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ABSTRACT 

 

Invasive alien plant species represent a great threat to the integrity of ecosystems. Acquiring information 

on the dynamics of these species on a cartographic basis constitutes a tool for their sustainable management. 

Among these species, Lantana camara L., known for its environmental and agronomic impacts, is currently 

reported in several localities of Côte d'Ivoire. The general objective of this study is to model the ecological niche 

of this species over the entire country. To do so, 89 points occurrences and 19 current and future bioclimatic 

variables were collected to model the potential distribution of this species on the basis of the RCP 8.5 scenario 

as part of the HadGEM2-ES climate model. This is 75% of presence data (67 points) used for model calibration 

and 25% (22 points) for testing. At the end of the modeling carried out with the MaxEnt software, the areas 

suitable for the species are characterized by low temperatures and heavy rainfall., under current climatic 

conditions, approximately 65,782.40 km², or 20% of the national territory, is suitable for the invasion of L. 

camara. Azagny National Park, Banco National Park, and the Iles Nature Reserve Ehotiles have distributions 

with high probability of the presence of the species. By 2050, the climate projects high temperatures and low 

precipitation in the future. The results show that by adapting to this new climatic range, the L. camara 

proliferation area will increase to 78,036.05 km², or 24% of the national territory. An upward trend, with a rate 

of change of 18.6, has been observed in the favorable areas of this area. To maintain the normal functioning of 

ecosystems and the sustainability of ecosystem services, the areas that have been identified as the most vulnerable 

to the invasion of L. camara must be the subject of control strategies of this species. 

© 2020 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Increased trade and the flow of goods 

around the world are behind the introduction of 

several species outside their natural range 

(Hulme et al., 2008). While most of them are 

difficult to persist, a few can behave much 

more dynamically. They then develop large 

populations, compete with native species and 

alter the functioning of ecosystems 

(Vanderhoeven et al., 2007). They are called 

Invasive Exotic Species (IAS) or invasive 

species. These species are currently at the heart 
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of concerns because of the threat they pose to 

the biodiversity, ecosystems and economy of 

countries (Gooden et al., 2009). Indeed, they 

cause worldwide ecological damage and 

economic losses estimated in tens of billions of 

dollars per year (Perrings et al., 2000; Born et 

al., 2005; Paini et al., 2016).  

The problem of invasive alien plant 

species is worrying in the current context of 

global warming (Hellmann et al., 2008). Indeed 

some authors emphasize the potential effect of 

global warming on biological processes 

because many invasive alien species adapt to a 

series of environmental conditions. This is the 

case in Nepal where the work of Shrestha et al. 

(2018) have shown an increase in the 

distribution area of several invasive plants due 

to their resilience to climatic variations. There 

were Ageratum houstonianum Mill. 

(Compositae); Chromolaena odorata (L.) R. 

M. King & H. Rob. (Compositae); Hyptis 

suaveolens (L.) Poit. (Lamiaceae); Mikania 

micrantha Kunth. (Compositae) and 

Parthenium hysterophorus L. (Compositae). 

Similarly, in Sri Lanka, the expansion of 

Panicum maximum Jacq. (Poaceae) following 

climate change continues to be remarkable in 

various ecosystems (Kariyawasam et al., 

2019). 

Given the many negative impacts of 

these invasive species on ecosystems and the 

sustainability of ecosystem services, their 

control has become a priority for biodiversity 

conservation planners and country 

governments (Smith et al., 2006). Sustainable 

management of invasive alien species requires 

identifying habitats favorable to the 

proliferation of these species in order to slow 

their expansion. Several authors have thus 

developed prevention and control tools, in 

particular modeling studies to monitor the 

dynamics of these invasive plants (Padalia et 

al., 2014). According to Qin et al. (2015), 

modelling the distribution of invasive plants 

permits their monitoring as it identifies and 

predicts areas likely to be invaded by invasive 

alien plant species. 

Lantana camara L. is known for its 

environmental and agronomic impacts on 

ecosystems (Taylor et al., 2012). It is a shrub 

native to the American tropics and one of the 

worst weeds in the world (IUCN, 2000). It was 

introduced in the mid-19th century in the 

tropical regions of Africa, Asia and Oceania as 

an ornamental (Day et al., 2003). The Global 

Invasive Species Information Network now 

identifies L. camara among the top ten invasive 

species in the world (GISIN, 2011). This 

species leads to the reduction of the diversity 

of invaded biotopes, the extinction of native 

species and the deterioration of the 

physicochemical properties of the soil (Mandal 

and Joshi, 2014). It encroaches on agricultural 

land, reduces the carrying capacity of pastures 

and poses a threat to many crops (Baars and 

Heystek, 2003). Numerous studies on the 

modeling of the distribution of L. camara have 

been carried out worldwide to monitor its 

expansion. Examples include the work of 

Priyanka and Joshi (2013) in India who 

predicted the distribution of the species in the 

western Himalayan regions. Taylor and Kumar 

(2013) have shown its potential distribution in 

Queensland, Australia. The impact of climate 

change on the distribution of L. camara at the 

level of small island ecosystems in Fiji in 

Oceania was assessed by Taylor and Kumar 

(2014). Qin et al. (2016) estimated the potential 

distribution of this species worldwide. As for 

Mungi et al. (2018), they analyzed the impact 

of climate change on its distribution in the 

Himalayas. In Africa, the work of Fandohan et 

al. (2015) analyzed the distribution of this 

species in the protected areas of Benin. 

Analysis of these different works has shown an 

increase in the range of the species.  

Currently, L. camara is reported from 

several localities in Côte d' Ivoire (Alépé, 

Bongouanou, Dimbokro, Gagnoa, Grand-

Bassam and Issia), (Kassi et al., 2010 ; Maroun, 

2017 ; Tiébré et al., 2018). It was introduced by 

horticulture (Neuba et al., 2014). To date, the 

current and future distribution of L. camara in 

Côte d' Ivoire wasn’t analyzed. In order to 
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provide reliable scientific data on the potential 

distribution of this species in the various 

ecosystems of the country, the following 

questions were asked : What are the bioclimatic 

factors and the models likely to predict the 

distribution of Lantana camara in Côte d' 

Ivoire ? What are the ecological characteristics 

of L. camara ? What is the current and future 

distribution of this species on Ivorian territory 

? To address these concerns, the main objective 

of this study is to model the ecological niche of 

Lantana camara across the Côte d'Ivoire. 

Specifically, it involved (1) testing the 

performance of the MaxEnt model for 

predicting the distribution of L. camara, (2) 

characterizing the bioclimatic variables 

determining the modeling of the distribution of 

the species, (3) describe the current and future 

ecological characteristics of the species and, 

(4) assess its dynamics of potential distribution 

on the Ivorian territory. The following 

hypotheses have been put forward: (1) the 

MaxEnt model is effective in predicting the 

current and future distribution of L. camara 

over the territory of Côte d'Ivoire ; (2) there are 

determining bioclimatic variables in the 

modeling of the distribution of L. camara; (3) 

this species can adapt to different 

environmental conditions. 

 

MATERIALS AND METHODS 

Study zone 

Côte d'Ivoire is located in West Africa, 

between 4 ° 30’and 10 °30’ north latitude and 

2° 30’ and 8° 30’west longitude. It covers an 

area of 322,462 km² and has 22 671331 

(RGPH, 2014). The country is bordered on to 

the west by Liberia and Guinea Conakry, to the 

north by Mali and Burkina Faso, to the east by 

Ghana and to the south by the Atlantic Ocean 

(Figure 1). Located in the transition zone 

between the humid equatorial climate and the 

dry tropical climate, Côte d'Ivoire is 

characterized by annual average temperatures 

which vary between 21 and 31 °C and an 

average annual rainfall between 1100 and 2500 

mm (Kassin et al., 2008). With regard to 

vegetation, there are two main areas: the 

Sudanese area located north of the 8th parallel, 

consisting of open forests, Sudanese and Sub-

sudanese savannahs, and the Guinean area 

consisting of dense evergreen moist forests, 

dense moist forests semi-deciduous and a 

forest-savanna mosaic (Guillaumet and 

Adjanohoun, 1971). Agriculture affirms its 

primacy in the economic activity of Côte 

d'Ivoire. It is marked by the domination of the 

“coffee-cocoa” binomial which represents 40% 

of export earnings and 20% of Gross Domestic 

Product (Sangare et al., 2009). 

 

Morphological and biological 

characteristics of Lantana camara 

Lantana camara, is a species belonging 

to the class of Magnoliopsida, the order of 

lamiae and the family of Verbenaceae (Sharma 

et al., 2005). It is a deciduous shrub, covered 

with pointed and rigid hairs and with several 

stems with an average height of 2 m. The stems 

have a square cross section and a diameter of 

24 mm when they are young. They become 

more rounded, gray or brown and reach 150 

mm in diameter at maturity. The inflorescence 

can be yellow, orange, white, pale purple, pink 

or red (Figure 2). The flowers are small, multi-

colored, in clusters and flat, reaching 4 cm in 

diameter. The fruit of the species is a round, 

fleshy, green, hard drupe when young, turning 

purple or black at maturity (Sharma et al., 

2005). The species generally grows best in 

environments such as wasteland, edges of 

tropical forests, beaches, agricultural areas, 

meadows, riparian areas, scrub, urban areas, 

pastures, protected areas and forests in 

regeneration (Sharma et al., 2005). According 

to Sharma et al. (2005), the species has a 

vegetative mode of reproduction which is 

stratification. In fact, the horizontal stems 

produce roots each time they met the soil, 

eventually giving a new plant. Besides this, 

there is sucking where the severed stems can 

take root if they are covered with moist soil, 

dead leaves or debris. Then the stems can 

develop roots and develop into plants (Day et 
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al., 2003). High seed production, which often 

gives it a competitive advantage over native 

species, is at the origin of the rapid colonization 

of the environment (Sharma et al., 2005). 

Likewise, the secretion of "allelopathic 

substances" such as triterpenes which inhibit 

the growth of neighboring plants is a functional 

feature of the invasiveness of the species 

(Sharma et al., 2005). In addition, the 

homeostatic physical form which describes the 

capacity of an individual or a population to 

maintain a relatively constant physical form in 

various environments and the phenotypic 

plasticity which is the capacity of a genotype to 

modify its growth and its development in 

response to environmental changes also 

increases the invasiveness of L. camara 

(Sharma et al., 2005). 

 

Collection of data 

For this study, three categories of 

occurrence points were used (Figure 1). There 

were forty-four occurrence points of Lantana 

camara collected from field missions. We also 

used seven occurrence points from published 

articles and theses (Traoré and Péné, 2016). We 

completed our data with thirty-eight 

occurrence points from Global Biodiversity 

Information Facility (GBIF) at 

https://www.gbif.org/. All these data made it 

possible to draw up a list of occurrence points 

for Lantana camara.  

The environmental parameters used 

were climatic variables (precipitation and 

temperature). Current climate data (1950 - 

2000) and future climate projections (2000- 

2050) were obtained from Worldclim website 

(https:/www.worldclim.org) with a resolution 

of 30 seconds (spatial resolution of 

approximately 1 km2 in West Africa). These 

data include 19 bioclimatic variables (Table 1) 

derived from temperature and precipitation (Yi 

et al., 2018). The future projection for 2050 

was established according to the RCP 8.5 

scenario (Meinshausen et al., 2011). RCP 8.5 is 

an third generation scenario and is been 

preferred by Special Report on Emissions 

Scenarios (SRES) because it allow more 

flexibility in modeling processes (IPCC, 2013). 

For this scenario, temperature is projected to 

rise level by 2 °C in West Africa by mid-21st 

century, with atmospheric CO2 over 550 ppm 

(IPCC, 2013). This scenario is an improved 

version of scenario A.2. It was chosen because 

it predicts the most divergent trends for the 

region of West Africa compared to other 

scenarios (IPCC, 2013). It was used in several 

studies on West African ecosystems 

(Meinshausen et al., 2011). The Met Office 

climate model (HadGEM2-ES) was also used 

(Meinshausen et al., 2011). This model is 

chosen because its currently the most suitable 

for simulating climate responses in West 

Africa (Fandohan et al., 2015). Furthermore, 

this model corresponded to the studies of 

invasive alien plant because it imply impacts, 

adaptation, and vulnerability (IPCC, 2013). 

 

Data analysis and processing 

Modeling process and model validation 

MaxEnt V3.3.3 k software was used to 

model suitable habitats for L. camara. In order 

to ensure the final model’s quality, the 

environmental variables were subjected to 

correlation test to select the least correlated 

ones (r <0.80) taking into account the biases 

that strong correlations have on the predictions. 

For this, the R software was used (Fukushima, 

2013). This value (r <0.80) was chossen 

because its takes into consideration species 

ecology and the extreme environmental 

conditions (Priyanka et Joshi, 2013; Djotan et 

al., 2018 ; Mungi et al., 2018).  

Modeling was performed using 

occurrence points of Lantana camara and 

current and future bioclimatic variables into the 

Maxent software (Gbesso et al., 2013). 

Analysis in Maxent program was performed 

using 75% of presence data for model 

calibration and 25% for testing (Diarrassouba 

et al., 2019). Maxent algorithm graphical 

interface is equipped with several features 

aiding the interpretation and validation of the 

model, namely AUC plots, Jackknife test plots 

https://www.gbif.org/
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and response curves (Phillips et al., 2006). 

Maxent generates maps that estimate the 

probability of occurrence of the species in a 

range of 0 to 1, where 0 is the lowest and 1 is 

the highest probability (Phillips et al., 2006). 

The maps obtained is used to assess the impact 

of climate change on the distribution of the 

model species (Gnagbo et al., 2015). 

The AUC scores are interpreted as 

reflecting the ability of the model to distinguish 

presence data from background data (Phillips 

et al., 2006). The AUC values have been 

interpreted as proposed by Hernandez et al. 

(2006) : For AUC 0.50 <AUC <0.60, the model 

is invalid ; for AUC 0.60 <AUC <0.70, the 

model is bad ; for 0.7 <AUC <0.8, the model is 

acceptable ; for 0.8 <AUC <0.9, the model is 

excellent and for AUC> 0.9, the model is 

exceptional. A Jackknife test was also carried 

out on bioclimatic variables to determine 

which ones contribute the most to modeling 

(Bargain and Fabri, 2016). According to these 

authors, for each environmental variable, the 

green bar shows by how much the total 

contribution of the variables is reduced if this 

specific variable is excluded from the analysis. 

As for the blue bar, it indicates the proportion 

of all the contributions of the variables if a 

variable is used in isolation and the remaining 

variables are excluded from the analysis. Also, 

the response curves of the bioclimatic variables 

were analyzed to describe the ecological 

characteristics of L. camara. Indeed, a 

horizontal curve shows that the species does 

not really have a preference for a given 

variable. Then, an increasing curve shows an 

affinity of the species for the largest values of 

this variable. Then, a decreasing curve shows 

an affinity of the species for the low values of 

the variable and finally, a unimodal curve 

shows an affinity for a certain range of values 

of the variable (Bargain and Fabri, 2016). All 

these analyzes were carried out using MaxEnt 

software.  

Arcgis 10.1 software was used to map 

the current and future geographic distribution 

of the habitat favorable to the species (Imorou, 

2020). The map of the national network of 

protected areas of Côte d'Ivoire (Asseh et al., 

2019) has been superimposed on the potential 

distribution maps of L. camara. This 

overlapping made it possible to assess the 

current and future vulnerability of the national 

network of protected areas to the invasion of 

this species. 

The different habitat levels of the model 

species were classified using the logistic 

probability of presence thresholds generated by 

the model. The logistic probability of 

occurrence of a species is considered to be an 

indicator of the quality of habitats for the 

species (Liu et al., 2005). The logistic 

probability was obtained in the cumulative 

format which gives a probability of occurrence 

between 0 and 1. It was classified into 5 

classes: (i) for a value less than 0.19, the 

probability of the presence of model species is 

very weak ; (ii) for that between [0.19-0.339[, 

the probability of presence is low ; (iii) value 

between [0.339-0.479[, the probability of 

presence is moderate ; (iv) value between 

[0.479-0.62[, the probability of presence is 

high ; and (v) for a value greater than 0.62, the 

probability of presence is very high (Priyanka 

and Joshi, 2013).  

The extent of each habitat level (area 

and percentage), both under current and future 

conditions was estimated in order to assess the 

gain or loss of the potentially favorable area of 

the species at scale from Ivory Coast. This 

estimate was made using the spatial analyst 

tool in ArcGis software.  

The rates of change (Tc) from currently 

favorable habitats to potentially favorable 

habitats or not in the future and vice versa were 

estimated using the following formula, 

previously used by N'Guessan et al. (2019) : Tc 

= ((A2-A1) / A1) × 100 with A1 and A2 which 

respectively represent the initial area (current 

climatic condition) and final (future climatic 

condition) of presence of the species. The 

positive values of Tc indicate a gain in the area 

of the habitat while the negative values 

correspond to a loss of surface.  
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Figure 1: Study area along with occurrence points of Lantana camara. 
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Figure 2: Leaves, stem, fruits and flowers of Lantana camara. 

 

Table 1: Bioclimatics variables used for Maxent test. 

 

Abbreviation Description 

BIO 1 Annual Mean Temperature (°C)  

BIO 2 Mean Diurnal Range (Mean of monthly (max temp-min temp)) (°C)  

BIO 3 Isothermally (Bio1/Bio7) (×100)  

BIO 4 Temperature Seasonality (standard deviation*100) (C of V)  

BIO 5 Max Temperature of Warmest Month (°C)  

BIO 6 Min Temperature of Coldest Month (°C)  

BIO 7 Temperature Annual Range (Bio5–Bio6) (°C)  

BIO 8 Mean Temperature of Wettest Quarter (°C)  

BIO 9 Mean Temperature of Driest Quarter (°C)  

BIO 10 Mean Temperature of Warmest Quarter (°C)  

BIO 11 Mean Temperature of Coldest Quarter (°C)  

BIO 12 Annual Precipitation (mm)  

BIO 13 Precipitation of Wettest Month (mm)  

BIO 14 Precipitation of Driest Month (mm)  

BIO 15 Precipitation Seasonality (C of V)  

BIO 16 Precipitation of Wettest Quarter (mm)  

BIO 17 Precipitation of Driest Quarter (mm)  

BIO 18 Precipitation of Warmest Quarter (mm)  

BIO 19 Precipitation of Coldest Quarter (mm)  

 



F. P. J. PAGNY et al. / Int. J. Biol. Chem. Sci. 14(4): 1241-1261, 2020 

 

1248 

RESULTS 

Model validation and contribution of 

bioclimatic variables 

Given the AUC value of around 0.877 

for current climatic conditions (Figure 3) and 

0.861 for future climatic conditions, by 2050 

(Figure 4), the performance of the modeling 

performed is judged excellent. 

Under current climatic conditions, the 

variables that most contribute to the modelling 

are BIO 3 (Isothermally (BIO 1/BIO 7) 

(×100)), BIO 5 (Max Temperature of Warmest 

Month), BIO 7 (Temperature Annual Range 

(BIO 5–BIO 6)), BIO 8 (Mean Temperature of 

Wettest Quarter), BIO 16 (Precipitation of 

Wettest Quarter), BIO 18 (Precipitation of 

Warmest Quarter), (Table 2). For the Jackniffe 

test, BIO3 and BIO7 are the variables which 

most contributed to the model (Figure 5). 

Under future climatic conditions, the 

variables that most contribute to the modelling 

are BIO 8 (Mean Temperature of Wettest 

Quarter) ; BIO 9 (Mean Temperature of Driest 

Quarter) ; BIO 10 (Mean Temperature of 

Warmest Quarter) ; BIO 15 (Precipitation 

Seasonality (C of V)) ; BIO 17 (Precipitation 

of Driest Quarter) ; and BIO 18 (Precipitation 

of Warmest Quarter), (Table 2). For the 

Jackniffe test, BIO 15 and BIO 17 are the 

variables which most contributed to the model 

(Figure 6). 

 

Ecological characteristics of Lantana 

camara 

Indeed, there is a positive correlation 

between the suitability of the habitat for L. 

camara and the average Mean Temperature of 

Wettest Quarter (BIO 8) which varies from 22 

to 28.5 °C (Figure 7a). The temperature Annual 

Range (BIO 7) of L. camara is 7.8 to 16 °C 

(Figure 7b). Lantana camara has an affinity for 

the values of isothermality (BIO 3), between 57 

and 80 (Figure 7c). This species also prefers 

max Temperature of Warmest Month (BIO 5) 

varying from 28.4 to 35 °C (Figure 7d). There 

is also a positive relationship between the 

suitability of the habitat for L. camara and the 

precipitation for the Precipitation of Wettest 

Quarter (BIO 16) between 380 and 1040 mm 

(Figure 7e), as well as the precipitation of 

Warmest Quarter (BIO 18) varying from 120 to 

590 mm (Figure 7f). Under current climatic 

conditions, areas of low temperatures and 

heavy rainfall constitute habitats favorable to 

the proliferation of L. camara.  

The response curves of the variables to 

the prediction of the species under future 

climatic conditions were also generated. Thus, 

L. camara has an affinity for precipitation of 

Driest Quarter (BIO 17) between 10 and 430 

mm (Figure 8a). Similarly, L. camara has an 

affinity for a precipitation Seasonality (BIO15) 

ranging from 40 to 130 (Figure 8b). In addition, 

L. camara requires an average mean 

Temperature of Driest Quarter (BIO 9) of 

between 24.5 and 30.8 °C, as well as an 

average mean Temperature of Wettest Quarter 

(BIO 8) ranging from 22, 3 at 31.2 °C (Figures 

8c and 8d). Furthermore, there is a negative 

correlation between the suitability of the 

habitat for L. camara and the average mean 

Temperature of Warmest Quarter (BIO 10) 

varying from 25.1 to 32.5 °C (Figure 8e), as 

well than the precipitation of Warmest Quarter 

(BIO 18) between 70 and 470 mm (Figure 8f). 

These results show that the climate projects 

low rainfall in the future which will also be 

favorable for the proliferation of L. camara.  

 

Dynamics of potential distribution of 

Lantana camara 

The modeling show that the habitats 

currently favorable to the proliferation of L. 

camara have been found to be distributed in the 

south of the country. The most favorable areas 

are concentrated along the littoral zone in 

contact with the Atlantic Ocean, from the 

region of San-Pédro in the southwest to the 

Ghanaian border, in the southeast of the 

country (Figure 9). Protected areas such as 

Azagny National Park, Banco National Park, 

and the Ehotile Islands Natural Reserve located 

in this part of the country show a distribution 

with high probability of the presence of the 

species. In addition, the Tai National Park does 

not constitute a habitat favorable to the 

proliferation of L. camara. However, there is a 

low probability of the species being present 

south of this park. In contrast, the north of Côte 

d'Ivoire is an area characterized by a very low 
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probability of the presence of the species. 

According to forecasts of the distribution by 

2050, the habitats favorable to the proliferation 

of L. camara will not experience a decline and 

will always remain in the southern part of the 

country (Figure 10), but this time with a slight 

increase in the area of all classes of favorable 

areas for L. camara (Figure 11). The 

probability of the presence of the species will 

always remain very high in the Azagny 

National Park, the Banco National Park and the 

Ehotliés Islands Nature Reserve. During this 

period, almost the southern half of the Taï 

National Park could face a moderate presence 

of L. camara.  

The projections in future climates 

having revealed a shift in the climatic envelope 

of the species, L. camara could experience a 

very restricted distribution in the center and 

east of the country with a moderate probability 

of presence of the species as in south of the 

Marahoué National Park. Furthermore, the 

analysis of the extent of the different levels of 

habitats favorable to the species, indicates that 

approximately 65,782.40 km², or 20% of the 

national territory, are currently favorable to the 

proliferation of Lantana camara (Table 3). As 

for the area potentially unfavorable to the 

distribution of the species, it covers 256,680.70 

or 80% of the territory. By 2050, projections 

have revealed an increase in the rate of change 

(+18.6) in the area potentially favorable for the 

species. It went from 65,782.40 km2 (current 

weather conditions) to 78,036.05 km2 (future 

weather conditions). We note an increase in the 

distribution area of L. camara in Côte d'Ivoire, 

notwithstanding an increase in temperature 

predicted by the scenario.

 

 

 

 
 

Figure 3 : AUC value for Lantana camara under current climate conditions. 
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Figure 4 : AUC value for Lantana camara under future climate conditions. 

 

Table 2: Bioclimatics variables used in the study and their percentage contribution in predicting the 

current and future distribution of Lantana camara. 

 

Periods Bioclimatic Variables Contribution (%)  

 

 

Curent 

BIO 7 56,5  

BIO 3 21,1  

BIO 16 11,7  

BIO 8 6,2  

BIO 18 3,2  

BIO 5 1,3  

 

 

Future (by 2050) 

BIO 17 43  

BIO 15 30,2  

BIO 9 14  

BIO 8 7,7  

BIO 10 3,5  

BIO 18 1,5  
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Figure 5: Results of jackknife evaluations of relative importance of predictor variables for Lantana 

camara Maxent model under the current climate conditions.  
Legend: The figure shows the bioclimatic variables on the ordinates and their contributions to model calibration on the abscissa. 

The green bar shows by how much the total contributions of the variables are reduced if this specific variable is excluded from 

the analysis. The blue bar shows the proportion of the total contributions of the variables if one variable is used in isolation 

and the remaining variables are excluded from the analysis. The red bar indicates the performance of the model run with all 

variables. 

 

 
 

Figure 6: Results of jackknife evaluations of relative importance of predictor variables for Lantana 

camara Maxent model under the future climate conditions.  
Legend: The figure shows the bioclimatic variables on the ordinates and their contributions to model calibration on the abscissa. 

The green bar shows by how much the total contributions of the variables are reduced if this specific variable is excluded from 

the analysis. The blue bar shows the proportion of the total contributions of the variables if one variable is used in isolation 

and the remaining variables are excluded from the analysis. The red bar indicates the performance of the model run with all 

variables. 
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Figure 7: The response curves for the three largest contributing environment variables for Lantana 

camara under the current climate conditions. 
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Figure 8: The response curves for the three largest contributing environment variables for Lantana 

camara under the future climate conditions. 
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Figure 9 : Current spatial distribution of Lantana camara in Côte d’Ivoire. 

 

 
 

Figure 10: Future potential spatial distribution of Lantana camara in Côte d’Ivoire. 
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Figure 11: Suitable areas of Lantana camara under present and future climate conditions, as predicted 

by Maxent based on RCP 8.5 climate model. 

 

 

Table 3: Variation in the area of potential Lantana camara habitats in Côte d'Ivoire. 

 

 

Periods 

Appropriate areas Inappropriate areas 

Areas  

(Km²) 

Percentage  

coverage 

Change rate 

(%) 

Areas  

(Km²) 

Percentage 

 coverage 

Change rate 

(%) 

Current 

 

Future 

(By 2050) 

65 782,40 

 

 

78 036,05 

20 

 

24 

 

 

 

+18,6 

256 680,70 

 

 

244 426,95 

80 

 

 

76 

 

 

- 4,8 

Sign (-) indicates favorable habitat loss and (+) for a gain. 
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DISCUSSION 

Quality of the model and bioclimatic 

variables 

Species distribution models are widely 

used to determine their habitats on large spatial 

scales and to produce useful maps to identify 

priority areas for conservation efforts 

(Schwartz, 2012). According to Guisan and 

Thuiller (2005), models are simplified 

representations of reality, constructed from a 

limited number of parameters of the real 

system, deemed relevant to answer a given 

problem. Indeed, Lahoz-Monfort et al. (2010) 

point out that one of the models which has 

proved to be effective in fulfilling all the 

relevant characteristics is the Maxent model, 

used more and more by many authors for 

studies of current and future geographic 

distribution of invasive species. Other authors 

have also shown that the maximum entropy 

model generates significant results in the 

distribution of species in Côte d'Ivoire (Gnagbo 

et al., 2015; Asseh et al., 2019; Akaffou et al., 

2020). The small size of our sampling guided 

the choice of this study towards the MaxEnt 

model because Phillips et al. (2006) 

demonstrated that this model works with small 

samples. The best AUC values recorded in this 

study are similar to those obtained by the works 

of Saurabh et al. (2019) and Akaffou et al. 

(2020) in India and in Côte d’Ivoire, indicating 

excellent predictive quality of the models 

generated by MaxEnt.  

Furthermore, many authors such as 

Saliou et al. (2014) recommend the use of 

bioclimatic variables in the execution of 

models to assess the potential distribution of an 

invasive species in each territory. Indeed, 

Djotan et al. (2018) particularly mentioned 

rainfall and temperature as two bioclimatic 

variables which play an important role in the 

geographic distribution of invasive species. 

According to Guisan and Zimmermann (2000), 

temperature and precipitation are direct 

parameters that most affect the distribution of 

species when the modeling concerns a large 

area. These observations are in agreement with 

the results of the present study which 

demonstrated that temperature and 

precipitation are the two determining factors in 

the modeling of the distribution of L. camara 

at the scale of Côte d'Ivoire. Our results also 

join the work of Mungi et al. (2018) who 

demonstrated that temperature and 

precipitation represent bioclimatic variables 

which mainly contribute to the execution of 

models highlighting the spatial distribution of 

L. camara. Day et al. (2003) and CABI (2020) 

also noted that climatic descriptors linked to 

rainfall and temperature play an efficient role 

in defining the geographic area of L. camara.  

 

Ecological niche and distribution of Lantana 

camara 

The results of this study are similar to 

the work of Day et al. (2003) carried out in 

Australia which showed that L. camara is a 

species which prefers low temperatures and 

heavy rainfall. Currently in Côte d'Ivoire, this 

species is likely to colonize about 20% of the 

territory. This zone is defined by a 

subequatorial climate, characterized by 

temperatures with low amplitudes, high 

humidity and abundant precipitation (Avenard 

et al., 1971; Missa et al., 2015). Indeed, these 

climatic conditions associated with the 

penetration of light are at the origin of the 

proliferation of L. camara in many plantations 

on the Ivorian coast. McGranahan et al. (2007) 

pointed out that the coastline in general is one 

of the areas most exposed to biological 

invasions in the world. According to these 

authors, the large number of activities carried 

out on the coast (urbanization, movement of 

people and goods, etc.) is accompanied by a 

large influx of propagules of exotic species, 

introduced accidentally or for purposes 

ornamental, food, etc.  

This study predicts an increase in 

temperatures and a decrease in precipitation in 

the 2050s. This result is consistent with that of 

Riahi et al. (2007) which indicates that the 

climate of the future will be marked by an 

endless increase in greenhouse gases, thus 

contributing more to global warming. The 

results of this study show that L. camara will 

adapt to this climate change to conquer new 

territories in Côte d'Ivoire. This statement 

corroborates the results of Zhang et al. (2014) 

who report that high temperatures resulting 

from climate change facilitate the invasion of 

L. camara in new areas. These observations are 
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also consistent with the predictions of McClean 

et al. (2005) which stipulate that the favorable 

areas of invasive species are constantly 

changing due to climate change. Furthermore, 

the observations of this study have shown that 

L. camara constitutes a current and future 

threat to the National Parks and Natural 

Reserves of Côte d'Ivoire. The same 

observations were made by IUCN / PACO 

(2013) in a study in the Bomfobiri Wildlife 

Sanctuary and Kakum National Park in Ghana. 

According to this institution, L. camara poses 

a real threat to the biological diversity of these 

protected areas.  

This study shows that a significant rate 

of positive change by 2050 in the area probably 

favors the invasion of this species. According 

to Toyi et al. (2013), the rate of change in the 

range of species makes it possible to assess the 

changes made over time in a defined period. 

The south of Côte d'Ivoire, identified as an area 

vulnerable to the invasion of L. camara, has 

recorded a gain in habitats with a high 

probability of the presence of this species in a 

forecast of 50 years to come. The explanation 

given by Qin et al. (2015) is that the 

physiological tolerance to temperature and 

precipitation of this species increases the 

availability of habitats favorable to its 

proliferation. In addition, the not insignificant 

increase in the rate of change in the favorable 

zone is not explained solely for climatic 

reasons, but could be due to the coastline where 

most of the country's international trade takes 

place through the Atlantic Ocean. 

 

Conclusion 

This study made it possible to identify 

the areas of potential Lantana camara invasion 

in Côte d'Ivoire, predicted from bioclimatic 

variables. The results of the modeling indicate 

that currently 20% of the national territory is 

favorable to the proliferation of Lantana 

camara which prefers environments of low 

temperatures and heavy precipitation. 

Notwithstanding the decrease in precipitation 

predicted by the models by 2050, L. camara 

could extend its range to cover 24% of the 

national territory, an increase in the rate of 

change of +18.6. Protected areas such as the 

Azagny, Banco National Parks and the Ehotilé 

Islands Nature Reserve show current and future 

distributions with high probability of the 

species being present. This study constitutes a 

scientific database that can be used to develop 

a management strategy for invasive plants in 

general and for L. camara. 
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