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Macro-level environmental factors that determine the area, species diversity and biomass of the 
mangrove wetlands of India are analysed. On the basis of the spatial and temporal variations in 
these factors, major mangrove wetlands of India are classified. The Sunderbans and Mahanadi 
mangroves can be classified as tide-dominated, whereas Godavari, Krishna, Pichavaram and 
Muthupet mangrove wetlands can be grouped as river-dominated. The mangrove wetlands of 
Gujarat fall under the category of drowned-river valley type. Changes in some of the environmental 
factors, particularly changes in the periodicity and quantity of freshwater that flows into mangrove 
wetlands are examined, which indicates that reduction in freshwater flow would lead to reduction 
in the diversity of exclusive mangrove plant species. The current classification system can be util-
ized to develop strategies for long-term conservation of mangrove wetlands. 
 
THE coastal zone of the mainland of India and Andaman 
and Nicobar islands is endowed with the presence of ex-
tensive and diverse mangrove wetlands. These mangrove 
wetlands act as a barrier against cyclones, avoid coastal 
erosion and provide nursery grounds for a number of 
commercially-important fish, prawns and crabs. Some of 
these mangrove wetlands play an important role in en-
hancing the fishery production of the adjacent neritic 
waters by exporting organic and inorganic nutrients1. The 
environmental setting of this multiple-use ecosystem is 
governed by physical forces such as geomorphology of 
the coast, climate, tidal amplitude and duration, and 
quantity of freshwater inflow2–4. These macro-level envi-
ronmental factors of mangrove wetlands undergo changes 
both in time and space, and these changes are reflected 
in the mangrove forest composition and structure5,6. 

Understanding the development of mangrove forest 
communities through time, with reference to changing 
environmental condition, is a basic requirement to de-
velop and implement mangrove conservation and man-
agement plans. In this article the environmental setting of 
the mangrove wetlands of India are described and a 
classification system is provided. Changes in the floristic 
and forest structure of these mangrove wetlands due to 
changes in some of the macro-level environmental fac-
tors are also discussed. 

Geomorphic settings of the mangrove wetlands 

On the macro scale, geomorphic settings of the mangrove 
wetlands of the east coast of India are different from 

those of the west coast7. The costal zone of the west coast 
is narrow and steep in slope due to the presence of the 
Western Ghats. Secondly, there is no major west-flowing 
river. As a result, mangrove wetlands of the west coast of 
India are small in size, less in diversity and less compli-
cated in terms of tidal creek network. On the other hand, 
mangrove wetlands of the east coast are larger, high in 
diversity, and water-bodies associated with mangroves 
are characterized by the presence of larger brackish 
water-bodies and a complex network of tidal creeks and 
canals. This is mainly due to larger delta created by east-
flowing rivers and gentle slope of the coast. According to 
Forest Survey of India (FSI)8, out of 4,87,100 ha of 
mangrove wetlands in India, nearly 56.7% (2,75,800 ha) 
is present along the east coast, and 23.5% (1,14,700 ha) 
along the west coast, and the remaining 19.8% 
(96,600 ha) is found in the Andaman and Nicobar islands 
(Table 1). 

Environmental setting of mangrove wetlands of 
the east coast 

Along the east coast of India, environmental setting of 
the mangrove wetlands differs widely from north to 
south. 

Sunderbans 

Sunderbans is the largest mangrove wetland in the world. 
It covers an area of about 1 mha, of which 60% is located 
in Bangladesh and the remaining western portion, com-
prising 40%, lies in India9. The Indian part of the Sun-
derbans is located in the western part of the Ganges–
Brahmaputra delta. Ganges and Brahmaputra rivers are
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Table 1. Mangrove wetlands of India 

 Mangrove Total area of the Actual forest  
State  wetland  wetland (ha)* cover (ha) 
 

East coast  

 West Bengal Sunderbans 4,26,000 2,12,500 
 Orissa Mahanadi 67,000 21,500 
 Andhra Pradesh Godavari 33,250 24,100 
 Krishna 25,000 15,600 
 Tamil Nadu Pichavaram 1,300 900 
 Muthupet 13,000 1,200 
West coast 

 Gujarat Gulf of Kutch 58,200 85,400 
 Gulf of Khambat 53,123 17,700 
 Other mangroves    – –    11,600 
Andaman and Nicobar islands Andaman islands   92,900 
  Nicobar islands –    3,700 
Total   4,87,100 

*Records of the State Forest Department. 

 
 
snow-fed and have a number of large distributaries and 
rivulets through which freshwater is supplied to the Sun-
derbans mangroves throughout the year. Because of this, 
salinity of the water both within the mangrove forest as 
well as near the sea is lower than that of the sea water 
even during summer months10. The Sunderbans region 
has a warm humid climate with an annual rainfall of 
about 1600 to 1800 mm. It receives rainfall during the 
southwest monsoon season, which starts in June and 
continues until October, with occasional rainfall through-
out the year. The degree of aridity calculated on the basis 
of the ratio P/Etp (ref. 3), where P is the mean annual 
rainfall and Etp is the potential evapotranspiration, is 
> 0.75. 
 The mean sea level in the Sunderbans is about 3.30 m 
and the mean highest high water level (MHHW) and 
mean lowest high water level (MLHW) are 5.94 and 
0.94 m respectively11. Due to gentle slope of the coast 
and large tidal amplitude, tidal water penetrates at an 
average distance of 110 km inland from the shoreline and 
in some areas, the effect of the tides is felt over 300 km 
inland9. The geomorphology of this mangrove estuary is 
funnel-shaped with numerous linear, tidal mud flats and a 
network of tidal channels. These mud flats lie more or 
less perpendicular to the shoreline and parallel to the  
direction of tidal flow. Presence of large tidal flats is a 
common feature in tide-dominated mangrove estuaries, 
where strong tidal currents work and rework the sedi-
ments to create such tidal flats4. In the Sunderbans, dur-
ing the monsoon rains, the estuarine regime is influenced 
by the interaction of the headwater discharge and the 
tides, which together influence the seaward drift of the 
sediment. During reduced inflow of freshwater, strong 
tidal currents govern the estuary and influence the up-
stream sediment movement. The tidal mud flats provide 
suitable microenvironment for colonization of the man-

grove plants, which grow into dense and tall mangrove 
plant communities. The total area of the Indian part of 
the Sunderban mangrove wetland is about 4,10,000 ha, of 
which 2,12,500 ha is occupied by mangrove forest8 and 
1,78,100 ha is water body9. 

Mahanadi mangrove 

Mahanadi mangrove is present in the mid-region of the 
Orissa coast, about 250 km south of the Sunderbans 
mangrove. It is located in the combined delta of the riv-
ers Mahanadi, the Brahmini and Baitarani, which are in-
terconnected. Distributaries of the Mahanadi and Brah-
mini join together near the coast and have a common 
estuarine region. Similarly, Baitarani at its lower reaches 
drains into the river Brahmini and these two rivers have a 
common mouth near a place called Dhamra12. Bhitar-
kanika mangrove wetland, which is one of the important 
mangrove genetic resources of the world13, is located in 
the estuarine environment created by Brahmini and Bai-
tarani. Since the mangrove forest of the Mahanadi delta 
receives freshwater from three rivers, they are rich in 
species diversity and dense and tall like the Sunderbans. 
The annual rainfall is about 1600 mm. Nearly 70% of the 
rainfall occurs during June to October (southwest mon-
soon) and 30% is experienced during November to Janu-
ary due to winter rainfall. The region has sub-humid 
climate (indicating that the winter rainfall is deficient) 
and P/Etp varies between 0.5 and 0.75. The tide is semi-
diurnal in type and tidal amplitude of about 4.5 m was 
recorded in the mouth region of the estuary and 2.8 m 
inside the estuarine region. However, Untawale11 indi-
cated that the MHHW and MLHW in the Mahanadi man-
grove are about 2.58 and 0.71 m respectively. The mean 
sea level in the region is about 1.66 m. Because of the 
influence of the high-tidal amplitude on the ecology of 
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Mahanadi estuary, Upadhyay14 classified it as tide-domi-
nated coastal plain estuary. Due to variation in freshwater 
flow and tidal water penetration, water salinity within the 
mangrove wetland varies from 2 to 6 parts per thousand 
(ppt) during peak monsoon season, 18 to 30 ppt during 
winter season and 25 to 32 ppt during summer months14. 

Godavari mangrove 

Godavari mangrove wetland is located in Andhra Pradesh 
(AP), in the delta created by the river Godavari. The 
Coringa mangrove wetland, the largest mangrove in AP, 
occupies the northern portion of the Godavari delta. The 
river Godavari branches into Vasishta and Gautami near 
Dowleswaram, which is considered as the head of the 
delta. Two distributaries, namely Coringa and Gaderu 
branching-off from the northern bank of the rivers 
Gautami-Godavari, supply freshwater to the Coringa 
mangroves. Freshwater flows into the mangrove wetlands 
of the Godavari delta for a period of six months and peak 
flow normally occurs during July to September, coincid-
ing with the southwest monsoon season. During this pe-
riod the entire delta, including the mangrove wetland is 
submerged under freshwater, since penetration of sea 
water is completely blocked by the large amount of in-
coming freshwater15. Brackish water condition prevails 
from October to February and sea water dominates the 
entire mangrove wetland from March to May due to ab-
sence of freshwater discharge. It has been recorded that 
the river Godavari has changed its course towards south 
in recent years and as a result, the amount of freshwater 
reaching the Coringa mangroves is reduced, affecting the 
growth and distribution of less saline-tolerant mangrove 
species16. The drainage basin of the river Godavari occu-
pies an area of 3.1 × 105 km2 and the mean annual dis-
charge is 1.05 × 1014 l. 
 The climate in this region is sub-humid and mean an-
nual rainfall varies between 1200 and 1300 mm. The dry 
season extends for about six months, from December to 
May (if the rainfall during a month is equal to or less 
than twice the mean atmospheric temperature, then that 
month is called a dry month)3. The mean sea level in 
Godavari mangrove wetland is about 0.87 m and the 
MHHW is 1.54 m and MLHW is 0.20 m (ref. 14). A 
large bay called Kakinada Bay is associated with the 
northern part of the Godavari estuary. It has a long sand 
spit in the eastern side, which separates Kakinada Bay 
from the Bay of Bengal. This bay is shallow, about 2 m 
in depth and during low tide many of the areas of this bay 
are exposed. By measuring the growth of the sand spit 
with the available map prepared in 1789, it has been es-
timated that previously the mangrove was at about 6 km 
inside the present shoreline. This is an indication for ex-
pansion of the mangrove into the sea, a characteristic 
feature of the river-dominated mangrove wetland4. 

Krishna mangrove 

The Krishna delta is the seaward-extended land mass 
created by alluvial deposit of the river Krishna. Geomor-
phologically, the Krishna delta comprises bays, tidal 
creeks, extensive tidal mudflats, spits and sand bars17. 
The seaward growth of the delta resulted in the formation 
of extensive Nizampatnam Bay in the south and Masu-
lipatnam Bay in the north. The Krishna delta starts near 
Vijayawada and its first distributary, namely Ham-
saladevi branches-off 60 km downstream from Vijaya-
wada. This distributary runs northward and meets the sea 
near Machillipatinam. Two distributaries, namely Gol-
lamattapaya and Nadimeru branch out 30 km downstream 
from Hamsaladevi distributary. The main Krishna river 
flows southward to the above two distributaries and joins 
the sea near a point called False Divi Point18. Mangroves 
are abundant in three islands located between Gollamat-
tapaya and Nadimeru distributaries and Krishna river. 
The total area of the drainage basin of the river Krishna 
is about of 2.6 × 105 km2 and the mean annual discharge 
is 6.0 × 1013 l (ref. 19). 
 As in the case of river Godavari mangroves, the man-
grove wetland of Krishna delta also receives freshwater 
for about six months. The salinity level in the Krishna 
mangroves is always high, since evaporation in the 
Krishna river is 15% more than that in the Godavari19. 
The tidal amplitude in the Krishna mangroves is only 
90 cm, the MHHW is 1.10 m and MLHW is 0.20 m. The 
mean sea level is 1.1 m. 

Pichavaram and Muthupet mangroves 

Pichavaram and Muthupet mangrove wetlands are lo-
cated in the northernmost and southernmost ends respec-
tively, of a large delta called the Cauvery delta and the 
distance between the two mangrove wetlands is about 
180 km. Unlike the other mangrove wetlands of the east 
coast, both the Pichavaram and Muthupet mangroves 
receive freshwater mostly during the northeast monsoon 
season from October to November. Thus, in these two 
mangrove areas dry season is long, extending from Feb-
ruary to September and corresponding to it, the average 
salinity of the mangrove water is also high during the dry 
season, ranging from 35 to 45 ppt. In some of the pockets 
of the Muthupet mangrove wetlands, water salinity as 
high as 75 ppt has been recorded20. The climate is sub-
humid and P/Etp ranges between 0.5 and 0.75. Compared 
to other mangrove wetlands of the east coast of India, the 
tidal amplitude of the Pichavaram and Muthupet man-
groves is very low, MSL is about 0.34 m, MHHW is 
about 0.67 m, and MLHW is about 0.03 m. Like any 
other delta, the Cauvery delta also has a number of dis-
tributaries and one among them is river Coleroon. The 
Pichavaram mangrove is located in the redundant delta of 
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this river and mangrove vegetation is absent in the active 
delta of the river Coleroon. The presence of mangroves 
in either redundant or abundant delta and its absence in 
the active delta is another characteristic feature of river-
dominated mangrove wetlands4. In the case of Muthupet 
mangrove wetlands, six distributaries of the Cauvery 
delta discharge their water into it and form a large lagoon 
before reaching the sea. 
 Thus, area of the mangrove wetlands, amount and 
periodicity of freshwater flow and tidal amplitude 
progressively decrease along the east coast from the 
northernmost mangroves (Sunderbans) to the southern 
most mangroves (Muthupet). On the other hand, the 
number of dry months is high in the southern mangroves 
than in the northern mangrove wetlands. Such variations 
in environmental setting have their own influence on the 
flora, fauna and fisheries of these mangrove wetlands. 

Environmental setting of mangrove wetland of 
the west coast 

In the west coast of India, major wetland is present in 
Gujarat. Nearly 77% of the Gujarat mangroves are con-
fined to the Gulf of Kutch and the remaining are found in 
the Gulf of Khambat region21. The mangroves in this re-
gion are developed under extremely arid climate 
(P/Etp = 0.3 to 0.5). The bioclimate is hot, with a rather 
cold season, subdesertic, with very strong average annual 
thermal amplitude of about 12°C. The average rainfall in 
the Gulf of Kutch is about 470 mm and the dry season 
continuous from October to June. In the Gulf of Kham-
bat, annual rainfall is slightly higher, 900 mm, but the 
dry period is for eight months2. Freshwater discharge 
from any perennial river does not take place in this man-
grove wetland. It has been described by the Space Appli-
cations Centre17 that in the Gulf of Kutch, marine 
processes are dominant throughout the year due to negli-
gible freshwater discharge, whereas the Gulf of Khambat 
is nothing but an ‘extension of the sea on the land’. The 
total area of the mangrove wetlands of Gujarat is about 
1,05,100 ha of which dense mangrove vegetation is pre-
sent only in about 21,500 ha (20% of the total area) and 
remaining area is constituted by degraded mangroves and 
saline-encrusted mudflats17. Analysis of the sediment 
sample taken 2 km from the shoreline of the Gujarat 
coast shows that sea level stood about 20 m below the 
present sea level about 8000 to 9000 years ago22. This 
clearly indicates that the present mangrove areas of Guja-
rat were inundated due to rise in sea level and thus can be 
classified as drowned-valley type mangroves. 

Environmental setting of mangrove wetland of 
the Andaman and Nicobar islands 

The Andaman and Nicobar island region is an important 
archipelago of the Indian territory, situated about 

1150 km east of the southeast of India, near Burma and 
Sumatra. This archipelago comprises two groups of is-
lands (i) the Andaman, the biggest group with 204 is-
lands distributed over an area of 6400 km2. The total area 
of the mangrove wetland in this group of islands is about 
1,15,000 ha; (ii) the Nicobar group is smaller than the 
Andaman group, but it is less explored. Out of the 22 
islands, 12 remain practically uninhabited. The geology 
of the Andaman–Nicobar archipelago is complex. There 
is a great diversity of sedimentary rocks dominated by 
sandstone. Locally, conglomerates or calcareous rocks 
are found to form the cliffs of the islands. One important 
phenomenon of this region is the numerous recent vol-
canic activities in the southern part of the Andaman. 
Some of the islands of the Andaman group are volcanic 
in origin23. The climate is humid and annual rainfall in 
the Andaman and Nicobar group of islands is about 
2750 mm and 3080 mm respectively. In the Andaman 
group, there is a marked dry season, extending from 
January to March, whereas in Nicobar island there are no 
dry months since monthly rainfall even during January to 
March exceeds 150 mm. The tidal amplitude in the An-
daman and Nicobar islands is about 1.90 m. The man-
groves of Andaman and Nicobar islands are gregarious, 
dense and diverse in nature and found along the tidal 
creeks, bays and lagoons. The tidal creeks often form 
outlets to the rain-fed streams that flow from the interior 
and carry silt to the shore to form muddy plains facilitat-
ing the spread and regeneration of mangroves24. Chatter-
jee25 showed that in both the Andaman and Nicobar 
islands, there are remains of raised coral beaches and 
wave-cut cliffs on both the sides of the coast, indicating 
the carbonaceous nature of the soil. 

Classification of Indian mangrove wetlands 

Currently, two major classification systems developed by 
Lugo and Snedaker26 and Thom4 respectively, are com-
monly followed to classify mangrove wetlands. The clas-
sification system developed by Thom4 can be used to 
group mangrove wetlands on a regional scale. It is based 
on three groups of dynamic factors, namely (i) geophysi-
cal (changes in sea-level, climatic conditions and tidal 
properties of a region), (ii) geomorphic (character of 
sedimentation, dominance of particular processes–wave 
or river, tidal or river, etc. and micro-topography of the 
wetland), and (iii) biological. On the basis of these char-
acters, Thom4 identified five environment settings for 
mangrove wetlands that occur on coasts dominated by 
terrigenous sediments, and three settings for carbonate 
platforms. On the basis of this system, environmental 
settings of the Indian mangroves can be classified as 
given in Table 2, and some of the tide and river-domi-
nated mangrove wetlands of the east coast of India are 
shown in Figure 1. 
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Table 2. Environmental setting of mangrove wetlands of India 

Mangrove Setting Dominant features 
 

Sunderbans and Mahanadi Tide-dominated allochthonus High tidal range with strong bi- 
 mangroves   type of mangroves  directional current; main river channels 
   funnel-shaped with extensive tidal-flat, 
   colonized by mangroves. 
 
Krishna and Godavari man- River-dominated allochthonus Rapid deposition of terrigenous material; 
 groves of Andhra Pradesh,  type of mangroves  delta expand seward; mangroves 
 and Muthupet and Pichavaram   dominate in the region of abundant  
 mangroves of Tamil Nadu   delta; active delta found nearby without 
   mangrove vegetation. 
 
Gulf of Kutch and Gulf of Drowned bedrock valley type Bedrock valley drowned by rising 
 Khambat mangroves of  of mangroves  sea-level; relatively small river delta 
 Gujarat   could be seen at the head of the valley; 
   tidal delta may occur in the mouth of 
   the estuary. 
 
Andaman and Nicobar Carbonate platform on low Platform slowly accreting due to the 
 Island mangroves   energy coasts type of   accumulation of marl (calcareous) 
   mangroves  and peat; coral reef or sand barrier 
    mitigate wave energy and allow fringe 
    mangrove to grow extensively in 
    shallow water area. 

 

 
 

Table 3. Environmental characters and floristic of major mangrove wetlands of India 

 Source of Annual average Total rain- Dry Tidal Number of 
Mangrove  freshwater discharge (m2/s) fall (mm) months amplitude (m) species Dominant species 
 

East coast of India 

 Sunderbans Ganges and 1,13,776* 1600 to 4 4.8 26 Excoecaria agallacha, 
   Brahmaputra  1800     Ceriops decandra and 
         Sonneratia apetala 
 Mahanadi Mahanadi, 32,956** 1600 4 4.5 26 E. agallocha 
  Brahmani       C. decandra and S. apetala 
 Godavari Godavari 29,207 1100 6 1.34 17 E. agallocha, Avicennia 
         officinalis and S. apetala 
 Krishna Krishna 14,775 1200 8 0.90 12 Avicennia marina 
 Pichavaram and Cauvery 2,641 1300 8 0.64 11 A. marina 
 Muthupet 

West coast of India 

 Gulf of India No major river – 470 8 2.2  8 A. marina 
 Gulf of Khambat No major river – 900 8 –  8 A. marina 
Andaman and No major river – 2750 to 3080 3 1.90 24 Rhizophora apiculata and 
 Nicobar islands        R. mucronata 
         Ceriops tagal 

*Most of the water flows only into the eastern part of mangrove wetland of the Sunderbans which lies in Bangladesh. 
**Does not include annual mean flow of the Baitarani river which also contributes to the mangrove wetlands of Mahanadi delta. 

 
 
 The system developed by Lugo and Snedaker26 pro-
vides scope to divide a mangrove wetland into smaller 
units based on micro-topographical features with respect 
to mean sea-level, frequency of tidal inundation into the 
areas and appearance of forests. According to this system 
six community types could be identified, each has its 
own set of environmental variables such as soil type and 

depth, soil salinity, tidal flushing rates. Each of these 
community types also has its own range of primary pro-
duction, litter decomposition and carbon export along 
with differences in nutrient cycling rates, and factors that 
determine the role of mangroves on the bioproduction of 
adjacent water bodies. Application of this system in clas-
sifying each mangrove wetland into different community
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Figure 1. Some tide- and river-dominated mangrove wetlands of east coast of India. 
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types requires intensive field studies. Only limited atten-
tion is paid to this aspect. 

Mangrove floristic  

The total number of exclusive or true mangrove plant 
species in the world is 68, and they belong to 27 genera6. 
Out of the 68 species, 51 are present in the South Asian 
mangrove wetlands and 33 are recorded in the mangrove 
wetlands of India9,16,27–30. Table 3 shows the number and 
dominant species of mangrove wetlands of India with 
reference to various physical factors. As indicated in 
Table 3, number of species and biomass is high in the 
mangrove wetlands, which receive more freshwater 
through river discharge and where rainfall is high and 
number of dry month is less. In these mangrove wetlands, 
low saline-tolerant species are dominant. On the other 
hand, in the mangrove wetlands where salinity is high 
due to low rainfall and less freshwater run-off and high 
number of dry months, species diversity is low and a few 
species like Avicennia marina, which is considered as the 
most saline-tolerant mangrove species, dominate2. Re-
garding biomass, available literature indicates that it is 
high in the Sunderbans, Andaman and Nicobar island 
mangroves and low in Tamil Nadu and Gujarat man-
groves9. 

Changes in mangrove floristic 

In most of the mangrove wetlands the floristic has 
changed dramatically. In the Sunderbans, Heriteria fomes 
was the most abundant species and attained more than 
30 m in height in the past. Now it has completely disap-

peared from the Indian part of the Sunderbans and only 
limited population is present in the Bangladesh Sunder-
bans. Similarly, in the Pichavaram mangrove wetlands 
Xylocarpus granatum, Sonneratia apetala, Kandelia can-
del and Bruguiera gymnorhiza were present till re-
cently31,32, but now, no individual of these species is 
present. Palynological studies carried out in Muthupet 
mangrove wetland indicate that true mangrove species 
belonging to Rhizophoraceae were the dominant species 
about 150 years ago, but now they are locally extinct32. 
According to Mathuda33, dense and tall trees of Avicen-
nia officinalis, Excoecaria agallocha and Luminitzera 
reacemosa constituted nearly 90% of the population of 
the Godavari mangrove wetlands in 1950s, but now they 
constitute only 37% of the population. On the other hand, 
bushes of Suaeda maritime and S. monica constitute 
nearly 40% of the population29. These two species are 
halophytes but not true mangrove species and they can 
tolerate salinity as high as 100 ppt. In general, current 
status indicates that except in Andaman and Nicobar is-
lands, in all other mangrove wetlands of India, low 
saline-tolerant species are gradually disappearing and 
species like A. marina which can tolerate a high and 
broad range of salinity are becoming dominant. 
 The main reason for such changes is reduction in the 
periodicity and quantity of freshwater reaching the man-
grove environment. The floral components, forest struc-
ture and biomass of the mangrove wetlands are deter-
mined at the micro level by soil and pore-water salinity 
(salinity of the water that is present in the pores of the 
soil34–37). The relationship between soil and pore- 
water salinity and macro-physical forces are shown in 
Figure 2. Among the factors that control soil and pore-
water salinity, climate, tidal amplitude and mineral con-

 

 
Figure 2. Macro-level environmental factors affecting soil and pore-water salinity of mangrove wetland and its 
biological characters. 
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tent of the soil could not be changed in a short duration 
by human activities. On the other hand, construction of 
dams in the upstream areas can change inflow of fresh-
water effectively in a short duration. In many of the 
Indian mangrove wetlands, freshwater reaching the 
mangroves considerably reduced from late 19th centaury 
due to diversion of freshwater in the upstream area38,39. 
For example, the amount of freshwater reaching the 
Pichavaram mangroves through river Coleroon has re-
duced from 73 TMC (thousand million cubic feet) in 
1920s to 31 TMC in 1980s, to 3–5 TMC in 1990s30 due to 
construction of large and small dams since 1924. 
 Another important example is the changes that have 
taken place in the floristic of the Indian part of the Sun-
derbans due to reduction freshwater. Due to neo-tectonic 
movement, the Bengal Basin is slowly tilting towards the 
east. The raising of the western region of the Sunderbans 
separated the ancient branches of the river Ganges from 
the area which today comprises the Indian part of the 
Sunderbans40,41. Now the main deltaic region and highest 
level of freshwater run-off are restricted to Bangladesh 
Sunderbans. As a result, the salinity of Bangladesh Sun-
derbans is much lower than that of the Indian Sunder-
bans. Because of this, the Bangladesh Sunderbans is 
characterized by the presence of large population of less 
saline-tolerant or freshwater-loving species such as Heri-
tiera fomes and Nypa fruticans, whereas in the Indian 
part of the Sunderbans, low stands of E. agallocha, 
Agiceras corniculatum and Ceriops decandra are com-
mon. Even after shifting of the Ganges and Brahmaputra 
towards the east, the amount of freshwater reaching the 
Indian part of the Sunderbans makes its salinity lower 
than that of the other mangrove wetlands of India. Ex-
perimental evidences indicate that at high salinity, man-
grove plants spend more energy to maintain water 
balance and ion concentration rather than for net primary 
production and growth36,42,43. Hence, increase in salinity 
due to reduction in freshwater flow would lead to disap-
pearance of the low salinity tolerant species through 
gradual decline of the population41. 

Conclusion 

The ecology of the mangrove wetlands is influenced by a 
number of macro-level physical forces. Among them, the 
quantity and periodicity of freshwater flow plays a sig-
nificant role in determining the species diversity, biomass 
and forest structure. This is especially important for 
river-dominated mangrove wetlands since the flora of 
these mangrove wetlands is more susceptible to reduction 
in freshwater flow than tide-dominated mangrove wet-
lands. Secondly, species selection for plantation or resto-
ration of degraded mangroves needs to be based on the 
currently available species. Any attempt to reintroduce 
the low-saline species that were lost from a mangrove 

wetland might not succeed without increasing the fresh-
water flow. For example, attempts to reintroduce Son-
neratia apetala, Xylocarpus granatum and Bruguiera 
gymnorhiza in the Pichavaram and Muthupet mangrove 
wetlands failed because of high soil salinity. Thirdly, 
river-dominated mangroves characterized by high nutri-
ent influx and strong out-welling from mangrove forests, 
play a significant role in maintaining the fishery produc-
tion of the adjacent coastal waters4. Hence, reduction in 
freshwater flow would affect the amount of nutrient ex-
ported to coastal environment and thereby affect fishery 
production. Thus, in order to save the current floral di-
versity and biomass of the mangrove wetlands as well as 
fishery production of the adjacent coastal waters, pre-
vention of further reduction in freshwater inflow into the 
mangrove wetlands should be one of the main objectives 
of mangrove conservation and management plans. 
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