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I. Introduction 

Mangroves are coastal forests found in sheltered estuaries and along river banks and lagoons in the tropics and 

subtropics.  The term ‘mangrove’ describes both the ecosystem and the plant families that have developed 

specialized adaptations to live in this tidal environment [1]. Its multifaceted role, including the interactive 

relationship with the neighboring habitat and sheltering diverse species, has made it a treasured storehouse of 

the nature particularly production of fish and shellfish[2,3]. In Asia, Sundarbans, is the world’s largest 

contiguous mangrove patch covering an area of 10,000 Km
2
 and is the part of the progradation delta of Ganga-

Brahmaputra-Meghna river systems that comprises of an area of 80,000 km
2 

and recognized internationally as 

the UNESCO (United Nations Educational, Scientific and Cultural Organization) World-Heritage site [2,3,4]. 

The transboundary forest of Sundarbans is spread over two countries, of which 60% is in Bangladesh and 40% 

in India [3]. 

The spatio-temporal analysis shows that despite having the highest population density in the areal extent of the 

Sundarban mangrove forest has not changed significantly (approximately 1.2%) in the last 25 years [5]. But the 

forest is changing due to erosion, aggradation, deforestation and mangrove rehabilitation programs. The net 

forest area increased by 1.4% from the 1970s to 1990 and decreased by 2.5% from 1990 to 2000 [5].  

This paper we use biodiversity assessment and analysis of Remote sensing satellite images to compare the 

condition of mangrove biodiversity in central and eastern parts of Indian Sundarbans. 

II. Objective 
The main objective of this paper is to assess the variations in mangrove biodiversity of Eastern and Central parts 
of Indian Sundarbans using remote sensing data and ground verification using biodiversity assessment. 

 
III. Material and Methods 

A. Analysis of Remote sensing Image 
 

Assessment of mangrove biodiversity using Remote Sensing (RS) and Geographical Information System 
(GIS) is a modern innovation that is still in the form of development. Vegetation index, namely Normalized 
Difference Vegetation Index (NDVI) was developed by Donald Daring and Robert Haas to study the rangeland 
vegetation, which is used to analyze remote sensing image to understand the presence and health of green 
vegetation.  

Chlorophyll, the chief photosynthetic pigment in green plants, strongly absorbs visible light (from 0.4 to 0.7 
µm). The cell structure of the leaves, on the other hand, strongly reflects near-infrared light (from 0.7 to 1.1 µm). 
Number of leaves a plant has direct effect on the interference of these wave lengths [6] The index is a ratio 
represented by the formulae; 

     
     

     
, 
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Where NIR is Near Infra red and R is Red band of the spectrum 
The wavelengths of NIR and R band are generally 0.6 µm and 0.8 µm respectively [6]. The value ranges 

between -1 to +1. Generally vegetation cover is noted between +3 to +8. For the current period LISS III (Linear 
Imaging Self Scanning Sensor image with resolution of 24.3 m) image of 16

th
 October, 2008 (Eastern 

Sundarbans) and 23
rd

 November, 2009 (Central Sundarbans), was procured freely from National Remote Sensing 
Institute, Hydrabad (bhuvan@nrsc.gov.in) and image classification was done using “Near Infra Red (NIR), 
Red(R) and Green (G) bands with the help of TNTmips 2012, image processing software. 

 
B. Biodiversity Survey and study area 
Random 10m/10 m quadrat plots [7] are selected from six natural mangrove patches present in Central 

Sundarbans and Eastern Sundarbans respectively. 12 random quadrats are selected in each patch and their average 
value is considered for analysis. Three quadrat points, Site 1( 22

o
 10’ 31” N Latitude/88

o
  40’ 17” E Longitude), 

Site 2 (22
o
 01’ 05” N/88

o
 41’ 05” E) and Site 3 (21

o 
59’ 50” N/88

o 
38’ 12” E) are taken in the Central sundarbans 

(west of River Bidya but East of Matla River) and three quadrat points  namely, Site 4 (22
 o
 09’ 16” N/ 88

 o
 51’  

04” E), Site 5 (22
 o
 11’ 17” N/88

 o
 57’ 13” E)and Site 6 (22

 o
 14’ 57” N/88

 o
 57’ 20” E) in the Eastern Sundarbans 

(East of River Bidya till Indo-Bangladesh border) represented in Figure 1. Similiarity between the two habitats 
are compared by Sorenson’s similarity Index (S) which is; 

  
   

      
 

Where a= the species common in both the habitat, b= species specific to site one and c= species specific to 
site two. 

 

 
Figure 1: Study area and Quadrat Sites 

 

IV. Result and Discussions 

Estuarine environments are one of the most productive and sensitive ecosystems [8]. They play a vital role in 
terms of carbon fixation, nursery of aquatic organisms, nutrient trapping, water storage and sediment stabilization.   

A. Analysis of Remote sensing LISS III image. 
 
NDVI values can designate the health of the ecosystem by drawing an image of the condition of the 

vegetation cover. The two NDVI images of central Sundarbans (Figure 2) and Eastern Sunderbans (Figure 3) 
marks an easily observable difference in vegetation health in two regions of the mangrove forest. 
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Figure 2: NDVI Thematic mapping of Central Sundarbans 

 
The above image shows that the maximum NDVI value observed in Central sunderban region is 0.44. Ground 

verification is done by selecting sample points for biodiversity survey in areas with NDVI values comprising of 
the last two classes between 0.2-0.44.  

As central part comprises of the forest area that is in buffer zone of Sunderban Tiger Reserve, making limited 
extraction of forest product legal and also has an increased salinity due to unavailability of fresh water flow, 
putting the resident mangrove vegetation in serious anthropogenic and salinity stress which is reflected in the 
NDVI values. 

 

 
Figure 3: NDVI Thematic mapping of Eastern Sundarbans 

 

Eastern Sundarbans shows healthy vegetation compared to the central sundarbans region with highest NDVI 
value of 0.67. Quadrat positions are selected comprising both the two classes of NDVI values of 0.3-0.67.  This 
region receives limited fresh water from Padma river system via Harinbhanga river and the forest is mostly 
protected by laws making it a Sanctuary (Sajnekhali) that merges into the heavily protected National Park in the 
south making it safe from anthropogenic pressure. That is reflected in the high NDVI values compared to it’s 
central counterpart. 

B. Biodiversity Assessment  

The biodiversity of the three sample sites (average species value of 12 random quadrat is taken from each 
sites) each in Central Sundarbans and Eastern Sundarbans are assessed and percentage cover of each species is 
recorded. It gives an accurate estimate of the nature of species present in the area and along with the remote 
sensing image classification is an effective tool in determining the health of the forest. The comparative 
percentage cover of the two regions is elucidated in table 1. The quadrats are laid randomly after locating the 
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sampling area from the thematic map of NDVI values, calculated from the LISS III image bands. The selection is 
so done as to cover the major vegetation patches representing the highest and lowest reflectance values for any 
natural mangrove patches. While verifying at field it is often seen that mangrove plantation areas (viz: Jharkhali 
Mangrove Ecological Garden-plantation area at Jharkhali), and agricultural fields also shows similar 
reflectance/NDVI values as the open natural patch mangrove. To minimize this error, intensive field survey is 
conducted to identify natural mangrove patches pertaining to particular NDVI value class between 2010 to 2013.  

Following the above procedure, three sites are selected in each of the regions namely Central and Eastern 
Sundarbans. And an average estimate is taken from these sites to calculate the representative percentage cover in 
the two parts. 

Table 1: Percentage Cover of the Mangrove species of Eastern and Central Sundarbans. 
Serial 

Number 

Species Percentage 

cover(Eastern 

Sundarbans) 

Percentage 

cover(Central 

Sundarbans) 

1 Acanthus ilicifolius 2.747253 7.317073 

2 Acanthus volubilis 1.648352 0 

3 Aegialitis rotundifolia 1.648352 5.487805 

4 Aegiceras corniculatum 2.197802 4.878049 

5 Aglaia cuculata 1.098901 0 

6 Avicennia alba 1.098901 7.926829 

7 A. marina 3.296703 12.80488 

8 A. officinalis 0.549451 4.268293 

9 Brownlowia tersa 4.395604 0 

10 Bruguiera cylindrica 4.395604 1.219512 

11 Bruguiera gymnorrhiza 4.945055 3.658537 

12 Bruguiera sexangula 3.296703 0 

13 Ceriops decandra 6.593407 1.829268 

14 Ceriops tagal 9.89011 4.878049 

15 Clerodendron inerme 4.395604 4.878049 

 Derris trifoliata 0 3.658537 

16 Excoecaria agallocha 5.494505 3.04878 

17 Finlaysonia obovata 1.648352 0 

18 Heritiera fomes 4.395604 0 

19 Kandelia candel 8.791209 0 

20 Lumnitzera racemosa 3.846154 0 

21 Nypa fruticans 3.296703 0 

22 Phoenix padulosa 0.549451 22.56098 

23 Rhizophora mucronata 7.692308 0.609756 

24 Sonneratia apetala 5.494505 1.829268 

25 S. grifithii 0.549451 0 

26 Suaeda sp 0 9.146341 

27 Xylocarpus granatum 2.197802 0 

28 X. mekongensis 3.846154 0 

 
Sorenson’s Simiarity index calculated in the two sites is 0.7, which indicates that both the habitat are similar 

in structure but the percentage cover shows that the central sundarbans have a relatively more abundance of 
Phoenix padulosa which is a edaphic-subclimax than it’s eastern counterpart (Figure 4). 
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Figure 4: Comparative study of the species percentage cover of Central and Eastern Sundarbans 

 
The salt loving species like Avicennia marina [9], Suaeda sp and Phoenix sp predominates in central 

sundarbans which makes it difficult for fresh water loving Rhizophoraceae members like Kandelia sp and 
Rhizophora sp, true mangroves like Heretiera fomes, Nypa fruticans, and endangered mangrove associates [1], 
like Acanthus volubilis, Aglaia cuculata, Brownlowia tersa, Cassytha filiformis (mangrove parasitic flora) and 
Finlasonia obovata to survive in the central parts but can be noticed in Eastern part though in limited abundance. 
The understory like Derris trifoliate is seen in the central parts.  

 
V. Conclusion 

The assessment of biodiversity and analysis of remote sensing LISS III image has shown marked differences 
in species abundance in Central and Eastern parts of Indian sundarbans. The fresh water loving mangrove 
associates and true mangrove members are getting rarer in central parts whereas they are prevalent in the east. 
The analysis also concludes that though structurally both the habitat have similar composition the species 
assemblages are different. Sundarban is the world’s largest contiguous mangrove forest and is a world heritage 
site, so periodic in depth assessment of mangrove biodiversity using conventional and remote sensing tools is 
essential for formulating effective management plans for proper maintenance and sustenance of this unique 
ecosystem.  
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