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ABSTRACT: As any biological entity, the honeybee populations 

are submitted to the worldwide climate change hazards. 

Mitigation strategies require strong modelling approaches to 

simulate and anticipate the potential climate change impacts on 

beekeeping and pollination services. In Benin, as in most 

tropical African regions, where beekeeping essentially relies on 

natural swarms, sustainable beekeeping requires deeper control 

of the environmental factors. We then evaluated the impacts at 

the 1970-2021 and 2040-2070 horizons prevailing 

environmental conditions on the potential distribution of 

adansonii, scutellata and iberiensis, the three Apis mellifera  

1* Ecole Nationale des Eaux, Forets et Chasse du Bénin. Ministère du Cadre 

de Vie et des Transports en Charge du Développement Durable. Republic of 

Benin. 

2 Department of Biology, Faculty of Mathematics and Natural Sciences, 

Universitas Padjadjaran. Ir. Soekarno Road KM. 21 45363, Indonesia. 

3 Laboratoire des Sciences forestières, Faculté des Sciences Agronomiques, 

Université d’Abomey-Calavi, Republic of Benin. 

4 Laboratoire d’Ecologie Appliquée. Faculté des Sciences Agronomiques. 

Université d’Abomey-Calavi, Republic of Benin. 

5 Institut National des Recherches Agronomiques de Bénin, INRAB. 

Republic of Benin. 

6 Laboratoire de Sciences Végétales, Horticoles et Forestières, École de 

Foresterie Tropicale, Université Nationale d'Agriculture. Republic of Benin. 

*Correspondence: Felicien AMAKPE 

Received: 20-August-2025 

Accepted: 01-September-2025 

Published: 03-September-2025 

 

Copyright © 2025, Authors retain 

copyright. Licensed under the Creative 

Commons Attribution 4.0 International 

License (CC BY 4.0), which permits 

unrestricted use, distribution, and 

reproduction in any medium, provided 

the original work is properly cited. 

https://creativecommons.org/licenses/by

/4.0/  (CC BY 4.0 deed) 

 

This article is published in the MSI 

Journal of Multidisciplinary Research 

(MSIJMR) ISSN 3049-0669 (Online) 

 The journal is managed and published 

by MSI Publishers. 

 

Volume: 2, Issue: 9 (September-2025) 

The authors declare 

that no funding was 

received for this work. 

 

https://zenodo.org/records/17043966
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://msipublishers.com/msijmr/
https://msipublishers.com/msijmr/
https://msipublishers.com/msijmr/


Page 2 of 29                                                                https://zenodo.org/records/17043966 

races in Benin. The investigations used 68 occurrences of the three races which were 

confronted to the bio4, pet, mimq and llds climatic parameters using the maximum 

entropy modelling. The past distribution areas indicated that 0.43 % of the country 

territory was favorable to iberiensis races which was restricted to the East-Southern 

extremity along the Atlantic Ocean. Scutellata and adansonii had larger distribution 

area, respectively 68.72 % and 75.94 % in the Guineo-Congolian, the Sudano-

Guinean and the Sudanian regions. The 2055 horizon predicted a drastic drop of 

adansonii potential niche (75.94 % to 40 %) which shifted toward the south above 

the 7th parallel. Scutellata will lose 2.99% of its 1990-2070 horizon niche. On the 

other hand, iberiensis race was projected to gain 7.04 % of the national territory, 

restricted to the same past range. Climate change will then shrink and shift Adansonii 

and scutellata in the best beekeeping areas in Benin. But iberiensis race would be 

restricted to the poorest honey region, indicating its high extinction risk. We also 

found that the Sudanian regions above the 10th parallel was unfavorable to the honey 

bee populations at 2055 horizon. This represents great concerns for beekeeping and 

pollination service in absence of a long-term strategic beekeeping development plan.  

Keywords: Apiculture, Benin, biodiversity, climate change, ecologic niche, 

honeybee race, MaxEnt modelling.  

1. Introduction 

Climate change is a worldwide challenge that affects the integrity and distributions of 

managed and natural ecosystems. It includes phenomenon that involve lasting 

changes in environmental factors; leading to a disrupted biological equilibrium and 

the emergence of biotic and abiotic hazards which impact species distribution 

(Rosenzweig, 1989; 2007). As a consequence of its impacts on the plant species on 

which the pollinators depend, climate change also deeply affects the performance of 

the honeybees and determine their distribution in any ecological area (Zapata-

Hernández et al., 2024).  

The “bees” are made up of more than 18,191 species distributed in the Apideae, 

Melitideae, Megachilideae, Andrenideae, Halictideae, Stenotridideae and the 

Colletideae families (Danforth et al. 2013; Hedtke et al. 2013). The Apidae family, 
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bearing the domestic bee (Apis mellifera ) is divided into the Mediterranean and the 

Western European honeybees (“M” lineage); the North Mediterranean honeybees 

(“C” lineage); the African honeybees (“A” lineage); the Oriental bees (“O” lineage), 

and the Ethiopian subspecies (" Y”) lineage (Ruttner, 1988; Alburaki et al. 2011). 

The African honeybees derive from the migration and evolution of the Western 

honeybee (Apis mellifera), which evolved into adansonii, capensis, intermissa, 

lamarckii, littorea, major, monticola, scutellata, unicolor, sahariensis, simensis, and 

jementica races with  many ecotypes (Ruttner, 1992, Meixner et al. 2011; Hedtke et 

al., 2013).  

According to Villière (1987) and Ruttner (1992) Adansonii is widespread and 

established in the entire Central and Western Africa ecoregions and the honeybee 

populations of Benin were also classified as adansonii race based on morphometric 

measures. But deeper genetic and morphometric analyses revealed that the honeybee 

populations in Benin are made up of adansonii, scutellata, and iberiensis genotypes 

distributed in the benino-dry tropical, the benino Sudanian and the benino-Sudano-

Guinean ecotypes under the prevailing bioclimatic conditions of the country 

(Hounkpe et al. 2006; Amakpe et al. 2015, Gebremedhn et al. 2024). 

As any living organism, the honeybees in Benin, are submitted to the biotic and 

abiotic stresses to which they interact and adapt through morphometric, ethological 

and behavioural strategies (Matheson, 1996; De Jongh et al. 2022). As found by 

Abou-Shaara et al. (2017), Southwick & Heldmaier (1987); Beshers (2001), the 

honeybee colony optimum temperature ranges between 32 °C and 36 °C and high 

humidity are linked to diseases. Therefore, extreme temperature, humidity and 

precipitation expected from climate change may lead to a shift of habitat in addition 

to the adaptation strategies (Becsi et al. 2021; Hosni et al. 2022). As such the honey 

bee populations in Benin are under permanent geospatial and climatic factor that 

potentially determine their past, present and future distribution, performance, and 

strategic adaptation. 

At the regional and international levels, the impacts of climate change on the global 

beekeeping and pest distribution  are well documented for the western, 

mediterranean, south, and East African beekeeping (Ali et al. 2023; Zapata-
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Hernandez, 2024; Gebremedhn  et al. 2024; Skendzic et al. 2021). But the specific 

impacts on the honeybee races are poorly covered and almost no relevant publication 

on climate change impacts on Beninese beekeeping is available (Zapata-Hernandez 

et al. 2024). Ignoring this specific west African ecoregion where the savannah 

reaches the Atlantic Ocean coast constitutes a limit for designing and modelling 

operational approaches for a sustainable worldwide beekeeping and pollinator 

conservation. This research filled this gap by evaluating the impacts of the past and 

future climatic conditions on the potential habitat distribution of adansonii, 

scuttellata and iberiensis races of Apis mellifera in Benin. Using the geographic 

positions of these honeybee races (Amakpe et al. 2018) our investigations 

determined their habitat distribution in 1970-2021 and 2040-2070 horizons 

prevailing environmental conditions. 

2. Materials and methods 

2.1 Study area 

The study covered the entire Republic of Benin, a West African Country of 

114,760 km². It shares borders with the Republics of Togo, Burkina-Faso, Niger, 

Nigeria and bears 150 km coast line with the Atlantic Ocean in the south (figure1). 

According to Akoegninou et al. (2006), the country is characterised by a sub-littoral 

climatic area from the coast to the 7th parallel. From the 7th to the 9th parallel stands 

the transitional tropical humid climate while the dry tropical climate stands above the 

9th parallel.  

The honeybees are nationwide distributed, and naturally nest in termite moulds, rock 

cavities, and trees from which smarms are usually captured by beekeepers in bated 

hives (Yedomohan et al. 2012). The genetic characterisation of the honeybee 

populations indicated that they are made up of adansonii, scutellata and iberiensis 

races (Amakpe et al. 2018). Their specific adaptations to the different ecologic 

conditions of the country lead to threes ecotypes which are i) the giant bees in the 

extreme north, ii) the small sized bees located in the southern parts, and iii) the 

intermediate sized honeybees between these two opposite morpho ecotypes (Amakpe 

et al. 2018). The distribution of these races helped establish the genetic cartography 
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of the Beninese honeybee races that serves as occurrences of this study (table 1 and 

figure 1).   

2.2 Occurrence data 

The GBIF database presented some occurrence points for Apis mellifera in Benin. 

But these data are limited to the studied apiaries with no validated metadata for 

distinguishing the different races. These investigations were then based on the 

nationwide genetic characterisation of the honeybees in Benin of Amakpe et al. 

(2018) who sequenced the mtDNA region including the tRNAleu gene, the COI-

COII intergenic region and the 5’ end of the COII subunit gene of honeybees in the 

entire country. 44 colonies were of adansonii race, 19 were scutellata and only five 

(5) colonies were classified as iberiensis race (table1, figure 1). The geographic 

position of the colonies served as the occurrence training field points from which the 

environmental parameters were extracted for modelling the past and future potential 

distribution range of the three races. The geographic coordinates of the occurrence 

are presented as supplementary material 1. 

The distribution of the honeybee hives was impacted by beekeeping system as the 

apiaries are established by beekeepers. But beekeeping system in Benin is mainly 

based on natural swarms that are caught from the nearby natural colonies (Amakpe et 

al. 2018). The investigated apiaries from which the race occurrence data were 

obtained represented then the habitat of the bee colony and are representative of the 

climatic and edaphic optima of the targeted race. 

Table 1: Distribution of the race occurrence per department in Benin 

Race  Alib

ori 

Ataco

ra  

Borg

ou  

Colli

nes  

Couf

fo  

Don

ga  

Mo

no  

Oue

me  

Plate

au  

Zo

u  

Tot

al  

Adanso

nii  

10 4 9 8 1 7 0 0 1 4 44 

Scutella

ta  

0 2 0 4 0 5 1 0 1 3 16 

Iberien

sis  

0 0 2 0 1 0 0 1 1 0 5 

Total 

occurre

nce  

10 6 11 12 2 12 1 1 3 7 65 
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Figure 1: Geographic occurrence of the focused honeybee races in Benin 

2.3. Past and future environmental modelling parameters  

The environmental data for predicting the suitable geographic distribution of habitat 

and species were analysed by Platt et al. (2014) and a total of 19 variables are 

commonly used. Some are highly correlated and we based the analyses on variables 

with very low multicollinearity (Warren et al., 2010; Fandohan et al. 2016, Toffa et 

al. 2022). In the same line, data presenting discontinuity for Benin (Biaou et al. 

2023) were also discarded. The queen laying capacity, the life span of workers and 

their foraging performance are highly determined by seasonality and aridity 
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parameters (Abou-Shaara et al. 2017; Cornelissen, et al., 2019; Skendzic et al. 2021; 

Gebremedhn  et al. 2024). The analyses were finally based on four temperature and 

aridity (pluviometry) parameters which were less correlated and best determine 

nectar and pollen producing plants species, honeybee pests’ distribution, and their 

susceptibility to colony collapse disorder (Mwakapeje et al. 2019; Platts et al. 2014; 

Odeny et al. 2019; Toffa et al. 2022). The temperature variables were the temperature 

seasonality standard deviation over monthly values (Bio4) and the potential 

evapotranspiration (PET). The pluviometry parameters were the Moisture index 

moist quarter (MIMQ) for any consecutive three (3) months periods, and the Length 

of longest dry Season (LIDS in months).  

The baseline data covered an average term of 30 year, from 1990 to 2021 which 

covered the periods of most beekeeping development projects in Benin (Ahouadjinou 

et al., 2012). Regarding the future environmental data, SSP 1–2.6, SSP 2–4.5, SSP 3–

7.0, SSP 5–8 were the validated scenario of the WorldClim. Among them, SSP 2-4.5 

(2041 to 2070) is considered as the most realistic and most reflective to the current 

political and economic trends according to the United Nations framework of global 

challenges in agriculture and food of agenda 2063 for Africa (Arias et al. 2021; 

Asamoah et al. 2025; Kabato et al. 2025). Therefore, the predictive future 

environmental data we used covered the mid-century 2055 term average period, from 

2041 to 2070 (Platts et al. 2014. These data were based on the ensembled 

representative concentration pathways of IPCC-AR5 at 30s (1.0km²/pixel) resolution. 

They were downloaded from the York University web site at 

www.york.ac.uk/environment-geography/research/kite/resources/. The specific 

environmental data of Benin were extracted from the global African GeoTIFF files 

and converted to the ASCII format of R using the “1a.Extract by mask” and the 

“2b.Raster to ASCII” of the Species Distribution Model (SDM) tools of Arc ArcMap 

10.1 at the same 30’ pixel resolutions for their use in Rstudio (Elithn & Leathwick, 

2009; Merow et al. 2013; Kass et al. 2022). 

2.3 Data analysis and habitat prediction  

First, we extracted and prepared the environmental data at the same extent, same 

spatial resolution, and reported them to the same WGS84 geodesic projection using 

https://zenodo.org/records/17043966
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the "crop", "resampl" and "mask" functions of RStudio and used the maximum 

entropy (MaxEnt) in accordance with Okely et al. (2023) for other bee species 

distribution. As a presence alone model, MaxEnt considers a list of species presence-

alone locations as input, integrates the set of environmental factors in the targeted 

ecological area that is divided into grid cells and a sample of background locations is 

extracted from this landscape. The extracted sample which is independent to the 

presence-alone ones are contrasted to the environmental baselines or predictive 

considered environmental parameters (Elith & Leathwick, 2009: Meraw et al. 2013; 

Fithian & Hastie, 2012). This model requires few presence-alone records for habitat 

distribution as in our case where the race occurrences were very limited. The habitat 

distribution model from the dismo package of R was used for predicting the 

suitability of the baseline environmental covariate location by assimilating each race 

occurrence to its “presence-alone” event. This helped determine a natural 

probabilistic interpretation with a gradation ranging from highly to least or 

favourable environmental conditions to each race (Phillips et al. 2008; Tesfamariam 

et al. 2022, Okely et al. 2023).  

The delineation of suitable potential habitat of the targeted race from unsuitable areas 

was done by setting a 10th percentile training presence threshold (β) that represented 

the probability that 90% of the pixel centres were located in the delimited 

geographical area (Phillips & Dudik, 2008; Elith & Leathwick, 2009; Merow et al. 

2013; Moukrim et al. 2018).  

The past and potential future distribution areas of each race were analysed by three 

probability (P) distribution classes  in relation to the set threshold as follow 

(Moukrim et al. 2018; Toffa et al. 2022):  

- Highly favourable habitat for pixels with P≥ β;  

- Moderately favourable habitat for pixels with ¼β ≤ P < β;  

- Non favourable habitat for pixels with P < ¼β.  

https://zenodo.org/records/17043966
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From these three distributions we determined the suitable versus non suitable areas 

for the considered race by adding its highly favourable and moderately favourable 

areas (Gahounga et al. 2025).  

The generated maps from RStudio were saved as Geotiff which were projected in 

ArcMap10.1 for elaborating the distribution maps of each race. ,The corresponding 

covered areas (ha) was determined using the geometry calculation tools.  

The dynamics from 1990 to 2070 was analysed by the difference between the 

covered area (d) of future and past distribution area and the difference between the 

proportion of these values over the total covered area of the Republic of Benin 

(Dp%) using the following equations. 

d=Cf-Ch and dp%=(Cf/S)-(Ch/S).  

d= dynamic between the historic and future covered area of the considered 

suitable area of the considered race. 

cf: future predicted value of the considered area of the targeted race   

ch: historic value of the covered area of the targeted race  

dp%: proportion of the distribution area over the national total area 

S total covered area of the Republic of Benin (14760km²) 

2.5 Model accuracy and performance  

The algorithms converged after 240 iterations for the adansonii race distribution 

analyses, 160 for the scutellata and 100 for the iberiensis race generated with 116988 

training background points. The area under the receiver operating characteristics 

(ROC) curve (AUC) was first used for evaluating the model accuracy. This varies 

from 1 for successful model to 0.5 for randomized ones and values above 0.7 are for 

good and robust models (Hanley &McNeil, 1982, Lobo et al. 2007; Phillips & 

Dudik, 2008). The contribution of each environmental predictors in the model was 

evaluated by the jackknife test. The specific effects of each environmental variable 

on the MaxEnt prediction and how the prediction changes with each environmental 
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variable average sample value were analysed by the response curves of each 

parameter. The MaxEnt model performance was also evaluated by the test omission 

rate. This is good and different from the randomized classification when the omission 

rate curve is close to the predicted omission line (Ramírez-Rodríguez et al., 2025).  

3 Results 

3.1 Model quality and performance in determining the honeybee races distribution area 

in Benin 

The average probability of presence over background pixels was 0.541 for the 

adansonii race, 0.453 for the scutellata and 0.346 for the iberiensis. This indicated 

that the prevalence of each species is low in the country at the past and projected 

future. The omission rate and predicted area function of the cumulative threshold 

(figure 2) curves showed that the omission rate line was closest for the adansonii 

race. The AUC are all higher than 0.7 with the highest value (0.82) achieved for the 

iberiensis race predictions (figure 3). The power of the MaxEnt model prediction of 

the historic and future potential suitable distribution of the honeybee races in Benin 

is then strongly acceptable. But, with a higher AUC, the iberiensis modelling showed 

a more irregular omission line, indicating that this race which was restricted to the 

south of the country was race  with very limited spatial distribution potential.  

 
Figure 2: figure 2 Omission and predicted area for adansonii (left), iberiensis (centre) and 

scutellata (right) 

https://zenodo.org/records/17043966
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Figure 3: Area under curve for adansonii (left), iberiensis (centre) and scutellata (right). 

3.2 Contribution of each environmental variable to the model performance 

The estimates of the contribution of the difference variables depended on the targeted 

race (table1). In fact, pet had the highest contribution to the model for adansonii 

(58.88 %); bio4 had the highest contribution for scutellata and iberiensis with 

59.71 % and 35.95 % respectively. The lowest contribution to the model was 

obtained with mimq for the adansonii and scutellata races (0.38 % and 2.52 %) and 

pet for the iberiensis. This indicated that pet had almost no impact on the distribution 

of iberiensis race in conjunction with the other environmental parameters and poorly 

impacted the scutellata. On the other hand, it highly determined the past and future 

potential distribution areas of adansonii race.  

When considering pet and bio4 which had the highest contribution to the model 

(table 1 and figure 4), the occurrence probability of adansonii exponentially 

increased from 0 to 12mm values of bio4 followed by a slight increase from 12 to 

21 mm. It also highly increased from 21 mm before reaching its maximum values 

from 24 mm. As far as the pet was concerned, the occurrence probability of 

adansonii was maximum with values ranging from 1200 to 1900 mm. The 

occurrence probability of scutellata and iberiensis on the other hand had similar 

responses. The increase in bio4 negatively impacted the occurrence that dropped as a 

Goss curve till the lowest values from 22 mm. This occurrence probability was 

poorly impacted by the pet while an increase in llds and mimq values had 

contradictory impacts on the occurrence of these two races in Benin.  

https://zenodo.org/records/17043966
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The analysis of the specific impacts of each parameter alone in the ecological area 

indicated that Bio4 had similar impacts as when the other parameters were kept at 

their optimum (figure 2.2). But Pet that only impacted the adansonii distribution in 

conjunction with the other parameter had high impact when considered alone on the 

three races distributions. The optimum environmental ranges for the three races 

proved that they could share limited ecological areas in Benin. In fact, the optimum 

pet values for Adansonii race ranged from 1600 to 1900 mm, the scutellata race 

would best support any value bellow 1900 while values below 1600mm were 

optimum for iberiensis population.  

The permutation that indicated the loss of precision when omitting the environmental 

parameters showed that bio4 is key in modelling the three races even if it was not the 

most determinant distribution factor. llds poorly reduced the model performance 

when omitted for the adansonii, while pet was the one poorly reduced the 

distribution accuracy for scutellata and iberiensis when omitted (table 2, figure 5).  

Table 2: MaxEnt analysis outputs  

NB: Number of backgrounds points, race; bio4: llds: mimq; pet: cont: contribution; 

perm permutation, import: importance; AUC: area under curve  

Race  

AU

C 

bio4 

cont 

llds 

cont 

mim

q 

cont 

pet 

cont 

bio4 

perm 

impor 

llds 

perm 

impor 

mimq 

perm 

impor 

pet 

perm 

impor 

Prevalenc

e 

Adanso

nii 

0.7

0 

34.2

1 6.51 0.38 

58.8

8 72.11 0.00 0.70 27.17 0.54 

Scutella

ta 

0.7

8 

59.7

1 

29.6

6 2.52 8.09 51.11 28.81 20.06 0.00 0.45 

iberiens

is 

0.8

4 

46.1

6 

35.9

5 

17.8

8 0.00 93.76 5.52 0.70 0.00 0.34 
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(a) 

   
 

(b) 

    

(c) 

Figure 4: Contribution of each environmental factor to the MaxEnt model when the other ones are 

kept at their optimum. (a) responses of adansonii, (b) responses of iberiensis. (c) responses of 

scutellata  

    

(a) 
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(b) 

 
   

(c) 

Figure 5: Estimated specific contribution of each factor, excluding the interaction of the other ones 

(a) responses of adansonii. (b) responses of iberiensis, (c) responses of scutellata  

3.3 Historic habitat distribution of adansonii, iberiensis, and scutellata honeybee races 

in Benin 

The historic distribution ranges of the races indicated that each race had specific 

potential favourable areas with iberiensis, the most restricted honeybee race in Benin 

(table 2 and figure 6). In fact, its potential distribution area was retracted in a tiny 

part of only 0.43 % of the national territory located in the East Guineo-Congolian 

region of the south Benin. This region also benefits from a high rainy season with 

low Pet values that makes it the poorest honey region in Benin. The adansonii race 

had a larger distribution area where 75.94 % of the country territory was favourable 

to this race. Its highly suitable area was located in the Sudanian zone from the 7 th to 

the 9th parallel. There were also some isolated locations in the north East and the 

central north West. The moderately suitable areas were located in the entire central 

north covering the department of Alibori, Borgou, Atacora and north Donga. The 

north unsuitable area was located in the national parcs regions along the borders of 

Burkina Faso and north Togo. The south unsuitable area to this race covered the 

departments of Mono, Oueme, Couffo to the borders of the Republic of Togo with 
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the department of Zou, and Couffo in the Sudano Guinean and the littoral climatic 

area.  

Regarding the scutellata race, the entire northern part of the country including the 

entire department of Alibori and north Atacora are unsuitable area. In the south, the 

race showed some highly suitable area in the south West in contact with Atlantic 

Ocean. Above this particular area stood a large unsuitable area that covered the 

department of Couffo, Mono, Oueme while the Atlantic department is moderately 

suitable. The unsuitable area covered 37.29 % of the national territory while the 

moderately suitable distribution area represented 39.93 % of the national territory 

and was mainly distributed in the north Sudano dry tropical areas. The highly 

suitable distribution area for this race (28.79 % of the national territory) seemed 

overlay the one of adansonii in the Sudano-Guinean region. 

 

Figure 6: Historic potential distribution area of adansonii (left), iberiensis (centre) and scutellata 

(right) races in Benin 

3.4 Future potential habitat distribution of adansonii, iberiensis and scutellata races 

in Benin 

The 55-year term predicted a global degradation of the habitat conditions in the north 

which was predicted to become unsuitable area to the three races (figure 7 and table 

2). The predicted future environmental conditions will particularly become hard to 

the adansonii which will lose 35.77 % of its favourable area. The scutellata will only 

register such drop in its highly suitable area that will be converted to 19.69 % of 
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moderately suitable area and 2.99 % of unsuitable area. iberiensis on the other hand 

will gain in its suitability. In fact, 7.04% of is unsuitable area was predicted to evolve 

in 6.99 % of moderately suitable area and 0.05 % of highly suitable area in 2055 

horizon when larger southern parts were predicted to become favourable for 

scutellata race.  

The predicted distribution of the suitable area indicated that the adansonii niche will 

shift to the central parts of the in the Sudano Guinean climatic area. The highly 

suitable areas for the scutellata race seemed more restricted to the southern central 

western parts excluding the border of the department of Couffo with the Republic of 

Togo. Though a niche expansion was predicted for the iberiensis, it will stay 

restricted to the eastern costal part of the country and its favourable distribution areas 

will not exceed the 7th parallel.  

 

Figure 7: Future potential distribution area of the adansonii (left) iberiensis (centre) and scutellata 

(right) races in Benin  

Table 2: Dynamics in the habitat distribution ranges of the three honeybee races in Benin 

Race  Parameters  

Unsuitabl

e area 

Moderately 

suitable area 

Highly 

suitable area 

Favourabl

e area 

 

Historic covered 

area km² 27615,58 49699,79 37444,63 87144,42 

 

Historic % of 

Benin 24,06% 43,31% 32,63% 75,94% 
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Adanso

nii 

Future covered 

area km² 68659,75 26119,09 19981,15 46100,25 

 Future % of Benin 59,83% 22,76% 17,41% 0,40 

 Area dynamics km² 41044,18 -23580,70 -17463,48 -41044,18 

 Dynamics % 35,77% -20,55% -15,22% -35,77% 

 

Historic covered 

area km² 42790,49 38935,28 33034,23 71969,51 

 

Historic % of 

Benin 37,29% 33,93% 28,79% 62,71% 

Scutella

ta  

Future covered 

area km² 46218,71 61536,92 7004,36 68541,29 

 Future % of Benin 40,27% 53,62% 6,10% 59,73% 

 Area dynamics km² 3428,23 22601,64 -26029,87 -3428,23 

 dynamics % 2,99% 19,69% -22,68% -2,99% 

 

Historic covered 

area km² 114267,39 354,89 137,72 492,61 

 

Historic % of 

classified 99,57% 0,31% 0,12% 0,43% 

Iberiens

is  

Future covered 

area km² 106191,13 8376,75 192,13 8568,87 

 Future % of Benin 92,53% 7,30% 0,17% 7,47% 

 Area dynamics km² -8076,27 8021,86 54,41 8076,27 

 Dynamics % -7,04% 6,99% 0,05% 7,04% 

4 Discussion 

4.1 Environmental factors and the potential distribution ranges for the three races in 

Benin 

The receiver operating characteristics (ROC) area under the curve (AUC) values we 

found was in range of most species and biological entity distribution using the 

MaxEnt model (Redon & Luque, 2010; Favi et al. 2022; Anderson et al. 2023). This 

indicated a good performance in delineating the suitability areas of the three races 
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which was different from a randomised distribution. The temperature and 

pluviometry environmental factors we used are then effective in predicting the past 

and future potential distribution area of the three honeybee races as also found for 

other species by Gabglo et al. (2017), Dasso et al. 2024 and Toffa et al. (2023) in 

Benin. Despite a lower AUC value for the Adansonii and scutellata races modelling, 

they had very good omission curve trend, indicating that the two races had broader 

distribution area than the iberiensis that is restricted to the south east extremity of 

Benin.  

The differences in the past favourable area of the three races indicated their specific 

adaptation or responses to the baseline environmental conditions in Benin. The 

predicted extremes values of most environmental factors for the Sub-Saharan Africa 

by the middle century will impose specific responses of the Hymenoptera species or 

populations to climate change at regional or local scales (Odevn et al. 2019; Okely, 

2023). The northern future conditions were predicted to negatively impact the three 

races habitat while they show contradictory range in the south. In fact, the coastal 

line was predicted to be unsuitable to adansonii in contrast to scutellata and 

iberiensis. The predicted shift and restriction of scutellata and iberiensis to the south-

east extremity country proved that these two races would be threaten in the future as 

their predicted favourable areas are located in the poor honey region with rare apiary 

that may sustain the bee establishment (Amakpe et al. 2015; Yedomohan et al. 2012). 

With such very poor beekeeping potential, the natural colonies will be challenged as 

a consequence of the global environmental degradation on wood, termite huts, and 

natural cavities in which they may nest.  

The honeybees rely on floral resources in the ecological patch and this supports their 

intimate dependence on the melliferous plant species distribution (Filipiak et al, 

2017; Wright et al. 2018; Zapata-Hernández et al. 2024). Living in the same floral 

resource potential in the country (Yedomohan et al, Amakpe et al. 2015) the three 

races should have superposable distribution area, linked to the phytogeographic 

areas. But their showed specific past and future niche distributions (Adomou et al. 

2007). Therefore, their establishment and distribution in the country were and will be 

determined by more complex environmental factors with specific impact on each 
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race niche beyond the melliferous flora distribution and apicultural system (Alemou 

et al. 2014 ; Mahammadian et al. 2024; Singh & Rana, 2025).  

4.2 Implications of the niche shift and restriction for the races  

The global drop of the suitable distribution areas is conform to the findings of many 

other researches on the honeybee and other species or populations to which the 

environmental factors is predicted to become more challenging in face of climate 

change (Gebremedhn et al. 2024; Ali et al. 2023; Johnson et al. 2023). This is 

particularly true for adansonii and scutellata races in the Benin which will lose 15 % 

to 22 % of their highly suitable areas in the coming 55 years. In addition to the direct 

impact of the environmental factors on the bees, the projected negative impacts of 

climate change on the flora through frequent severe drought, extreme temperatures, 

and floodings will hinder the availability and diversity of melliferous plants and 

reduce the bee foraging capacity (Wright et al. 2018; Tadesse et al. 2021). On the 

other hand, pressures from pesticides and land clearing are also key colony collapse 

disorder factors that will undermine beekeeping in the entire country (Ellis et al. 

2010; Hailu et al. 2024). 

The analysis of the dynamics of the distribution areas indicated that iberiensis was 

the least impacted by the past and future environmental conditions which are 

predicted to improve the for this race. But the total favourable area for this race was 

less than 7.30 % of the territory and located in the most populated areas with limited 

beekeeping potential (Amakpe et al. 2015). The global limited present and future 

niche for iberiensis supported its recent introduction in the southern Benin. In fact, 

iberiensis is the Spanish bee, native to the Iberian Peninsula (Franc et al. 1998). 

Though it belongs to the African honeybee lineage, its presence the West African 

regions seem be linked to introductions from Spanish beekeepers during colonial 

period (Franck et al. 1998; Tihelka et al. 2020). As such, it will be very difficult to 

value this race for a sustainable beekeeping in Benin despites all its proven 

performance in the European beekeeping. It will definitely disappear in favour of the 

adansonii and the scutellata races that had wider suitable distribution range. 
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Adansonii race is widespread honeybee race in the tropical and semi-arid ecoregions 

of the entire western Africa from Senegal to Nigeria, the Congo basin and towards 

the south of Chad and Congo Bassin (Ruttner, 1988). Despite this large natural 

distribution area, our finding proved that the south west region and the north west 

regions were unsuitable to this race in the past. The unsuitability of the coastal part to 

this race was conclusive to the finding of Borst (2015) who reported that humid 

climatic conditions are not suitable for adansonii. The entire Sudanian region was 

predicted to become unsuitable as the south coastal part. The shift and restriction of 

the favourable area to the Sudano-Guinean region indicated that adansonii race in 

Benin requires more stable environmental conditions than the one prevailing in the 

extreme south and north of the country (Akouegninou et al. 2006). As This region 

also bear good melliferous plant distribution and the highest beekeepers’ population, 

the future beekeeping in Benin will be dominated by adansonii race which also share 

favourable areas with scutellata 

Scutellata race is native to central, southern and eastern Africa (Ruttner, 2008). Its 

high distribution in Benin where beekeeping is based on natural swarms 

(Yedomonhan et al. 2012) supported the underestimated natural origine of this race. 

Though it had smaller highly suitable distribution area than adansonii, the two races 

share the same future potential niche above the 7th parallel. The overlaps of their 

suitable distribution area in the central and southern parts implies a better diversity 

available for beekeeping in these regions which were also the best beekeeping areas 

in Benin (Yedomonhan et al. 2012).  

4.3 Adaptation and interracial crossing possibilities in the distribution range 

Our investigation proved that the potential past, present, and future distribution 

ranges of each race is determined by the prevailing environmental factors. But 

species are under permanent adaptation and potential mutation processes that 

modulate their population towards a biological dynamic equilibrium (Chevin & 

Bridle, 2025; Lurgi & Pascual-García, 2025; Zuchang, 2025). The adaptation would 

lead to specific phenotypic plasticities, and genetic responses for surviving in the 

hard living conditions from the climate change, anthropogenic destruction factors, 

pests and diseases pressures (Garland 2006; Pigliucci, 2004) which are likely to 
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impact the predicted distribution area and the niche stability of each race (Qian & 

Akçay, 2020; Lurgi & Pascual-García, 2025). But adaptation strategies require 

structural sustainable ethologic, phenotypic, and genetic modifications which may 

occur in a progressive worsening of the environmental conditions through natural 

selection and mutations (Lurgi & Pascual-García, 2025). Even though the domestic 

bee has a short generational turnover, the 2055 horizon could be insufficient for 

adaptation strategies to present tangible measurable phenotypic traits on each race for 

establishing in the modified climate change anthropic landscapes. In fact, the 

environmental conditions that only serve as inducing factors are not alone, efficient 

promotor of biological entities evolution in the complex ecologic landscape 

(Zuchang, 2025).  

Beside the mutation and adaptation strategies, the niche overlaps provide an 

interracial crossing environment in which high hybridization will occur in the shared 

niches. For that, the three races presented specific hybridization areas (figure xx and 

xx). The south-East of the Guineo-Congolian regions fits the hybridization area for 

scutellata and iberiensis races while the Sudano-Guinean regions between the 7th and 

11th parallels are potential hybridization area for the adansonii and scutellata races. 

The high gene flows in these hybridization areas represent strong adaptation factor in 

face of the climate change and other environmental challenges (Lynch & Conery, 

2000; Zuchang, 2025). The north extremity of the country was predicted to stay 

poorly favourable to the three races and will not benefit from the interracial gene 

flow. In absence of mutation and special adaptation strategies, only beekeeping 

would sustain the survival of the honeybee populations in this area through high 

inputs to compensate the environmental weaknesses in these areas. 

5. Conclusions 

Our results showed that climate change was predicted to have specific impacts on the 

potential niches of the three honeybee races of Benin. While adansonii and scutella 

niches will shift and shrink to the Sudano-Guinean regions, the iberiensis is predicted 

to have limited viability in the past and future challenging environmental conditions. 

The central parts seemed the best past and present beekeeping regions in Benin and 

such potential need to be improved by strong capacity building programs for the 
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involved actors in apiary management and securing the bee landscapes, hive products 

quality and marketing. On the other hand, the poor status of the northern regions for 

all three bee races in the future is of great concern regarding the sustainability of 

beekeeping and pollinator services in these fragile ecosystem areas in Benin. The 

same situation was predicted in the southern parts with its high population density 

and poor land use system. Beekeeping in these two extremities of the country 

requires then specific operational strategies for securing a better floral availability, 

friendly agricultural system and greener urbanization that fully integrate bees and 

pollinator habitats. This will also require deeper long term researches programs for 

developing drought, diseases and pesticides tolerant honeybees for a sustainable 

beekeeping in face of the worldwide climate change hazards. 

The model successfully predicted the potential niche distribution of the three 

honeybee races in Benin with the key environmental factors. But beekeeping is also 

determined by the managerial capacities of beekeepers. The establishment of a 

particular race in a landscape is also highly determined by its introduction and the 

care it receives from the beekeepers. Such factors will act as selection systems that 

favour targeted races against neglected one. Modelling the future distribution area of 

honeybee race in an area should then integrate more complex factors such as race 

preference, their productivity and available knowledge on the race in addition to the 

bioclimatic factors we usually focused on.  
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