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Abstract Vegetation changes in Sahelian West Africa have been increasingly
investigated since 1970 due to the catastrophic droughts in the early 1970s and 1980s
and the following decades with below average precipitation. In most cases this was
done by remote sensing and vegetation studies. In recent years, local knowledge of
farmers and pastoralists about vegetation changes has been increasingly investigated.
In this paper, information from different case studies in three West African countries
(Burkina Faso, Niger, Senegal) was used to analyse and evaluate vegetation changes
in the Sahel. In total, data were analysed from 25 villages, where the local people were
asked to mention plant species and qualify their present occurrence compared to the
past. In total, 111 woody species were mentioned as having changed compared to the
past, of which 79% were classified as having decreased or disappeared. For each
single location 8-59 different woody species were mentioned. In most cases, these are
valuable species of socio-economic importance. Only 11% of the species was classi-
fied as increasing or new (0-12 were mentioned per location), the later being mainly
exotic species. Ten percent were categorised differently among villages. A compar-
ison of local knowledge from different locations provide regional scale information
on endangered species and thereby crucial information for making insightful
priorities for assisted regeneration, reforestation and conservation strategies.
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Introduction

The West African Sahel has for long been affected by different types of vegetation
changes. Natural long-term climatic changes and following vegetation changes have
been documented for the last centuries (Lézine, 1989). Short-term changes became
obvious with the droughts of the 1970s and 1980s (Claude, Grouzis, & Milleville,
1991; IEMVT, 1977). The climate in the Sahel is characterised by a high inter-annual
rainfall variability, which can alter vegetation cover enormously from year to year
(Tucker, Dregne, & Newcomb, 1991). Human resource use has a long tradition in
semi-arid West Africa. The influence of man on the natural savanna vegetation can
be traced back as long as 9,000 years (Anhuf, 1995), and examples of human
influenced vegetation changes in the past due to agro-pastoral activities have been
reported from northern Burkina Faso (Ballouche & Neumann, 1995). Today, most
areas of the Sahel are used for cropping and/or grazing. In many places tree cover
has decreased due to cultivation, wood cutting and overgrazing (Bandré, 1996;
Breman & Kessler, 1995). Human impact is seen as the most important factor for
these changes over the last decades (LeHouérou, 2002; Wezel and Rath, 2002), but
climate might also have some importance (Nicholson, Tucker, & Ba, 1998).

Vegetation changes influence the rural economy in the Sahel as a broad spectrum
of natural plants is used for food, fodder, firewood or medicinal purposes
(e.g., Bandré, 1996; Bergeret & Ribot, 1990; Gakou, Force, & McLaughlin, 1994;
Guinko & Pasgo, 1992; Kéré, 1998; von Maydell, 1992). Species decline affect all
aspects of daily life; health, nutrition and income of individual households.

In recent years, the knowledge and the perception of local rural people in the
Sahel was increasingly used to understand the extent of vegetation changes during
the last decades (Gonzalez, 2001; Hahn-Hadjali & Thiombiano, 2000; Lykke,
Kristensen, & Ganaba, 2004; Wezel & Haigis, 2000). This method showed to be a
relatively quick and reliable source of information without the necessity of sophis-
ticated technical apparatus. A further advantage is the availability of information on
a single species basis, which can be directly used for local resource management
(Wezel, 2004). However, such information is only available for single case studies
and lacks an overall analysis. The purpose of this paper is to bring together different
case studies to analyse if similar trends of species change can be found for different
parts of the Sahel or if species are affected on a local scale only.

Study area

The Sahel is characterised by large plains interrupted by shallow valleys, temporary
water areas (mares) and longitudinal sand dunes. The plains are characterized by
open savanna with relatively low (mainly less than 10 m tall), spiny woody species,
particularly Acacia spp. and Balanites aegyptiaca. Annual grasses appear with the
first rains in June—July and cover the soil until September. The valleys and tempo-
rary water areas (mares) contain a cover of perennial grasses and denser woody
vegetation dominated by relatively large, evergreen species. The sand dunes have
sparse vegetation dominated by annual grasses and scattered trees, e.g., Combretum
glutinosum and Faidherbia albida. A band of evergreen woody vegetation often
fringes the dune system where rainwater accumulates.

@ Springer



Environ Dev Sustain (2006) 8:553-567 555

The predominant land use is either cropping or livestock rearing. The dominance
of either activity strongly depends on the ethnic groups living in the respective areas,
e.g., the Fulani have a preference for livestock rearing, whereas the Djerma, Haussa
and Gourmanchté are predominately engaged with millet or maize cropping (see
Table 1).

Methods

Seven case studies from three West African countries were used to analyse and
evaluate vegetation changes in the Sahel; four studies published from Burkina Faso
(Hahn-Hadjali & Thiombiano, 2000; Knierim, 1991; Lykke et al., 2004; Miiller &
Wittig, 2002), one from Senegal (Sadio, Dione, & Ngom, 2000), one from Niger
(Wezel & Haigis, 2000) and unpublished data from Burkina Faso (Fig. 1). The
common data basis of all case studies is the perception of local people about
changes in woody vegetation in the Sahel. People were asked to mention plant
species and qualify their present occurrence compared to the past, meaning
20-50 years ago according to age of interviewed people. Informants belonged to
different ethnic groups of farmers and pastoralists. Both, men and women were
interviewed with a preference for elderly people (above 50 years). Detailed
information of each case study is presented in Table 1. Raw data from the above
mentioned studies were combined and analysed, together with the unpublished
data. In four of the cases studies the interviews were carried out with individuals,
in the other three studies data was collected through group discussions. The
criteria for species selection was not equivalent for all studies (Table 1), but to
minimise the methodological differences, data of Hahn-Hadjali and Thiombiano
(2000), Wezel and Haigis (2000) and Lykke et al. (2004) were re-analysed with

Burkiana
Faso

4 study locations
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I —

Fig. 1 Location of the study areas in West Africa
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similar criteria for the selection of species. Only species that were mentioned by at
least 20% of the informants in one village as either disappeared, declining,
increasing or new were entered in the species list and thus considered for the
analysis. In general, species that could not be translated to scientific names or for
which the same common name is used were not included in the analysis. The
scientific names of the plant species follow (IPNI, 2004).

The Sahelian Zone in West Africa is defined as the semi-arid area receiving
200-600 mm average annual precipitation. Although two study sites in Burkina Faso
(sites H2 and H3 in Table 2) are located in the Northern Sudanian Zone, they are
included in the species list because they allow comparing species changes, e.g., for
Vittelaria paradoxa or Khaya senegalensis, which have a core distribution in this
Zone, but occur within their northern limit of geographic range in the Sahelian
Zone.

To analyse similarities between the 25 different villages, a cluster analysis was
carried out. Only decreasing/disappeared species for each study village entered the
model as a binomial variable. Single linkage and Euclidean distance was used for the
computation of the classification.

Results

The local people from 23 different Sahelian villages (the two study villages from
the Sudanian Zone were not considered here) mentioned 111 woody species as
having changed compared to the past (Table 2). In total, 88 species (79%) were
classified as having decreased or disappeared (Fig. 2). The following species were
mentioned from more than 10 locations: Acacia ataxacantha, A. senegal, A. seyal,
A. ehrenbergiana, Adansonia digitata, Boscia senegalensis, Ceiba pentandra, Dal-
bergia melanoxylon, Ficus gnaphalocarpa, Grewia bicolor, Khaya senegalensis,
Maerua crassifolia, Pterocarpus lucens, Sclerocary birrea and Tamarindus indica.
Only 12 species were classified as having increased or as newly introduced.
Finally, 11 species were classified differently among villages indicating significant
difference between case studies, e.g., Acacia tortilis, Faidherbia albida or Parinari
macrophylla disappeared in Senegal but increased in Niger, whereas Combretum
glutinosum and Ziziphus mauritiana reflect differences within the locations in
Niger.

In average, 28 species were mentioned in each village (with a range from 8 to 64
species). In average 88% were decreasing/disappeared (range 4-59) and 12% were
increasing/new (range 0-12).

Nine species were mentioned at many locations in Burkina Faso, Niger and
Senegal: Acacia ataxacantha, A. seyal, Boscia senegalensis, Ceiba pentandra,
Combretum glutinosum, C. micranthum, Diospyros mespiliformis, Grewia bicolor
and Tamarindus indica. Nevertheless, these species show slightly different patterns.
Some of them were more often mentioned in Burkina Faso, others more frequently
in Niger or in Senegal. The cluster analysis carried out with decreasing and disap-
peared species showed that in general a higher similarity is found within the
respective case studies. Three main clusters were found (cluster 1: S1-4; cluster 2:
W1-7; cluster 3: L1-5 and U1-3). Two locations in Burkina Faso (H1, H2) were most
distinct from all others, followed by H3, K1, M2 and M1.

@ Springer
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Discussion
Decreasing and disappeared species

Local knowledge indicates that many species have decreased in numbers compared
to the past, some species that existed 20 or 30 years ago have disappeared at various
locations. The decline affects all aspects of daily life of the local people, such as
nutrition, medicine, firewood, construction, and tools. Species are also used for
handicrafts and fodder. Most declining and disappeared species are of high socio-
economic importance (details for uses see Hahn-Hadjali and Thiombiano (2000),
Wezel and Haigis (2000), Lykke et al. (2004), SEPASAL (2005)).

Increasing and new species

The number of increasing and new species was low compared to decreasing and
disappeared species. The former were mentioned only for a few and often for only
one location (see Table 2). They are all exotic, except for Lannea fruticosa which
belongs to the original flora of the Sahel (Arbonnier, 2000). Most of them were
introduced by different development projects, especially in Niger, where most new
species occurred. In some of these villages natural regeneration of woody species
was promoted by development projects (Rinaudo, 1996; Taylor & Rands, 1992 see
also Wezel & Haigis, 2000).

Differently categorised species

Not all species could be assigned to the categories decreasing/disappeared or as
increasing/new; 11 species show local or regional differences. On one hand this might
to be caused by projects in Niger promoting natural regeneration, which seem to be
able to inverse the trend for at least some species from decreasing to increasing, e.g.,
Balanites aegyptiaca, Combretum glutinosum, Guiera senegalensis and Ziziphus
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mauritiana. On the other hand, species such as Acacia tortilis, Calotropis procera,
Faidherbia albida or Parinari macrophylla show clear differences between different
countries. In the case of Parinari macrophylla it seems to be its very localised
occurrence (Arbonnier, 2000). The fact that Ziziphus mauritiana is not decreasing at
L1-5 and U1-3 locations might be due to its status as a holy species in these areas,
which means that it is protected by traditional bans and therefore never cut for
firewood (Ganaba, Ouadba, & Bognounou, 1998). In other study villages, firewood
cutting or other uses might be the cause for decreasing Ziziphus numbers. The
difference between the increase of Acacia tortilis in Burkina Faso and the decrease
in Senegal could be caused by differences in agricultural preferences of the local
ethnic groups. Intensive grazing in the villages in Burkina Faso with prevailing
pastoral land use leads to bush encroachment, whereas the opposite is evident for
the predominantly cropped areas in Senegal.

Similarity of locations

There is no single location totally different from the others, underlining that a
general decline of species in the Sahel takes place. The most dissimilar locations are
those located in the Northern Sudanian Zone (H2) or on the southern border of the
Sahelian Zone (H1). In contrast, the H3 location, the southernmost location in the
Northern Sudanian Zone, shows a medium similarity with many other locations, thus
indicating that many declining or disappeared species in the Sahel show the same
trends in the Northern Sudanian Zone. This is especially important for species,
which have a wide zone of distribution (from about 400 up to 900 mm precipitation),
but occur within their northern limit of geographic range in the Sahelian Zone.
These species can indicate which factors are causing species change; if species de-
crease or disappear in the Sudanian Zone, but still exist in the Sahelian Zone, the
reason for the change cannot be the climate change often mentioned (Hote, Mahé,
Somé, & Triboulet, 2002; Hulme, 2001). Instead, human impact has to be the major
factor. This seems to be the case for: A. ataxacantha, A. digitata, A. inermis,
A. leiocarpa, B. aethiopium, B. senegalensis, C. pentandra, C. glutinosum, C. mic-
ranthum, C. nigricans, C. religiosa, D. mespiliformis, F. albida, F. gnaphalocarpa,
G. ternifolia, K. senegalensis, M. inermis, P. biglobosa, P. reticulatum, P. africana,
S. birrea, T. indica, V. paradoxa, V. doniana. Some of these species were also re-
ported as decreasing in other areas in the Sudanian Zone in southern Burkina Faso
(Lykke, Mertz, & Ganaba, 2002, Kristensen & Balslev, 2003).

Reliability of local information

A clear correspondence among answers from independent informants and villages
show that the local perceptions of vegetation changes are reliable. Possible problems
with translations from local names to scientific names or general communication
problems can be minimised by using a certain limit for integrating species into the
analyses. We used the 20% threshold for the data from individual interviews to
exclude species that were mentioned by only one or very few people at a location
and thus might be arbitrary. This of course poses the problem that naturally rare
species might be under-represented or not listed. In one of the studies in Burkina
Faso, it could be shown that this is normally not the case, as most people knew nearly
all of the woody species occurring in the area (Lykke, Fog, & Madsen, 1999). In this
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area vegetation surveys were made to compare local knowledge to scientific field
studies (Lykke et al., 2004). The study concluded that local people are obvious
informants for detailed information about environmental change and can give
additional information about rare species compared to vegetation studies. In free-
listing interviews it might occur that rare species are overlooked, but by having
normally between 4 to 10 persons in such a discussion this can be minimised.

Resource management and development

The large number of declining/disappearing species reveals a need for improved
resource management. In order to allow a focus on the most endangered species in
regional and local resource management, key species were extracted (see species
with * in Table 2). Common characteristic of key species is that they are declining/
disappearing in many areas. This key species list can serve as a support tool for
regional and local resource management, although up-scaling to the whole Sahelian
Zone from a few case studies might not be useful for all local conditions. The fact
that most of the key species identified, are multi-purpose species used in many ways
by the local population, underlines that management of woody vegetation plays a
crucial role.

Natural regeneration of many species is low because young seedling are often
grazed by livestock or eliminated by annual clearing of fields. To improve regen-
eration, some species need to be specifically protected from being grazed or by
selective clearing of fields. This seems to be the easiest, cheapest and most promising
way, as shown by some successful projects. In southern Niger, most of the peasant
promoting regeneration of natural woody species on their fields benefited from
sufficient wood production for their household and increasing sustainable crop yields
after 2-3 years (Taylor & Rand, 1992, see also Joet, Jouve, & Banoin, 1998;
Rinaudo, 1996).

An important issue for woody species management is land and tree tenure. In
Niger for example, the forest law “Code Forestier” is obviously not effective to
protect trees from being cut. The “Code Forestier” allows only people to use trees
when they can prove that they planted the trees themselves. This is not easy for local
farmers and contradicts the tradition, where a tenant farmer is not allowed to plant
trees because this might lead to a long-term claim to the trees or even to the ground
(Alloké & Issoufou, 1991, Neef, 1999, Sambou, Lykke, & Goudiaby, 2003).

Conclusions

There is an overwhelming trend of decreasing and disappearing woody species in
Sahelian West Africa. The present study gives a clear overview of the status of a large
number of species. Some local differences exist which can be partly explained by local
species conservation status such as holy species or the prevailing land use systems of
the different ethnic groups. Although efforts exist to increase woody species numbers
or simply vegetation cover, they are mostly focused on the local level. This reveals a
need for an improved resource management of species declining throughout the
Sahel, which should be based at both local and regional levels. The list given in the
present study provides a guide to select indigenous woody species for the promotion
of natural regeneration, reforestation and other forms of multiplication.
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