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Abstract: The study was conducted to identify the potential distribution of Bruguiera sexangula, a threatened 

mangrove species in the Kerala region using ecological niche modelling. Of the 19 bioclimatic and six topographic 

variables, only three variables viz., Annual Precipitation, Dem and Mean Diurnal Range positively influence the 

distribution of this mangrove species. The potential distribution is found to be high in the backwater areas in 

Alapuzha and Ernakulam districts especially the mangrove patches of Chellanam, Panangad, Vypin, Pattanakkad, 

Ezhupunna, Eramallur and Thuravur areas. The potential predicted distribution information of this species can 

be helpful in planning, conservation of existing populations, identification of survey sites, and to set priorities for 

the restoration in natural habitats. 
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1.   INTRODUCTION 

Modelling distribution of species is an important tool for the biogeography and conservation biology which is widely used 

for calculating the potential distribution of species (Bombi et al., 2009; Britto et al., 2009), to evaluate the effects of 

climate change on species distribution (Araujo et al., 2006), suitable habitat and species range estimates (Chefaoui et al., 

2005; Gaubert et al., 2006), to identify the suitability of protected areas (Garcia, 2006; Doko et al., 2011) and the effects 

of habitat disturbance on species distributions (Banks et al., 2005; Sanchez-Cordero et al., 2005; Rhodes et al., 2006).  

Method involving ground surveys covering entire study regions are either not possible or time consuming in most cases 

and moreover the conventional approaches fail to synthesize the minuscule distribution details of certain species. New 

Geographical Information System (GIS) approaches have been developed to address this limitation by combing the 

known occurrence localities and environmental coverage that describes the study region. This approach has been explored 

under the rubric of „ecological niche modelling‟ (ENM) which produces potential distribution maps by establishing a 

relation between the known presence localities and background information (Soberson & Peterson, 2005). Ecological 

niche models has been created with the known distribution data by calculating the possible prediction algorithms by the 

base of  different environmental variables such as climate data sets, topographical data and habitat data (Peterson and 

Soberon, 2012). In India, this technique was widely applied for identification of the environmental niches of Himalayan 

birch (Singth et al., 2013), Malabar nut (Yang et al., 2013), Coscinium fenestratum (Thriveni et al., 2015) etc., 

The genus Bruguiera which belongs to the family Rhizhophoraceae (Hou, 1958; Tomlinson, 1986; Hogarth, 1999) and it 

comprise a small group of six mangrove species of the Indian and west Pacific Ocean region. Its range extending from 

east Africa and Madagascar through coastal India, Sri Lanka and South east Asia to northern Australia, Melanesia and 

Polynesia (Hou,1958). The species are Bruguiera gymnorhiza (L.) Lam., B. sexangula (Lour.) Poir., B.. exaristata Ding 

Hou, B.hainesii C. G. Rogers, B. cylindrica (L.) Bl., and B. paviflora Wight and Arnold ex Griffith (Tomlinson, 1986). 

Among these, four Bruguiera species viz. Bruguiera cylindrica, B. gymnorrhiza, B. parviflora, B. sexangula are present 

in India (Raghavan et al., 2016). Bruguiera sexangula is a very rare middle zone mangrove in Kerala, and it is restricted 
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to a few localities in Puduvypin area of Ernakulum and Neendakara region of Kollam district especially in private land or 

along the coastal roads. Road widening and other developmental activities are the major threat and special attention is 

required for the conservation of this mangrove species (Sujanapal and Sasidharan, 2014). According to Vidyasagaran and 

Madhusoodanan (2015), B. sexangula is confined to few places wherein their population is facing further decline and 

noted as Endangered. But as per the IUCN status (IUCN, 2018), it is reported as Least Concern. 

Ecological Niche Modelling technique was used to construct the potential distribution B. sexangula in the Kerala region 

and Maxent has been known to produce accurate distribution predictions for numerous rare and threatened species in a 

restricted study region (Elith et al. 2006; Pearson et al. 2007). An attempt was made here to produce accurate distribution 

map of B. sexangula using ecological niche modelling framework especially for understanding local distribution pattern 

and habitat requirements which is a fundamental goal of modern biogeography. 

2.   MATERIALS AND METHODS 

A total of 9 spatially unique points of B. sexangula were recorded during field surveys with Global Positioning System 

(GPS). All points were further geo-rectified with the Survey of India topographic sheets and Google Earth (Google, 

Mountain View, CA, USA) to obtain accurate coordinates to be used in the modelling. The background environmental 

data is given in the form of nineteen bioclimatic and six topographic variables. The bioclimatic variables are from the 

Worldclim dataset developed by Hijmans et al. (2005) available at a resolution of 1 km
2
 (http://www.worldclim.org). The 

variables of annual and monthly values of mean temperature, precipitation and seasonality were derived. The topographic 

variables include elevation, slope, aspect, flow accumulation, flow direction and compound topographic index (a measure 

of tendency of water to pool). The topographic variables were derived from Shuttle Radar Topography Mission (SRTM) 

Digital Elevation Model (http://topex.ucsd.edu/WWW html/srtm30 plus.html) available at 30 meter resolution.  

2.1 Ecological Niche Modelling: 

Species distribution model (Franklin 2009) or Maximum entropy (Maxent) modelling was chosen to predict the potential 

distribution of the B.sexangula in the Kerala region. Maxent is a machine learning method which has its origin in the 

statistical mechanics. It is a general purpose method which makes predictions from incomplete information. The 

probability distribution of maximum entropy (closest to the uniform), subject to a set of constraints that represent the 

incomplete information about the target distribution (Phillips et al. 2006; Peterson et al. 2011). Maxent has shown to 

produce competitive results when compared with other general purpose modelling methods used in predicting the 

potential geographical distribution of a species (Elith et al. 2006; Wisz et al. 2008). Maxent version 3.3.2e 

(http://www.cs.princeton.edu/~schapire/maxent/) was used to run the models. In the program, 500 iterations were run with 

a convergence threshold of 0.00001 and a maximum of 10,000 background points and algorithm parameters were set to 

auto features (Phillips & Dudik 2008). Only the random test percentage in the settings was turned to 20% in order to test 

the model robustness through the Area under Curve (AUC). In addition to that, an external test was done through a 

jackknife test. By leaving one occurrence point at a time and running the model, it was allowed to predict the excluded 

point and the accuracy was tested through a simple probability test. Maxent produces predictions in the form of real 

numbers between 0 and 100 representing the cumulative probability of occurrence. The cumulative output raster data set 

format is chosen and the values were imported into ArcGIS as integer grids for further analysis, reclassify values, 

comparison and preparing final map outputs. 

3.   RESULTS AND DISCUSSION 

The simple probability test conducted from the jackknife test confirmed that the prediction is significantly better than at 

random as shown in Figure 1 (P <0.05). The test and training Area under Curve (AUC) values were also higher (Training 

Area under Curve (AUC) value – 0.991, Test AUC – 0.996) which indicates that the model is accurate and justifies the 

construction of final niche model with all the available points. The prediction was good because the final niche model 

includes all the occurrence points in the Kerala. The predicted potential distribution B. sexangula is provided in Figure 2. 

The potential distribution is found to be high in the backwater areas in Alapuzha and Ernakulam districts. The mangrove 

patches of Chellanam, Thirunettur, Panambukad, Mangalavanam, Panangad, Kadamakkudy, Vypin areas in Ernakulam 

district, and Pattanakkad, Ezhupunna, Eramallur, Thuravur areas in Alapuzha district showed high potential distribution of 

B. sexangula. Medium prediction was found Pallam, Kumbalapuzha and Mogral, Poyya and Shiriya areas in Kasaragod 

district. Of the 19 bioclimatic and six topographic variables, only three variables viz., Annual Precipitation, Dem and 

Mean Diurnal Range positively influence the distribution of this mangrove species (Table 1). Katrien et al., (Unpublished) 

investigated influence of temperature at the different mangrove latitudinal range limits and observed that there is not one 
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isotherm that coincides with mangrove latitudinal limits: monthly air and sea surface temperature are highly variable 

among congeneric mangrove limits. The larger distribution of the genus Avicennia compared to the genus Rhizophora is 

reflected in the temperature requirements and Avicennia limits are colder than Rhizophora limits (Quisthoudt et al., 2012) 

and the high temperature variation among limits can be due to partial range filling towards the latitudinal limits. Anupama 

and Sivadasan (2004) reported B. sexangula from Panangad and Pudvyppin areas in Ernakulum District and considered as 

very rare. Similarly, Vidyasagaran and madhusoodanan (2015) treated this mangrove as Endangered in Kerala. Of the 9 

reported localities of B. sexangula used in the present study, two were from Kollam district, and other districts like 

Kottayam, Thrissur, Ernakulam, Kannur, Alapuzha, Malapuram and Kasaragod are represented with only single locality.  

TABLE-1 Variable Contribution - Maxent 

Variable Percent contribution Permutation importance 

Annual Precipitation 40.8 72.9 

Dem 34.5 24.9 

Mean Diurnal Range 19.6 0 

Precipitation of Wettest Month 3.1 2.2 

Slope 1.9 0 

 

Fig - 1 Jackknife of regularized training gain of Bruguiera sexangula 

 

Fig - 2 Potential Distribution of Bruguiera sexangula 
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4.   CONCLUSIONS 

ENM is a useful tool in outlining and understanding the species distributions and serve as an application to focus on the 

conservation issues like suitable habitat and range estimation of species and  biodiversity conservation especially in the 

protected area prioritization and network design. The prediction of distribution ranges of B. sexangula was good because 

the final niche model includes all the nine occurrence points in the Kerala. Our findings can be applied in various ways 

such as the identification of additional localities where B. sexangula may already exist, has yet to be investigated using 

more ground surveys. Similarly the potential predicted distribution information of this species will be helpful in planning, 

conservation of existing populations, identification of survey sites, and to set priorities for the restoration of natural 

habitats for more effective conservation. Further to develop species specific conservation programmes, a detailed study on 

population structure, spatial ecology, reproductive phenology and seed dispersal are also recommended 

ACKNOWLEDGEMENT 

The authors are thankful to the Director, Kerala Forest Research Institute, Peechi for encouragement and facilities. We 

also acknowledge the financial support provided by Kerala Council for Science Technology and Environment (KSCSTE), 

Govt. of Kerala. The permission and field support provided by the officials of Kerala Forest Department, Govt. of Kerala 

are gratefully acknowledged. 

REFERENCES 

[1] Anupama C, Sivadasan M (2004) Mangroves of Kerala, India. Rheedea 14: 09-46. 

[2] Araujo MB, Thuiller W, Pearson RG (2006) Climate warming and the decline of amphibians and reptiles in Europe. 

J. Biogeogr 33: 1712-1728. 

[3] Banks SC, Finlayson GR,  Lawson SJ, Lindenmayer DB, Paetkau D, Ward SJ, Taylor, AC (2005) The effects of 

habitat fragmentation due to forestry plantation establishment on the demography and genetic variation of a 

marsupial carnivore, Antechinus agilis. Biol. Conserv. 122: 581– 597. 

[4] Bombi P, Luiselli L, Capula M, Salvi D (2009) Predicting elusiveness: potential distribution model of the Southern 

smooth snake, Coronella girondica, in Italy. Acta Herpetol 4: 7-13. 

[5] Brito JC, Acosta AL, Álvares F, Cuzin F (2009) Biogeography and conservation of taxa from remote regions: An 

application of ecological-niche based models and GIS to North-African canids. Biol. Conserv. 142: 3020-3029. 

[6] Chefaoui RM, Hortal J, Lobo JM. (2005) Potential distribution modelling, niche characterization and conservation 

status assessment using GIS tools: a case study of Iberian Copris species. Biol. Conserv. 122: 327–338. 

[7] Doko T, Fukui H, Kooiman A, Toxopeus AG, Ichinose T, Chen W, Skidmore AK. (2011) Identifying habitat 

patches and potential ecological corridors for remnant Asiatic black bear (Ursus thibetanus japonicus) populations in 

Japan. Ecol. Model. 222: 748-761. 

[8] Elith  JH, Graham CP, Anderson R, Dudík M, Ferrier S, Guisan A (2006) Novel methods improve prediction of 

species‟ distributions from occurrence data. Ecography (Cop). 29 (2), 129–151. http://doi.wiley.com/10.1111/ 

j.2006.0906-7590.04596.x 

[9] Franklin J (2009) Mapping Species Distributions: Spatial Inference and Prediction. Cambridge, UK: Cambridge 

Univ. Press. In press. 

[10] Garcia A (2006) Using ecological niche modelling to identify diversity hotspots for the herpetofauna of Pacific 

lowlands and adjacent interior valleys of Mexico. Biol. Conserv. 130: 25-46 

[11] Gaubert P, Papes M, Peterson AT (2006) Natural history collections and the conservation of poorly known taxa: 

ecological niche modelling in central African rainforest genets (Genetta spp.). Biol. Conserv. 130:106–117. 

[12] Hijmans RJ, Cameron SE, Parra JL, Jones PG,  Jarvis A (2005) Very high resolution interpolated climate surfaces 

for global land areas. International Journal of Climatology 25, 1965–1978. 

[13] Hirzel AH,  Hausser J, Chessel D,  Perrin N (2002) Ecological-niche factor analysis: How to compute habitat-

suitability map without absence data. Ecology 83: 2027-2036 



                                                                                                                                                  ISSN 2348-313X (Print) 
International Journal of Life Sciences Research      ISSN 2348-3148 (online) 

Vol. 6, Issue 4, pp: (142-146), Month: October - December 2018, Available at: www.researchpublish.com 
 

    Page | 146  
Research Publish Journals 

[14] Hogarth PJ (1999) The Biology of mangroves. Oxford Univ. Press, New York, U.S.A: 1-76. 3. 

[15] Hou D (1958) Rhizophoraceae. In: van Steenis, C. G. G. J. (ed.), Flora Malesiana, ser. 1. 5: 429-493. Hutchinson, G. 

E. 1957. Concluding remarks. Cold Spring Harbor Symposia on Quantitative Biology 22:415–427. 

[16] Ragavan P, Alok Saxena, Jayaraj RSC, Mohan PM, Ravichandran K, Saravanan S, Vijayaraghavan A (2016) A 

review of the mangrove floristics of India. Taiwania 61(3): 224‒242, DOI: 10.6165/tai.2016.61.224 

[17] Pearson RG,  Raxworthy CJ,  Nakamura M,  Peterson AT (2007) Predicting species' distributions from small 

numbers of occurrence records: A test case using cryptic geckos in Madagascar. J. Biogeog. 34: 102-117. 

[18] Peterson AT, Soberón J, Pearson RG, Anderson RP, Martínez-Meyer E, Nakamura M, Araujo M (2011) Ecological 

Niches and Geographic Distributions. Princeton University Press. Princeton, New Jersey, USA. 

[19] Peterson, AT, and J. Soberon J (2012) “Species Distribution Modelling and Ecological Niche Modelling: Getting the 

Concepts Right”. Natureza & Conservação, 10 (2): 102-107.  

[20] Phillips SJ, Anderson RP, Schaipire R.E (2006) Maximum entropy modelling of species geographic distributions. 

Ecological Modelling 190: 231-259. 

[21] Phillips SJ, Dudík M (2008) Modelling of species distributions with Maxent: new extensions and a comprehensive 

evaluation. Ecography, 31, 161-175. 

[22] Quisthoudt K, Schmitz  N,  Randin C F,  Dahdouh-Guebas F, Robert E M R, Koedam N (2012). Temperature 

variation among mangrove latitudinal range limits worldwide. Trees 26 (6): 1919–1931. 

[23] Rhodes JR, Wiegand T, McAlpine CA, Callaghan J, Lunney D, Bowen M,  Possingham HP (2006) Modelling 

species‟ distributions to improve conservation in semi-urban landscapes: koala case study. Conservation Biology, 

20: 449– 459. 

[24] Sánchez-Cordero V, Illoldi-Rangel P, Linaje M, Sarkar S,  Peterson AT (2005): Deforestation and extant 

distributions of Mexican endemic mammals. Biol. Conserv. 126: 465–473. 

[25] Singh CP, Panigrahy JS, Parihar, Dharaiya N (2013) Modelling environmental niche of Himalayan birch and remote 

sensing based vicarious validation. Tropical Ecology 54: 321-329. 

[26] Soberón J, Peterson AT (2005) Interpretation of models of fundamental ecological niches and species‟ distributional 

areas. Biodiversity Informatics 2, 1–10. 

[27] Sujanapal P, Sasidharan N (2014) Handbook on Mangroves and Mangrove Associates of Kerala. Kerala State 

Biodiversity Board. Thiruvananthapuram. 

[28] Thriveni HN, Gunaga SV, Ramesh Babu HN, Vasudeva R (2015) Ecological niche modelling, population status and 

regeneration of Coscinium fenestratum (Gaertn.) Colebr. (Menispermaceae): a medicinally important liana of the 

central Western Ghats. Tropical Ecology 56: 101-110. 

[29] Tomlinson PB (1986) The Botany of Mangroves. The Cambridge University –Press, Cambridge. 

[30] Vidyasagaran K, Madhusoodanan VK (2014)  Distribution and plant diversity of mangroves in the west coast of 

Kerala, India. Journal of Biodiversity and Environmental Sciences. 4: 38-45 

[31] Wisz MS, Hijmans RJ, Li J, Peterson AT, Graham CH, Guisan A, NCEAS Predicting Species Distributions Working 

Group (2008) Effects of sample size on the performance of species distribution models. Diversity and Distributions, 

14, 763–773. 

[32] Yang XQ, Kushwaha SPS, Saran S,  Xu J, Roy PS (2013) Maxent modelling for predicting the potential distribution 

of medicinal plant, Justicia adhatoda L. in Lesser Himalayan foothills. Ecological Engineering 51: 83-87. 


