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ABSTRACT

The species of Spilanthes are annual herbs of the 
family Asteraceae. Amongst six species recorded so 
far, two species S. calva and S. paniculata are native 
to India while S. ciliata, S. radicans and S. uliginosa 
are immigrant species.S. oleracea is an introduced 
species from Brazil.  In this study, the utility of niche 
modeling to identity the ecological niche for this 
important genus was explored using two modeling 
softwares- DIVA-GIS and MaxEnt. One hundred 
and ninetynon-overlapping occurrence points from 
primary and secondary data were used for developing 

models. The model predicted the current distribution 
of Spilanthes species. All models developed had sta-
tistically significant AUC values. The niche overlap 
analysis of Spilanthes species exhibited a high degree 
of niche overlap between the native and immigrant 
species. The predicted potential distribution of this 
species using MaxEnt is useful in planning effective 
conservation measures as well as its sustainable 
utilization foritsmedicinal values. The details of the 
study are discussed herein.

Key words :   Spilanthes, DIVA-GIS, MaxEnt, Niche 
overlap, Conservation.

INTRODUCTION

In recent years, ecological niche models (ENMs) 
have been used in predicting the ecological niche of 
a species. The above models were developed based 
on the concept of ecological niche theory, proposed 
by Grinnell (1917) and Hutchinson (1957) refers to 
a set of conditions within which a species is able 
to maintain its population. The ENM’s used the 
current distribution of a species in conjunction with 
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different bioclimatic layers in order to predict its po-
tential suitable habitats. The ENMs employ various 
mathematical techniques to relate the occurrence of 
species to environmental data (Guisan and Zimmer-
man, 2000). The niche prediction is done through 
algorithms or principles which integrated the species 
occurrence information and environmental data to 
determine the suitable location for the establishment 
of the plant species. Of late, ENMs have been widely 
used in a number of applications, ranging from the 
conservation and management of species (Meyer et 
al. 2006; Papes, 2006; Craig, 2011), predicting the 
impact of global climate change (Peterson, 2004; 
Foden et al. 2007), predicting the spread of invasive 
species (Peterson and Vieglais, 2003; Peterson, 2003; 
Ganeshaiah, 2003), understanding of the evolution 
and diversification of taxa (Graham, 2004; Knowels, 
2009) and in identifying hot-spots of genetic diversity 
(Shivaprakash et al. 2013). A handful of studies have 
shown ENM’s ability to detect the distinct ecological 
niche of a species even outside its actual distribution 
(Peterson and Vieglais. 2001, Pearson et al. 2007).
 

India is a mega biodiverse country (Sandhya et 
al.  2006) and one of the four biodiversity hot-spots. 
The sub-continent is ahome to 15,000 plants species 
including SpilanthesJacq. of family Asteraceae,which 
is found throughout the old and new world tropics 
(Jansen 1981).   Spilanthes commonly known as 
‘Toothache’ plant is mainly used in traditional med-
icines (Haw and Keng, 2003; Tiwari et al., 2011). In 
traditional medicine, this is used for its immunomod-
ulator, antiscorbutic and anesthetic properties and as 
digestive tonics (Tiwari et al. 2011; Sahu et al. 2011; 
Leng et al. 2011). While flowers and leaves are used 
in the treatment of various diseases and disorders, 
certain parts of this plant have been reported for an-
timalarial and antibacterial activities (Haw and Keng, 
2003; Yadav and Singh, 2010). Out of six species of 
Spilanthesreported from peninsular India, S. calva, 
S. ciliata, S. oleracea, S. paniculata, S. radicans and 
S. uliginosa,S. calva and S. paniculata are native to 
India, while S. ciliata, S. radicans and S. uliginosa are 
immigrant species; S. oleracea is introduced species 
from Brazil. Previous studies on characterization of 
the species based morphological and genetic data 
set, clearly demarcated the existence of the six spe-
cies mentioned above (Lavanya et al 2014a, 2014b 

in press).  Another study on the chemical profiling 
of the aforementioned species, also supported the 
unique chemotaxonomic significance of these species 
(Lavanya et al. 2014,unpublished).  

The medicinal plants in India face  multifaceted 
threats in different aspects ranging from over-ex-
ploitation and habitat loss due to anthropogenic pres-
sures  (Dhar et al. 2000, Rai  et al. 2000; Ravikumar 
et al. 2000), few studies explored the possible utility 
of ENM’s in conserving the medicinally important 
plant species in the subcontinent (Triveni et al. 
2015, Yang et al. 2013). Ecological niche modeling 
of medicinal plants can yield useful insights for its 
proper management, sustainable utilization, species 
restoration and conservation (Yang et al. 2013). 
Ecological niche models have been successfully 
used to map the potential habitats of the customary 
medicinal plants used by Australian aborgins, which 
is disappearing due to heavy habitat loss (Gaikwad 
et al. 2011).  In this study, ecological niche models 
were employed to predict the habitat suitability of 
six Spilanthes species using geographic information 
system for biodiversity analysis (DIVA-GIS, Hijmans 
et al. 2001) and maximum entropy (MaxEnt, Philips 
et al. 2007). In addition to mapping the distribution 
of the above species, an attempt was made to model 
the potential suitable habitats of these species for its 
proper utilization and conservation, as well as the  
extent of the predicted areas within the subcontinent.

MATERIALS AND METHODS

Selection of the study area : 

Peninsular Indian region (lat. 10°-26°N and long. 
68°-90°E, alt.300 and 1,800 m and annual rainfall is 
between 75 and 150 cm) which covers the Deccan 
plateau of Southern India surrounded by the bay of 
Bengal in the east, Arabian sea in the west and Indian 
ocean in the south was selected as the study area. All 
the species of Spilanthes occurring in diverse habitats 
were documented. 

Selection of study species and 
their occurrence data

Occurrence points of six species of Spilanthes viz., 
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S. calva, S. ciliata, S. oleracea, S. paniculata, S. rad-
icans and S. uliginosa were explored. The occurrence 
records were collected from field surveys, herbarium 
and published literature (all floras of regions covering 
peninsular India and other research publications). 

Environmental variables

In this study,  19 bioclimatic variables  were  
derived from globally interpolated data-sets (source: 
http:/ /www.worldclim.org, Supplementary material 
Table A1). The climate layers from worldclim  were 
created by interpolating the observed climate from 
climate stations around the world, using a thin-plate 
smoothing spline set to a resolution of approximately 
1 km, over the 50-year period, from 1950 to 2000 
(Hijmans et al. 2005).  These bioclim layers repre-
sented variables of climate which has a deterministic 
role in determining the species distribution (Waltari 
et al. 2007). All layers used in this study were resam-
pled to 1000m resolution and clipped for the Indian 
sub-continent using the software QGIS. 

Ecological Niche modeling (ENM)

The softwares viz., DIVA-GIS V.7.5 (Sundar and Mit-
suko 2005)and MaxEnt (Philips et al. 2006) were used 
for modeling the potential distribution of six species 
of Spilanthes. The MaxEnt  and DIVA GIS use pres-
ence only data of the study taxa along with the user 
specified environment layers to create the potential 
distribution map of a species. The software DIVA- 
GIS used a BIOCLIM (Bio-climatic analysis and 
prediction system) model. Bioclimis one of the earlier 
modeling techniques, tallying species occurrence 
points for each environmental variable including 95% 
of the distribution (i.e., excluding extreme 5% of the 
distribution) along each ecological dimension. Details 
of the algorithm was obtained from Busby (1991). The 
MaxEntapproach estimated the environmental niche 
of a species by finding a probability distribution which 
is based on a distribution of maximum entropy (with 
reference to a set of environmental variables) (Phillips 
et al. 2006). The DIVA-GIS uses climatological data 
obtained from places of occurrence of the species to 
iteratively search for similar agro-ecological habitat 
features in the rest of the landscape and thus, predict 
the distribution of the species.  The model predict-

ed areas of habitat suitability ranging from highly 
suitable (excellent) to non-suitable. In MaxEnt, the  
default settings were used for the prediction. A logistic 
output was chosen to visualize the habitat suitability 
values ranging from 0 (unsuitable) to 1 (optimal). A 
20% of the data points were used for model validation. 
To measure the relative importance of the variable, 
Jackknifing test was performed for every individual 
model. The analysis presented here, used 25% as 
random seed which was run for 10 replicates and 
maximum of 5000 iterations. Model validation was 
conducted by calculating the area under curve (AUC) 
under receiver operating systems (ROC, Fielding 
and Bell 1997).A ROC plotwas built by plotting 
the sensitivity values and thefalse positive fraction 
for all available probabilitythresholds (Manel et al. 
2001). The AUC value is a direct measurement of the 
model predictive ability, which reflected the model’s 
ability to distinguish between the presence records 
and random background points (Philips 2006). The 
AUC values ranged from 0.5 to 1.0 where models 
with AUC values >0.9 have very good prediction 
abilities while >0.8 and >0.7 were considered as good 
and useful categories (Sweats 1988). The software 
ArcMap.10 was used to calculate the area under the 
highly suitable categories (≥ 70 % suitable) for each 
species in the sub-continent. The niche overlap among 
species was measured using the software ENM Tools. 
As a measure of niche overlap, the Schoener’s D 
(Schoener 1968) and I statistic (Warren et al. 2008) 
was calculated using the software ENM Tools.  

Results and Discussion

The species of Spilanthes were annuals, found dis-
tributed mainly in the wetlands, near paddy fields and 
rarely in dry lands almost throughout the Peninsular 
India region. The species were found in hilly regions 
at cold climates as well. The Spilanthes species were 
herbaceous in nature and found growing well in loose 
marshy soils. S. calva and S. oleracea produced 
flowers and fruits throughout the year, while other 
species flowered seasonally; S. ciliata during June to 
January, S. paniculata during August to December, 
S. radicans during October to May and S. uliginosa 
during March to September.

A total of 190 non-overlapping occurrence points 
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were selected in the present study. The species were 
identified with the help of floral keys, comparison 
with herbarium samples, type specimens wherever 
available and consultation with the flora experts. Both 
the primary and secondary data were geo-referenced 
to specific locations on earth surface, using a (GIS) 
platform (Supplementary material Fig. A1)

Ecological niche modeling 
and model evaluation

Thepotential suitable areas of six study species were 
developed from 19 environmental variables using 

Figure 1: Ecological niche models of Spilanthes species viz., S. calva, S. ciliata, S. oleracea, S. paniculata, S. radicans and S. uligi-
nosa respectively using MaxEnt model.

DIVA-GIS and MaxEnt. The potential distribution 
map of six species of Spilanthes using MaxEnt is 
shown in Fig. 1.

The warmer colored areas represented the more 
suitable area of each individual study species. The 
model developed using MaxEnt was discussed here 
since it is known to produce better prediction as com-
pared to the other similar modeling platforms (Elith 
et al. 2006). The distribution models developed by 
DIVA-GIS are presented as supplementary material 
(Fig. A2). All models developed using the MaxEnt 
exhibited significant AUC values ranging from 

Table 1. Ecological niche modeling of six species of Spilanthes in Peninsular India on overlapping occurrence points and area under 
curve (AUC) values. *Native species, Total area of the Indian sub-continent: 3,287, 264 km2 .

Species    No. of occurrence   Predicted area under ≥70      Highly suitable area      Percentage contribution
               points AUC±SD  suitability category (km2)      within the Indian          of the variable BIO         

           subcontinent (%)         4 temperature seasonality 

S. calva*  83 0.927±0.02 26315   0.8  45.6
S. ciliata  14 0.970±0.05 46026   1.4  50.1
S. oleracea 21 0.959±0.02 28171   0.85  64.5
S. paniculata* 36 0.932±0.02 56322   1.7  50.5
S. radicans 22 0.964±0.01 28672   0.87  58
S. uliginosa 14 0.855±0.15 38159   1.1  66.9
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Table 2. Percentage niche overlap between species pair of Spilanthes using Schoener’s D (Schoener 1968) statistics

Species  S. calva  S. ciliata  S. oleracea      S. paniculata      S. radicans S. uliginosa

S. calva      ** 54.2 60.5 58.2 63.1 59.6
S. ciliata ** 77.1 62.2 68.2 66.1
S. oleracea ** 61.7 78.6 66.3
S. paniculata ** 59.2 68.3
S. radicans ** 69.1
S. uliginosa **

0.855- 0.996 for 10 replicates in each species. The 
highly suitable area (≥ 70 suitability) of each species 
in comparison with the total land area of the Indian 
sub-continent showed that S.paniculata occurs in 
most areas under the highly suitable category within 
the Indian sub-continent (56322Km2), while S.calva 
occupied least area under the highly suitable category 
(26315Km2). For all the species growing in India, 
temperature seasonality (BIO4) was the major bioclim 
variable influencing the distribution of Spilanthes
species in India; this range from 66.9-45.6% among 
different species (Table 1) and importance of each 
variable was determined by Jackknifing test which 
is detailed in Supplementary Fig. A3

No. of non-overlapping  occurrence points, 
Area under curve (AUC), extend of suitable area 

of occurrence and highest percentage contribution   
for  niche modeling of six species of Spilanthes in 
peninsular India.

Niche overlap 

The present study indicated that the niche overlap 
among different species of Spilanthes were consid-
erably high.  The niche overlap estimate (Schoner’s 
D) between different species pair  shown in Table 2. 
Most of the species were found to have high niche 
overlap which ranged from 0.78 (between S.radicans
and S.oleracea) to  0.54 (between S. calva and S. 
ciliata). The  I statistics was also estimated as an 
independent measure of niche overlap in this study 
(Supplementary Table A2). In both indices there was 
linear correlation in overlap values. The niche overlap 

SUPPLEMENTRAY MATERIAL: 

Table A1: Environmental variables used in the model development

BIO 1 Annual temperature      http:/ /www.worldclim.org
BIO 2 Mean diurnal temperature range

 [mean of monthly (max temp–min temp)] http:/ /www.worldclim.org
BIO 3 Isothermality (P2/P7) (×100)  http:/ /www.worldclim.org
BIO 4 Temperature seasonality (standard deviation×100) http:/ /www.worldclim.org
BIO 5 Max temperature of warmest month http:/ /www.worldclim.org
BIO 6 Min temperature of coldest month http:/ /www.worldclim.org
BIO 7 Temperature annual range (P5–P6) http:/ /www.worldclim.org
BIO 8 Mean temperature of wettest quarter http:/ /www.worldclim.org
BIO 9 Mean temperature of driest quarter http:/ /www.worldclim.org
BIO 10 Mean temperature of warmest quarter http:/ /www.worldclim.org
BIO 11 Mean temperature of coldest quarter http:/ /www.worldclim.org
BIO 12 Annual precipitation   http:/ /www.worldclim.org
BIO 13 Precipitation of wettest month  http:/ /www.worldclim.org
BIO 14 Precipitation of driest month  http:/ /www.worldclim.org
BIO 15 Precipitation seasonality (coefficient of variation) http:/ /www.worldclim.org
BIO 16 Precipitation of wettest quarter  http:/ /www.worldclim.org
BIO 17 Precipitation of driest quarter  http:/ /www.worldclim.org
BIO 18 Precipitation of warmest quarter  http:/ /www.worldclim.org
BIO 19 Precipitation of coldest quarter  http:/ /www.worldclim.org
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among immigrant species was high when compared 

to that among native species.

Areas predicted but which are not colonized by 
the species are suitable areas for prioritization of 
conservation since it could act as possible habitats 
for introduction/cultivation for large scale usage. In 
this regard MaxEnt could be used as a potential tool 
for finding suitable habitat for different medicinal 
plants and could also aid in its sustainable extraction 
and utilization. The model also predicted potential 
distribution areas in Andaman Nicobar Islands and 
parts of Sri Lanka and South East Asia, which needs 
to be explored carefully.

Although model could predict potential suitable 
habitat for Spilanthes species in India using MaxEnt, 
care should be taken into consideration while gener-
alizing the outcomes of this study. The significantly 
high amount of niche overlap observed in this study 
could be further tested by exhaustive sampling of 
individual species. 

The major research in medicinal plants in India is 
done in terms of its chemical profiling (Paulraj et al. 
2014), exploring antibacterial properties (Ahamed et 

Figure 3 : Ecological niche model output for species of  Spilanthes viz., S. calva, S. ciliata,S. oleracea,S. paniculata,  S. radicans and 
S. uliginosa using DIVA-GIS model.

Figure 2 : Occurrence points of different Spilanthes species in 
peninsular India
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Fig. 4. Importance environmental variables determined by Jackknifing test for each species of Spilanthes viz., S. calva, S. ciliata, S. 
oleracea, S. paniculata, S. radicans and S. uliginosa.

al. 1998; Nascimetno et al. 2000; Paulraj et al. 2014). 
The ecological models for a species are equally nec-
essary for the complete authentication of  a species.  
The study does not take into account the species biotic 
interactions or impact of invasive species as well as 

the anthropogenic influences. The above factors could 
manifest themselves in novel and unexpected ways.

  	 The present study throws light on the strat-
egy that could be employed in the future conserva-
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tion of Spilanthes species in the Western Ghats and 
simultaneously its sustainable utilization in traditional 
medicines.
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Table 2A  : Percentage niche overlap between species pair of Spilanthes using I statistics (Warren et al. 1968 ) statistics.

Species S. calva S. ciliata S. oleracea S. paniculata S. radicans S. uliginosa

S. calva ** 83.9 88 85.5 89 88.2
S. ciliata ** 94.3 88.5 91.1 90.8
S. oleracea ** 85.2 95.9 89.7
S. paniculata ** 84 91
S. radicans ** 92.12
S. uliginosa **
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