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ABSTRACT 
 

Present study is done to identify the potential invasion range of Verbisina encelioides in India using Maxent. Worldclim bioclimatic 

variables and 96 species occurrence points were used to predict the potential distribution of V. encelioides. Jackknife test was used to 

evaluate the importance of the environmental variables for predictive modeling. Maxent model was highly accurate with AUC value of 

0.975. This study could be promising in predicting the potential areas under invasion by V. encelioides as well as areas to be considered 

for the threat of its expansion in India.   
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Introduction 

Alien invasive species are one of the major threats to 

environment. They play a major role in displacing native species 

(Anderson, 2007; Snyder and Evans, 2006) and pose significant 

loss in economic value, biodiversity and health of invaded systems 

(Crowl et al., 2008; Hulme, 2007; Wilcove et al 1998; Wittenberg 

and Cock, 2001). The spread of invasive species is the second 

leading threat to biodiversity following habitat destruction. India 

has 2.4% of the land area of the world but holds 11% of the 

world’s floral diversity (Padalia et al, 2014) and its flora has a 

significant percentage (ca 200) of alien plant species like 

Ageratum conyzoides, Chromolaena odorata, Lantana camara, 
Parthenium hysterophorus which have spread widely in India and 

their propagation have caused negative impacts on the native 

biodiversity (Padalia et al, 2014; Reddy 2008; Sourabh et al, 2008). 

 
Verbesina encelioides (Cav.) Benth. & Hook. Fil ex Gray, a member 

of Asteraceae, is one such notorious alien species found in arid 

and semi arid regions of India (Figure 1). It is considered a 

dominant weed in this region (Kaul and Mangal 1987). It is native 

to North and South America (Rydberg 1922, Torrey and Gray 1969; 

Wagner et al. 1990). The plant is an aggressive alien weed which 

spreads aggressively in sandy soils that results into decline in 

biodiversity of the region as well as yield decrease of the crops 

grown there (Sade et al., 2007). The species has become threat to 

the local flora and crops in Morocco and Israel (Sade et al., 2007; 

Taleb et al., 2011). Fast growing, drought tolerant property, wide 

range of growing conditions, allelopathic effects on other plants, 

high seed production, dispersal and germination ability are some 

of the characteristic aid for its aggressive nature.  

 

V. encelioides is a drought tolerant species and does not require 

large amounts of water. Once it is established it requires watering 

only once in a month. Open areas and disturbed habitats are 

suitable habitat for the plant. The plant is of low economic 

importance and is limitedly used as an ornamental plant. It is not 

used as a fodder plant as well, due to the presence of a toxin 

called galgenine (Olerichs et al 1989, Keeler et al 1986, Keeler et 

al 1992, L). Dullness and anorexia are some of the signs of low 

dose of galgenine poisoning in livestock (Jain et al, 2008).  

 

There have been several studies on alien species in India in the 

past few decades. Most of these studies are limited to floristic 

survey and documentation, ethnobotanical description, and 

experiments in the disciplines of ecology, ecophysiology and 

genetics (Bhatt et al, 2011; Gopinathan and Babu 1982; Khuroo et 

al 2012; Jaryan et al 2013). Considering the high taxonomic 

diversity, rapid spread and large distribution area of invasive alien 

species in India, alien species invasion has not attracted an 

appropriate level of attention of the scientific and policy making 

communities (Adhikari et al., 2015). Researchers have been 

working on the predictive models for assessing the patterns of 

species distribution (Guisan & Thuiller, 2005; Xue-Qing et al., 
2013), but only few researchers have worked on the identification 

of suitable areas of invasion for alien species.  

 

Identifying the areas climatically suitable for invasion of alien 

species is important for understanding the ecology of invasive 

species as well as it would facilitate the formulation of 

appropriate policy for their control and management (Thuiller et 
al., 2005). Predictive models for assessing the patterns of species 

distribution have been relied upon by many researchers (Guisan 
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and Thuiller, 2005; Xue-Qing et al., 2013). Species Distribution 

Modeling can be used to identify areas having potential for 

species invasions (Peterson and Vieglais 2001, Barik and Adhikari 

2011), predict the potential distributional area of species, plan 

targeted biodiversity survey in new areas and predict climate 

change impacts (Giriraj et al. 2008, Irfan-Ullah et al. 2006, 

Adhikari et al., 2012). The main aim of the present study is to 

delineate the potential invasion range of V. encelioides in India 

using Maxent. 

 

 
Figure 1. Verbisina encelioides (a) Habitat, (b) Plant in flowering, 

(c) Flower. 

 

Material and methods 

Study species 

V. enicilioides is an erect, annual species with toothed leaves. 

Leaves are alternate with white hairs on the underside. The 

flower heads are solitary or in clusters with elongated stalk. 

Seeds are grayish-brown in colour, hairy, flat and winged along 

the margins  

 

Habitat distribution modelling 

96 coordinates of the sites of occurrence were used which were 

obtained through field surveys. The coordinates of the occurrence 

points were recorded to an accuracy of 3-10m using GPS (Garmin). 

These coordinates were then converted to decimal degrees for 

use in the Maxent. In the present study bioclimatic variables 

(Hijmans et al., 2005) with 30 seconds spatial resolution, 

downloaded from World Clim dataset (www.worldclim.org) were 

used. These World Clim data (period 1950-2000) are derived from 

measurements of altitude, temperature and rainfall from weather 

stations across the globe (Khanum et al, 2013) and are frequently 

used in modeling species distribution (Kumar & Stoghlgren, 2006; 

Sanchez et al., 2011, Khanum et al., 2013; Adhikari et al., 2015).  

 

 

Validation of model robustness 

For habitat modeling, the model was developed using Maximum 

entropy distribution (Maxent) software, version 3.3.3, which 

generates an estimate of probability of the presence of species 

that varies from 0 to 1, where 0 is the lowest and 1 is the highest 

probability. Maxent is a maximum entropy based machine 

learning program that estimates the probability distribution for a 

species’ occurrence based on environmental constraints (Phillips 

et al., 2006). It requires only presence data to predict the 

distribution of a species based on the theory of maximum entropy.  

 

Of the 96 records, seventy five percent were used for model 

training and twenty five percent for testing. To validate the model 

robustness, 10 replicated model runs for the species with a 

threshold rule of 10 percentile training presence was executed. In 

the replicated runs, cross validation technique was employed, 

where samples were divided into replicate folds and each fold 

was used for test data. Other parameters were set to default as 

the program is already calibrated on a wide range of species 

datasets (Phillips and Dudík, 2008). From the replicated runs 

average, maximum, minimum, median and standard deviation 

were generated. Jackknife procedure and percent variable 

contributions were used to estimate the relative influence of 

different predictor variables. The Area under the ROC (receiver 

operating characteristic) curve (AUC) was used to evaluate model 

performance. AUC is a measure of model performance and varies 

from 0 to 1 (Fielding and Bell, 1997). An AUC value of 0.50 

indicates that model did not perform better than random whereas 

a value of 1.0 indicates perfect discrimination (Swets, 1988). 

 

Results and Discussion 

The maxent model for Verbesina encelioides performed well with 

an average AUC value of 0.975. A total potential area of 361.88 

km2 in the semi arid region of India, i.e., some parts of Rajasthan, 

Haryana and Delhi was predicted to be the most suitable habitat 

for V. enicilioides (Fig. 2,3). Table 1 shows the relative 

contributions of the predictor variables in Maxent for distribution 

of V. enicilioides. Precipitation Seasonality (bio 15), Annual 

Precipitation (bio 12), Mean Temperature of Coldest Quarter (bio 

11) and Maximum Temperature of Warmest Month (bio 5) were 

the strongest predictors for the distribution of V. enicilioides with 

35.9, 24, 17.4 and 14% contributions, respectively. The probability 

of presence of V. encelioides increased with an increase in 

precipitation seasonality and annual precipitation. 

 

Response curves of two top bioclimatic predictors showing the 

relationships between the probability of presence of a species 

and relative importance of different environmental variables 

based on results of jackknife tests in Maxent are shown in figure 

4 and 5 respectively. Jackknife results also showed that 

Precipitation Seasonality, Annual Precipitation, Mean 

Temperature of Coldest Quarter and Maximum Temperature of 

Warmest Month are the most important predictors for the 

distribution of V. enicilioides. 
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Figure 2. Predicted distribution of V. encelioides in India. 

 

 

 
Figure 3. Area under different suitable habitats. The figures at the 

top of each bar represent the area. 

 

Table 1. Selected environmental variables and their percent 

contribution in maxent model for  V. encelioides. 

 

Environmental variables Percent Contribution 

Precipitation seasonality (Bio 15) 35.9 

Annual Precipitation (Bio 12) 24 

Mean Temperature of Coldest Quarter (Bio 

11) 

17.4 

Maximum Temperature of Warmest 

Quarter (Bio 5) 

14 

Annual Mean Temperature(Bio 1) 2.3 

Temperature Seasonality (Bio 4) 1.8 

Precipitation of Coldest Quarter  (Bio 19) 1.6 

Precipitation of Warmest Quarter (Bio 18) 1.5 

Mean Temperature of Driest Quarter (Bio 

9) 

0.9 

Precipitation of Wettest Month (Bio 13) 0.3 

Mean Temperature of Warmest Quarter 

(Bio 10) 

0.2 

Min Temperature of Coldest Month (Bio 6) 0.1 

 

 

Discussion 

Anthropogenic activities such as land use for various purposes, 

water extraction for irrigation, etc. intensifies the disturbance of 

soil and provides opportunities for invasive plants to establish 

(Planty-Tabacchi et al. 1996). Further the rapid transportation of 

propagules of invasive plants to uninvaded areas also promote in 

spread of these plants (Pysek and Prach 1993; Thebaud and 

Debussche 1991). V. encelioides has a huge probability of 

expansion which can cause great damage to the agricultural crops 

and increase the maintenance costs of agricultural lands. The 

model results showed that an area of 361.88 km2 (38.18%) has 

very high potential for its propagation. Approximately 217.87 km2 

(22.98%) and 210.68 km2 (22.23%) showed medium to high 

potential areas while 157.27 km2 (16.59%) area showed least 

potential. 

 

 

 
Figure 4. Response curves showing the relationships between the probability of presence of a species and two top bioclimatic predictors 

V. encelioides (a) Precipitation seasonality (b) Annual Precipitation. 
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Figure 5. Result of jackknife test for evaluating the relative contribution of the predictor environmental variables to the habitat model 

of V. encelioides. 

 

Suitable habitat for areas to be considered for invasion by 

Verbisina encelioides is semi arid regions of India, i.e., Haryana, 

Delhi and some parts of Rajasthan. However areas to be 

considered for the threat of its expansion are the adjoining areas 

of these states as mentioned alongwith the areas where it is 

already distributed because these are the areas which come 

under semi arid zone of India and there is a good probabilty of its 

invasion due to its drought tolerance property and less water 

requirement for growth. A better planning is needed for early 

detection for the spread of V. enicilioides in other parts of India by 

establishing communication links between taxonomists and 

environmentalists to monitor and control the expansion. 

 

The invasion areas modeled in this study would help in field 

surveys to figure out the actual areas under invasion by V. 

encelioides in India. The areas that are predicted suitable for its 

growth through Maxent projection map but not currently occupied 

by the species are the areas to be considered for the threat of its 

expansion. The method is certainly promising in predicting the 

potential distribution of other alien invasive plant species and can 

be a valuable tool in species distribution studies and species 

conservation planning. 

 

 

References 

Adhikari, D., Barik, S.K. and Upadhaya, K. 2012. Habitat 

distribution modelling for reintroduction of Ilex khasiana 

Purk., a critically endangered tree species of northeastern 

India. Ecological Engineering 40: 37–43.  

Adhikari, D., Tiwary, R. and Barik, S.K.,2015. Modelling Hotspots 

for Invasive Alien Plants in India. PLoS ONE 10(7): e0134665. 

doi:10.1371/journal. pone.0134665. 

Anderson, L.W.J., 2007. Control of invasive seaweeds. Bot. Mar. 

50: 418-437. 

Barik, S.K., Adhikari, D., 2011. Predicting geographic distribution 

of an invasive species Chromolaena odorata L. (King) & H.E. 

Robins. In: Bhatt, J.R., Singh, J.S., Tripathi, R.S., Singh, S.P., 

Kohli, R.K. (Eds.), Invasive Alien Plants – An Ecological 

Appraisal for the Indian Sub-continent. CABI, Oxfordshire, pp. 

77–88. 

Bhatt, J., Singh, J., Singh, S., Tripathi, R. and Kohli, R. 2011. 

Invasive Alien Plants An Ecological Appraisal for the Indian 

Subcontinent. Vol. 1. Wallingford, UK: CABI. 

Crowl, T. A., Crist, T.O., Parmenter, R.R., Belovsky, G. and Lugo, A. 

E. 2008. The spread of invasive species and infectious 

disease as drivers of ecosystem change. Front. Ecol. Environ  

6: 238-246. 

Fielding, A. H. and Bell, J. F. 1997. A review of methods for the 

assessment of prediction errors in conservation 

presence/absence models. Env Cons. 24: 38-49. 

Giriraj, A., Irfan-Ullah, M., Ramesh, B.R., Karunakaran, P.V., 

Jentsch, A. and Murthy, M.S.R. 2008. Mapping the potential 

distribution of Rhododendron arboreum Sm. ssp. nilagiricum 

(Zenker) Tagg (Ericaceae), an endemic plant using ecological 

niche modeling. Current Science 94: 1605–1612. 

Gopinathan, M., and Babu, C. 1982. Cytogenetics of Galinsoga 

parviflora Cav. and G. ciliata (Raf.) Blake, and their natural 

hybrids (Asteraceae). New Phytol. 531–539. 



 

RESEARCH PAPER 

Sourabh » Modeling potential invasion range of alien species, Verbisina encelioides in India » NeBIO 8(2): 124-129 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 

128 
NeBIO I ISSN 2278-2281(Online Version) I www.nebio.info 

Guisan, A., Thuiller, W., 2005. Predicting species distribution: 

offering more than simple habitat models. Econ. Lett. 8: 993–

1009. 

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G. and Jarvis, A. 

2005. Very high res-olution interpolated climate surface for 

global land areas. Int. J. Climatol. 25: 1965–2198. 

Hulme. 2007. Biological invasions in Europe: drivers, pressures, 

states, impacts and responses. In: Hester, R., Harrison, R.M. 

(Eds.), Biodiversity Under Threat Issues in Environmental 

Science and Technology, 25. Royal Society of Chemistry, 

Cambridge, pp. 56–80. 

Irfan-Ullah, M., Amarnath, G., Murthy, M.S.R. and Peterson, A.T. 

2006. Mapping the geographic distribution of Aglaia 

bourdillonii Gamble (Meliaceae), an endemic and threatened 

plant, using ecological niche modeling. Biodivers. Conserv. 

16: 1917–1925. 

Jain, S.C., Singh, R. and Jain, R. 2008. Biopotentialities of 

V.encelioides cell culture. Indian Journal of plant physiology. 

13(3): 224-230. 

Jaryan, V., Uniyal, S.K., Kumar. A., Gupta, R. and Singh, R. 2013. 

Extent of occurrence and area  of occupancy of tallow tree 

(Sapium sebiferum): using the red list criteria for documenting 

invasive species expanse. National Academy Science Letters 

36: 85–91. 

Kaul, M.L.H. and Mangal, P.D. 1987. Phenology and Germination 

of Crown Beard (Verbecina encelioides). Weed Sci. 35: 513 

Keeler, R.F., Johnson, A.E. and Stuart, L.S. 1986. Toxicosis From 

and Possible Adaptation to Galega officinalis in Sheep and 

the Relationship to Verbesina Encelioides Toxicosis. 

Veterinary and Human Toxicology 28(4): 309-315. 

Keeler, R.F., Baker, D.C. and Panter, K.E. 1992. Concentration of 

Galegine in Verbesina encelioides and Galega oficinalis and 

the Toxic and Pathologic Effects Induced by the Plants. 

Journal of Environmental Pathology, Toxicology, and 

Oncology 11(2):11-17. 

Khanum, R., Mumtaz, A.S. and Kumar, S. 2013. Predicting impacts 

of climate change on medicinal asclepiads of Pakistan using 

Maxent modeling. Acta Oecologica 49: 23-31. 

Khuroo, A.A., Reshi, Z.A., Malik, A.H., Weber, E., Rashid, I. and 

Dar, G.H. 2012. Alien flora of  India: taxonomic composition, 

invasion status and biogeographic affiliations. Biol Invasions 

14: 99–113 

Kumar, S. and Stohlgren, T.J. 2009. Maxent modeling for 

predicting suitable habitat for threatened and endangered 

tree Canacomyrica monticola in New Caledonia. Journal of 
Ecology and Natural Environment 1 (4): 94e98. 

Olerichs, P.B., Vallely, P. J., Macleod, J.K. and Lewis, I.A.S. 1989. 

Isolation of galegine from Verbisina encelioides. J Nat Prod. 

44: 754. 

Padalia, H., Srivastava, V. and Kushwaha, S.P.S. 2014. Modeling 

potential invasion range of alien invasive species, Hyptis 

suaveolens (L.) Poit. in India: Comparison of MaxEnt and 

GARP. Ecological Informatics 22: 36–43. 

Peterson, A.T and Vieglais, D.A. 2001. Predicting Species 

Invasions Using Ecological Niche Modeling: New Approaches 

from Bioinformatics Attack a Pressing Problem A new 

approach to ecological niche modeling, based on new tools 

drawn from biodiversity informatics, is applied to the 

challenge of predicting potential species' invasions. 

Bioscience 51: 363–371. 

Phillips, S.J., Anderson, R.P. and Schapire, R.E. 2006. Maximum 

entropy modeling of species geographic distributions. Ecol 
Modell 190: 231–259 

Phillips, S.J. and Dudík, M. 2008. Modeling of species 

distributions with MaxEnt: new extensions and a 

comprehensive evaluation. Ecography 31: 161–175. 

Planty-Tabacchi, A. M., Tabacchi, E., Naiman, R.J., Deferrari, C. 

and Decamps, H. 1996. Invisibility of species rich 

communities in riparian zones. Conserv. Biol. 10: 598–607. 

Pysek, P. and Prach, P. 1993. Plant invasions and the role of 

riparian habitats—a comparison of four species alien to 

Central Europe. J. Biogeogr 20: 413–420. 

Reddy, C.S., 2008. Catalogue of invasive alien flora of India. Life 

Sci. J. 5: 84–89. 

 

Rydberg, P.A. 1922. Flora of the Rocky Mountains and Adjacent 

Plains. Noble Offset and Printing Company. p. 935. 

Sade, R., Yaacoby, T. and Rubin, B. 2007. Crownbeard (Verbesina 
encelioides), physiology, geographical distribution and 

response to herbicides. Proceedings of the International 

Conference on ‘Novel and sustainable weed management in 

arid and semi-arid ecosystems’, Rehovot, IL, USA, pp 41. 

Sanchez, A.C., Osborne, P.E. and Haq, N. 2011. Climate change 

and the African baobab (Adansonia digitata L.): the need for 

better conservation strategies. African Journal of Ecology. 49: 

234-245.  

Sourabh, P., Aishwarya, K. and Pandey, A. K., 2008. Alien flora of 

Bihar and Jharkhand. Journal of Non-Timber Forest Products. 

15(2): 111-116. 

Swets, J.A., 1988. Measuring the accuracy of diagnostic systems. 

Science 240: 1285-1293. 

Snyder, W.E. and Evans, E.W. 2006. Ecological effects of invasive 

arthropod generalist predators. Annu.Rev. Ecol. Evol. S. 37: 

95-122. 

 

Taleb A, Bouhache M and El Mfadi B. 2011. New species 

threatening the biodiversity in Morocco: Verbesina 
encelioides (Asteraceae). Proceedings of the 2nd 

International Workshop on Invasive Plants in the 

Mediterranean Type Regions of the World, Trabzon,Turkey, 

pp. 156-167. 

Thebaud, C. and Debussche, M., 1991. Rapid invasion of Fraxinus 

ornus L. along the Herault River system in southern France—

the importance of seed dispersal by water. J. Biogeogr. 18, 

7–12. 

Thuiller, W., Richardson, D.M., Pysek, P., Midgley, G.F., Hughes, 

G.O. and Rouget, M., 2005. Niche-based modelling as a tool 

for predicting the risk of alien plant invasions at a global 

scale. Global Change Biol. 11: 2234–2250.  

Torrey, M.D. and Gray, A., 1969. A Flora of North America. Hafner 

Publishing Company. pp. 359-360. 



 

RESEARCH PAPER 

Sourabh » Modeling potential invasion range of alien species, Verbisina encelioides in India » NeBIO 8(2): 124-129 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 

129 
NeBIO I ISSN 2278-2281(Online Version) I www.nebio.info 

Wagner, W.L., Herbst, D.R. and Sohmer, S.H, 1990. Manual of the 

Flowering Plants of Hawaii, Volume 1. University of Hawaii 

Press, Bishop Museum Press. 

Wilcove, D.S., Rothstein, D., Dubow, J., Phillips, A. and Losos, E., 

1998. Quantifying threats to imperilled species in the United 

States. Bioscience. 48: 607-615. 

Wittenberg, R. and Cock, M. J. W. 2001. Invasive alien species: a 

toolkit of best prevention and management practices. CAB 

International, Wallingford, UK. pp 229. 

Xue-Qing, Yang., Kushwaha, S.P.S., Saran, S., Jianchu, Xu and 

Roy, P.S., 2013. MaxEnt modeling for predicting the potential 

distribution of medicinal plant, Justicia adhatoda L. in Lesser 

Himalayan foothills. Ecol. Eng. 51: 83–87. 
 

 

 

 

 
 © 2017. NECEER, Imphal. All rights reserved  


