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Abstract: Parkia biglobosa (locust bean) is an indigenous species which,
traditionally contributes to the resilience of the agricultural production system in
terms of food security, source of income, poverty reduction and agro-ecosystem
stability. Therefore, it is important to improve knowledge on its density, current
and future spatial distribution. The main objective of this study is to evaluate the
tree density, the climate change effects on the spatial distribution of the species in
the future for better conservation. The modeling of the current and future
geographical distribution of the species was based on the principle of Maximum
Entropy (MaxEnt) using a total of 286 occurrence points from field work and the
Global Biodiversity Information Facility GBIF-Data Portal. Two climatic models
(HadGEM2_ES and Csiro_mk3_6_0) were used under two scenarios RCP 2.6 and
RCP 8.5 for the projection of the species distribution at the horizon 2050.
Correlation analyses and Jackknife test helped to identify seven variables which are
less correlated (r < 0.80) with highest contribution to the model. Soil, annual
precipitation and temperature (diurnal average Deviation) are the variables which
have mostly contributed to the models. Currently, 53% of national territory of
Benin, spread from north to south is very suitable for P. biglobosa.
At the temporal horizon 2050, the scenarios have projected loss of habitats, which
are currently very suitable for P. biglobosa. 51% and 57% are the highest proportions
of this habitat lost, which has been registered with HadGEM2_ES model under two
scenarios. In order to limit damages such as decreased in productivity and extirpa-
tion, some appropriate solutions must be found. It is important to plan the
introduction of Parkia biglobosa in reforestation programs and the protection of
its potential habitat at national level by the forestry administration which is an asset
for a better conservation of this significant NTFP.
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Introduction

During the past 30 years, the whole world has experienced the climate change
through the increase of temperature and the decrease of rainfalls, with West Africa
being among the most affected regions (Lugina et al., 2006). Guibert et al., (2010)
showed that conventional analysis of rainfall sequences, temperature and wind speed,
confirms increase of both maximum and minimum temperatures, but they do not
allow to mark the difference in rain distributions, nor they are able to describe the
violent winds increasing in north Benin. Fluctuations of climatic conditions are
nowadays acknowledged as one of the main threats to food supply systems, integrity
of ecosystems, and survival of species, (Fandohan et al., 2013). This brings
environmentalists and decision makers to carefully design actions to be taken with
regard to the planning and the diversification of agricultural production, as well as
the conservation of the species. Indeed, it is quite possible that the variations of climate
parameters such as temperature and precipitation may have an impact on the
biological diversity and on the geographical distribution of the suitable habitats of
the species (IPCC, 2007).  It is expected that by 2085, with global warming exceeding
1.5°C to 2.5°C, Africa could lose 90% of native environments for many plants and
animals (IPCC, 2007; Busby et al., 2010). This would result in greater extinction risks
for 20 - 30% of plant and animal species. To cope with such a drastic change,
production and conservation schemes would have to focus on resources that are the
most likely to withstand project changes in the climate (Fandohan et al., 2013).

Agroforestry Fruit Tree (AFT) species are very important in terms of their
contribution to health care, energy power, monetary income and other aspects of
human well-being (Teklehaimanot, 2004; Mahapatra et al., 2005). Local populations
maintain a multitude of virtual and intimate relationships with forest ecosystems,
principally through the gathering of edible fruits from AFT species. In Benin, over
814 medicinal plant species including 128 AFT species have been identified as highly
valued phytogenetic resources by the rural populations (Sinsin and Owolabi, 2001).
AFT species are increasingly seen as a good opportunity for African crop production
systems to achieve several millennium development goals (Leakey et al., 2005;
Fandohan et al., 2011) and to withstand climate change (Fandohan et al., 2013).
However, they could also be severely affected by the projected changes in the climate
(Fandohan et al., 2015).  In this context, it is important to foresee how climate change
may impact range of suitable areas for cultivating and/or conserving AFT species with
high domestication potential (Fandohan et al., 2013). The growing interest on
potential impact of climate change on AFT species has yield substantial information.
Most previous works have projected that climate change could rather shrink or extend
range of suitable areas for some AFT species such as Tamarindus indica, Sclerocarya
birrea, Chrysophyllum albidum (Gouwakinnou et al., 2011; Fandohan et al., 2013 ;
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Gbesso et al., 2013). Overall, climate change could drive a species specific spatial
dynamic of range of suitable habitats (Fandohan et al., 2013). Increasing efforts
towards modelling impact of climate change on AFT species could unearth
specificities with regards to each species and help better select species that are the
most likely to withstand climate changes for future conservation and crop production
programs (Fandohan et al., 2015). A recent development of statistical techniques and
geographic information systems allows envisaging much more satisfactory species
distribution models (Elith and Leathwick, 2009). These models will contribute in
either case to a better understanding of the species ecology and a more reliable
prediction. Likewise, in our study, Species Distribution Models (SDMs) is combined
with density data to examine the links between current/future distribution and density
of Parkia biglobosa. We hypothesize that as temperature rises and precipitation
changes, owing to climate change, some areas in Benin might become less suitable for
P. biglobosa; its density would represent a significant index to describe its ability to
acclimatize. Therefore, relating density to future species distributions, suitable areas
for conservation and domestication management strategies will be identified. The
general objective of study is thus to contribute to the climate change risk assessment
on the spatial distribution of P. biglobosa according to the climatic scenario in 2050,
and to highlight future favourable habitats to its conservation in Benin. 

Materials and Methods 

Study area

This study was conducted in Republic of Benin, located between the parallels 6°
30’ and 12° 30’of latitude North and the meridians 1° and 3° 40’ of longitude East
(figure 1) with an area of  114,763 km2 . The climate is tropical or sub-tropical,
characterized by two seasons in the North (one rainy season and one dry) and four
seasons in the South (two rainy seasons and two dry seasons).  The study area includes
ten (10) phytogeographical districts that differ from one to another, not only by their
environmental conditions such as climate, soils and vegetation (Adomou et al., 2006)
but also by human traits and various socio-cultural groups that do several activities
like agriculture, breeding, fishing, hunting and handicraft.

Study species 

Parkia biglobosa is a species of Soudanian savannah and of Mimosoïdeae sub-family and
family of Fabaceae. Its natural occurrence area covers a large region that expands from Senegal,
in the West, to Uganda in the East, and encompasses Soudanian and Soudano-Guinean zones.
The species is of a great importance in the traditional agro-forestry systems in its occurrence
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area, and has high economic potential. For the local populations of Benin, P. biglobosa is a
species used essentially for food, medicinal, cultural, economic and magico-therapeutic
purposes (Koura et al., 2011). The pulp and fruits of P. biglobosa are amino-acid-rich and
constitute a good source of protein that could be used in food.

Data collection

To collect data on trees density, the number of individuals of P. biglobosa was noted in 4
hectares plots from the two main zones of species: Soudano-guinean zone and Soudanian
zone. Six (6) plots were established in each ecological region and all Parkia biglobosa
trees with DBH superior or equaling 5 cm were inventoried. In Guinean zone, because
of the scarcity of species, no plot was installed. For each plot, tree density was computed using
the equation (1) below, and then, the mean density was calculated for each 

Figure 1 - Location of study area showing phytogeographical districts 
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Where
Ni is the density in the plot i;
ni is the number of individuals observed in the plot i
S is the area of 4 hectares

Geographic coordinates of P. biglobosa occurrence points, which were used in this
study, were collected through field work, carried out in the agroforestry systems of
the 77 administrative districts of Benin. To obtain a good accuracy of modeling results,
the occurrence of the studied species should cover the most possible area where it is
influenced by the same climatic factors (Fitzpatrick et al., 2009). This area is known
as background where additional occurrence of species is recorded and pseudo-absence
are selected during modeling process (Philips et al., 2009). In this study, occurrences
of P. biglobosa out of Benin but in areas covered approximately by the same climatic
conditions have been collected as additional data throughout its occurrence area in
west Africa by exploring the database of GBIF (Global Biodiversity Information Facility:
www.gbif.org).

The current and future climate data were downloaded from the site of Wordclim
(www.worldclim.org) to predict the suitable conditions for Parkia biglobosa (Elith et
al., 2006). The current climatic data obtained from Worlclim web site are derived from
interpolation of average monthly, maximum and minimum of temperature and
rainfall, considering the historical series 1950-2000 (Hijmans et al., 2005). Using Arcgis
10.1, nineteen (19) bioclimatic variables were processed and saved in format consistent
with Maximum Entropy Modeling (MaxEnt) tool used in this study. The latter is
enable to estimate the distribution probability of the species by simulating the most
uniform distribution (Maximum Entropy) and the nearest to the model (Philips et
al., 2006). 

Regarding future climatic projections, two Global Circulation Models (GCMs)
have been used (Brands et al., 2013): HadGEM2-ES (Met Office climate model) and
Csiro_mk3_6_0 (Commonwealth Scientific and Industrial Research Organization).
These models provide a global representation of system climatic and constitute the
ones among the most-used models currently available for simulating the global
climate response to increasing greenhouse gas concentration. Climatic models are
research tools for the study and simulation of climate and are also useful for
operational purposes, especially for monthly and seasonal climatic previsions.
Projections run by 2050 under two IPCC-scenarios (IPCC) about the Fifth Assessment
Report (AR5): Representative Concentration Pathway (RCP) 2.6 and 8.5. These
scenarios are used of preference because, in particular, the RCP 8.5 as an extreme
scenario is the most pessimistic in terms of gas emission. Its temperature increase is
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a little stronger than the old SRES A2 scenario, which has been qualified as best and
it is the most-used. The RCP 2.6 scenario is instead the most optimistic in terms of
reduction of temperature. Without ambiguity with the old propositions of  IPCC, it
takes into account the effects of emissions reduction that are likely to limit the
planetary warming to 2°C (Meinshausen et al., 2011). All climatic layers used in this
study have a cell size of 2.5-minute grid (spatial resolution of approximately 4.62 *
4.62 Km) in West Africa region. Strictly, bioclimatic models are often used to forecast
the suitable habitats for Parkia biglobosa since climate is the principal factor
conditioning ecological niche at large scale like continent (Parviainen et al., 2008).
However, environmental factors (direct and indirect) act differently according to the
modeling scale. While direct factors, i.e those that have physiological effect on the
species (e.g. temperature, rainfall or sunshine) are determinant at large scale (e.g.
regional scale), other environmental factors (e.g. soil, altitude and landcover) could
be also determinative at small scale (Guisan and Zimmerman, 2000). Pearson et al.,
(2003) proposed to take into account for soil factors when the study area extends on
a distance inferior to 2000 km. As such, data on soil type are combined to bioclimatic
data to refine results (Faure et al., 1998).

Modeling and models validation

Various statistical methods are used to model plant species distribution or to
estimate the probability of presence/absence of a given plant species at a given
geographical location (Guisan et al., 2000). MaxEnt (maximum entropy modeling)
constitutes one of modeling methods the most powerful that is likely to generate good
bio-geographical information by offering a good discrimination of suitable and non-
suitable areas for a plant species (Phillips et al., 2006). It applies the principle of
maximum entropy to the plant species presence-only data. It estimates both a set of
functions that relate environmental variables to habitat suitability and the potential
geographical distribution of a plant species (Philips et al., 2006). The interest of this
method for the study is that it combines presence data of a given plant species with
current bioclimatic characteristics coming from observations points. It is able to
generate: (i) a map of potential habitat suitability of the plant species in the considered
area, and (ii) a map of future suitable habitats distribution according to the projected
climatic conditions. Moreover, Maxent is prone to overfitting, resulting in predicted
distributions that are clustered around location points. Therefore, a relaxation
component, called regularization, has been added to Maxent to constrain the
estimated distribution thereby allowing the average value of each sampled variable to
approximate its empirical average but not equal it. This regularization component
can be adjusted for each sampling area (Philips et al., 2006). The MaxEnt has been
used in this study to estimate P. biglobosa habitats suitability for current conditions
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and future projections of climatic scenarios. In total, 286 occurrence points of P.
biglobosa have been used (Figure 2). Bioclimatic variables have been submitted to a
correlation test with Environmental niche modeling tools (ENMtools) (Warren et al.,
2010) to select those less correlated (r < 0.80) because of the bias that correlations
could induce on future projections (Elith et al., 2011). A Jacknife test has been
performed on considered bioclimatic variables to determine those that best contribute
to the models projections. To validate models outputs, 20% of occurrence points of
P. biglobosa were used, where as 80% was used for models calibration. Models are
cross-validated using five replicates runs by averaging their results. The predictive
power of model has been assessed by computing the average value of AUC (Area Under
the Curve) and TSS (True Skill Statistics). A model is said to be of good quality if the
AUC value is greater than 0.90 (Swets, 1988). A TSS measures the capacity of the
model to accurately detect true presences (sensitivity) and true absences (specificity).

Figure 2 - Geographical distribution of occurrence points used for modeling.
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A TSS ≥ 0 indicates a random prediction while a value close to 1 (TSS > 0.5) suggests
good predictive power (Allouche et al., 2006).

Data Analysis

Models validation:MaxEnt outputs were processed in Argis 10.1 to the map suitable
areas of the species for both current and future climatic conditions. The logistic
probability value generated by MaxEnt has been considered as indicator of quality of
habitats suitability of the species. For an occurrence probability inferior to « maximum
training sensitivity and specificity threshold » value, the habitat is considered as poorly
suitable for P. biglobosa; between this value and the « 10 percentile logistic threshold »,
the habitat is said to be moderately suitable and  probability above the last value is
deemed to be highly suitable for cultivation and conservation of P. biglobosa. The area
of each suitability habitat type was estimated using the « spatial analyst» tool of Argis
10.1 (Martínez et al., 2006). Then, the proportion of current highly suitable habitats
that are likely to become poorly suitable in the future and vice versa was estimated for
each climatic model and scenario.

Results

Density analysis

A significant difference in density was observed in both agro-ecological zones
(Figure 3). The density is highest in the North comparatively the South.

Variables contribution and model validation

The results from correlations analysis and Jacknife test permitted to identify seven
(7) less correlated variables (r < 0.80) considered for the modeling. Soil, annual
precipitations (bio12), mean diurnal range: max temp – min temp (monthly average)
(bio2), isothermally (bio3) and precipitations seasonality (bio19) are variables that
have mostly contributed  to the models (Table 1 and Figure 3). The environmental
variable that decreases the gain the most when it is omitted from the model is the soil.
It had also the highest gain of all bioclimatic variables when fitted in the model in
insolation and therefore appears to be having the most informative variable (figure
3). The TSS value is 0.77 with a standard deviation of 0.04. This value denotes a very
good predictive power of models to predict the geographical distribution of the
suitable habitats for cultivation and conservation of P. biglobosa. The AUC value is
0.92 with a standard deviation of 0.015 and a projection significantly different from
a random projection (p < 0.0001; one-sided binomial test); this confirms a very good
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capacity of model to predict habitats suitability for P. biglobosa.  The probabilities
threshold values used for defining habitats suitability are respectively 0.3 and 0.5 for
the Maximum test sensitivity and specificity logistic threshold and 10 percentile training
presence logistic thresholds.

For each environmental variable, the green bar that represents without variable in
the Jacknife test of regularized training gain, shows how much the total gain is
decreased if this specific variable is excluded from the analysis. On the contrary, the
blue bar representing with only variable shows the obtained gain if the considered
variable is used in isolation and the other ones are excluded from the model.

Figure 3 - Variation in tree density in different agro-ecological zones (showing standard error).

Table 1 -  Bioclimatic variables used and them contributions to the model.

VARIABLES NAME OF VARIABLES 
VARIABLE CONTRIBUTION 

IN PERCENT 

SOIL 60 

BIO2 
Mean diurnal range (max temp – min temp) 

(monthly average) 
8.8 

BIO12 Annual Precipitation 13.8 

BIO3 Isothermality (BIO1/BIO7) * 100 8 

BIO19 Precipitation of Coldest Quarter 6.7 

BIO17 Precipitation of Driest Quarter 1.5 

LANDCOVER  1.2 

Bio1: Average annual temperature 
Bio7: Annual temperature difference 
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Current suitable habitats distribution and projections by 2050 of suitable habitats for
cultivation and conservation of P. biglobosa in Benin under climatic scenarios

From the spatial analysis results, it comes out that about an area of 60,000 km2,
corresponding to about 53% of Benin (114,763 Km²) are currently very suitable to
the cultivation and conservation of P. biglobosa (table 2; figure 5 and 6-A), while about
30 % of Benin is revealed to be moderately suitable for P. biglobosa. These suitable
areas are mainly located in phytogeographical districts of North Borgou, South Bor-
gou, Bassila and the west part of Zou (Figure 1). According to the bioclimatic projec-
tions, the suitable areas for P. biglobosa in Benin differ from the two RCP scenarios.
Indeed, the model Csiro_mk3_6_0 predicts under its scenario RCP 2.6 a loss of only
4% of the current highly suitable habitats and about 8% of those moderately suitable
for P. biglobosa. Likewise, for this model but under the scenario 8.5, the species could
lose by 2050 about 18% of its highly suitable habitats and 13% of its moderately suit-
able habitats (table 2, figure 5-B and 5-C). These habitats will be converted into poorly
suitable habitats increasing then their areas to about 67%. Contrary to the
Csiro_mk3_6_0 model, the trend is projected to be very severe with the model
HadGEM2_ES. The Projections of the model HadGEM2_ES suggested, respectively,
a loss of 50.52% and 56.50% in highly suitable habitats for P. biglobosa under the sce-
narios RCP 2.6 and 8.5 by 2050, especially in phytodistricts of Plateau, Zou, a part of
Atakora chain, North and South Borgou and Bassila. The suitable areas will be con-
verted into moderately suitable and poorly suitable habitats of which the areas will
be respectively increase of 65.55% and 33.68% for the RCP 2.6, and 65.11% and 50%
for the RCP 8.5 (table 2).

Figure 4 -  Jacknife test on importance of individual variables in models calibration.
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Discussions 

Density of Parkia biglobosa

The observed mean density of Parkia biglobosa varied weakly between the two
investigated agro-ecological zones. However, a relatively high among plots variation
was noticed in the Soudano-Guinean zone (CV=63.21%). Smaller within plot
variation occurred in the Soudanian zone: that could be imputable to more strict
conservation measures enforced by local communities utilizing the species (mainly,
Baribas, sociolingustic groups). In contrast, conversion of agroforestry parks of P.
biglobosa into palm trees plantations, or for charcoal production is a common

MODELS SCENARIOS HIGH  MODERATE  POOR 

  
Area 

(Km²) 
Trend 

(%) 
Area 

(Km²) 
Trend 

(%) 
Area 

(Km²) 
Trend  

(%) 

CURRENT   59,614.9092  34,321.7952  22,625.064  

CSIRO_MK3_6_0 RCP2.6 57,224.3364 -4.01 31,632.4008 -7.84 27,705.0312 +22.45 

 RCP8.5 48,942.7092 -17.90 29,860.8156 -13.00 37,758.2436 +66.89 

HADGEM2_ES RCP2.6 29,497.9608 -50.52 56,818.7928 +65.55 30,245.0148 +33.68 

 RCP8.5 25,933.446 -56.50 56,669.382 +65.11 33,958.9404 +50.09 

The sign (-) indicates a loss of suitable areas and the sign (+) a gain in habitat suitability 

Table 2 - Dynamics of suitable areas for cultivation and conservation of P. biglobosa.

Figure 5 - Variation in suitable areas to the cultivation and conservation of P. biglobosa by 2050,
according to the two scenarios used in the two models Csiro_mk3_6_0, HadGEM2_ES.
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Figure 6 - Projection in 2050 of P. biglobosa distribution area according to scenarios 2.6 and 8.5
with Csiro_mk3_6_0 and HadGEM2_ES models in Benin.
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practices in the lower southern part of the Soudano-Guinean zone (Koura et al., 2011).
These practices could explain because the P. biglobosa density in this agro-ecological
zone is lowest, whereas its variability is high. 

Modeling and reliability of the model

Predictive models are generally used by scientists for plant species protection, in
order to estimate their spatial distribution (Loiselle et al. 2003), to determine plants
location, which are in danger of extinction, (Ortega-Huerta and Peterson 2004) to
calculate the probabilities of species invasion (Fandohan et al., 2015) and to assess the
impact of climate change on the species distribution (Beaumont, Hughes and
Poulsen, 2005; Thuiller, Lavorel and Araujo, 2005). These models participate in uniting
statistically the observed distributions of a species for a given period to the different
ecological factors and climate able to arrange its area of observed distribution
(Piedallu et al., 2009). Therefore, the modeling of ecological niches has
been introduced and cited as a powerful tool for mapping of the current and the future
species distribution and prediction of the impact of climate change on their
distribution (Van Zonneveld et al., 2009; Nakao et al., 2010). However, few
perplexities related to models used are observed: difficulties to parameterize the
ecological interactions, limitations of scattering specific to each species, physiological
plasticity limits and the adaptive responses of disseminators agents (Elith et al., 2006;
Schwartz, 2012).  

The modeling of ecological niches has many applications and is especially used in
order to propose scenarios for sustainable use of the environment (Carpenter,
1993; Thuiller et al., 2005; Beaumont et al., 2007), assess the impacts of climate change
on biodiversity (Pearson, 2003; Araújo, 2005 and 2007), delimit the possible itinerary
of infections and diseases (Peterson, 2002b), indicate priority property conservation
(Soberon et al., 2005), and define new places of species reintroductions (Stockman et
al., 2006). Fandohan et al., (2013) argued that it is possible that at the time of the
establishment of the species in its areas of current occurrence, the climate could have
been very different (more humid or drier). Thus, its current presence implies several
millennia of adaptation to different climate change. 

Concerning the geographic repartition area of P. biglobosa, the literature
mentioned it on three continents: Africa, Asia and South America. The twentieth
parallel North and South are its distribution limits. Information in literature confirm
the results of the present study according to which 53% of Beninese national territory,
(not including the islands on the Niger river) is currently very suitable for the
production of P. biglobosa (Figure 4, table 2).  Nevertheless, it would be interesting to
conduct a typology study on the distribution of P.biglobosa on these three
continents. This would allow standardizing the contained information in the literature
since one or two a century. 



Analysis of the contribution of environmental variables

Seven (07) environmental variables have contributed to the prediction of the
geographical distribution of P. biglobosa at different percentages. Soil, the precipitation
and the average diurnal range (maximum temperature - minimum temperature -
monthly average) have mostly contributed to this prediction. Soil contributed the
most to the species prediction in 2050 with a rate of 60 %. Its degradation through
human action could dangerously compromise the species distribution in the
future.  These results are conform with those obtained by Badeau et al. (2005), and
Berry et al. (2007), whose models integrated, for the first time, weather, trophic and
water, giving results which were coherent with the current knowledge regarding Fir
tree and the Spruce species, in France. Our result moreover confirm the work of
Ayihouenou (2013), which has shown that the bioclimatic variables such as soil and
vegetation, best contribute to the prediction of the geographical distribution of P.
biglobosa. The contribution of edaphic variables allows making these models more
functional, in avoiding that a part of the information concerning the soil is taken into
account in a statistical and purely fortuitous way, by the climatic variables that are
correlated. Therefore, the soil (biophysical variable) has been revealed as the variable
which would most influence the distribution of P. biglobosa by 2050.
This finding reaffirm the results of Badeau et al. (2005) and Berry et al. (2007), who,
in general, have shown that the parameters associated with the ground play a regional
and local filtering effect, within the envelope climate suitable to the species. Similarly,
result of this study is also corroborated by the findings of Sober n and Peterson (2005)
who have affirmed that abiotic conditions, including the climatic factors and soil, are
distinguished as one of the most important factors that determine the presence of a
plant species in the environment. The distribution map of P. biglobosa in Benin show
that P. biglobosa is widely distributed throughout the country, but does not occur
widely in the southern areas (Fig. 2). This is likely to be due to the low temperatures
and high levels of precipitation. Temperature seasonality and maximum temperatures
were identified as important variables explaining P. biglobosa distribution. Thus, the
average diurnal range, annual precipitation, Precipitation of Coldest Quarter and
Precipitation of Driest Quarter were identified as important variables explaining P.
biglobosa distribution out of soil (Fig. 6).

Impact of climate change on the distribution of P. biglobosa in 2050 

According to bioclimatic projection of Csiro mk3_6_0 model, under the scenario
RCP 2.6, P. biglobosa will only lose small portion of its habitats (Table 2), which are
currently very favourable (High) to its distribution, and small proportion of those
relatively suitable (Moderate) by 2050. Thus, according to the same model and under
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the scenario RCP 8.5, the species will lose a proportion more high of very suitable
habitats (High), and a proportion more high of relatively favorable (Moderate)
habitats. Very suitable (High) and relatively suitable (Moderate) habitats will be
converted to little favorable (Poor) habitats by 2050. The climate change is recognized
as a threat to the P. biglobosa survival; the model Csiro_mk3_6_0_ under the two

Figure 7 - Curves showing the responses of predicted presence probability of Parkia biglobosa to
environmental variables.



scenarios predicts a weak decrease in the habitat suitability of P. biglobosa by 2050 and
therefore constitutes a conservative model for the species. 

Furthermore bioclimatic projections of the HadGEM2_ES model under the
scenario RCP 2.6, show that P. biglobosa will lose up a very big portion of its habitats,
which are currently very suitable (High), and a very big proportion of its habitat under
the scenario RCP 8.5 by 2050. These very suitable habitats (High) will be essentially
converted to moderately suitable (Moderate) habitats by 2050, according to the two
scenarios. These two scenarios predict increases respectively nearly 34% and 50% of
the little suitable (Poor) habitats. The HadGEM2_ES model forecasts high reduction
of the species areas: about 60% of the very suitable (High) habitats of P. biglobosawill
be convert to the moderately suitable (Moderate) and little suitable (Poor)
habitats. These results confirm the work of Moss et al., (2010), who have shown that
the scenario RCP 8.5 will produce three times the CO2 emissions of today by 2100,
with a rapid increase of methane emissions, an increased use of cropland and pasture
which is likely to increase the world population to 12 billion by 2100. On the contrary,
the scenario RCP 2.6 will participate in ambitious reductions of greenhouse gas
emissions over time, at decline of petroleum use, at low energy intensity and a world
population of 9 billion in 2100. The reduction of methane emissions is 40% while
CO2 emissions will remain at the current level until 2020, and then there will be a
decline that will become negative by 2100.

Our results confirm the work of Ayihouenou (2013), who found that with the
bioclimatic projections of the MIROC model, under the scenario RCP 2.6, P. biglobosa
would lose close to 22% of currently very suitable (High) habitats by 2050, and it
would has an increase of almost 123% of weakly suitable habitats (Poor) . They are
also in agreement with the findings of many research studies that have modeled the
evolution of potential distribution areas of the species under the assumption of a
rapid climate change (Skyes et al., 1996; Thuiller, 2003; Badeau et al., 2005; Guisan A.
et Thuiller, 2005). Considering the variability in the projections of suitable areas to P.
biglobosa conservation in 2050, this study in summary shows the reduction of suitable
areas. Therefore, the assumption that climate change could alter the area of
distribution of the species as proven by several studies (Hannah et al., 2002; Thuiller
2004; van Zonneveld et al., 2009; Gouwakinnou et al., 2011; Bourou et
al., 2012; Fandohan et al., 2013) is here confirmed. Though these variations can raise
an unavoidable uncertainty in climate projections, risks associated to climate change
are obvious (Pittock, 2009).  Consequently, rather than predicting what is really going
to happen in the future, the climate projection is a procedure to provide a general idea
of what could happen. As such, it can allow taken a decision more robust in a context
of uncertainty and it must offer tracks for the conservation planning (Araujo and
New, 2007).
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Implications of the modeling for the conservation of P. biglobosa

The current suitable conditions to the cultivation and conservation of P. biglobosa
are related to environmental variables: soil by its physico-chemical characteristics,
annual precipitation, and the diurnal average temperature, seasonal of the temperature
and seasonal of precipitation. The variation of these bioclimatic conditions can over
the time transform the following currently very suitable areas such as Bassila,
Borgou south and north, a range of the Atacora, Zou, Plateau, a small portion of the
valley of the Oueme,   in moderately suitable areas for P. biglobosa conservation and
cultivation. In some cases, areas which are today weakly suitable to the P. biglobosa
conservation can become very suitable. Indeed, the fluctuations of climate variables
such as precipitation and temperature will have an impact on biological diversity and
on the geographical distribution of suitable habitats of Parkia biglobosa (IPCC,
2007). The emission of greenhouse gases is very low in Benin. To conserve the species
and avoid that it suffer the enormous losses predicted by models, it is important to
protect the suitable environment through the promotion of agroforestry, the
sustainable use of soil, the control during land clearing and vegetation fires. 

Conclusion

Climate change is to date known as one of the main factors contributing to the
alteration of the overall structures of P. biglobosa in practicing modifications in its
spatial distribution. To assess the importance of such changing, the present study has
attempted to provide some useful information on its distribution. Through
the MaxEnt software, the modeling about P. biglobosa distribution area helped to link
statistically the present distribution to the future scenarios by 2050.  This species is
currently present in almost all phytodistricts of Benin (Figure 1) with some exceptions
such as Coast, Pobè and Mekrou-Pendjari. The northern phytogeographical districts
(South Borgou and North Borgou, and Bassila) represent the most suitable habitat
for the P. biglobosa cultivation and conservation. Bioclimatic variables (soil,
temperature and precipitation) predict the geographical distribution of P. biglobosa at
different percentages. According to the bioclimatic models Csiro_mk3_6_0 and
HadGEM2_ES projections and the two (02) scenarios (RCP 2.6 and RCP 8.5), the
favorable area to the conservation of P. biglobosa in Benin is varying over the time.
For the two scenarios, the model Csiro_mk3_6_0 predicts a loss relatively weak
comparatively to the HadGEM2_ES model, which predicts a very high loss in areas
currently very suitable by 2050. This information could be used in the development
of strategies for the conservation of the species and to improve adaptive capacities of
local populations in order to reduce their vulnerability to the effects of climate change.
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