
Journal of Ecology and Natural Resources
ISSN: 2578-4994

MEDWIN PUBLISHERS
Committed to Create Value for Researchers

Modeling of the Ecological Niche of Anogeissus Leiocarpa (DC.) Guill & Perr and Conservation 
Strategies in the Context of Climate and Global Change (Benin, West Africa)

J Ecol & Nat Resour

Modeling of the Ecological Niche of Anogeissus leiocarpa (DC.) 
Guill & Perr and Conservation Strategies in the Context of Climate 

and Global Change (Benin, West Africa)

APÉLÉTÉ Eben-Ezer1, KOURA Kourouma1, AOUDJI Augustin1 and GANGLO 
Cossi Jean1    
Faculty of Agronomic Sciences, University of Abomey-Calavi, Benin
       
Corresponding author: APÉLÉTÉ Eben-Ezer, Laboratory of Forest Sciences, Adjagbo, 
Akassato, Abomey-Calavi, Benin, Tel: 94166733/ 67043203; Email: apeleteebenezer@gmail.
com

Research Article
Volume 7 Issue 2

Received Date:  April 01, 2023

Published Date: May 08, 2023 

DOI: 10.23880/jenr-16000330

Abstract

The objective of this work is to study the ethno botanical importance of Anogeissus leiocarpa and the potential impacts of climate 
and global changes on the spatial distribution of the species in order to contribute to its conservation and sustainable use. One 
hundred and eighty-nine (189) peoples were surveyed in the ten phytodistricts of Benin. Occurrences of Anogeissus leiocarpa  
downloaded from the Global Biodiversity Information Facility (GBIF) website (www.gbif.org; https://doi.org/10.15468/
dl.qgwnvf) was supplemented with those collected in the field to model the spatial distribution and the ecological niche of the 
species. Environmental climatic data were downloaded from Worldclim and Africlim website at the resolution of 2.5 minutes; 
non-climatic environmental data as soil, population and distance to dwellings (Settlement) were respectively downloaded 
from ISRIC and SEDAC website at the same resolution. The results of five modeling algorithms were compared: Maxent, BRT, 
RF, GLM, and GAM. From the main results, Anogeissus leiocarpa is well known and variously used by the surveyed population. 
Three categories of use were named: wood use (64 %), medicinal use (35 %) and spiritual or medico-magical use (1 %). The 
most named parts of the plants are the trunk and the leaves. Seven (7) forms of usage were named: service wood, decoction, 
timber, fuelwood, power, toothpick and trituration. Maxent and BRT algorithms have shown the best performance to predict 
suitable areas of Anogeissus leiocarpa (compared to RF, GLM and GAM) and were therefore combined to define conservation 
strategies for the species. Globally, there is an extension of the new suitable areas of the species. The suitable areas of the 
species are seldom threatened by climate change in Africa and Benin. Also, the protected areas of Benin will remain effective 
for the conservation of the species in the present and in the future. 
          
Keywords: Anogeissus leiocarpa; Climate Change; Ecological Niche Models; Suitable Areas; Ethno botanical Study; Benin; 
West Africa

Introduction

Biodiversity is extremely useful and valuable at planetary 
scale through ecosystem services [1-3]. However, these 

ecosystems are disturbed by several anthropogenic factors 
such as overexploitation of natural resources, pollution, 
loss of habitats due to a large-scale conversion of lands 
into agriculture and the development of urban centers, the 
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invasive alien species, climate change and epidemics [1,3,4].

Climate change today appears to be a driving threat 
to other threats to plant and animal populations [1,5]. 
According to projections, 20 to 30 % of plant and animal 
species will face a greater risk of extinction if global warming 
exceeds 1.5 °C to 2.5 °C in Africa [6,7]. Thus, major changes 
will affect the ecosystem structure and functioning, the 
interactions between species, their geographic distributions 
with negative consequences on the goods and services 
associated to these ecosystems [7-9].

In Benin, forest biodiversity is very important for 
households. Among the inventoried plant species [10], 
several are used by the population in various categories: 
food, traditional medicine, energy and grazing [11-13]. 
Despite the very limited forest resources [3,14], Benin is 
also experiencing a loss of its biodiversity. On average, Benin 
loses fifty thousand hectares of forests per year FAO [3] 
because of the expansion of agriculture, overgrazing and the 
uncontrolled exploitation of resources [15-17].

Among the species affected by these actions, we have 
Anogeissus leiocarpa (DC.) Guill & Perr which is very 
vulnerable to anthropogenic pressures and is increasingly 
rare [11,18]. Anogeissus leiocarpa belongs to Combretaceae 
family and is used for various purposes in Benin [11,19,20]. 
The species is exploited as fuelwood and charcoal because of 
its excellent calorific value [15,21]. It’s hardwood is resistant 
to termites and insects Yaoitcha [11] and is of excellent 
quality for buildings (frames, pilings, rafters, etc.) and tools 
manufacture (fence posts, handles tools) [22-24]. Likewise, 
the different parts of the plant are used in the traditional 
pharmacopoeia as extraction products as well as food and 
foodstuffs for consumption [25-27].

In a changing environment, predicting variations in the 
distribution of species can be an important tool, especially 
in terms of management of the species [28,29]. Ecological 
niche modeling is used in several works to understand the 
ecological requirements of species, to predict geographic 
distributions, to select conservation areas and predict the 
effects of environmental changes [29-33]. The studies carried 
out on the distribution of Anogeissus leiocarpa Adjahossou 
[34]; Gbètoho [35] through ecological niche modeling have 
been very useful for understanding the distribution areas 
of the species in Benin. These studies show that climatic 
variables really influence the distribution of the species in 
Benin. Taking into account all the uncertainties associated 
with the projections, it is interesting to refine those studies 
by integrating more occurrences data and by comparing 
the results of different modeling algorithms. This study will 
address the following research questions: (i) what is the 
current number of occurrence data available for Anogeissus 

leiocarpa in Benin? (ii) what are the forms and usages values 
of the species? (iii) what is the influence of climatic and non-
climatic factors on the geographic distribution of Anogeissus 
leiocarpa in the present and in the future? The answers to 
these questions will be useful to get more information on 
Anogeissus leiocarpa in Benin and thus to help in decision-
making on its conservation and sustainable management.

Study area

The study was carried out in Benin. More precisely, 
the climatic areas including the ten (10) phytodistricts of 
Benin Figure 1 were considered. Phytodistricts represent 
ecosystems or habitats for living organisms, some of which 
are endemic [36]. Benin is located between 6 º 30’ and 12 º 
30’ N and 1 º and 3 º 40’ E [37]. Three major climatic zones 
have been identified in Benin: the Guinean-Congolese zone, 
the Guineo-Sudanian zone and the Sudanian zone [38]. The 
Guinea-Congolese zone is located in the southern part of 
Benin and extends from the coast to the latitude of the hill 
of Djidja. Annual rainfall ranges from 900 mm in the West to 
1300 mm in the East. This climatic zone is subdivided into 
four phytodistricts: Coast, Pobè, Valley of Ouémé and Plateau. 
The Guineo-Sudanian zone extends from the municipality of 
Dassa to the latitude of the municipality of Bembérèkè. The 
annual rainfall varies from 1100 to 1200 mm. This zone 
is subdivided into three phytodistricts: Bassila, Zou, and 
South Borgou. The Sudanian zone is located beyond the 10° 
N latitude. The climate is typically Sudanese with only one 
rainy season. There is a decreasing rainfall gradient from the 
South (with 1150 mm per year) to the north (with 900 mm 
per year). This area is subdivided into three phytodistricts: 
North Borgou, chain of Atacora and Mékrou-Pendjari.

Figure 1: Phytodistricts and municipalities of Benin.
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Material and Methods

Modeling algorithms

Five (5) modeling algorithms have been implemented in 
R 4.1.0 software R Core Team [39] to model the ecological 
niche of Anogeissus leiocarpa [40]: Maximum Entropy [41], 
Generalized Linear Model (GLM; McCullagh and Nelder [42]), 
Generalized Additive Model (GAM; Hastie and Tibshirani 
[43]), Boosted Regression Trees (BRT; Friedman [44]) and 
Breiman and Cutler's Random Forests (RF; [45,46]).

Area Under Curve (AUC; Phillips [41]) is frequently 
employed as a single threshold-independent rating of 
model performance [47]. AUC was shown to be a prevalence 
independent [48,49] and is thus an accurate measure of 
ordinal score model performance. The five (5) algorithms 
used in this study are the most efficient according to the 
AUC [50]. Here are the considered intervals and their 
interpretations [51].
	0.5 – 0.7: very good discrimination;
	0.7 – 0.9: reasonable discrimination;
	0.9 – 1.0: very good discrimination.

Occurrence data collection on Anogeissus 
leiocarpa

Occurrences of Anogeissus leiocarpa were downloaded 
from GBIF website (https://doi.org/10.15468/dl.qgwnvf). 
Depending on the gaps in the data downloaded from the GBIF 
website, additional occurrences of the species were collected 
in six (6) municipalities of the phytodistricts of Benin: Ouaké, 
Matéri, Pèrèrè, Toucountouna, Lalo, and Zogbodomey.

Environmental data used

Two (2) types of variables were used: environmental 
climatic and non-climatic environmental variables. With 
regard to environmental climatic variables, current climatic 
(version 2.1) and future climatic data were respectively 
downloaded from Worldclim (www.wordclim.org) and 
Africlim website  (https://www.york.ac.uk/environment/
research/kite/resources/) (by 2055 under 4.5 rcp and 8.5 
rcp scenarios), both at the resolution of 2.5 minutes. Indeed, 
Africlim provides a set of high-resolution climatic projections 
for Africa and is therefore more adapted to the ecological 
realities of Africa [52]. Non-climate environmental variables 
such as Soil and Population were respectively downloaded 
from African Soil Profiles Database (https://www.isric.org) 
and SEDAC website (https://sedac.ciesin.columbia.edu/
data/set/grump-v1-settlement-points/data-download); 
Human settlement data was extracted from SEDAC website 
(https://sedac.ciesin.columbia.edu/data/set/grump-v1-
settlement-points/data-download) and Proximity-analysis 

tool in ArcGIS was used to generate the distances related to 
dwellings.

Ethnobotanical data collection on Anogeissus 
leiocarpa

One municipality has been selected per phytodistrict for 
the collection of ethnobotanical data on Anogeissus leiocarpa. 
Per phytodistrict, the municipality chosen is the one where 
the greatest number of Anogeissus leiocarpa occurrences 
has been found following the projection on a map of the 
occurrence data downloaded from the GBIF website. The 
target groups surveyed were: carpenters, sawyers, and heads 
of households, foresters and traditional healers.
The sample size (n) was calculated based on the formula of 
Dagnelie [53]:

With: 

• n: total number of surveyed people in the study;
•                : value of the normal random variable for a probability 
value of α = 0.05;
• P: proportion of the population using the species. 
Anogeissus leiocarpa is a woody species, very useful for 
farmers [11,27,54], the proportion of the population using 
the species was obtained by considering the report of 
agricultural population of the whole population [55],
• d: expected error margin of any parameter to be computed 
from the survey, which is fixed at 0.07 [56,57].

Ethnobotanical data analysis

For ethnobotanical data analysis, the following indices 
were used: (1) Shannon Diversity Index (H) (Shannon [58]), 
(2) Pielou evenness (Eq) (Pielou [59]), (3) use diversity value 
(UD), (4) use equitability value (UE), (5) consensus value for 
plant parts (CPP) and (6) consensus value for the form of use 
(CMU) (Byg [60]; Monteiro [61]; Koura [62]). The structuring 
proposed by Monteiro [61] and Koura [62] assumed that 
young people are those under 40-year-old while those who 
are older than 40 years are considered as old people.

Modeling of the spatial distribution of the 
ecological niche of Anogeissus leiocarpa

Model calibration and validation
Maxent, GLM, GAM, BRT and RF algorithms have been 
implemented in the Species Distribution Models (SDM) 
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[63]. The default setting calibration [63] was used. We 
randomly generated 10000 background points and chose 
the cross-validation method with 2 repetitions. Variance 
Inflation Factors (VIFs) of all the variables performed in R 
made it possible to select the least correlated variables and 
to eliminate multicollinearity that show more contribution 
power to the model. The packages dismo, rjava, gbm, random 
Forest, stats and mgcv were exploited. Area Under receiver 
operating characteristic Curve (AUC) and True Skill Statistic 
(TSS) Allouche [64]; Phillips [41] were used to evaluate the 
performances of the models.

Modeling of the spatial distribution and ecological niche 
of Anogeissus leiocarpa

The occurrence data of Anogeissus leiocarpa downloaded 
from GBIF website and those collected in the field were 
cleaned up. Data cleaning consisted in eliminating the 
occurrences lacking geographic coordinates and those falling 
outside of Africa [29]. In R software (V4.1.2; R Core Team 
[39]), the spThin package [65] was used to remove duplicates 
so that there is only one occurrence per 5 km X 5 km grid. 
A mask covering all occurrences (cleaned up) was created. 
The environmental climatic and non-climatic environmental 

variables were calibrated to the created mask. The total 
number of replicates per model was 10. The outputs of the 
models (in present and in future) were imported into the 
software QGIS Desktop version 2.18.4 [66] and then processed 
in binary form [67] using the threshold of maximum training 
sensitivity and specificity. The same threshold, the one that 
maximizes the TSS and the predictive capacity of the models 
[68] was also used to determine the impact of climate change 
through the raster calculator tool in QGIS Desktop version 
2.18.4 [66].

Results

Occurrence of Anogeissus leiocarpa

Eight thousand nine hundred and eighty-three (8983) 
occurrence data of Anogeissus leiocarpa were downloaded 
from GBIF website at the scale of Africa (https://doi.
org/10.15468/dl.qgwnvf). In addition to these occurrences 
downloaded, one hundred and nineteen (119) occurrences of 
the species were recorded in six (6) municipalities of Benin’s 
phytodistricts. A total of 9102 occurrences of Anogeissus 
leiocarpa were therefore collected (Figure 2).

Figure 2 : Anogeissus leiocarpa occurrence downloaded from GBIF website and collected on the field.

Ethnobotanical data on Anogeissus leiocarpa

Diversity and distribution of the knowledge of the 
interviewees

The knowledge of the population surveyed is unevenly 
distributed. The probability value obtained for the Kruskal-
Wallis nonparametric analysis showed a highly significant 
and significant difference between the Shannon diversity 

index (p-value = 5.737e-09) and Pielou evenness (p-value = 
0.01054) values respectively at the 5 % threshold. Overall, 
men have more knowledge about Anogeissus leiocarpa 
(H = 3.20 and Eq = 0.87) than women (H = 0.93 and Eq = 
0.40) (Table 2). The differences between age groups are not 
significant in either sexual category.
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Total number of people 
surveyed 189

Number of specific uses cited 28
Number of categories of uses 

cited 3

H (Ecart-
type)

Eq (Ecart-
type)

Total 3.25 (0.26) a 0.87 (0.05) a
Total for women 0.93 (1.27) b 0.40 (0.52) b

Total for women < 40 years 0.23 (0.73) b 0.10 (0.32) b
Total for women ≥  40 years 0.82 (1.08) b 0.40 (0.52) b

Total for men 3.20 (0.25) a 0.87 (0.52) a
Total for men < 40 years 2.94 (0.46) a 0.88 (0.58) a
Total for men  ≥  40 years 2.70 (0.52) a 0.94 (0.04) a

Table 2: Summary of quantitative measurements of 
knowledge about.
NB: For each parameter, the means followed by different 
letters are significantly different at 5 % probability 
threshold. 

Categories of uses, subcategories of uses and specific 
uses of Anogeissus leiocarpa

Three categories of Anogeissus leiocarpa usages were 
identified: wood (64 %), medicinal (35 %) and medicinal-
magical (1 %). The specific usages identified for the wood use 
category are: table manufacturing, beds, door and window 
frames, chairs and wardrobe with timber of the species, 
manufacturing of mortar, canoes, frames in the form of service 
wood, use of firewood and charcoal based on the species. 
The specific uses for the medicinal use category relate to 
the treatment of various diseases/symptoms and particular 
syndromes such as high fever, stomachache, extreme 
tiredness, wound on the body, diarrhea, vomiting, hip pain, 
stopping the over blood in a girl’s virginity, shitting blood, 
toothache, malaria, nursing newborns, sexual infections, 
sexual weakness, snakebite. The category of medico-magical 
use has only one specific use: spiritual clairvoyance.

Anogeissus leiocarpa plant parts use
Five parts of Anogeissus leiocarpa are named by the 

surveyed population in the ten phytodistricts of Benin: trunk 
(35 %), leaves (20 %), branches (18 %), bark (16 %) and roots 
(11 %). The leaves, the barks and the roots of the species are 
the most used in the phytodistricts of the Mékrou-Pendjari, 
chain of Atacora, Coast and Northern Borgou whereas trunk 
and branch are less used in those phytodistricts (Figure 3). 
The trunk is the most used in the phytodistricts of South-
Borgou, Plateau and Pobè. The toothpick is the most used in 
the phytodistricts of Zou, Bassila, and Valley of Ouémé.

Forms of uses
The forms of uses named by the surveyed people are: 

service wood (34 %), decoction (18 %), lumber (14 %), 
energy wood (13%), powder (11 %), toothpick (7 %) and 
trituration (2 %). According to figure 4, decoction and 
powder are more used in the phytodistricts of the Atacora 
chaine, Mékrou-Pendjari, Bassila and the Coast. Timber 
is widely used in the phytodistricts of Southern-Borgou, 
Northern-Borgou, Plateau, Pobè, Valley of Ouémé and Zou 
(Figure 4). Service wood is more used in the phytodistricts 
of Southern-Borgou, Northern-Borgou, Plateau and Pobè. 
The toothpick is widely used in the phytodistricts of Zou and 
Bassila (Figure 4). The results of calculated ethnobotanical 
parameters are available via the following link: 
https://docs.google.com/document/
d/1qnOvg63mqbCxsvmDUL6UlOSCJM_i8ZcD/
edit?usp=share_link&ouid=105952222716204680652&rtp
of=true&sd=true 

Figure 3: Projection of targeted phytodistricts in the 
system axis defined by the different organs.

Figure 4: Projection of targeted Phytodistricts in the 
system axis defined by the forms of use.
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Spatial distribution models and ecological 
niche of Anogeissus leiocarpa

Models performance
A total of four (4) statistical tests (AUC, TSS, COR and 

deviance) were performed to assess the performance of 
the models (Table 3). The Area under Receiver Operating 
Characteristic Curve (AUC) provides an overall measure of 
performance independent of a threshold. It takes values   
from 0 to 1. The AUC values   obtained for Maxent, BRT, 
GAM, GLM and RF algorithms are all above or equal to 0.9. 
There is therefore a good discrimination at the level of all 
the algorithms and a very good discrimination for RF (0.98) 
which has the highest AUC value with a standard deviation 
of 0.004.

The True Skill Statistic (TSS) assesses the predictive 
accuracy of a species distribution model. TSS values   range 

from -1 to 1. The Models closer to 1 are better at discerning 
presence and absence points. The TSS test values   obtained 
for all the algorithms are above 0.7. RF algorithm has the 
highest TSS value (0.88) with a standard deviation of 0.012.

The COR test measures the correlation between the 
prediction (presence, absence and pseudo absence) and the 
occurrence points. The COR test values   obtained for all the 
five algorithms are above 0.7. The highest value was obtained 
for the RF algorithm (0.90) with a standard deviation of 
0.009. Deviance of the variables measures the variability of 
the values importance   at the model level. The highest values   
of the deviance are obtained for the BRT (0,77) algorithm 
with a standard deviation of 0.013, Maxent (0,75) with a 
standard deviation of 0.014 and GLM (0,72) with a standard 
deviation of 0.024. The lowest value is obtained for the RF 
algorithm (0.31) with a standard deviation of 0.021 which is 
therefore better than the other algorithms.

Méthodes AUC  (Ecart-type) TSS   (Ecart-type) COR  (Ecart-type) Déviance (Ecart-type)
Maxent 0.94         (0.008) 0.78        (0.017) 0.81        (0.013) 0.75            (0.014)

GLM 0.90         (0.006) 0.71        (0.022) 0.75        (0.013) 0.72            (0.024)
BRT 0.95         (0.005) 0.78        (0.017) 0.82        (0.014) 0.77            (0.013)
RF 0.98         (0.004) 0.88        (0.012) 0.90        (0.009) 0.31            (0.021)

GAM 0.95         (0.006) 0.79        (0.015) 0.82        (0.013) 0.54            (0.027)

Table 3: Values   of statistical tests performed for each model.

Variables contribution to the models
In total, six variables were retained as contributing to 

the potential distribution of Anogeissus leiocarpa: Mean 
temperature of coldest quarter (Bio11), Annual precipitation 
(Bio12), Precipitation of wettest month (Bio13), Population, 
Soil and distance to dwellings (Settlement). The figure 
5 shows the relative variable importance for all the 

algorithms. Bio 12 has the highest importance for Anogeissus 
leiocarpa modelling process, followed by Bio11, Soil and 
distance to dwellings (Settlement) Figure 5. The relative 
variable importance for each algorithm is available via 
the following link: https://docs.google.com/document/
d/1GOdyMiga93fYxysuBy-c1_x5tPLYvvRn/edit?usp=drives
dk&ouid=105952222716204680652&rtpof=true&sd=true 

Figure 5: Relative variable importance.
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Spatial distribution of Anogeissus leiocarpa at the 
present

At the scale of Africa (Figure 6a), suitable areas to 
Anogeissus leiocarpa (colored in green) cover some countries 

in West Africa, Southern Chad and Northern Cameroun. At 
the scale of Benin (Figure 5b), the suitable areas for the 
species cover the whole country except parts of the Atacora, 
Donga, Ouémé, Plateau, Littoral, and Atlantic departments.

     

Figure 6: Projection of the spatial distribution of Anogeissus leiocarpa at the present with Maxent: a) in Africa; (b) in Benin.

Projected spatial distribution of Anogeissus leiocarpa in 
the future under rcp 4.5 and 8.5 scenarios

The results obtained under the rcp 4.5 and rcp 8.5 
scenarios are quite similar. At the scale of Africa, under 
both scenarios (Figure 7a), the areas that will be suitable 
to Anogeissus leiocarpa (colored in green) cover most of the 

countries of West Africa, Southern Chad and Madagascar, 
Northern Morocco and Algeria, Zambia, Malawi and Lesotho. 
At the scale of Benin (Figure 7b), the areas that will be 
suitable to the species cover all the departments of the 
country except parts of Donga, Ouémé and Atlantic.

     

Figure 7: Projection of the spatial distribution of Anogeissus leiocarpa at horizon 2055 under rcp 4.5 and 8.5 scenarios with 
Maxent: a) in Africa; (b) in Benin.
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Impact of climate change on the spatial distribution of 
Anogeissus leiocarpa

At the scale of Africa and Benin, under both scenarios 
(Figure 8a and 8b), compared to the present, there is an 

extension of the suitable areas of Anogeissus leiocarpa. 
The parts colored in green represent areas which were not 
suitable in the present but will became suitable in the future. 

Figure 8: Impact of climate change on the spatial distribution of Anogeissus leiocarpa with Maxent: a) in Africa; (b) in Benin.

The maps obtained with BRT algorithm in the present 
and future (at the scale of Africa and Benin under rcp 4.5 and 
rcp 8.5 scenarios) are very close to those obtain with Maxent.

The suitable areas described by RF algorithm are very 
restricted. At the scale of Africa, in the present, the suitable 
areas of Anogeissus leiocarpa cover the countries described in 
the case of Maxent algorithm except Mali, Nigeria, Ivory Coast 
and Ghana. In the future, under both scenarios (4.5 and 8.5), 
the suitable areas of the species cover the countries described 
in the case of Maxent except Ivory Coast, Northern Morocco 
and Algeria. At the scale of Benin, in present, the suitable 
areas of Anogeissus leiocarpa cover all the departments of 
the country as described in the case of Maxent. In future, the 
suitable areas of the species cover all the departments of the 
country except a large part of Atacora, Alibori, Borgou, Donga, 
Collines, Zou, Ouémé, Plateau, Mono and Atlantic.

Compared to Maxent, GLM and GAM algorithms 
overestimate the suitable areas of the species. With regard to 
GLM, in the present, at the scale of Africa, the suitable areas of 
Anogeissus leiocarpa cover the countries described in the case 
of Maxent Algorithm. In addition to these countries, there are 
Kenya, Ethiopia, Central African Republic and Congo. In the 
future, under both scenarios (4.5 and 8.5), GLM predict all 
the countries of Africa as suitable for the species. At the scale 
of Benin, in present, the suitable areas of the species cover all 
the departments of Benin except Borgou, Donga and Alibori. 
In the future (under 4.5 and 8.5 scenarios), the suitable 
areas cover all the departments of the country except a part 
of Atacora, Donga, Borgou, Littoral and Ouémé. With GAM 
Algorithm, at the scale of Africa in present, the suitable areas 

of Anogeissus leiocarpa cover the countries described in the 
case of Maxent. To these countries are added Central African 
Republic, Malawi, Botswana, Zambia and Madagascar. By 
2055, under 4.5 and 8.5 scenarios, the areas that will be 
suitable to the species cover all countries in Africa as GLM. At 
the scale of Benin, the suitable areas of the species cover all 
the departments of the country.

The maps obtained with the five algorithms (Maxent, 
BRT, RF, GAM and GLM) in present, future (under 4.5 and 8.5 
scenarios) and the impact of climate change on the species 
can be found through the following link: https://drive.
google.com/drive/folders/1sHU4uRGxIuD9hYtgToRCWSAli
0guVyvt?usp=sharing  

Conservation strategies for Anogeissus leiocarpa at 
present and in the future

Algorithms evaluation shows different values for the 
statistical tests used (Table 3). At the level of the AUC 
(Independent threshold), TSS and COR tests, the highest 
value was obtained for RF algorithm (respectively 0.98; 
0.88 and 0.90). RF algorithm is therefore the most efficient 
algorithm from AUC, TSS and COR tests. From the point of 
view of deviance, the highest value is found at the level of 
BRT (0.77).

Furthermore, at the level of Maxent and BRT, we 
observe a remarkable concordance between Anogeissus 
leiocarpa occurrence points and the projection of the spatial 
distribution of the species in Africa at the present. GLM, GAM 
and RF do not give at the present a very consistent prediction 
between the Anogeissus leiocarpa occurrence points and the 
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projection of the spatial distribution of the species. There is 
an overestimation of the suitable areas of the species with 
GAM and GLM and a big restriction with RF. Moreover, GLM 
and GAM predict all the Africa as suitable to Anogeissus 
leiocarpa by 2055 (under 4.5 and 8.5 scenarios), which is 
unlikely. The combination of Maxent and BRT algorithms was 
therefore used as a decision and strategy model.

At the scale of Benin, the suitable areas of Anogeissus 
leiocarpa in the present cover almost all the protected 
areas (coloured in blue) of the country except the classified 
forest of Natitingou dam in the department of Atacora, the 
reforestation perimeter of Tanékas and the classified forest 
of Penessoulou in the department of Donga, the classified 
forests of Sèmè and Atlantic in the department of Ouémé 
(Figure 9). The protected areas of Benin are therefore 
effective for the conservation of the species in the present.

By 2055, under 4.5 and 8.5 scenarios, the suitable areas of 
the species also cover almost all the protected areas of Benin 
(coloured in blue) except the classified forests of Sèmè and 
Atlantic in the department of Ouémé (Figure 9). Protected 
areas of Benin are therefore mostly effective for Anogeissus 
leiocarpa conservation by 2055 under both scenarios.

In order to conserve Anogeissus leiocarpa, we recommend 
a more conservative and exploratory option taking in account 
the projection of the spatial distribution of the species in the 
present, by 2055 (under 4.5 and 8.5 scenarios) as well as the 
effectiveness of protected areas for the species conservation 
(Figure 9). Among the concrete actions to be carried out for 
Anogeissus leiocarpa conservation in Benin, we recommend 
making an inventory of the species in the areas planned as 
suitable to its presence, in order to know if the species is 
absent or under stocked. Then, the species will be introduced 
in the suitable areas where it has been previously identified as 
absent or under stocked. The forestry administration and the 
qualified structures should, through maintenance operations 
(weeding, liana cuttings, thinning, etc.), ensure the survival 
of Anogeissus leiocarpa throughout the successive stages of 
vegetation growth. Moreover, according to our results, the 
surveyed population use parts of the species such as the trunk 
and the roots in different municipalities of phytodistricts. The 
use of these parts (trunk and the roots) negatively impacts 
the natural regeneration of the species. To overcome this, 
we recommend regulatory measures be taken as well as a 
rigorous monitoring with regard to the species exploitation. 
In addition, it would be good to strengthen the capacities 
of population to cultivate the species in nurseries, to plant 
and to maintain the operations in the field. This will also 
allow population to be integrated into species conservation 
actions. Finally, awareness campaigns or workshops could 
be organized by the qualified structures (General Direction 
of Waters, Forests, and Hunts (DGEFC), Non-governmental 

organizations (NGOs) working in the field of biodiversity, 
etc.) in order to draw the attention of the populations to the 
issues of threats to biodiversity as well as the compatible 
behaviors with its preservation.

Figure 9: Network of protected areas and the spatial 
distribution of Anogeissus leiocarpa at the scale of Benin 
in the present and in the future by 2055 under rcp 4.5 and 
8.5 scenarios.

Discussion

Ethnobotanical importance of the species

This study reveals that Anogeissus leiocarpa is well 
known and used by the surveyed population. The use 
category wood is the most mentioned (64 %) followed by the 
medicinal use category (35 %).

The species is mainly used as service wood and timber 
in the use category wood. The wood of the species is very 
hard and quite resistant to termites and insects [11,22]. The 
species is also used as fuelwood (charcoal and firewood) 
[15,21]. These results are consistent with those of Sena 
[23], Yaoitcha [11] and Ogunjobi [24] describing Anogeissus 
leiocarpa as highly valued for its timber quality (as timber, 
service wood and fuelwood). According to these authors, the 
species is exploited for building, heavy carpentry and has an 
excellent calorific value.

The medicinal use of the species is also well known. The 
different parts of the species (leaves, roots, bark and branches) 
are used in various forms (decoction, powder, toothpick and 
trituration) to treat several illnesses/symptoms including 
high fever, sores, childhood diarrhea, extreme tiredness, 
toothache etc. Leaves and bark are the organs of Anogeissus 
leiocarpa the most used for the treatment of many diseases 
while decoction and powder are the best-known forms 
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of use. These results are similar to those of Dembélé [22], 
Diatta [26] and Koné [27] who reported that leaves, bark and 
roots enter into the pharmacopoeia, especially against fever, 
extreme tiredness, childhood diarrhea, toothpick etc.

In addition, Koné [27] have shown decoction as the most 
used forms. This form of use would be better known because 
it would make it possible to collect the most active ingredients 
and would reduce the toxicity of some recipes [69]. Similarly, 
the interest in leaves and bark finds an explanation in the fact 
that they are the ideal site of the biosynthesis and the storage 
of the secondary metabolites responsible for the pharmaco-
biological properties of the plant [70].

Variation in forms of use according to 
phytodistricts

There is a variation in the forms of use (decoction, powder, 
toothpick, trituration, service wood, timber and fuelwood) 
of Anogeissus leiocarpa depending on the phytodistricts. 
Decoction and powder are the most common forms of use 
in the phytodistricts of Chaîne of Atacora, Mékrou-Pendjari, 
Bassila and Coast. These results are consistent with those 
Salhi [69], Koné [27] and Kerfal and Allaoua [70] showing 
that decoction and powder are the most common forms of 
use to treat various diseases. 

Service wood is the most maned forms of use in the 
phytodistricts of Southern-Borgou, Northern-Borgou, 
Plateau and Pobè. Timber is the most maned forms of use 
in the phytodistricts of Southern-Borgou, Northern-Borgou, 
Plateau, Pobè, Ouémé Valley and Zou. These results are 
consistent with those of Yaoitcha [11] and Ogunjobi [24] who 
showed that the species is heavily exploited for its wood.

According to Achigan [71], knowledge of the endogenous 
use of natural resources is essential for the development of 
conservation strategies. Unhappily, Anogeissus leiocarpa is 
heavily exploited for its wood, which is highly appreciated by 
the populations surveyed. These forms of use have a negative 
impact on the natural regeneration of the species. For this 
study, the forms of use of Anogeissus leiocarpa were taken 
into account according to the phytodistricts to highlight its 
link with the modeling aspect and thus propose effective 
conservation strategies.

The results of Anogeissus leiocarpa ecological niche 
modeling showed that the unsuitable area to the species 
in the present and in the future cover the municipalities of 
Ouaké (phytodistrict of Bassila), Adjohoun (phytodistrict 
of Pobè) and Sèmè-Podji (phytodistrict of Coast); this is in 
line with our results highlighting that the species is widely 
used in those municipalities. In the commune of Ouaké 
(phytodistrict of Bassila), the most used part of the species 

is the branch and the powder and the toothpick are the most 
used forms of use. The trunk is the most used part in the 
municipality of Adjohoun (phytodistrict of Pobè) and timber 
and service woods are the most named forms of use. Leaves, 
barks and roots are the most used parts in the municipality 
of Sèmè-Podji (phytodistrict of the Coast) and decoction and 
powder are the most used forms.

It can be deduced that the risk of the species disappearance 
in the future is high in these municipalities if the same rate 
of use of the species continues. These results are important 
for policymakers and natural resource managers and will 
guide them in decision-making. It should be noted that the 
target groups surveyed in these municipalities mentioned it 
is not easy to find the species naturally. During the species 
collection on the field, only 6 occurrences were recorded 
in Ouaké (phytodistrict of Bassila) municipality and no 
occurrence was found in Adjohoun. This confirms the results 
of the modeling which showed that these municipalities are 
unsuitable areas for the species.

Ecology of Anogeissus leiocarpa and 
environmental variables governing its spatial 
distribution

Anogeissus leiocarpa can live in variable and distinct 
environments such as dry savannas, dry forests and Sudano-
Sahelian to Sudano-Guinean galleries along waterways 
at the edge of tropical rainforest [72]. The species has 
a wide ecological range and is very adapted to drought 
with temperatures between 24°C and 30°C [35]. Edaphic 
conditions in gallery forests and periodically flooded soils 
may allow Anogeissus leiocarpa to grow under severe 
drought conditions [35,73]. An annual rainfall between 500 
and 1,300 mm is found to be suitable for Anogeissus leiocarpa 
[35].

Direct parameters such as temperature and precipitation 
are important when the modeling of species distribution 
is made on a large area [35,74]. Furthermore, non-climatic 
environmental variables improve the quality of species 
distribution and is used in many studies [67,75].

Six variables were selected to predict the ecological 
niche of Anogeissus leiocarpa: Mean temperature of coldest 
quarter (Bio11), Annual precipitation (Bio12), Precipitation 
of wettest month (Bio13), Population, Soil and distance to 
dwellings (Settlement). The bio11, bio 12 and bio 13 variables 
were respectively selected as the main contributing variables 
to the models in the work of Gbèsso [28], Ganglo [29] and 
Gbètoho [35]. The non-climatic environmental variable as 
Population, Soil and Human settlement were also selected in 
the work of Issoufou [67] and Wouyou [75].
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Performance of the algorithms used

The SDM module Naimi and Araújo [63] was used to model 
the ecological niche of Anogeissus leiocarpa. The statistical 
tests (AUC, TSS, COR and deviance) values carried out for the 
five algorithms (Maxent, BRT, GAM, GLM and RF) generally 
attest to the good quality of the models. At the present, the 
results of Maxent and BRT algorithms show a remarkable 
agreement between Anogeissus leiocarpa occurrence points 
and the projection of the spatial distribution of the species 
at the scale of Africa. GLM, GAM and RF do not give a very 
consistent prediction in the present between the Anogeissus 
leiocarpa occurrence points and the projection of the spatial 
distribution of the species. Moreover, the prediction of GLM 
and GAM algorithms is implausible and RF prediction is very 
restricted in future (by 2055 under 4.5 and 8.5 scenarios). 
Only BRT and Maxent were therefore combined to define the 
conservation strategies of Anogeissus leiocarpa.

Maxent and BRT respectively have almost the same 
values for the different statistical test made: AUC (0.94; 
0.95); TSS (0.78; 0.78); COR (0.81; 0.82) and deviation 
(0.75; 0.77). BRT obtains the highest values   for deviance test 
(0.77). Moreover, at the scale of Africa, Maxent has a better 
agreement between the Anogeissus leiocarpa occurrence 
points and the projection of the spatial distribution of the 
species in the present than BRT. The best algorithm in view 
of our results would be Maxent.

Studies of Gbèsso [28], Ganglo [29], Agbo [76], Kakpo 
[33], Ganglo [77] etc. carried out with Maxent algorithm 
showed the performance of the algorithm in terms of AUC 
and its ability to predict the suitable areas of species. The 
results obtained with Maxent for the present study agree well 
with those obtained by Adjahossou [34] and Gbètoho [35] 
showing almost the entire country as suitable to Anogeissus 
leiocarpa in the present. However, compared to the results of 
Gbètoho [35] (all the departments of the country are suitable 
to the species in the present except a small portion of the 
department of Atacora), our findings show that unsuitable 
areas to the species in the present cover part of Atacora, 
Donga, Ouémé, Plateau, Littoral, and Atlantic departments. 
This difference would be due to the number of Anogeissus 
leiocarpa occurrences used in the work of Gbètoho [35] (237 
occurrences) against 1933 occurrences (after data cleaning) 
and the non-climatic variables added in the model in this 
study.

Moreover, our findings are very different from that 
presented by Adjahossou [34] for the same species in Benin. 
The differences may also be related to the low number of 
occurrences used (158), the resolution of the environmental 
data and the variables used (only soil variable) [35].

 

Impacts of climate change and species 
conservation strategies

Our results show that Maxent and BRT algorithms have 
a good predictive power and could be used to predict the 
spatial distribution of Anogeissus leiocarpa by 2055 under 
4.5 and 8.5 scenarios. The combination of both algorithms 
(Maxent and BRT) was therefore used as a decision and 
recommendation strategies model in the present and by 
2055 under 4.5 and 8.5 scenarios.

At the scale of Africa, by 2055, both scenarios (4.5 and 
8.5) give similar results and suggest an overall extension 
of new suitable areas for the species. At the scale of Benin, 
in the present as by 2055 under 4.5 and 8.5 scenarios, 
suitable areas of Anogeissus leiocarpa cover almost all the 
departments of the country. Benin therefore remains suitable 
to the species under both scenarios. Our results are similar to 
those of Gbèssso [28], Hounkpevi [78] and Gbètoho [35] who 
found an increase in the suitable areas for their species in the 
future. According to these authors, the species is considered 
as suitable by the effects of climate change [75].

Talking about the impact of climate change, the suitable 
areas of Anogeissus leiocarpa are little threatened by climate 
change in Benin and in Africa. Also, the protected areas of 
Benin are effective for the species conservation in present 
and future [78]. The species therefore has a good chance of 
surviving in the face of climate change. The inventory of the 
species in the suitable protected areas will help to know the 
density of the species in these environments [29]. It will be 
then necessary to introduce the species into these suitable 
protected areas where it is absent or in low density.

Conclusion

Anogeissus leiocarpa is used as lumber, service wood and 
fuelwood and has many medicinal benefits. Maxent and BRT 
algorithms prediction is more realistic and has been used for 
the identification of conservation strategies for the species 
[67,75]. This study revealed that suitable areas to Anogeissus 
leiocarpa are little threatened by the effects of climate change 
at the scale of Africa and Benin. Also, protected areas of Benin 
are mostly effective for the conservation of the species in the 
present and in the future by 2055. All this information will 
therefore be useful in guiding decision-making regarding the 
conservation and sustainable use of Anogeissus leiocarpa in 
Benin and Africa [29,79].
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