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Abstract

Spondias mombin L. of the Anacardiaceae family, is sought for their nutritional and medicinal value. In order to have relevant
scientific information on how the spatial distribution of Spondias mombin L. could be affected by climate change, its ecological
niche was modelled. Occurrences of Spondias mombin L were downloaded from the Global Biodiversity Information Facility
(GBIF) website and supplemented with those collected in the field. The present climatic environmental data were downloaded
from Worldclim 2.1 and, the projection environmental layers were downloaded from the Africlim website. Soil and population
data were respectively downloaded from African Soil Profiles database and SEDAC websites at 2.5 minutes resolution. In total,
1474 occurrence data were used for S. mombin modelling in Maxent. Five variables were selected to predict the ecological
niche of the species. Soil, population and bio6 contribute mainly to the prediction of the distribution model of this species.
The results show also an extension of the favorable areas of S. mombin. In addition, protected areas in favorable areas are
and will remain very beneficial to their conservation. Strategies for sustainable management of S. mombin must encourage
reforestation initiatives with this species, raise awareness among local communities close to populations of this species, set up
a system to monitor the state of its populations, promote sustainable agricultural and forestry practices.
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Abbreviations Africa in general and Benin in particular; by providing them
with medicines, food, fuel, etc [1,2]. Today, their availability

(GBIF) Global Biodiversity Information Fac111ty, (TSS) True is Compromised due to the progression of agriculture, the
Skill Statistic; (SDMs): Species Distribution Models. destruction of natural environments linked to urbanization;
but climate changes could affect distribution and lead to

Introduction extinction over the next century, many plant species [3]. Also,
human activities are causing global warming of around 1°C

Plant resources have, for centuries, contributed to above pre-industrial levels with a probable range of 0.8°C
poverty reduction and food security for the populations of to 1.2°C and forecasts at the horizons 2030 and 2052 are of
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the order of 1.5°C [4]. The impacts of this global warming
indicate a possible 15 to 37% extinction of terrestrial species
over the next 50 years [5]. Therefore, they will affect the
structure and functioning of ecosystems, the interactions
between species, their geographic distributions with negative
consequences on the products and services associated with
these ecosystems [6-8].

In Benin, forest biodiversity is quite limited and subject
to alarming degradation due to the expansion of agriculture,
overgrazing and uncontrolled exploitation of resources
[9-11]. While these resources provide substantial income
to rural and urban populations, and diversify their diet
[12-14). Among these species, Spondias mombin, from the
Anacardiaceae family, is sought after for its nutritional value
[15-17] and medicinal [18-19].

Given that climate change is now recognized as one of
the main threats to the survival of species and the integrity
of ecosystems around the world, the fundamental question
is whether these changes would alter the habitats favorable
to the survival of S. mombin in Benin. Predicting geographic
distributions and the effects of climate change and selecting
conservation areas of S. mombin can contribute to its
management and conservation today and in the future.

Nowadays, prediction of species distribution is at
the center of various applications in ecology, agriculture,
horticulture, forestry and conservation [20-22] and
also plays a key role in assessing the impact of global
changes on ecosystems [23]. Species distribution models
(SDMs) have been designed and popularized to assess the
distribution and impact of climate change on the potential
spatiotemporal dynamics of species habitats across the
globe [24-26]. They are used in several works in Benin to
understand the ecological requirements of species, predict
geographic distributions, select conservation areas and
predict the effects of environmental changes [27-39]. These
studies show that climatic variables have a huge impact on
the distribution of plant species in Benin.

The present study was carried out to model the spatial
distribution and ecological niche of S. mombin in order to
better identify favorable areas and factors controlling the
distribution of the species. Specifically, this involved: (1)
define current and future distribution (horizon 2055) of S.
mombin, (2) evaluate the potential impacts of climate and
global changes on the distribution of Spondias mombin L. and
(3) identify conservation strategies for Spondias mombin L.

Study area

Benin is located between 62 30’ and 122 30’N and 1°
and 32 40’E and covers an area of 114.763 km? [40]. Its
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administrative boundaries are Niger in the north, Nigeria in
the east, Togo in the west and Burkina Faso in the northwest.
It is subdivided into three major climatic zones, the Guinea-
Congolese zone, the Sudano-Guinean zone and the Sudanian
zone, and 10 phytodistricts [41]. The Guinea-Congolese zone
is located in the southern part of the country and extends
from the coast to the latitude of Djidja. It is segmented into
four phytodistricts: “Cotier”, “Pobé”, “Vallée de I'Ouémé” and
“Plateau”. Annual precipitation varies from 900 mm to 1300
mm. The Sudano-Guinean zone extends from the commune
of Dassa to the latitude of the commune of Bembéreke.
Annual precipitation varies from 1100 to 1200 mm. This
area is divided into three phytodistricts: “Bassila”, “Zou” and
“Borgou Sud”. The Sudanian zone is located beyond 10° N
latitude. It is subdivided into three phytodistricts, “Borgou
Nord”, “Chaine de IAtacora “ and “Mékrou-Pendjari”. Annual
precipitation varies from 900 mm to 1150 mm.

Figure 1: Distribution of the ten phytodistricts of Benin.

Methods

Occurrence data

Two main sources were considered to obtain occurrence
data: the Global Biodiversity Information (GBIF) (www.gbif.
org) Benin and field collection. The occurrences downloaded
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from the GBIF site were cleaning (elimination of occurrence
datarecorded in years less than or equal to 1970, duplicates,
data without geographic coordinates, occurrences whose
coordinates fall outside the area of interest.) to prepare them
for modeling. The cleaned file was converted into CSV format
for modeling in MaxEnt software.

Biophysical data

Bioclimatic data (15 bioclimatic variables: biol -
bio7 and biol0 - biol7) from the present (1970 - 2000)
were downloaded from Worldclim version 2.1 (https://
worldclim.org) at the resolution of 2.5 arc- minute (a grid
of approximate dimensions of 5 km x 5 km). For future
data, the corresponding environmental projection layers
have been downloaded from the Africlim website. Only the
environmental projection layers biol - bio7 and biol0 -
biol7 are available on the Africlim site, which justifies the
consideration of these same layers from Worldclim for the
present. Soil characteristics and population were respectively
downloaded from the African Soil Profile Database (https://
www.isric.org) and the SEDAC website (https://www.isric.

org).

Data processing and analysis

Transformation of climatic and non-climatic variables

For the species, a mask was created based on the
occupancy of the occurrence points. This mask served as
a model, to delimit the different variables which having
undergone certain series of transformations were converted
to ASCII format for modeling. The QGIS 2.18 software made it
possible to carry out the various transformations necessary
for this purpose.

Model calibration

For the calibration of the model, we used Maximum
Entropy which has certain strong points [42]. It can do
without absence data for its operation [43,44], accepts both
quantitative and qualitative data for modeling and also offers
good discrimination of favorable and unfavorable habitats
favorable to a species from a bioclimatic point of view [45].

The calibration itself consisted of checking the logistic
format for outputting the results. This involved setting 10,000
pseudo-absence points, a maximum of 1,000 iterations
and a convergence threshold of 0.00001. The models were
run using Bootstrap as the replication method. 75% of the
data was used to run the model and 25% to test the model.
Redundancies within the variable grid were eliminated by
applying the “remove duplicate” function of the model [42].
The other options were set to default. The final selected
variables were used to run the model with 10 replications in
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the present and future across Benin.

The performance of each model was tested using
independent tests of the AUC and the ROC curve [46]. The
AUC (Area Under receiver operating characteristic Curve) test
provides an overall measure of performance independent ofa
threshold. The higher the AUC, the better the model. The ROC
curve has the advantage of being threshold independent and,
as such, does not require decisions regarding thresholds of
what constitutes a prediction of presence versus a prediction
of absence [47]. The True Skill Statistic (TSS) test was used
to evaluate the predictive accuracy of species distribution
models. TSS test values can range from -1 to 1. Models closer
to 1 are better at discerning presence and absence points.

Assessment of the impact of climate change

The impact of climate change was assessed using the
“Raster calculator” tool in QGIS desktop 2.18.1 software.
It made it possible to identify areas that are favorable in
the present and unfavorable in the future or areas that are
unfavorable in the present and favorable in the future based
on the decision probability threshold calculated. The extent
of the impact of climate change on the distribution of species
was analyzed by calculating the areas associated with the
output of the results of the “Raster calculator” tool. These
areas were calculated after reclassification, conversion and
polygonization (raster to vector).

Results

Presence data for S. mombin

After cleaning efforts, a final dataset of one thousand
four hundred and seventy-four (1474) occurrence data was
retained respectively to run the models with MaxEnt [35].

Figure 2: S. mombin presence data for modeling.
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Model validation

The AUC value (Figure 3), 0.971 + 0.000, demonstrates
very good discrimination. Low standard deviation values
indicate limited dispersion of AUC values between
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replications. The value of the TSS statistic, (0.86 + 0.01),
close to 1 and above 0.6, therefore makes it possible to better
discern the points of presence and absence.

Figure 3: AUC values under the ROC curve of S. mombin.

The values of the AUC ratio and the Partial ROC really
show a better performance of the model performed for
S. mombin in predicting true presence and absence in the
context of climate change. Also, the difference between the
AUC of the model prediction and the random AUC is highly

significant, therefore confirming that the model works better
than randomly. The Kurtosis test performed to analyze the
shape of the probability distribution gave a zero value for S.
mombin. This zero value indicates a mesokurtic distribution
which is a normal distribution.

Figure 4: Distribution of AUC ratios for S. mombin.

Environmental and social determinants of the
spatial distribution of S. mombin

The Jackknife test of the importance of variables
(Figure 5) made it possible to assess the importance of
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environmental/non-environmental variables. The green bar
of the Jackknife test shows the total gain without the variable
considered. The blue bar indicates the representation of the
gain, or the AUC obtained with the model considering only
the variable considered. In red the representation of the
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total gain or the total AUC obtained with the model with
all the variables considered. The sum of the contribution
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percentage and the importance of the permutation allowed
the selection of the variables.

Figure 5: Importance of Jackknife test variables for S. mombin.

Variable Importance (Table 1) shows that five variables
govern the potential distribution of S. mombin. Among these
variables, bio 6 has a greater influence on the distribution

of S. mombin. Population and Soil together contributes more
than half to the distribution of the species.

Variable Contribution (%) Importance of permutation (%)
Bio 2 0.40 3.20
Bio 3 0.50 13.00
Bio 6 40.40 3.40
Population 22.50 0.00
Soil 36.50 80.40

Table 1: Contribution of variables to the ecological niche model of S. mombin.

Current and future distribution of S. mombin
habitats

Table 2 shows the proportion of distribution areas of S.
mombin in the present and future under scenarios 4.5 and 8.5.
The favorable areas of S. mombin occupy 46.51% of the total
area of Benin. They cover the entire Guinea-Congolese zone
of the country and a significant part of the Sudano-Guinean
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zone. In the future under scenario 4.5, these areas represent
61.37% of the total area of Benin and exceed those favorable
in the present by around 1.32. By 8.5, areas favorable to the
expansion of S. mombin represent 69.47% of the total area of
Benin. They exceed 1.49 the values observed in the present
and are distributed in the three phytogeographic zones of the
country with excellent coverage of the Guinea-Congolese.
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Suitability Level Present Future scenario 4.5 Future scenario 8.5
Favorable 53377.3 70431.49 79721.93
Unfavorable 61385.7 44331.51 35041.07
Total (km?) 114,763 114,763 114,763

Table 2: Estimated total area (km?) of the distribution areas of S. mombin in the present and future under sgenarios 4.5 and 8.5.

Figure 6: Projection of the spatial distribution of S. mombin in the present in Benin.
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( Figure 7: Projection of the spatial distribution of S. mombin at horizon 2055 under rcp 4.5. )

Figure 8: Projection of the spatial distribution of S. mombin at horizon 2055 under rcp 8.5.

Impact of climate change on the spatial to the expansion of the species. This increase is estimated

distribution of S. mombin at 17,054.19 km? for scenario 4.5 and 26,344.63 km? for

scenario 8.5. Scenario 8.5 seems to he mare favorable to the

The impact oiclimate change on the spatial distribution species. The new favorable areas are morg concentrated in
of S. mombinresulfs in a significant increase in areas favorable the Sudanian zone.
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Figure 9: Impact of climate change on the spatial distribution of S. mombin under rcp 4.5.

Conservation strategies for S. mombin in the national protected areas network. By 2055 under scenarios

context of climate and global changes 4.5 (Figure 12) and 8.5 (Figure 13), we observe an increase

in protected areas, identical in both scenarios, of the order of

Areas favorable to the expansion of S. mombin are full of 9.38% (27 to 32 protected areas) or 55.17% of the national
oe 1 moer or profte ed e 0 onse 018 e K Ol prote ecLarea

There are 27 protected areas representing 46.55% of the

Figure 11: Network of protected areas and the spatial distribution of S. mombin at the scale of Benin in the present.
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under rcp 4.5 scenario.

under rcp 8.5 scenario.

Discussion

Ecology and socio - environmental determinants
of the spatial distribution of S. mombin

S. mombin is a savannah species also presentin dense dry
forests [48] on all types of soil [49]. In Benin, fields, fallows,
plantations, swamps and towns are the main plant formations
sheltering this species. Five variables were selected to predict
the ecological niche of S. mombin. Soil, population and bio6
contribute mainly to the prediction of the distribution model
of this species. Numerous studies have shown the capacity of
these variables to improve the quality of species distribution
[50,51]. Edaphic parameters have a physiological action
on plant species [52]. This variable with the temperature,
directly impact the distribution of S. mombin. This offers a
diversity of ecological conditions favorable to the phenology
of the species. Indeed, temperature is one of the major
climatic parameters in plant ecology [12,53,27].

Impacts of climate change

One of the main threats currently weighing on West
African biodiversity is the loss of habitats due mainly to
climate changes [54-56] which are undoubtedly modifying
the potential distribution area of plants. Considering the
extent of habitats obtained, whatever the scenario, climate
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Figure 12: Network of protected areas and the spatial distribution of S. mombin at the scale of Benin in the future by 2055

changes will overall be conducive to the distribution of
habitats favorable to the species. In Benin, several authors
have shown the extensive trends in areas favorable to the
development of certain plant species due to climate change.
They are, for examples, [57] on Chrysophyllum albidum, [28]
on Dialium guineense Willd. (Black velvet), [53] on Vitex
doniana Sweet, [29] on Haematostaphis barteri Hook.f., [33]
on Anogeissus leiocarpa (DC.) Guill. & Perr., and Lonchocarpus
sericeus (Poir.) DC., [58] on Diospyros mespiliformis Hochst.
ex A.De. [37] on Anogeissus leiocarpa (DC.) Guill. & Perr.
These individual species responses to climate change could
cause cascading and feedback effects in biological systems,
affecting ecosystem dynamics [59,60] and plant species
through trophic networks [61,62].

Conservation strategies for S. mombin

From the Guinea-Congolese zone to the Sudanian zone
of the country, the results reveal that climate changes will
generally have positive impact to the distribution of habitats
favorable to S. mombin. Conservation strategies for the
species should focus on diagnostic inventory, regeneration
tests, introduction of species into understaffed environments,
raising awareness among populations close to species
populations, etc. Also, current and future climatic conditions
indicate that the protected areas of zones favorable to the
expansion of the species are and will remain very favorable
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to the conservation of S. mombin. The protected areas present
in zones favorable to the development of S. mombin are
mainly classified forests, belonging to category V (Protected
marine or terrestrial landscape) of the IUCN categorization.
This category aims to contribute to long-term conservation,
preserve species and enable the conservation of intensively
used ecosystems [63]. However, in the majority of classified
forests, only a small portion is dedicated to protection and
exempt from harvesting. Sustained efforts should then be
made towards their sustainable management. Therefore,
regular scientific monitoring should be carried out on
authorized samples in order to verify that they do not harm
the viability and regeneration of species as well as the
restoration of the environment. The good health of classified
forests ecosystems makes it possible to better resist to the
effects of climate change.

Conclusion

The analysis of the impacts of climate change on the
spatial distribution of S. mombin across Benin revealed
that climate change is remain generally beneficial to
the distribution of habitats favorable to S. mombin. Soil,
Population and bio6 are the main factors which explain this
favorable distribution. The results obtained also demonstrate
that the protected ecosystems of the study area are suitable
for the expansion and conservation of this species. This
research brings a valuable contribute to the identification
and guidance of strategies for the conservation of S. mombin
in Benin. The future research will be done on a diagnostic
inventory in the favorable areas to carry out the structure
and the regeneration ability of the S. mombin.
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