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Abstract 
Sustainability of Kigelia africana species passes throughout their conservation. 
Protected area is recognised as the granary of species populations. Kigelia af-
ricana is an indigenous species and traditionally contributes to the resilience 
in term of health insurance, source of income, reduction of poverty and sta-
bility of the biodiversity. This study determines to find out 1) how Kigelia af-
ricana species populations’ distributions may be affected under future climate 
scenarios, and 2) how well protected areas contribute to the conservation of 
Kigelia africana plant species. Available bioclimatic and soil data layers were 
used for the modelling with maximum entropy approaches, and resulting 
maps were overlaid on the existing protected areas network. Results showed 
that species distribution remains mainly much stable and the relationships 
with protected areas networks suggest that protected portions of species dis-
tributions will also remain stable. 
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1. Introduction 

Large percentage of Africa’s protected areas was formed in response to declining 
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large animal numbers [1]. Only recently have there been considered areas for the 
protection of biodiversity generally, of nature, or natural resources [2]. Species 
population has long been overlooked in the design to protected area systems. 
Plants species are the components of habitats and providing a refuge and the 
incubating sites for animals as well as contributing to climate change mitigation. 
Creating and managing protected areas is still critical to ensure the persistence 
of species [3]. As conservation continues to develop a “biodiversity for livelih-
oods” mandate, information on the ways, in which the protected areas network 
will respond to future climates especially for species population, is crucial. It 
seems then necessary to incorporate species’ range shifts in spatial conservation 
plans to ensure their effectiveness in the future [1]. Furthermore, in Africa 
sub-Saharan zone, investigations on the potential climate change impact on the 
effectiveness of protected area networks in the conservation of indigenous spe-
cies remained very rare. However, climate change is a fundamental factor which 
has ecological stress and challenged the effectiveness of protected areas networks 
in species conservation [4]. In sum, there are some strong doubts on how these 
static areas will still conserve species population or to provide theme as far as the 
climate change, the favourable habitats.  

Among the African medicinal plants, Kigelia africana (Lam.) Benth. (syn. K. 
pinnata (Jacq.) DC.) for long time has been one of the most recognized species 
due to its pantropical distribution [5]. K. Africana is typically of the African con-
tinent where it is commonly found in the southern, central and western regions 
and widely used for multi-purpose by rural people for treatment of a wide range 
of diseases and also as an agroforestry tree. The plant has been introduced to 
some countries of South-East Asia like India, Pakistan, China, Philippines and 
Iraq where it is mainly cultivated as an ornamental tree, commonly found in 
gardens and parks, both for its beautiful deep red flowers and its strange fruits; 
also in Miami, Florida [6], where it grown as a flamboyant tree and provides 
shade from the scorching sun for the inhabitants.  

Ecological niche modelling is a powerful tool to map the current distribution 
of a species and forecast its future variation. This tool has been used to investi-
gate the impact of climate change on species distribution [7] and identify suita-
ble areas where conservation actions are urgently needed to avoid extinction 
Modelling species distribution has been conducted using a diverse list of statis-
tical methods to analyse environmental and presence/absence data to estimate 
the probability of occurrence of a given species at given geographic coordinates 
[8] Among these modelling tools, MaxEnt (maximum entropy modelling) is one 
of the most powerful tools as it provides highly informative biogeographical in-
formation and a better discrimination of suitable versus unsuitable areas for a 
species, compared to other methods [9]. 

2. Material and Methods 
2.1. Study Area 

This study was conducted in Republic of Benin, located between the parallels 
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6˚30' and 12˚30' of latitude North and the meridians 1˚ and 3˚40' of longitude 
East with an area of 114,763 km2. Three major ecological regions characterize the 
study system. The climate is representative of the sub equatorial climate in the 
Guineo-Congolian region (6˚25'N - 7˚30'N) and dryer in the Sudano-Guinean 
(7˚30'N - 9˚30'N) and the Sudanian regions (9˚30'N - 12˚N) (Figure 1). 

2.2. Species Occurrence Records and Environmental Data 

Exploratory survey throughout the country was conducted where 466 
geo-referenced location data from Kigelia africana were recorded. From these, 
forest and protected areas records were extracted. Species present climate was 
describe using the nineteen (19) climate variables bioclim at a resolution of 2.50', 
derived from the global climate layers of the WorldClim database [10], added 
detailed soil layers analysed in the form of the Harmonized World Soil Database  
 

 
Figure 1. Map of Benin showing the ecological regions and the waterbody and water line. 
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version 1.2 (FAO/IIASA/ISRIC/ISSCAS/JRC 2012) [11]. On account of common 
collinearity and non-independence of climate dimensions [12], correlated pat-
terns among variable were examined to select those not closely correlated. In ad-
dition, Pearson correlation coefficients below 0.80 were included [13]. 

To analyze potential ‘‘future” climate projections on Kigelia africana, ensem-
ble forecasting approach were used namely, HadGEM2-ES and CNRM-CM5, 
lately used for West Africa [14] [15]. These climate models comparatively with 
severe aspect of futurity status are based on the Representative Concentration 
Pathway (RCP) 8.5 for the 2050 time skyline. RCPs are the third generation of 
storyline and are preferred to Special Report on Emissions Scenarios (SRES) for 
sake they permit more flexibility (and reduced costs) in modelling procedure 
[16]. Scenario has been formed to investigate different combinations of demo-
graphic, socioeconomic, land use, and technology scenario backgrounds [17]. 
RCP 8.5 has already been used for studying African ecosystems [15] and 
represents an updated version of the SRES A2 scenario. 

2.3. Modelling the Distribution of the Species 

The area under curve (AUC) quantifies the significance of this curve that has 
values ranging between 0.5 and 1.0 [18] [19]. Area under the Receiver operating 
characteristic (ROC) Curve, recognized as the AUC, is generally used to evaluate 
the predictive correctness of dispersion models. Partial AUC were calculated us-
ing R software version 3.4.1. Bootstrapping management that allow the assess-
ment of statistical significance of AUCs (as compared with null expectations) 
were accomplished by re-sampling 50% of the test point with substitute 1000 
time from the overall pool of testing data. The important explanation of a given 
species distribution of each variable is determine by a Jackknife test [9].  

MaxEnt [9] was used to evaluate relationship between the climate and the ve-
getation variables and occurrence of Kigelia africana species population. Al-
though, MaxEnt is designed for use with presence-only data, it qualitatively re-
sembles techniques such as logistic regression in that it compares presence loca-
tions to a random subset of ~10,000 background or available locations [9]. 
MaxEnt estimates probability distributions that are close to maximum entropy 
or uniform given constraints derived from the presence data and functions of 
the environmental variables [9]. Model output can be interpreted as the proba-
bility of presence under a similar level of sampling effort as was required to ob-
tain the known presence data [20]. For Kigelia africana species population, five 
(5) random partitions of the occurrence localities were made. Each partition was 
created by randomly selecting 75% of the occurrence localities as training data, 
with the remaining 25% reserved for testing the resulting models [8]. We cor-
rected for geographic sampling bias using background data, as using background 
data gave a substantial improvement in model performance [21] [22]. Thus, 
background data (also known as “pseudo-absences”) that has similar geographi-
cal sampling bias as presence data [3].  
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Maps were threshold to binary to avoid effects of over fitting [23]. Highest 
threshold which included 95% of the input data used in model calibration was 
looked for. This approach was just the best way to prioritize correct prediction of 
presences and take into account the turbulent nature of biodiversity data [24]. 
The present-day map of Kigelia africana species was combined with the two fu-
ture climate forecasts to generate a map showing agreement as regards the spe-
cies distributional area and stability.  

Output of MaxEnt were processed in Arcgis 10.1 using “Spatial analyst” tool 
of Argis 10.1 was used to estimated the area of each suitability habitat type [25]. 
The logistic probability value has been considered as indicator of quality of ha-
bitats favourable of the species population. It is generated by MaxEnt. The habi-
tat considered as poorly suitable for Kigelia africana is the one that the occur-
rence probability inferior to “maximum training sensitivity and specificity thre-
shold”. If it between this value and the “10 percentile logistic threshold” the ha-
bitat is said to be medium suitable areas and highly suitable areas for cultivation 
and conservation of Kigelia africana, if the probability is above the last value [26].  

3. Result 

Assessment of relationships between Kigelia africana species distributions and 
the protected areas network across Benin revealed some diversity, although pro-
tection levels will remain generally stable. The results from correlations analysis 
and Jackknife test permitted to identify six (06) less correlated variables (r < 
0.80) considered for the modelling.The average training AUC was 0.904 and the 
standard deviation was 0.013 and a projection significantly different from the 
random projection (p < 0.0001; one-sided binomial test), this confirm the good-
ness of the model.However, temperature annual range (21.5%), precipitation 
seasonality (coefficient of variation) (19.4%), soil (15.6%), temperature seasonal-
ity (standard deviation) (13.1%), maximum temperature of warmest month 
(11.8%) are variables have mostly contributed to the model. 

Evaluation of relationship between Kigelia africana population distribution 
and the protected areas networks across Benin Republic showed a few diversi-
ties, even though protection areas levels will generally be stable (Figure 2 band 1 
to 3) and (Figure 3). In the Guineo-Congolian zone, model showed some ten-
dency toward expansion of the species population in Lama and Djigbe protected 
areas; future class expansion likely to be observed in presence area along the 
same protected areas. In Sudano-Guinean zone, some trend toward retraction of 
the K. africana population were showed by the model limited to presence areas 
and high expansion wide areas along the Kétou and Dogbo protected areas in 
Zouphytogeographical district, protected areas of Toui-Kilibo, in the Borgou 
South phytogeographical district, Wari-Maro, Monts Kouffephytogeographical 
district and Ouéme superior. According to the CNRM-CM5 model under the 
scenario RCP 8.5 80% of this area will remain very favourable to the species 
conservation by 2050, with 1% loss of the very favourable habitat (Table 1) and  
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Table 1. Dynamic of suitable areas for the culture and conservation of Kigelia africana. 

Models Scenarios 

High suitable area 
Medium  

suitable area 
Low suitable area 

Area  
(km2) 

Trend 
(%) 

Area 
(km2) 

Trend 
(%) 

Area  
(km2) 

Trend 
(%) 

Present  21,803.25  4609.17  587.57  

CNRM-CM5 RCP8.5 21,795.62 +0.03 4655.99 −1.02 548.38 +6.67 

HadGEM2-ES RCP8.5 21,385.96 +1.91 5033.27 −9.20 580.76 +1.16 

Finally(−) i(−) indicates a loss of suitable areas and (+) a gain in habitat suitability. 

 

 
Figure 2. Variation in suitable areas to the cultivation and conservation of Kigelia afri-
canaby 2050, according to the scenarios RCP 8.5 used in the two models CNRM-CM5 & 
HadGEM2-ES. 
 
(Figure 4). The HadGEM2-ES model under RCP 8.5 predicted 9% loss this 
moderate favourable habitat to Kigelia africana conservation. It also predicted 
conversion of 2% of low favourable suitable area to a very favourable habitat by 
2050 below 10˚ the north in the protected area located in the Borgou. However, 
it also envisaged very favourable habitat conversion in Pendjari and Mékrou 
(between 10˚N and 12˚2'N of the Benin Republic) (Table 1) and (Figure 5). 

4. Discussion 

Impact of climate change of the favourable habitats of K. africana in protected 
areas by 2050. Protected areas are the only reserves which still are favourable to 
the conservation of the biodiversity [27]. Our solution advised that the current 
protected areas networks is very favourable to the conservation of Kigelia afri-
cana population. CNRM-CM5 and HadGEM2-ES model predicted a decrease in 
moderate favourable habitats to the species within Benin’s networks of protected 
areas while both model at the same time predicted their extension. The Figures 
6-8 showed respectively the curves respond to the annual range of temperature,  
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Figure 3. Current suitable habitat of Kigelia africana conservation in protected area. 
 
the precipitation seasonality and temperature seasonality. The Figure 9 showed 
the AUC value. Evaluation of the relationship of Kigelia africana species distrib-
uted field present full demonstrated good possibility of present protected areas 
to preserve species population. Moreover, our future model projections forecast 
constancy in protected areas species distributions connection, despite the fact 
that expansion and reduction may happen just about cases. These results cor-
roborate the hypothesis that protected areas in effect conserve Kigelia africana 
current and in the future. Most species distribution remains mostly static to face  
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Figure 4. Future (2050) suitable habitat of Kigelia africana conservation as predicted by 
CNRM-CM5 climatic model. 
 
a future climate change, even under the most forceful storyline. However, an-
thropogenic factor on species continues and habitats, sometimes causing unpre-
dictable change to landscapes that can lead to vanish of species and conversion 
of current protected areas to Agroforestry scheme. 

One of the principal activities pursued by the researchers in biodiversity and 
biological conservation is designation and execution of preventive measures that 
help to reduce the risk of extinction. Ecological niche modelling can be seen as a  
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Figure 5. Future (2050) suitable habitat of Kigelia africana conservation as predicted by 
HadGEM2-ES climatic mode. 
 
powerful tool for achieving this goal. But this tool has some weaknesses. In spite 
of these weaknesses, it provides important bioclimatic information in deci-
sion-making [28]. The current favourable condition for cultivation and conser-
vation of Kigelia africana relate to the environment variables as annual tem-
perature, seasonality precipitation and soil with its physico-chemical character-
istics, temperature seasonality, max temperature of warmest month. Bioclimatic 
variation conditions over time can make these areas which are currently very 
favourable to the area that are relatively favourable to the conservation and 
cultivation of Kigelia africana and in some cases area that are currently very  
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Figure 6. Curves showing the response of Kigelia africana to the temperature annual 
range. 
 

 
Figure 7. Curves showing the response of K. africana to the precipitation seasonality. 
 
favourable to the areas that are not favourable to the conservation of Kigelia af-
ricana. Indeed, fluctuations in climate variables such as precipitation and tem-
perature will affect biodiversity and geographic distribution of the species-friendly 
habitats [29]. Thus, it should be noted that anthropogenic actions influencing 
greatly climate factors and soil condition by increasing greenhouse gases (GHG) 
and radiative forcing rates which determine the species distribution habitats. 

Although having a degradation experiences over the time, the protected  
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Figure 8. Curves showing the response of K. africana to temperature seasonality. 
 

 
Figure 9. Show the fractional predictive area. 

 
networks areas of Benin present a favourable areas to the conservation of the 
Kigelia africana species but at smaller proportion. This is the case of Pendjari 
Biosphere Reserve, the W park and the Lama forest. The climatic conditions 
prevailing in the current Sudanian zone (semi-arid and dry sub-humid zones) 
are very favourable to the conservation of Kigelia africana. Considering the in-
crease of precipitation (CNRM-CM5 models), the zones currently very favour-
able to their conservation (semi-arid and dry sub-humid) could remain very fa-
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vourable by 2050. In case of decreases in precipitation (model HadGEM2), in the 
Guineo-Congolian and Sudano-Guinean region the areas that are currently very 
favourable (sub-humid humid zone) may become less favourable. In the dryness 
scheme (HadGEM2-ES), the culture and preservation of the species population 
would be likely throughout the protected areas. Similarly, the national protected 
networks areas offers very favourable conditions for the conservation of the spe-
cies population. Despite projected reduction, whatever the projection, this net-
work remains providing habitats that are highly favourable to the local species 
by 2050. Thus, it will be more appropriate to develop a new model able to pre-
dict the dynamics of landscapes of protected areas and the species with great 
socio-economic importance, taking into account the effects of climate change 
and land use change. It will be necessary to revise the management of existing 
protected areas if we need that their role of conservation of biodiversity and 
support adaptation to climates change based on complete result, doing projec-
tion scenario emissions over reasonable horizons because, future farness can bias 
decision making and move away from the reality and the field work data. More-
over, the establishment of up-to-date databases on the potential impact of cli-
mate change species in relation to the different scenarios usable could support 
researchers and conservation decision-making in conservation context. Among 
the protected areas networks in Benin, the Pendjari Biosphere Reserve, the 
hunting areas of Park W (Djona and Mékrou), the classified forest of Goungoun 
and the classified forest of the Lama will better guarantee the conservation of 
Kigelia africana by 2050. To this end, it would be important to create in the 
southern part of the country other Protected Areas that will certainly remain 
more humid by 2050 in order to guarantee the conservation of the species in 
these environments. Likewise, it is very important to the decision maker to in-
crease the protected areas which remains the guarantee of the species. In addi-
tion, weather effects adverse on protected areas will be combined with other 
forms of stress, including anthropogenic affect such as over-consumption (bark 
of Kigelia africana), pollution of urbanization. Biodiversity in protected areas, 
which may already be threatened by human activity, risks a more rapid and 
sever impoverishment due to climate change.  

5. Conclusion 

The parameters sum of maximum temperature of the warmest month and 
minimum temperature of the coldest month (bio7), precipitation seasonality 
(bio15), soil abiotic variable, temperature seasonality (bio4), maximum temper-
ature of the warmest month (bio5) are the most contributors to the model. The 
most suitable and favourable area is found in the Guineo-Congolian and Sou-
dano-Guinean region. 
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