occupying 42. 76% of the total area
of the reserve;

-Tree savannas: they have also evolved as the previous land cover units.
The unit covered 33.34% of the forest area in 1990, before knowing an
expansion in 2000, occupying 39.24% of this area. It recorded a slight decrease
of'its size in 2009 and accounted for only 38.87% of the classified forest area;

-Shrubs-Savanna: they have seen a significant decline between 1990 and
2000, respectively, 22.47% and 6.87% of the total forest area. In 2009 its area
increases to occupy the proportion of 7.3% of the forest;

-Field-settlement: an area equal to 1.54% of the classified forest area in
1990, this unit has been reduced in its size in 2000, representing 0.23% of the
classified forest. But in 2009 we noticed the emergence of new growing areas
causing an increase in area (0.70% of the classified forest area).

-Ground: their size remained the same in 1990 and 2000 is 0.79% of the
total area of the study area. In 2009 there was a significantly lower coverage of
the ground that felt to 0.78%.

- Stretch of water : their area also remained constant with the proportion
of 0.52% of the total classified forest area in 1990 and 2000 The scope of these
stretch of water a value of 0.50% decreased significantly from 0.02% in 2009.

1.1. The main evolutionary trends of land-cover units’ inside the
protected area

Based on interpretation of satellite images, it had a significant change in
areas of almost all units of ten land occupation (10) years, with the exception
of the unit areas of field-settlement a decline. Indeed, the space occupied by
field areas, abandoned as a result of the amendment limits the protected and
changes its status area, have evolved into shrubs-savanna or Tree savannas.
Similarly, other units have also evolved into units of upper layer (eg shrubs-
savannas in tree savannas, tree savannas into woodlands). This reconstruction
of vegetation units of the entity, appears to be related to the management
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(government and local populations) established for the conservation of natural
resources. Against by ten (10) years after, there is a small degradation of
natural resources with the reduced area of vegetation units in favor of growing
areas and bare surfaces. This reflects a timid return of farmers in this protected
area. The resource degradation during this period may also be linked to a
climate problem, because the stretch of water decreased during this period.

However, a diachronic analysis of the 20 years (1990 to 2009) reveals a
trend of growth in the unit dense dry forests -riparian forests, the unity of
woodlands and woodland savanna and tree savanna. This shows a
reconstruction of vegetation cover in the protected area as parallel, there has
been a significant loss of shrub savanna, field, settlement and open areas.

2. Analysis of changes in occupancy units’ outside the classified forest
of Comoé-Léraba

Changes in the level of land-cover units in surroundings zones are as
follows:

-The unit of dense dry forest and riparian forest: occupying 6.85% of the
area of land in 1990, this unit has evolved in 2000 to 9% in the same area. In
2009 the unit has been weakened and covered only 8.24% of the area of the
study area.

-The unit woodland and woodland savanna: it stretched respectively
30.41% of the area studied in 1990 and 34.15% from the same area in 2000 it
reached a slight decline in 2009 and occupied a proportion of 29.65%.

-Tree savanna: in 1990 this unit covered 33.27% of the surface area. It
recorded an increase in its surface in 2000 reaching 39.04% of the area of the
surrounding land. In 2009, savannas were in regression and accounted for
33.76% of the total area studied.

-Shrubs savanna: the area of this unit recorded a decline over the years: in
1990, it was 21.35% of the total area, and 6.35% then 5.98% respectively in
2000 and 2009.

-Field-settlement: they have not ceased to increase outside the classified
forest. In a proportion of 7.27% of the total area studied in 1990, they covered
10.61% of the area in 2000. Their area has almost doubled in 2009, reaching
21.55% of the area of the surrounding zones.

-Ground: their area which was 0.54% of the surrounding zones has
remained unchanged throughout the study periods.

- Stretch of water: the surface stretch of water also remained constant
during the study periods: in 1990 and 2000, it covered 0.30% of the total area
studied and in 2009 it was 0.29 % of the same area.
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2.1. The main evolutionary trends of land use units in territories

The inter-period 1990 and 2000 analysis reveals an increase in the area of
certain land-cover units. Vegetation units having recorded an increase in their
areas are dense dry forest and riparian forest, woodland and woodland savanna,
and tree savanna. This could be the result of a reconstruction of forest
resources in these units. But, there is an increased area of field and settlement
corresponding to the loss of natural vegetation. Indeed, in contrast to previous
vegetation units above, that of shrubs woodlands has declined dramatically
during the same period. These types of plant communities were certainly very
popular for agriculture. In the decade (2000-2009), we observe the opposite
effect, because all units have recorded a decline in their proportion in terms of
area with an exception of field and settlement areas who continue to spread.

Thus the overall synthesis of the 20-year period (1990-2000) shows a
significant increase in the proportion of agricultural zones. There has also been
a slight recovery of two units which are those of dense dry forest and riparian
forest, then tree savanna. But, only the increase of the unit of dense dry forest
and riparian forest can be considered as a gain in natural resources. As tree
savannas could come from the degradation of higher vegetation units
(woodlands and woodlands savanna). Regarding units of woodland and
woodland savanna, as well as the shrubs woodlands, their areas trends are
reducing.
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Fig 2: Land cover map in 1990 (protected area and surrounding area)
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Figure 3: Land cover map in 2000 (protected area and surrounding area)
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Discussion

1. Global trend of the natural environment between 1990 and 2009

Strong pressure was exerted on vegetation classified forests Diefoula and
Logoniégué despite their protected area status. Indeed, an area of 3194.51 ha
was occupied by the fields and settlement. One of the burdens of conservation
is fraudulent and illegal exploitation of natural resources that we are trying to
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protect (Gavin et al., 2010). Several approaches to conservation have been
adopted by the managers of protected areas to address this practice. But since
these twenty (20) years, the participatory approach seems to be the most
appropriate solution (Mengue Medou-2002) in protected developing country
areas. The combined effort of the government and local communities around
the resource management of the protected area has been satisfactory in view of
the results obtained. In general, this study reveals a substantial decline in fields
and settlement as shrubs woodland inside the reserve. It means a good
recovery. However, it is necessary to be careful because there is tentatively
recovering of field in 2009 in the buffer zones. The most coveted plant
communities have been reduced faster and faster in surrounding zones. And
farmers may try again to move to the protected area to conquer new lands.

2. The causes of the evolution of plant communities units

2.1. Impact of some projects and AGEREF in the natural resources
conservation

The main objectives of the projects (GEPRENAF, PAGEN) was to fight
against uncontrolled deforestation has resulted in soil depletion, desertification.
The approach of these projects strategy and especially the AGEREF in
conservation was full accountability of local communities in the management
of natural resources. This approach then allowed all levels of the local
populations to take part in-depth analysis of potentials and constraints for the
development of villages, before committing to it. But certainly in 1996 already
a nucleus of people did not notice this strategy of management of the protected
or the new boundaries area to be redefined, or possibly that some accepted and
do not feel the benefits directly in improving their quality of life. All these
reasons could explain the appearance of field areas in the buffer zone of
Ouangolodougou and also beyond the limits in the area Massadéyirikord. But
the sizes of these new areas of cultivation and fallow non-blended currently
have a negligible area (0.70% Comoé-Léraba). However this is not to
overlook, it is the changing attitudes of a layer of local population, or failure to
comply with strict rules already known to all the inhabitants of the villages
involved. This attitude could lead to the situation where vegetation dynamics
was strongly influenced by the farmers. It could be also that they do not
perceive the extent of damage they cause or are already feeling the
consequences, but they cannot control factors such as population growth and
climate change. And this could seriously affect the sustainable conservation of
this protected area.
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3. Causes regression of plant communities units

3.1. Influence of anthropogenic pressure on the vegetation dynamics
of the protected area and its surrounding zones

Fields and settlement are growing faster and faster in the surrounding
zones. The analysis of the dynamics of land-cover units also clearly shows the
change of a proportion of each unit of plant community in field. Anthropogenic
pressure on the canopy is characterized by the uncontrolled exploitation of
plant communities. It is characterized by the practice of extensive agriculture
(Hertel et al., 2009) based on bush burning (clearing vegetation, selective
species and unfair cuts ...), late fires caused by poaching, trampling during
grazing (Inoussa et al. 2011; Okayasu et al., 2010), gathering and harvesting
threatening the survival of many species hence whose of plant communities.
These practices certainly existed in the past but people managed to live in
harmony with nature. But nowadays the population growth (Munsi et al., 2010)
and trends in livestock pose a threat to the natural environment (Kanembou et
al., 2009). In 1985, the study area had 8482 inhabitants. This population move
to 16,148 in 1996 (according to the general census of the population), then the
rate of increase provided 36,509 inhabitants in 2010 (Anonymous, 2000). In
addition Ivorian crisis (2002-2003) led to a wave immigrations Cote d'Ivoire to
many villages AGEREF as being among the closest communities in Burkina
Faso. However, the area also hosts Burkinabe from other parts of the country
in search of new farmland. They are usually installed in the villages or
settlements. The main cash crop in the region is yam. For yam cultivation,
farmers prefer new community of woodland or savanna woodlands. Shrubs
savanna or tree savanna on sandy soil texture are highly sought for growing
peanuts and sesame. However, we cannot lose sight of the fact that excessive
use of these plant formations can lead to their scarcity or their long-term loss
(Kanembou et al., 2009). The canopy can also deteriorate under the pressure of
pastures (Hamandawana, 2011). Farming is practiced in the area by Fulani
installed in almost all villages AGEREF or transit with the cattle towards the
Cote d'Ivoire. Thus, livestock grazing natural regeneration (seedlings and
young plants) of several woody species (Afzelia africana, Khaya senegalensis,
Uvaria chamea, Pterocarpus erinaceus, ...etc.) thus preventing the survival of
their populations.

3.2.Influence of climate changed on the vegetation dynamics of the
protected area and its surrounding zones

The decline in Stretch of water was found inside the protected as well as
in the surrounding area, these last twenty (20) years. This could be explained
from the rainfall data and weather from Niangoloko and Mangodara. There is a
decrease in the amount of rainfall in the last 10 years compared to previous.
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Similarly, these last 5 years, the month of November which correspond to the
period of different satellite images are no longer wet. At this declined and poor
distribution of rainfall over time, adds global warming (IPCC, 2007). Then the
climate is resulting in rapid evaporation of water. According to the work of
Millogo (2001), these climatic conditions are observed in Burkina Faso for
nearly 40 years ago. They have resulted in the frequent droughts that occurred
(1968, 1973 and 1984) and also the climate is showed by the step back towards
the south of the isohyets 600 and 900 in 30 years (Millogo, 2001). The impact
of climate is more general and then cross-border (Hannah, 2009). Climate
affects the vegetation in the study area. Climatic variations are cited among the
factors that induce the disappearance of plant species (Da, 2010). This then
leads to the disappearance strong degradation of plant and regression of
vegetation resources. This could explain the natural regression of certain
formations in the protected area, as the case of the unity of riparian forests and
dense dry forests. We have seen the death and falling trees of some dense dry
forest such as Anogeissus leiocarpa and Guibourtia copallifera. In rare cases,
the entire island is destroyed without the intervention of human. There is also
the fall of large trees (Dialium guineensis) along the riparian. This drop is
caused by a surge of rainwater stagnating longer than before. The impact of
thunderbolt on the destruction of many large trees was remarkable on some
woodland of Isoberlinia doka in 2008.

Conclusions

The diachronic study of Comoé-Léraba reserve land cover and its
surrounding areas revealed significant changes in the dynamics of twenty (20)
years. Some plant communities have remained intact; others were restored and
against others suffered a severe deterioration. The study shows that human
pressure is very strong on plant resources around this protected areca. And a
new invasion is not spared the reserve Comoé-Léraba. The updated land cover
maps allow conservationist of this protected area to locate new areas of crops
and deal with these fraudulent practices within the forest. But can we find a
balance between conserving biodiversity without taking into account the well-
being of populations? So, our opinion is the control of population growth and
the awakening of consciousness on the rational and efficient use of available
resources, so that the overall system in which ecosystems coexist to maintain
its total balance.
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