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Abstract 
In Benin, Shea tree (Vitellaria paradoxa) is one of the agroforestry species of 
great socio-economic importance for local populations. Given the actual var-
iation in the climate parameters, it is necessary to anticipate the future spatial 
distribution of Shea trees as an adaptation strategy and for designing relevant 
conservation strategies. The aim of the present research was to evaluate the 
influence of climate change on the distribution areas of Shea trees in Benin. 
Occurrence data consisting of geographic coordinates of Shea trees in Benin 
as well as bioclimatic variables were recorded. Furthemore, additional pres-
ence points were collected from the Global Biodiversity Information Facility 
database website. Current and future environmental data for the study area 
were obtained from the Africlim website. Bioclimatic variables (moisture and 
temperature), monthly maximum and minimum temperatures and annual 
rainfall were collected from Worldclim synoptic stations website for the pe-
riod 1970-2000. The aridity index was created from the potential evapotrans-
piration (PET) and annual rainfall, using spatial analysis tools of ArcGIS. The 
impact of current and future environmental conditions on favourable Shea 
trees’ growing area was assessed following the maximum entropy (MaxEnt) 
approach under two climate scenarios (RCP 4.5 and RCP 8.5). Under the 
current climate conditions, 80% of Benin territory and 79% of the protected 
areas were highly favourable for Shea trees growing and conservation. How-
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ever, all climate scenarios projected the significant decrease of 14% to 19% of 
the distribution of favourable for Shea tree growing area and 26% to 30% of the 
protected areas by 2055 in favour of non-favourable for the trees’ distribution. 
The protection of habitats favourable for the species development, coupled with 
a quick restoration of the species through the use of appropriate vegetative 
propagation techniques are required to sustain the species’ conservation in Be-
nin and maintain farmers’ livelihood.  
 

Keywords 
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1. Introduction 

Plant genetic resources are an important component of biodiversity that contri-
bute to food security and improved livelihoods (World Agroforestry Centre, 
2008). In Africa, non-timber forest products (NTFPs) are used by people to meet 
their daily needs for food, nutrition, health products and household energy. In-
tegrating NTFPs into productive agricultural areas has been recommended to 
sustain African livelihoods and protect the environment (Leakey, 2010). Shea 
tree (Vitellaria paradoxa C. F. Gaertn) is one of the species relevant to these ob-
jectives mentioned above (Avaligbé et al., 2021). 

The shea tree is a multipurpose species with great uses and socio-economic 
importance. It provides the inhabitants of tropical Africa with food, medicinal, 
handicrafts (Diarrassouba et al., 2008; Gnanglè, 2017). The socio-economic and 
ecosystem services provided by shea tree have made it a first order species on the 
priority list of African genetic resources (FAO, 1989). In addition to covering 
food needs during the lean season and providing income to households through 
the marketing of the nuts, shea trees conserve soil moisture, protect the soil from 
rain erosion through its roots (Jonsson et al., 1999; Traoré, 2003, Diarrassouba et 
al., 2008). In Benin, shea trees are present in various habitats (fields, fallows, 
parks, etc.) where they are intensively exploited to improve livelihood of the pop-
ulations. This increasing pressure on the shea tree resulted in the species decline 
with a serious threat of extinction in the species populations (Adjahossou et al., 
2016; Agbo et al., 2017). 

In addition, climate change poses nowadays a significant threat to shea trees 
(Aleza et al., 2018). Increasing temperature and/or decreasing rainfall may alter 
the extent and suitable habitats for the species (Padonou et al., 2015). Projections 
indicate that 20% - 30% of plant and animal species will face extinction risks if 
global warming exceeds 1.5˚C - 2.5˚C in Africa (Busby et al., 2012). As a result, 
global diversity, and production of NTFPs will also decline due to climate 
change events (Idohou et al., 2017). Benin is not on the side-lines of climate 
change and its consequences (Yabi & Afouda, 2012). It would therefore be im-
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portant to anticipate the future impact of climatic factors on the habitats of im-
portant agroforestry species such as shea tree to provide policy makers with de-
cision tools to set sound conservation strategies. 

Modelling based on the relationship between species occurrence points and 
environmental variables is an effective tool used to describe climate preferences 
and spatial distribution potential of species (Peterson et al., 2011). This approach 
is widely used in conservation and species ecology (Pearson et al., 2007; Elith et 
al., 2011). For instance, (Salako et al., 2018) combined geostatistical techniques 
and species distribution modelling to predict the potential impact of climate 
change on the decline of the agroforestry species Borassus aethiopum. Likewise, 
(Gbètoho et al., 2017) used this approach to predict the suitability and capacity 
of some pioneer forest species to restore secondary forests in the Lama Forest 
Reserve in Benin. Similarly, (Idohou et al., 2017) used niche models to identify 
potential spatial priorities for the conservation of wild palm species across West 
Africa. (Adjahossou et al., 2016) assessed the effectiveness of protected areas by 
projecting the potential areas suitable for cultivation and conservation of se-
lected tree species of socioeconomic importance in Benin. All these studies re-
vealed the usefulness of ecological niche modelling to provide information that 
can be derived into adequate strategies for species conservation. 

Furthermore, protected areas were recently recognized as one of the appropriate 
systems for sustainable conservation of plant biological diversity (Marshall et al., 
2012). However, the demographic explosion is leading to increased needs: leading 
to overexploitation of plant and animal resources. Within protected areas, NTFPs 
are becoming vulnerable and their protection is increasingly questionable (Ca-
stro et al., 2015). The objective of the present study was to assess the impact of 
current and future (horizon 2055) variation of the climatic factors on the shea 
tree distribution area in Benin under the Representative Concentration Pathways 
(RCP) 4.5 and 8.5 scenarios. 

2. Material and Methods 
2.1. Study Area 

The study was carried out in five shea tree parks in Benin as defined by (Gnanglè, 
2005) (Figure 1). The choice of these shea tree parks was based on the distribution 
area of shea trees in Benin. According to (Gnanglè, 2005), shea tree parks are 
distributed across all the three phytogeographical zones of Benin: 1) The Suda-
nian zone (9˚45' - 12˚25'N), which includes the shea tree parks of Kandi and 
Bembereke; 2) The Sudano-Guinean zone (7˚30' - 9˚45'N), which includes the 
shea tree parks of Savè and Parakou; 3) The Guinean zone (6˚25' - 7˚30'N), which 
includes the shea tree park of Bohicon. The Sudanian zone is characterized by 
a unimodal rainfall of less than 1000 mm with an average relative humidity of 
54.9% and an average temperature of 27.5˚C. Ferric and Plintic Luvisol soils 
are dominant in the area. The vegetation is mainly composed of wooded sa-
vannahs. The Sudano-Guinean zone, known as the transition zone, also has a  
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Figure 1. Study area and points of occurrence of the species. 

 
unimodal rainfall pattern (Yabi, 2008) with an average annual rainfall of 1000 
mm. The annual temperature varies between 21.2˚C (average of minima) and 
32.5˚C (average of maxima), while the relative air humidity ranges between 
45.5% (average of minima) and 87.1% (average of maxima). This zone is domi-
nated by ferric and plintic luvisol soils. These soils have variable fertility levels 
and the vegetation is characterized by mosaic of open forest and shrubby to 
woody savannah with forest galleries along the rivers. The Guinean zone is cha-
racterized by a bimodal rainfall pattern with an annual average of 1200 mm. The 
average temperature varies between 25˚C and 29˚C and relative humidity be-
tween 69% and 97%. Acrisols are dominant soil types in this area.  

2.2. Presentation of Shea Tree 

Shea tree (Vitellaria paradoxa) belongs to the Sapotaceae family and is mainly 
found in sub-Saharan Africa (SSA). It is a multipurpose species playing an im-
portant socio-economic and cultural role in Africa (Diarrassouba et al., 2008; 
Boffa, 2015). In Benin, this species is present in all bioclimatic zones but more 
represented in the Sudano-Guinean zone and the Sudanian zone (Gnanglè et al., 
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2011). It is also present in the Protected Areas (PA) made up of two national 
parks (Pendjari Park and W Park) and 57 forest reserves, occupying 25% of the 
national territory of Benin. 

Shea tree grows naturally in agroforestry systems, forests, and fallows (Lamien 
et al., 2004; Aleza et al., 2018). The species is a tree with an average height of 7.5 
m but can reach 12 m or more with an average stem diameter of 50 cm (Arbon-
nier, 2002). Shea tree is the second most important oil crop in Africa after oil 
palm (Nde et al., 2014). In Benin, it is the third most important cash crop after 
cotton and cashew. The fruit pulp is directly consumed especially during the 
lean season. The raw nuts are sold or processed for the shea butter used for 
cooking, skin care and in traditional medicine (Lovett, 2004). In addition, the latex 
from the bark is used in the manufacture for glue; the leaves are used as fodder for 
livestock (Lovett & Haq, 2000) due to their high protein content (Sanon, 2009). 
The shea tree contributes to the protection of the environment through the eco-
system services it provides (Jasaw et al., 2015). Furthermore, the species had sig-
nificant potential for carbon sequestration (Saïdou et al., 2012; Dimobe et al., 
2019). Overexploitation of the fruits and the slaughtering of young shoots during 
land clearing for agriculture are the causes of the species’ decline in Benin where it 
is red-listed by the International Union for Conservation of Nature (IUCN) ac-
cording to (Neuenschwander et al., 2011) and (IUCN, 2019).  

2.3. Occurrence and Environmental Data Collection 

To model the distribution of habitats favourable for cultivation and conservation 
of shea trees, occurrence data and environmental data were collected. Occurrence 
data consisting of geographic coordinates (longitude and latitude) of shea tree oc-
currence sites were recorded in Benin, especially in agroforestry systems and pro-
tected areas. Additional presence points were collected from the GBIF (Global 
Biodiversity Information Facility; https://www.gbif.org) database. Current and 
future environmental data for the study region were obtained from the Africlim 
website (http://www.york.ac.uk/environment/research/kite/resources/) which of-
fers the possibility to obtain climate variables with fine resolution for the entire 
African region (Platts et al., 2015). For future climate projections, two scenarios 
were considered namely the Representative Concentration Pathways (RCP) 4.5 
and 8.5 which are the most appropriate for the African regions. The RCP 4.5 is 
the most optimistic scenario, while RCP 8.5 is the most pessimistic in terms of 
emission of CO2 levels and temperature increase. Future environmental data for 
RCP 4.5 and RCP 8.5 scenarios were obtained from Ensemble Regional climatic 
models. These data consisted of 21 bioclimatic variables (11 moisture variables 
and 10 temperature variables) and derived by interpolation of monthly maxi-
mum and minimum temperatures and annual precipitation from Worldclim 
weather stations (obtained from the website http://www.worldclim.org) for the 
period 1970-2000. Bioclimatic variables are directly related to the physiological 
aspects of the growth of the species under study. The values of these variables do 
not depend on the timing of a particular state of growth. The variable “soil type” 
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was downloaded from the FAO global harmonized soil database (FAO, 2012). In 
addition, the bioclimatic variable Aridity Index was created from the evapotrans-
piration (ETP) and annual rainfall (Bio12) variables obtained from the Africlim 
website, using the spatial analysis tools of ArcGIS, version 10.1. All environ-
mental data were taken at a resolution of 2.5 minutes (approximately 4.64 km × 
4.64 km grid at the equator) and prepared in ASCII format with ArcGIS 10.1 
software. 

2.4. Modelling Method 

In this study, the Maximum Entropy (Maxent) method was used. This method 
represents one of the most powerful techniques used to estimate the probability 
of occurrence of a species in a region based on the corresponding environmental 
conditions (Phillips et al., 2006, 2017). This method combines observed occur-
rence data of one or more species with current bioclimatic characteristics at 
observation points to generate: 1) A global map of the species’ potential habi-
tats in the study area; 2) A global map of the future distribution of its favourable 
habitats according to climate projections made by general circulation models 
for the area. Maxent is a statistical machine learning method that estimates the 
most uniform distribution of occurrence points within the study area, consider-
ing the constraint that, the average value of each environmental variable under 
this estimated distribution is equal to its empirical mean. Recent development 
of the approach has shown that it is a modelling technique based on heteroge-
neous Poisson point processes, called PPI (Warton & Shepherd, 2010; Fithian & 
Hastie, 2013). This approach leads to an estimate of the relative abundance of 
the species with respect to environmental climatic conditions. The resulting rel-
ative probability map was then transformed into a presence probability map us-
ing an appropriate function; cloglog’s was used in this study (Phillips et al., 
2017). 

2.5. Model Calibration and Validation 

The selection of environmental variables included in the potential distribution 
model of V. paradoxa species was based on correlation analysis between biocli-
matic variables as well as knowledge of the ecology of the species (Austin, 2012). 
For this purpose, we used the ENMtools program (Warren et al., 2010) to ana-
lyse the correlation between variables in order to keep the variables with an 
absolute correlation coefficient less than or equal to 0.80 (Elith et al., 2010), after 
the evaluation of their effects in a model taking into account all bioclimatic va-
riables. 

The Jackknife test was performed on the selected bioclimatic variables to de-
termine which ones showed the best contributions. The V. paradoxa distribution 
models were calibrated with MaxEnt, version 3.3.4 using the iterative five-fold 
repeated cross validation method. This is a validation method that involves par-
titioning the occurrence dataset into five parts, four of which are used for cali-
bration while the remaining part is used for evaluation. The process was iterated 
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until all five parts have been used for model evaluation. The performance of the 
models was assessed by the AUC (Area under the ROC Curve) statistic. A model 
with an AUC value equal to 0.5 shows that it is not better than a random predic-
tion while a value close to 1 (AUC ≥ 0.75) indicates a very good model perfor-
mance. Considering some criticisms made by ecologists on the AUC index, 
which is thought to Area Under the ROC Curve, we had alternatively calculated 
the TSS (True Skill Statistics) which is a statistic that measures the ability of the 
model to detect true presences (sensitivity) and false absences (specificity) (Al-
louche et al., 2006). A TSS value greater than 0.70 indicates good model perfor-
mance in predicting species distribution. The results obtained with MaxEnt were 
imported into ArcGIS 10.1 software to map the habitats favourable for the spe-
cies for both current and future climate conditions (horizon 2055) according to 
each of the two scenarios considered, the RCP 4.5 and RCP 8.5. The probability 
distribution of occurrence generated by MaxEnt was used as an indicator of the 
quality of favourable habitats for V. paradoxa. In addition, a gap analysis of fa-
vourable habitats within Benin’s protected area network was performed by over-
laying the map of Benin’s national protected area network with maps of favour-
able habitats. Finally, the ArcGIS spatial analysis tool was used to spatialize the 
dynamics of favourable areas under current and future conditions. 

3. Results 
3.1. Contribution of Environmental Variables and Model  

Performance 

The Jackknife test (Figure 2) and the variable contribution analysis (Table 1) 
identified six variables out of the 21 bioclimatic variables studied as contributing 
to the spatial distribution of V. paradoxa. These were the aridity index (Arid), 
the iso-thermality (Bio3), the temperature seasonality (Bio4), the minimum tem-
perature of the coldest period (Bio 6), the rainfall of the driest month (Bio14) and 
the rainfall of the driest quarter (Bio17). The aridity index (Arid, 38.7%) contri-
buted the most to the development of the model, followed by the minimum 
temperature of the coldest period (Bio6, 26.3%) and the rainfall of the driest 
quarter (Bio17, 15.6%). Based on the Jackknife test, the aridity index yielded  
 
Table 1. Contribution of environmental and bioclimatic variables to the distribution of 
favourable shea trees’ habitats in Benin. 

Codes Variable name Contribution (%) 

Arid Aridity Index 38.7% 

Bio6 Minimum temperature of the coldest period 26.3% 

Bio17 Precipitation of the driest quarter 15.6% 

Bio4 Seasonality of temperature (Coefficient of variation) 11% 

Bio3 Iso-thermality 6.1% 

Bio14 Precipitation of the driest period 2.3% 
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Figure 2. Result of the Jackknife test on the contribution of the bioclimatic variables to 
the distribution pattern of favourable shea trees’ habitats in Benin. 
 
the highest information gain when used alone in the model building, while the 
minimum temperature of the coldest period induced the highest information 
loss when omitted from the models (Figure 2). This means that the aridity index 
contains more useful information than the other variables, while the minimum 
temperature of the coldest period has most of the information that is absent in 
the other environmental variables. The average AUC value was equal to 0.86 ± 
0.002, thus indicating that the models’ predictions were better than a random 
prediction. The TSS value was 0.71 ± 0.006 indicating a good ability of the mod-
els to predict the distribution of V. paradoxa.  

Figure 3 shows the maximum response curves for the six bioclimatic variables 
most influential on V. paradoxa distribution. The highest probability of V. para-
doxa occurrence was obtained in areas where the aridity index was equal to 2. The 
suitable site decreased above 2.2 and decreases sharply before 1.8 (Figure 3(a)). 
V. paradoxa was found to prefer areas where the minimum temperature of the 
coldest period was between 16.2˚C and 17˚C. Above 17˚C, the probability of 
occurrence decreased sharply (Figure 3(b)). V. paradoxa was present in areas 
where rainfall of the driest quarter was between 10 and 50 mm, after which the 
probability of occurrence also decreased sharply before stabilizing above 100 
mm (Figure 3(c)). Also, the seasonality of the optimum temperature of V. pa-
radoxa was between 22 and 25˚C. Above 27.5˚C, the probability of occurrence 
decreased sharply (Figure 3(d)). Then, V. paradoxa presented the optimal iso-
therm between 675 and 700, above 700 the probability of occurrence stabilized 
(Figure 3(e)). Finally, V. paradoxa occurred in areas where the optimum rainfall 
for the driest period was between −20 and 0 mm. Below −5 mm there was a de-
crease in the probability of occurrence then an increase from 0 mm and stabi-
lized at 18 mm.  

3.2. Current and Future Distribution of Favourable Habitats for  
Shea Tree Cultivation in Benin 

The results of the modelling indicated a distribution area of 94,816.36 km2, that 
is 80.58% of the Beninese national territory, which are currently very favourable 
for the cultivation and conservation of shea tree in Benin. With the bioclimatic 
projections of the MaxEnt model under the RCP 4.5 scenario, V. paradoxa will  
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Figure 3. Response curves for variables (a) Aridity factor; (b) Minimum temperature of the coldest period in 1˚C - 10˚C; (c) 
Rainfall of the driest quarter in 1 - 10 mm; (d) Temperature seasonality (Coefficient of variation); (e) Iso-thermality; (f) Rainfall of 
the driest period in 1 - 10 mm. 

 
lose nearly 14.33% of its currently very favourable habitats by the year 2055 
(Figure 4). The same scenario also projected an increase of nearly 67% and 54%, 
respectively, in moderately and poorly favourable, habitats for shea conservation 
by 2055. Both RCP 8.5 and RCP 4.5 scenarios projected similar trends by 2055. 
Considering the RCP 8.5, V. paradoxa will lose nearly 18.4% of the current  
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Figure 4. Rate of change of shea tree suitability levels in parklands. 
 
habitats highly favourable by 2055 (Figure 4). Still under this scenario, it is also 
noticed respective increases of nearly 70% and 80% of the habitats that are mod-
erately and poorly favourable for shea conservation, essentially at the expense of 
habitats that are currently very favourable. In sum, the scenarios projected a loss of 
areas currently highly favourable for shea tree cultivation and conservation by ex-
panding areas of medium and low favourability in 2055 (Figure 5).  

3.3. Current and Future Distribution of Favourable Habitats for  
Shea Tree Conservation in the Protected Area Network 

The results of the modelling generated an area of 22,153.96 km2, representing 
79.52% of Benin Protected Area network, that is currently highly favourable for 
shea tree cultivation and conservation in Benin. With the bioclimatic projections 
of the MaxEnt model considering the RCP 4.5 scenario, V. paradoxa will lose 
nearly 26.3% of the habitats that are currently highly favourable by 2055 (Figure 
6). The same scenario also projected an increase of nearly 781.25% of the habitats 
that are weakly favourable to the species by 2055, essentially by conversion of ha-
bitats that are currently highly favourable. The RCP 8.5 scenario presents a loss 
of currently very favourable habitats by 2055 with a loss of 29.9% of the habitats 
that are very favourable for shea tree cultivation and conservation. This is due to 
the conversion of 9.87% and 890.66% of habitats into moderately favourable and 
very poorly favourable habitats respectively (Figure 6). In essence, all scenarios 
to 2055 correspond to a loss of currently highly favourable areas in favour of 
moderately and poorly favourable habitats (Figure 7).  

4. Discussion 
4.1. Model Reliability and Methodological Limitations 

Predictive models are still powerful tools in decision making for the conserva-
tion and domestication of species (Schwartz, 2012). These models make it possi-
ble to statistically link the observed distribution of a species for a given period of 
time to the different ecological and climatic factors likely to structure it is ob-
served range (Piedallu, 2009). Thus, ecological niche modelling has often been 
cited as a powerful tool for mapping the current and future distribution of  
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Figure 5. Spatial distribution of Vitellaria paradoxa over the period of 1970-2000 (a) and 
predicted distribution under the RCP 4.5 (b) and 8.5 (c) scenarios in Benin by 2055. 
 

 

Figure 6. Rate of change of shea tree suitability levels in the shea parks. 
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Figure 7. Spatial distribution of Vitellaria paradoxa in the protected areas considering (a) 
1970-2000 period and predicted distribution; (b) Considering the RCP 4.5 Scenario by; 
(c) Considering the RCP 8.5 scenario by 2055. 
 
species and projecting the impact of climate change on their distribution (Fan-
dohan et al., 2013; Ayihouenou et al., 2016; Fachola et al., 2019). Within the 
framework of the present study, this model enabled a prediction of favorable 
areas to the presence of shea tree in Benin by 2055. The quality of this prediction 
model was evaluated through the AUC. The AUC value obtained for the model 
was higher than 0.8, which indicates a good capacity of the model to predict 
suitable habitats for V. paradoxa under climate change scenarios (Araújo et al., 
2005). Research work carried out by (White, 1983) showed that the earliest de-
scriptions of shea tree occurrence are in West Africa. These models provided 
very crucial bioclimatic information for decision-making, especially for identi-
fying new areas potentially favourable for cultivation (Cuni-Sanchez et al., 2010) 
or for the conservation of a given species (Schwartz, 2012). However, there are 
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some uncertainties related to the models used, including difficulties in para- 
meterizing ecological interactions, individual idiosyncratic responses of species 
to climate change, species-specific release limitations, the plasticity of physio- 
logical limits and adaptive responses of the releasing agents (Fandohan et al., 
2013; Dotchamou et al., 2016). 

4.2. Environmental Parameters Determining the Spatial  
Distribution of Shea Tree in Benin 

The results of the present study showed that six environmental variables contri-
buted to the spatial distribution of V. paradoxa. These variables include aridity 
index, iso-thermality, seasonality of temperature, minimum temperature of the 
coldest period, rainfall of the driest period and rainfall of the driest quarter. The 
aridity index is the factor that had the strongest contribution in the development 
of the model. The aridity index is a variable related to evapotranspiration and 
rainfall that influences the species distribution environment (Phillips et al., 2017). 
The aridity of the area then influenced the spatial distribution of shea tree. This 
corroborates findings of (Hall et al., 1996) who noted that shea tree grows in arid 
and semi-arid regions where rainfall amounts vary between 400 and 1500 mm. 
This explains the fact that densities of shea trees are very high in the Sudanian 
zone of Benin compared to the humid zone. Also, it was noticed that shea tree 
tolerates prolonged drought period up to eight months (Vermilye, 2004). Fur-
thermore, temperature and rainfall were climatic factors that induce the distri-
bution of shea tree in Benin. 

Climatic variables therefore explain the distribution of shea tree in Benin. 
These results are consistent with those obtained by (Dimobe et al., 2020) on shea 
tree in Burkina Faso and (Fandohan et al., 2013) on tamarind in Benin. Indeed, 
the variables Seasonality of temperature (bio4) and Iso-thermality (bio3) related 
to light and heat variation and the variables aridity; Rainfall of the driest quarter 
(bio14), Rainfall of the driest period (bio17) related to water variation that had 
an effect on the plant physiological development and the presence of a species in 
a given location (O’Donnell & Ignizio, 2012; Hatfield & Prueger, 2015). Light 
deficiency affects the level of regeneration and diameter of the shea tree trunk 
(Gnanglè et al., 2011; Ouoba et al., 2020). Regarding the temperature, shea tree is 
a very sensitive species to temperature variations. (Boffa, 2000; Avaligbé et al., 
2021) have shown that temperature variation during flowering and fruiting of 
shea tree has an influence on the level of productivity. To counteract the influ-
ence of climatic factors on shea’s range, conservation strategies must be imple-
mented like grafting and cuttings or development of climate-resistant cultivars 
to increase the productivity of shea tree (Venturini et al., 2016). 

4.3. Conservation Strategies for Shea Tree in Benin in the Context  
of Climate Change 

In Benin, climate projections for the year 2055, according to the two scenarios 
studied, showed that the habitats that are weakly and moderately favourable for 
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V. Paradoxa would expand. This situation could be explained by the fact that, 
climate variation could modify habitats favourable to plant species as reported 
by (Gouwakinnou, 2013) on Sclerocarya birrea (Anacardiaceae), (Fandohan et 
al., 2013) on Tamarindus indica (Caesalpiniaceae) and (Ayihouenou et al., 2016) 
on Parkia biglobosa (Mimosaceae). As for protected areas, they are reserve areas 
that promote biodiversity conservation (Houinato et al., 2001). As for protected 
areas, the results showed that 79.52% of the surface area of the entire network of 
protected areas in Benin is currently very favourable for shea tree conservation. 
These areas then constitute reserves that further promote biodiversity conserva-
tion (Houinato et al., 2001). 

It is often reported that species present in a protected area has a high proba-
bility of survival without further intervention and management measures once 
the protected area is properly managed (Heywood, 2008; Agbo et al., 2017). 
Evaluation of the relationship between V. paradoxa distribution and protected 
areas showed good potential for protected areas for shea tree conservation. The 
model projected for all climate scenarios an increase in medium and low shea 
conservation habitats in the protected areas. The increases will be very high for 
the poorly favourable habitats. These results strengthened the potential of the in 
situ conservation approach to maintain the species. (Fandohan et al., 2010) and 
(Gouwakinnou, 2011) justified the relative effectiveness of protected areas in 
conserving some indigenous fruit trees (Tamarindus indica L. and Sclerocarya 
birrea (A.Rich.) Hochst) in sub-Saharan Africa. Furthermore, the protected 
areas are nowadays threatened by anthropic pressure (logging, fossil fuels). It is 
therefore necessary to consider the prospects for shea tree conservation. Also, in 
areas suitable for shea tree growing and conservation, the establishment of shea 
stands by vegetative propagation (cuttings and grafting) would be an alternative 
to not only increase shea stands to colonize new favourable habitats, but also to 
strengthen and intensify farmers’ current traditional cropping practices (e.g. in-
tercropping of shea with annual crops) in their seek to mitigate climate change 
effect. 

5. Conclusion 

The present research revealed that the spatial distribution of shea was modulated 
by six environmental variables: aridity index, iso-thermality, temperature seaso-
nality, minimum temperature of the coldest period, rainfall of the driest month 
and rainfall of the driest quarter. The three main environmental and bioecologi-
cal variables that determine the ecological optimum of shea tree distribution 
were aridity index, iso-thermality, and temperature seasonality, which represented 
80% of the distribution of favourable shea habitats in Benin. The distribution 
area of shea was thus intimately linked to climatic variations. Projections showed 
that the area of distribution of shea trees in very favourable habitats will pro-
gressively decrease in most of the country’s climatic zones under the two climate 
scenarios (RCP 4.5 and RCP 8.5). The decrease was maximal under the RCP 8.5 
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scenario. The preservation of individuals species by implementing good crop-
ping practices and the establishment of shea stands in favourable areas through 
rapid vegetative propagation techniques were suggested for sustainable conser-
vation of this tree of great socioeconomic and ecological importance for the local 
population 
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