
85



86

Abbreviations Used:

Zone A (Northern Blocks-STR) - Pirkhali (Pk), Panchmukhani (Pmk), Jhilla (J) | Zone B (Southern Blocks-STR) - Bagmara (B), Gona (G), 

Mayadwip (Md) | Zone C (Central Blocks-STR) - Chamta (C), Chandkhali (Ck), Goashaba (Gb) | Zone D (Eastern Blocks-STR) - Arbesi (A), 

Khatuajhuri (K), Harinbhanga (H) | Zone E (Western Blocks-STR) - Matla (M), Netidhopani (N), Chottohardi (Cd) | Zone F (S-24 Parganas) - 

Herobhanga (Hb), Ajmalmari (Aj), Dhulibhasani (D), Chulkati (Cl), Thakuran (T), Saptamukhi (S), Muriganga (Mg)

A - abundant;    F - frequent;    R - rare;   O - occasional;    L - local;    CD - co- dominant
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Table – 5. Traditional uses of Mangroves and associated flora for Medicinal Purposes 
in the Indian Sundarbans

Community Dependencies and Traditional Use

The local communities use mangrove resources for a number of 
purposes which include fuelwood, fodder, tannin suitable for 
leather work and also for curing and dyeing of fishing nets, 
timber for construction of houses and boats, thatching of roofs, 
medicinal requirements, fish, honey, and many other uses. 
Honey collection is a traditional group activity in the 

Sundarbans for a two-month period, from April to May. Though 
honey collection is purely seasonal, it serves as a livelihood 
source for the population. 

The mangrove trees are also traditional sources of a number of 
treatments for common ailments. The details of the medicinal 
uses of mangrove plants as reported are highlighted in table 5.
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Table – 6. Number of mangrove associates used for traditional and consumtion purpose.

Among the mangrove associates of the Sundarbans, only 7 
species are used as fuel, out of which 5 are trees or shrubs and 2 
are salt marshes. Cynometra ramiflora, Clerodendrum inerme, 
Dalbergia spinosa, and Thespesia populnea are the major 
fuelwood plants. Timber is obtained only from 8 tree species. 
Twelve species of fodder plants have been reported and most of 
them are herbaceous. Ten species of non-mangroves supply 

their different parts for food to local inhabitants. It has been 
known that 40 species have medicinal potentialities and local 
people are using these plants as and when required (Naskar 
2007). Twelve species locally used for thatching materials, 
tannins, mats, dye, paper pulp, oil, and vermifuge and help in 
cottage industries. The use of non-mangrove plants is shown in 
table 6.
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Acanthus 
volubilis  is 
restricted to 
Sundarbans

Table 7 : Red list categories of Mangrove

Status and Threats

Kathiresan (2002) has critically evaluated 
the Indian mangrove species and 
designated 25 species as either rare, 
endemic, or restricted in distribution in 
India. These include Aegialitis rotundifolia 
(confined to West Bengal, Orissa, and 
Andhra Pradesh); Aglaia cucullata, 

Brownlowia tersa, Heritiera fomes, Merope angulata, 
Tylophora tenuis, and Thespesia populneoides (restricted to 
West Bengal and Orissa); Phoenix paludosa, Finlaysonia 
obovata, Sonneratia griffithii, Xylocarpus granatum, and 

Xylocarpus mekongensis (restricted to West Bengal, Orissa, 
and Andamans) ; Nypa fruticans (restricted to West Bengal and 
Andaman); Acanthus volubilis (restricted to the Sundarbans); 
and Sarcolobus carinatus (restricted to the Sundarbans, the 
Godavari delta, and Andaman). 

Publications by Naskar and Guha Bakshi (1987), Naskar and 
Mandal (1999), and Ghosh et al. (2002) have mentioned the 
presence of Scyphiphora hydrophyllacea in the western and 
southern parts of the Indian Sundarbans and the abundance of 
Sonneratia apetala in the Indian Sundarbans.

Mangrove species has been categorized under IUCN (2011): Red 
List of Threatened Species (table7). 

According to IUCN (2011), Hertiera fomes has a very restricted 
distribution in South Asia. IUCN (2011) also reports that 
populations of this species in India and Bangladesh are rapidly 
declining and may qualify as 'critically endangered' at a regional 
level. This rapid decline of the species in the case of the Indian 
Sundarbans can be attributed to habitat degradation in the form 
of decline in sweet water influx and also to some extent, 
poaching pressures on this high-quality timber-producing tree.

Major mangrove ecosystems worldwide occur between the 

ranges of mean sea level and high tidal elevations and have 
distinct species zonations that are controlled by the elevation of 
the substrate relative to mean sea level. With the rise in sealevel, 
the habitat requirements of each species will obviously be 
disrupted and species zones will suffer mortality at their present 
locations and reestablish at higher elevations in areas that were 
previously landward zones. However, the Sundarbans is an area 
devoid of any such distinct elevation zones and in the context of 
sea-level rise. Although many models suggest and record sea-
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Xylocarpus granatum 
and Xylocarpus 
mekongensis, Ceriops 
decandra, Avicennia 
spp. and  Excoecaria 
agallocha face 
significant threat

level rise in the area, GIS maps of the last 16 years indicate both 
erosion and accretion, with erosion rates slightly more than 
accretion ranges. 

The threats, which are also perceived to be problems for habitat 
maintenance of the mangroves in the Indian Sundarbans, 
include pollution from sewage effluents, solid wastes, siltation, 
oil, and agricultural and urban runoff. Natural threats include 
frequent cyclones, hurricanes, and tidal surges. Other problems 
which deteriorate the conditions for survival and maintenance 
of the ecosystem include poaching, illegal timber harvest, illegal 
fishing and honey collection activities, and indiscriminate 
prawn seed collection. 

Though considerable and viable populations of Xylocarpus 
granatum and Xylocarpus mekongensis exist within the forests 
of the Indian Sundarbans, these two species face significant 
threat due to poaching and illegal felling as both of them have 
high quality and are much sought after timber, comparable to 
teak. Two more species, which are afflicted by illegal felling 
pressures, include Ceriops decandra, Avicennia spp., and 
Excoecaria agallocha. These two are mainly illegally collected 
for supplementing fuel wood requirements of the fringe area 
populations.

ECOLOGICAL IMPORTANCE AND NEED FOR 
CONSERVATION

Mangrove swamps not only have a 
high rate of primary productivity but 
also export organic matter and 
support a wide variety of aquatic, 
benthic, and terrestrial organisms. 
The decomposition of mangrove 
litter produced is an important stage 
in nutrient dynamics in these 

estuarine ecosystems and is mainly governed by factors like the 
availability of oxygen, substrate characteristics, and animal and 
microorganism activity. Mangrove detritus is probably more 
important as a substrate for microbial activity and represents 
more of a nutrient and carbon sink rather than a source for 
adjacent habitats (Kathiresan and Bingham 2001). 

The ability of mangroves to deal with intense sunlight rays and 
solar UV-B radiation have been reported by Moorthy and 
Kathiresan (1997). Mangrove foliage produces flavonoids that 
serve as UV-screen compounds. Rhizophoracean species show 
greater solar UV-B tolerance than other mangrove species. This 
ability of mangroves makes the environment free from the 
deleterious effects of UV-B radiation. Mangroves like 
Rhizophora spp. are also reported to act as a protective force 
against these natural calamities (McCoy et al.1996). Kathiresan 
and Rajendran (2005b) have concluded that tsunami-induced 
human deaths and property losses were lower behind 
mangroves and sand dunes in Pichavaram. The role of 
mangroves and sand dunes in mitigating the effects of tsunamis 
has been proved using satellite data in the same area (Danielsen 
et al. 2005). It is believed that the dense growth of mangroves in 
the Sundarbans saved West Bengal in India and Bangladesh 
from the impact of the tsunami.

The mangroves of the Sundarbans provide a wide variety of 
ecosystem services, namely protection from natural calamities 
as buffer, erosion control, and imparting shoreline stability by 
controlling nutrient and sediment distribution in estuarine 
waters; maintenance of water quality and supply; maintenance 
of near-shore marine habitats, providing food, shelter, and 
breeding grounds to a variety of terrestrial, benthic, inshore, 
offshore, and marine organisms; replenishment, rejuvenation, 
and reclamation of soil; and clean air and other common 
property resources that all have economic as well as intrinsic 
value. Although not traded in conventional markets, these are 
eventual reasons for which conservation efforts are imperative.

The studies on litter fall made by Mukherjee (2004) reported 10 
species to be quite dominant in the Indian Sundarbans: 
Rhizophora mucronata, Bruguiera gymnorhiza, Bruguiera 
parviflora, Ceriops decandra, Avicennia officinalis, 
Sonneratia apetala, Heritiera fomes, Xylocarpus 
mekongensis, Xylocarpus granatum, and Excoecaria 
agallocha. Out of these, the maximum litter fall was found 
during the summer season, for the species Rhizophora 
mucronata, Bruguiera gymnorhiza, Ceriops decandra, 
Heritiera fomes, Xylocarpus granatum, Xylocarpus 
mekongensis, and Excoecaria agallocha. However, on the basis 
of a single collection during summer, Excoecaria agallocha 
showed the highest value. The case is the reverse for Bruguiera 
parviflora, which showed the least litter fall in summer and the 
highest during monsoon. The other two species, Avicennia 
officinalis and Sonneratia apetala, produce the highest litter 
fall in monsoon. In a single season, Excoecaria agallocha was 
found to produce the highest litter fall. This may be attributed to 
the fact that Excoecaria agallocha experiences total leaf fall 
during summer.

Mukherjee (2004) also observes that when the dissiminules 
were isolated in the case of Rhizophora mucronata during post-
monsoon collection, the highest litter fall was found in the form 
of leaves and twigs and the least litter fall in the form of bark. 
Other species follow the same trend, that is, in all the species, the 
maximum litter fall is found in the form of leaves and twigs 
during different seasons for different species. Minimum litter 
fall in the case of Bruguiera parviflora was found in the form of 
fruits during winter; in Ceriops decandra it was found in the 
form of flower during monsoon; in Avicennia officinalis it was 
found in the form of flower during post monsoon. Minimum 
litterfall in Sonneratia apetala was found in the form of bark 
during summer season. The species like Heritiera fomes and 
Xylocarpus mekongensis showed the least litter fall in the form 
of flower in the same season, that is, in winter. The other species 
of Xylocarpus, that is, Xylocarpus granatum showed 
minimum litter fall in the form of bark. Excoecaria agallocha 
showed minimum litter fall during summer in the form of 
flower. During monsoon, all the species except Sonneratia 
apetala and Avicennia officinalis exhibited reduced litter fall, 
whereas these two species exhibited increased litter fall. It was 
evident that taller mangroves of the evergreen species, namely 
Rhizophora, Bruguiera, and Sonneratia are more productive in 
litter production in the context of the Sundarbans mangrove 
ecosystem. 
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Erosion is a major threat to species stability and regeneration in 
the entire Sundarbans. In recent times, plantation works related 
to mangrove regeneration have been undertaken by the Forest 
Department in inshore mudflat areas which have suitable soil 
profiles and only mangrove species are planted with a view to 
stop soil erosion. Afforestation in the mudflats, which are prone 
to erosion and are close to the villages, is one of the major ways 
of controlling soil erosion. Species which are planted as potted 
seedlings include Xylocarpus granatum (Dhundul), 
Sonneratia apetala (Keora), and Heritiera fomes (Sundari). 

The species that are planted with naked roots are Rhizophora 
apiculata (Garjan), Bruguiera gymnorhiza (Kankra), and 
Nypa fruticans (Golpata). The species whose seeds are dibbled 
are Avicennia spp. (Baen), Excoecaria agallocha (Genwa), and 
Ceriops spp. (Goran). Mukherjee (2004) studied the phenology 
of the major mangrove species of the Indian Sundarbans, which 
gives a calendar of suitable time for seed collection and nursery 
works (table 8). 

Table - 8. Phenology of Mangrove Species in the Indian Sundarbans
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An assessment of the status of these plantations by means of 
regular monitoring reveals that Avicennia and Bruguiera are 
the only species which are able to withstand the biotic and 
abiotic pressures on these plantations, along with which a very 
negligible population of Rhizophora and Sonneratia were 
found to survive (Mukherjee 2004). 

Inevitably, management of most mangrove species involves 
management of the ecosystem at large. On a more precise scale, 
it is understood that the threat to each mangrove species varies 
in magnitude and dimensions. The reasons and extent of 
vulnerability of each species and the management thereof is an 
important research area. The knowledge would facilitate 
assessment of mangrove species' resilience to different 
disturbances. The other domains of information and knowledge 
that are imperative to formulating proper management 
strategies include comprehensive data on hydrogeological 
components related to both land and water phases that govern 
the dynamics of the ecosystem and creation of a detailed stock 
map of the area using remote sensing, GIS technology, and 
intensive ground truth verification. 

Another major perceivable threat comes in the form of climate 
change, with the IUCN (2011) attributing this as a major cause 
for decline of a number of mangrove species worldwide. It is a 
matter of concern that if the present rates of change prevail, the 
Sundarban mangroves could disappear as sea levels rise 
because the forests' natural response to retreat further inland is 
blocked by natural features and man-made obstructions. The 
management strategy for the Sundarbans should include 
limiting coastal development and creating provisions for the 

mangrove forests to spread inland. Rehabilitation of former 
mangrove areas and creation of new mangrove habitats through 
intensified afforestation programs should also be an integral 
component of such policies.

With regard to harnessing economic benefits from the 
mangrove species, a dilemma ensues on whether we really need 
to use every natural resource available on the face of this earth 
directly, in the name of sustainable utilization or elsewise. In 
any case, the wide variety of ecosystem services that the 
mangroves provide are valuable commodities though not traded 
in conventional markets and this is reason enough for 
imperative conservation efforts. 

Considering the conservation aspects, development of tools and 
techniques for in situ and ex situ conservation of the mangrove 
species is an area of research most needed, especially for the 
dwindling species identified to be under maximum threat. The 
techniques under consideration would include tissue culture, 
cryopreservation, and DNA banks to begin with. Moreover, the 
mangroves play a major role in sustaining and enhancing the 
livelihoods of the large fringe area population. This indicates 
not only the importance of people's participation in the 
conservation efforts as accepted worldwide but also a situation 
where it is absolutely necessary to involve local participation in 
the conservation exercise, keeping in mind the limited 
livelihood options available and extreme periodic climate 
incidents. Although participation alone cannot serve as an 
exhaustive tool for conservation, the success story will definitely 
depend on factors such as institutional or legal frameworks and 
capacity building of various stakeholders of the system. 
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Phoenix paludosa Ceriops decandra
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PROTOZOA Protozoa literally mean the first animals. It was 
Goldfuss (1817) who introduced the term protozoa (in 
Greek, proto means first and zoon means animal) but 
earlier applied it to a variety of simple organisms, 
including unicells, sponges, cnidarians, rotifers, and 
bryozoans. 

N. C. NANDI 
Protozoologist

2577 SPECIES 
OF PROTOZOA FROM 
INDIA WHICH 
CONSTITUTE ABOUT 
8 PER CENT OF THE 
TOTAL 31,250 
PROTOZOAN SPECIES 
OF THE WORLD

Later, the cellular nature of living organisms was discovered and 
the distinction between unicellular and multicellular organisms 
was clarified. Von Siebold (1845) restricted the term protozoa 
only to 'one-celled animals'. Protozoa can be characterized as 
microscopic, single-celled, eukaryotic organisms, ranging 
between 5 µm and 250 µm in length, that occur in all sorts of 
habitats and hosts, from the deepest ocean bed to the highest 
mountain tops and from tropical soils to Antarctic snows, and 
even habitats with little moisture. They represent highly 
heterogeneous groups of organisms and sometimes they may 
appear to be simple but these are the most complex cells known 
because all the biological and biochemical mechanisms for a 
complex lifestyle are contained within these single cells (Sleigh 
1991). None of these single-celled animalcules, even if they lead 
a colonical ('polycellular') life, either joined by cytoplasmic 
threads or embedded in a common matrix, depend on other cells 
of the colony for survival. As such, all protozoa, whether 
unicellular or 'polycellular', are unified by the fundamental 
concept of single-celled organization. Protozoans may be free-
living, in soil and water, and parasitic among vertebrate and 
invertebrate hosts.

Protozoans being diverse organisms with divergent lifestyles, 
morphologies, habits, and reproductive cycles, debate 
continues on the phylogenetic relationships among unicellular 
organisms and about their evolutionary relationship to 
multicellular plants, animals, and fungi. However, for the 
purpose of this study, protozoa, as a group, is considered as the 
subkingdom Protozoa under the kingdom Protista comprising 
seven phyla: Sarcomastigophora, Labyrinthomorpha, 
Apicomplexa, Microspora, Ascetospora, Myxozoa, and 
Ciliophora. This is according to the classification scheme of 
Levine et al. (1980) even though the phylum Myxozoa has been 
excluded from the kingdom Protista on both morphological and 
molecular phylogenetic evidences for its origin in a clade of 
parasitic cnidarians, as reviewed by Siddal et al. (1995).

Historically, it was Annandale (1907), the first Director of the 
Zoological Survey of India, Kolkata, who made the first report of 
two protozoan ciliate species from the brackish-water ponds of 
Port Canning from the Sundarbans. Pearse (1932) reported a 
gregarine from the intestine of an estuarine crab Metaplax 
dentipes, also from Port Canning. Afterwards, Ray and 
Dasgupta (1936, 1937) recorded a coccidian parasite from the 
intestine of the Indian cobra Naja naja from the Sundarbans. 
Tripathi (1952) reported a myxosporidian parasite, 
Sphaeromyxa theraponi, from the estuarine fish Therapon 
jarbua from Port Canning. Shetty et al. (1961) and 
Gopalakrishnan (1971) reported a number of free-living 
flagellates, rhizopods, and ciliates from the planktonic samples 
of the Hugli-Matla estuary. Mandal and his co-workers 
(1964–1984) made valuable contributions in reporting 
haemoflagellates and the coccidian parasites of fishes and birds 
of this region. Choudhury and Nandi (1973) described two new 

species of myxosporean parasites of the estuarine gobiid fish, 
Boleophthalmus boddaerti. Tiwari (1978) recorded five species 
of termite flagellates from Sagar Island. Mandal and Choudhury 
(1981–1988) contributed to the study on intestinal parasites 
and reported two species of piroplasms of wild mammals of the 
STR. Nandi et al. (1984) reported a few species of avian 
haemoproteids from Sagar Island. Ray and Sarkar (1985) 
recorded a new species of coccidian parasite in wild boar, Sus 
scrofa. Ghosh and Choudhury (1986, 1987) and Basu et al. 
(1987) isolated a few species of amoebae from the soil of Sagar 
Island. Jamadar and Choudhury (1988) made major 
contributions to the entocommensal ciliates of marine and 
estuarine mollusks, while Ray and Choudhury (1992–2003) 
made such studies from anuran hosts. Nandi et al. (1993) 
recorded a number of free-living protozoa from the Sundarbans 
and furnished a consolidated list of 104 protozoan species of the 
Sundarban mangrove  ecosystem.  Asmat  (2001) ;  
Bandyopadhyay and his associates (2004–2006); Basu and 
Haldar (2004); Gangopadhyay and Ray (2005); Sarkar 
(1994–2008); and Mandal and Ray (2006–2009) described 
several new species of protozoan parasites belonging to 
different phyla. However, in this place, an updated list of 
protozoan species is prepared based on scattered records as well 
as consolidated documents available relating to different groups 
from various sources (Das et al. 1993; Nandi 1984; Basu 2002; 
Haldar et al. 2002; Nandi and his co-workers 1983–2004; 
Mandal 1984; and so on)  

OVERVIEW 

Taxonomically, protozoa are 
considered the most primitive 
animals in the classical classifi -
cation, but in the current class-
ification, they have been treated as 
more primitive than animals and 
hence, they are placed under the 
kingdom Protista. 

At the global level, there are about 
65,000 known species of protozoa. 
Of these, more than half are fossil 
forms and over 10,000 species are parasitic in nature. Among 
the living species of Protozoa in the world, Sarcomastigophora 
account for about 60 percent, Ciliophora 23 percent, 
Apicomplexa 13.75 percent, Microspora 1.75 percent, and 
Myxozoa 1.5 percent of the total number (Mandal et al. 1991; 
Das 1998). 

Mandal et al. (1991) and Das (1998) estimated a total of 2,577 
species of protozoa from India, which constitute about 8 per 
cent of the total 31,250 protozoan species of the world. A 
comparative estimate of living protozoan species of the world as 
well as from India, according to a 1993 estimate, is presented in 
table 1.

2.6
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SYNOPTC VIEW

A total of 104 species have earlier 
been recorded from the Sund -arban 
mangrove ecosystem by Nandi et al. 
(1993). At present, a total of 171 
protozoan species belonging to 86 

genera that have been reported from the Indian Sundarbans are 
summarized in table 2 and enlisted in the annexure. These 
protozoan species belong to four phyla: Sarcomastigophora (62 
species under 29 genera); Apicomplexa (36 species under 15 
genera); Myxozoa (25 species under 12 genera); and Ciliophora 
(44 species under 19 genera). Out of 62 species belonging to the 
phylum Sarcomastigophora, 25 species represent the 
subphylum Mastigophora while 36 species represent the 
subphylum Sarcodina and one species comes under the 
subphylum Opalinata. 

It is worth mentioning that out of seven phyla, three phyla, 
namely Microspora, Ascetospora, and Labyrinthomorpha, have 
not so far been reported from the Indian Sundarbans. Also, 
there is no such account of protozoan diversity from other 
mangrove ecosystems in India and elsewhere, including the 
Bangladesh Sundarbans (Macnae 1968; Das and Dev Roy 1989; 
Hong and Hoang 1993; Chaudhuri and Choudhury 1994; 
Hussain and Acharya, 1994). Among the free-living protozoan 

species, dinoflagellates and foramiiferans are two important 
groups of marine and estuarine Sarcomastigophora which have 
not yet been adequately explored from the Sundarban region; 
this is also true of the tintinnid ciliate species. Among the 
parasitic protozoa, gregarines, haemogregarines, and 
piroplasms are the least-studied group. The phylum Myxozoa, 
whose members are well-known fish parasites, is represented 
by four species only. The entocommensal ciliates of shellfish 
from this region are also well studied. The symbiotic protozoan 
species from termites were reported by Tiwari (1978), but no 
study of ruminant ciliates has so far been made from the wild 
deer population or from any domesticated ruminant mammals 
of the Sundarbans. A comparison of the protozoan species 
reported so far from the Sundarbans as well as West Bengal (Das 
et al. 1993a, b, c; Nandi et al. 1993) reveals the dearth of protozoa 
faunal investigation from the Sundarbans (see table 3). It may 
be mentioned here that the free-living protozoa are available in 
all possible aquatic and terrestrial niches where little moisture 
is found, while more than two protozoan parasites (including 
symbiotic species) on average are expected to be recovered from 
each invertebrate and vertebrate host species (Mandal et al. 
1991; Das 1998). On this ground, it is assumed that the protozoa 
from the Indian Sundarbans may increase manifold if a 
thorough investigation is undertaken by taxonomic experts of 
this branch of science.  

171 PROTOZOAN 
SPECIES ARE 
REPORTED FROM 
INDIAN SUNDARBANS

Table 1. Estimated number of families, genera and species reported from the world and in India 
(Source : Mandal et al., 1991; Das, 1998 )

Total
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Table 3. Estimated number of genera and species reported from West Bengal (1993) 
and the Sundarbans (present report)

It is evident from the listed species (annexure) that the 
collection localities of protozoan species in several cases are not 
specified, for example, the Hugli-Matla estuary, mangrove 
forest, and so on. As such, the distribution pattern of protozoans 
recorded from the Indian Sundarbans could not be effectively 
indicated at the development block level. In fact, locality records 
of the species simply indicate the sites from where the 
collections were made by the researchers and do not reflect 
actual distribution pattern of protozoan diversity in the 
Sundarbans region. In general, many protozoan species may 

occur throughout the Sundarbans if they are not ecologically 
restricted by habitat and host.   

A perusal of available data reveals that several species of 
protozoa are well-known as the causative agents of dreadful 
diseases of man and domestic animals of the Sundarbans, such 
as malaria, kala-azar, amoebiasis, giardiasis, and coccidiosis. In 
the human intestine, for instance, a few species of amoebae are 
found, of which only one, Entamoeba histolytica, is a widely 
prevalent parasitic species causing amoebic dysentery in man 
while others are harmless to the human they inhabit, living on 

Table 2. Number of families, genera and species reported herein from Indian Sundarban

Total
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bacteria and food fragments. Such a relationship is known as 
commensalism. Mandal and Choudhury (1982–1988) reported 
a considerable number of parasitic protozoans comprising 
intestinal flagellates, coccidians, and amoebae, including 
Entamoeba infection of cervid animals in the STR. Sarkar 
(1994–2008) recorded several myxosporean infections in 
estuarine and marine fishes. Myxosporean parasites have been 
known to cause the disease 'myxosporidiosis' and the death of 
fishes by infecting vital organs like the gills, brain, heart, and 
skeletal system (Kalavati and Nandi 2007). Jamadar and 
Choudhury (1988) observed a number of ciliated protozoa 
inhabiting marine and estuarine gastropods and bivalves. 

In India as well as at the global level, despite reports of the 
disease being caused by protozoan species, studies dealing with 
pathology in fishes, shellfish, and wild animals are very few and 
fragmented. Though the exact nature of many of these 
protozoan parasites of man and his domesticated animals as 
well as from fishes and shellfish are not known, it is felt that their 
prevalence and pathogenecity need to be understood to prevent 
and control disease and/or for management purposes. 
However, there are a large number of beneficial protozoa that 
form an important component of zooplankton, and their 

skeletons (tests and lorica) may contribute to calcium and chalk 
deposits. 

Further research can be directed initially toward investigation 
and documentation of protozoans, especially estuarine and 
marine protozoans of the Sundarban coast to determine their 
role in the ecosystems as well as the production potentials of 
testacids and foraminiferans occurring in this region. Besides 
these, protozoan diseases of wild animals and fishes need to be 
thoroughly investigated for overall growth, production, and 
management of commercially important species in addition to 
wildlife.

STATUS AND THREATS

However, so far no protozoan species has been recognized as 
threatened or endangered species per se and none of the species 
of protozoa occurring in freshwater, marine, estuarine, or 
terrestrial ecosystems of the Sundarbans could be ascertained 
as keystone species. Thus, no specific conservation measure for 
protozoan species is suggested. However, strategies adopted for 
conservation of ecosystems as well as macro-invertebrates and 
particularly vertebrates will ensure the conservation of 
protozoan species in the Sundarbans. In fact, protozoan species 
will be conserved if their habitats and hosts are conserved.     
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Source : Nandi et al. (1993), Das et al. (1993), Asmat (2001), 
Basu (2002), Haldar et al. (2002), Mitra and Haldar (2004), 
Mitra and Bandyopadhyay (2005), Bandyopadhyay and his 
associates (2004-2006), Basu and Haldar (2004), 
Gangopadhyay and Ray (2005), Sarkar (1994-2008) and 
Mandal and Ray (2006-2009) Nandi and Das (2010).

Abbreviation : STR = Sundarban Tiger Reserve.

Note : The list of species is prepared based on literature 
consulted from West Bengal State Fauna Series volume 3 (part 

12) by Das et al. (1993) and also from Nandi et al. (1993) as well 
as consulting researchers, internet and other relevant 
literatures on the subject. Still, there are possibilities of 
omissions in consulting relevant records as a number of related 
references could not be specifically recognized as originating 
from Sundarban region based on their titles. Such omissions 
would be incorporated and updated as and when pointed out by 
researchers in this field of science.  
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MOLLUSCA Molluscs are the largest group in the animal kingdom after 
insects, are highly adaptive, and occupy all possible 
habitats except aerial. Originally marine, they have spread 
into freshwater and from there into the land, where they 
now are almost equal to the marine forms in species 
number. Primarily inhabitants of the intertidal and littoral 
zones of the ocean, molluscs descend to great depths. ANIRUDHA DEY 

Malacologist

Telescopium sp.

Indian molluscan 
diversity is about 
5.8% of the global 
diversity and less 
than the Indian 
faunal diversity 
of 6.67%

Table 1: Estimated species number under each class

Molluscs are structurally a heterogeneous group of organisms, 
which are popularly known as shells or by different names such 
as snails, slugs, mussels, oysters, clam, cuttle fishes, octopuses, 
and squids. They are a highly diversified group of animals, with 
different shapes, sizes, habits, and habitats. Molluscs appeared 
in the Cambrian period, about 600 million years ago and 
grouped into different classes. Ancient molluscs, which crawled 
about on rocks and other hard substrata of the oceans gradually 
passed through a transitional tubellariform stage and a 
transitional mollusca stage before evolving into the advanced 
molluscan stage by the Cambrian period. At present, the 
molluscs are represented by seven classes, of which five are 
represented from India. 

Molluscs are distinguished into 7 classes: Aplacophora, 
Polyplacophora, Monoplacophora, Gastropoda, Cephalopoda, 
Bivalvia, and Scaphopoda, of which classes Aplacophora and 
Monoplacophora are not represented from India. It is difficult 
to precisely mention the number of families in each group; 
however, a general estimate is 586 families in the phylum and 
279 families from the Indian territory.

Molluscs have successfully adapted to different ecological 
conditions. They act as an important component of biomass. 
They are the first living creatures to have hard shells and the 
early man was perhaps attracted to these shells. The association 
of man and molluscs date back to prehistoric times. 

OVERVIEW 

The occurrence  o f  d iverse  
ecosystems and habitats in India 
has given scope for rich species' 
diversity. Globally, molluscs are 
estimated between 50,000 and 
150,000 by different authors. 
Abbott (1954) estimates a total of 
100,000 existing species, of which 
80,000 are snails, 15,000 are 
bivalves, and the remaining 5,000 
are in other classes. A more 
conservative estimate of species by 
Winckworth (1932) lists 31,643 
marine, 8,765 freshwater, and 
24,503 terrestrial species. 

Molluscan diversity in India is 
about 5.28 percent (table 1) of the 
global diversity, which is less than 
the total Indian faunal diversity of 
6.67 percent. The work on the 
Indian malacofauna has been 
mainly concentrated on common 
and easily available molluscs, which do not need any special 
techniques for collection. However, the actual molluscan 

diversity may be higher than the 
present diversity estimates.

Molluscs constitute an important 
component of the marine biodiversity 
of India on the East and West coasts, 
the islands of Lakshadweep, and the 
Andaman and Nicobar Islands. Five 

major classes, namely Polyplacophora, Gastropoda, Bivalvia, 
Scaphopoda, and Cephalopoda, are represented from India. 
These include 3,509 species in all, of which 2,181 are marine, 
1,129 are land, and 199 are freshwater. At the family level, about 
47.6 percent of the families known from the world are 
represented in India, and the Sundarbans represents 26.49 
percent of the total Indian representation. 

Among the five classes represented, Polyplacophora is 
represented by 20 species from India, which is 4.0 percent of the 
total global representatives. Of the total global representation, 

the class Gastropoda is represented by 2,706 (5.41 percent); 
Cephalopoda 56 (18.67 percent); Bivalvia 709 (4.73 percent); 
and Scaphopoda by 18 (3.0 percent). 

Further, all the earlier investigations in the Indian mangroves 
were biased toward the more conspicuous and easy-to-collect 
gastropods and bivalves. However, from the data available it is 
seen that no other mangroves have such a diversity of species as 
the Sundarbans. The total number of marine species recorded 
from various mangroves are Sundarbans 133 (6.09 percent); 

Total

2.7
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Mahanadi 32 (1.46 percent); Godavari 77 (3.53 percent); 
Krishna 15 (0.68 percent); Vellar 42 (1.92 percent); and 
Andamans 93 (4.26 percent) (table 2 and figure 1). The 
sheltered marine mangroves support a rich diversity of the 
malacofauna in the Andaman Islands. 

The Indian mangroves are considered as part of estuarine 
ecosystems and major molluscs found are estuarine and marine 
molluscs. The families that have been the major contributors 
toward molluscan diversity are Neritidae, Littorinidae, 
Stenothyridae, Assimineidae, Potamididae, Ellobiidae, 
Onchidiidae, Arcidae, Mytilidae, Ostreidae, Solenidae, 
Tellinidae, Corbiculidae, Veneridae, Pholadidae, and 
Teredinidae. The richness of the Andaman fauna, after the 
Sundarbans, is due to the presence of more marine components.

The gastropods (snails and slugs) species which are common to 
all Indian mangroves and estuaries are Neritina (Dostia) 
violacea (Gmelin); Littoraria (Littorinopsis) scabra 
(Linnaeus); Littoraria (Palustorina) melanostoma (Gray); 
Assiminea brevicula Nevill; Cerithidea cingulata (Gmelin); 
Cerithidea obtusa Lamarck; Telescopium Linnaeus; Natica 
tigrina (Roeding); Natica gualteriana Recluz; Nassarius 
stolatus (Gmelin); Cassidula nucleus (Gmelin); and Ellobium 
aurisjudae (Linnaeus). Terebralia palustris (Linnaeus), which 
has been reported from other Indian mangroves and estuaries, 
is conspicuously absent from the Sundarbans. On the other 
hand, Salinator burmana (Blanford) is known from the 
Sundarbans and the Irawaddy delta. Mainwaringia 
paludomidea (Nevill) is endemic to the Sundarbans. 

SYNOPTIC VIEW

Diversity

In the Sundarbans, the molluscs are 
represented by 177 species under 80 
families (Dey 2008), of which 14 species 
are terrestrial, 30 species are freshwater 
species, and 133 are estuarine and marine 
species (annexure and table 3). Gastropoda 

is represented by 102 species (3.77 percent); Cephalopoda by 7 
species (12.5 percent); Bivalvia 67 species (9.45 percent); and 
Scaphopoda by single species (5.56 percent) of the total Indian 
species. The cephalopods representations are generally more in 
the cases of molluscs but the Sundarbans area is exempt from 
that. However, the bivalves representation, 9.45 percent, which 
is higher than the normal range of 5.04 percent, may be due to 
the suitability of the substratum and the presence of mangroves 
from these areas. 

Among the bivalves, two typical mangrove associates, 
Isognomon isognomon  (Linnaeus) and Enigmonia 
aenigmatica (Holten), occur in all the mangroves, but the 
former is absent from the Sundarbans. The molluscan diversity 
in the Sundarbans is rich in comparison to other Indian 
estuaries and mangroves. Some of the families have their 
representatives only in the Sundarbans and not in other 
estuaries and mangroves. The age and size of the Hugli-Matlah 
estuary, rich sediments, and more stable conditions in certain 
areas may be the factors that have contributed to the richness of 
molluscan diversity.

DISTRIBUTION 

Major molluscs found at the Sundarbans are estuarine and 
marine; however, some occur in freshwater and terrestrial 
ecosystems. Most of them are of intertidal habit except the 
cephalopods. The estuarine and marine molluscs of the 
Sundarbans mainly represent the malacofauna of the Hugli-
Matlah estuary. 

The macro-benthic estuarine and marine molluscs of the 
Sundarbans can be broadly grouped under three categories: (a) 
those living attached to stems, pneumatophores, and leaves of 
the living plants (arboreal); (b) those living or attached in the 
crevices of dykes, bricks, wooden pillars, and jetties; and (c) 
those living on the muddy substratum, either moving freely on it 
(epifauna) or burrowing into it (infauna). A few gastropod 
species may have overlapping habitats. Species which are 
arboreal usually do not occur on the ground except for a short 
duration. Those living in the crevices of dykes, jetties, and so on 
do not usually forsake the crevice-dwelling habit. However, 
there are certain exceptions like Potamacmaea fluviatilis and 
Nerita (Amphinerita) articulata which are usually attached to 
mangroves, but when the area is devoid of mangrove vegetation, 
the snails are found in crevices, jetties, and so on. Pseudanachis 
duclosiana are found attached to pneumatophores and in 
clusters in brick crevices but are often found crawling on the 
muddy substratum. 

Thirteen species of gastropods dwell in the crevices of dykes, 
jetties, and brickwork or under pillars. Eight species of bivalves 
are recorded as borers. Seven species of cephalopods that are 
inhabitants of the sea are regular migrants to the estuary. The 
maximum numbers of species (52 gastropods, 41 bivalves, and 

Table: 2. Marine Molluscan diversity in different Estuaries
/Mangroves of India.

Fig. 1: Molluscan diversity, Families, Genera and Species 
in different mangroves of India. 

Pythia sp.

SUNDARBAN 
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DIVERSITY 
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BY 177 SPECIES 
UNDER 80 
FAMILIES
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one scaphopod) are sub -stratum dwellers. Bivalves live buried 
in the mud whereas a few gastropods species have the habit of 
getting below the mud surface.

A number of gastropods are amphibious or semiter -restrial. 
The snails of the families Littorinidae, Nerit -idae, 
Assimineidae, Potam -ididae, and Ellobidae occur in areas 
which remain exposed during a large part of the day. These 
families have a good representation in the mangrove biotope. 
There are certain species which live entirely submerged in water 
even during the low tide. Species of Stenothyra, Haminoea, and 
Nassarius are always found partly submerged in water. Ellobids 
occur at the supralittoral level, followed by littorinids which 
generally occur at the high-water mark. 

Based on the salinity (table 4 and figure 2) (in an upward 
concentration range) and other physical parameters, this 
estuary has been divided into five zones (Jhingran 1982): 

(a) Zone - I : Upper zone - Nabadwip to Konnagar

(b) Zone - II : Middle zone or gradient zone Konnagar 
to Diamond Harbour

© Zone - III : Lower or marine zone Diamond Harbour 

to the mouth of the estuary

(d) Zone - IV : River Rupnarayan

(e) Zone - V : River Matla 

The first three zones integrate into each other and are within the 
stretch of the main Hugli River which debouches into the Bay of 
Bengal at Sandhead. Zones IV and V are somewhat isolated but 
have connections with the main estuary. Littoraria scabra, 
Onchidium tenerum, O. tigrinum, O. typhae, Assiminea 
francessi, Neritina (Dostia) violacea, Stenothyra deltae, and 
Telescopium have wider distribution. All these species, except 
Assiminea francessi, do not occur in Zone I, whereas Assiminea 
francessi has not extended its distribution to Zone V. 
Telescopium telescopium and Natica tigrina occur in Zones III 
and V, with little extension to Zone II. Among littorinids, 
Littoraria scabra is found from Zone II to Zone V. Except the six 
freshwater species, all other bivalves are restricted to Zones II 
and V, with preponderance in the latter. Freshwater species are 
restricted to Zone I, and at the other extreme, there are a 
number of species which do not extend their distribution above 
or the lower reaches of Zone V. In general, there is a paucity of 
molluscs in Zone IV. 

Table 3: Diversity of Mollusca

Total

Table 4: Distribution of molluscs - zone wise in Sundarbans
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Nerita articulata
Cerithidea sp.

The distribution and relative abundance of molluscs is not 
2uniform throughout. Their abundance varies from 2 to 10 per m  

2in the case of Cerithidea obtusa, 5 per m  for Pugilina 
2cochlidium, 1,400 to 1,500 per m  in the case of Cerithidea 

2cingulate and C. alata, and 2,320 to 2,800 per m  for Meretrix 
meretrix. The maximum population density recorded for any 
molluscs was that of M. meretrix (Misra and Barua 1987). The 
gastropod species, in order of relative abundance in their 
habitats, are Gangetic miliacea, Assiminea brevicula, 
Cerithidea cingulata, C. alata, Stenothyra deltae, A. 
beddomeana, Littoraria (Littorinopsis) scabra, Haminoea 
crocata, Telescopium telescopium, and Pugilinus cochlidium. 
All other species do not form large populations. Bivalves, in 
order of their abundance, are Meretrix meretrix, Pelecyora 
trigona, Macoma birmanica, Saccostrea cucullata, and 
Sphenia perversa. Most of the bivalves occur in beds which have 
concentrations of their population. The majority of bivalves 
were observed to prefer a sheltered estuarine zone, usually in 
the lower or middle zone of the exposed mudflats. In Matla 
River, the bivalves are so dominant in the middle zone that out 
of four broad zones based on indicator animals, two were 
recognized in the lower zone (Meretrix) and the lowest Dosinia 
zone (Pelecyora) (Misra and Barua 1987).

Bivalves are found in creeks and mudflats. Since a majority of 
them are burrowers, intertidal water is enough for maintaining 
the moist conditions needed for their survival. The majority of 
them are found at mid-water level as the exposure time is less 
compared to the zone at high-water level. However, Pharella 
javanicus occurs near high-water level, buried within the 

2substratum, with a population of 6 t0 8 numbers per m  (Subba 
Rao et al. 1992). Out of the total 92 species recorded, 19 species 
inhabit the substratum either near or within the mangrove 
isotope. 

Based on the salinity tolerance, the animals of the Sundarbans 

can be placed in five categories as oligohaline, true estuarine, 
euryhaline, stenohaline, and migrants. The majority of molluscs 
are sedentary and come under the first five categories, and a few 
species (cephalopods) fall under the category of migrants. Seven 
species of cephalopods have been found to migrate into Matla 
River (Zone V). The occurrence of their eggshells at Jharkhali, 
about 60 km from the sea suggests that these species are regular 
migrants to this river when conditions are favorable. There is no 
influx of freshwater into Matla River and the drop in salinity not 
very significant, as a result of which a large number of 
stenohaline marine molluscs occur in this zone.

In Zone I, typical freshwater conditions prevail and 17 species 
(14 gastropods and 3 bivalves) are recorded, of which two 
species Septaria lineata and Thiara scabra are oligohaline and 
also extend into Zone II; Assiminea francessi is a true estuarine 
mollusc, extending its distribution to Zones I and II. Two other 
assiminids, A. beddomeana and A. brevicula, are not found to 
penetrate into Zone III. 

Local Community Dependencies and Traditional 
Usage

The association of molluscs and man 
is very old, dating back to prehistoric 
times. Evidences are there to show 
that the shell trade existed in ancient 
Iran and southern Asia (Durante 
1979). Shells have fascinated man 
from the time they came in contact 
with molluscs. These natural objects 
were considered as mysterious and 

marvelous creations of nature, and gradually, man attributed 
magical and mythical powers to shells and started creating 
various articles out of them. 

In the Sundarbans, 14 land molluscs were recorded under 11 
genera and 8 families, including one introduced species, the 
giant African snail Achatina fulica (Bowdich). None of them 
have any commercial value except two species, Achatina fulica 
fulica and Macrochlamys indica, which are agri-horticultural 
pests and are common in vegetable gardens. Very few shells of 
aesthetic value are found from the Sundarbans. 

Freshwater molluscs are represented by 30 species, under 21 
genera and 15 families, of which 6 species are used as food for 
humans as well as for birds and fishes (Dey 2008). These species 
also have medicinal value and are used to cure asthma, arthritis, 
joint swelling, and rheumatism and quick healing of wounds, 
rickets in children, and conjunctivitis. The freshwater molluscs 
have high nutritive value and are easily digestible. Some species 
are intermediate hosts for many important parasites of sheep, 
cattle, and man. 

Molluscan shells are important raw material for calcium and 
calcium-based industries since 33 to 40 percent of the shell is 

Fig. 2: Zone wise distribution of genus and species of 
molluscs in Sundarban.

14 LAND 

AND 30
FRESHWATER
SPECIES ARE OF
IMPORTANCE TO
LOCAL COMMUNITY
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calcium and 90 to 98 percent in the form of calcium carbonate. 
These shells are used in the preparation of stalked lime in many 
parts of the country but are mainly used for poultry feed in the 
Sundarbans. Huge quantities of shells collected from the river 
beds, river mouth, canals, and different areas of the Sundarbans 
are brought to Canning, where they are crushed into powder and 
sent to different parts of West Bengal to be used as a source of 
calcium in poultry feed. Bojan (1984) reported that about 1,200 
tons of shells were crushed annually and used for making 
poultry feed. Dey (2008) reported that 100 to 150 tons of shells 

of Anadara sp., Crassostrea spp., Meretrix sp., and Pelecyora 
sp. are crushed annually at a shell factory in Canning and used 
for poultry feed (figures 3, 4, and 5).

Ecological Importance and Need for Conservation

Molluscs have an important role in ecosystems by drawing a 
small amount of calcium from the environment for the 
formation of shells and releasing more into the environment. 
The estuarine molluscs play an important role in the formation 
of organic detritus in the estuaries. The Littoraria species 
(mainly L. [Palustorina] melanostoma) show an obligate 
association with mangrove trees or salt marsh vegetation. This 
species is most common near the seaward edge of swamps, 
where the mangrove vegetation provides the two most 
important habitats—areas with more frequent submergence 
and areas which are mainly bare wet mud. A number of bivalves 
are highly specialized and are clearly mangrove associates. 
Enigmonia aenigmatica and Pharella javana are indicators of 
a mangrove habitat. Polymesoda (Geloina) bengalensis is 
reported to be endemic to mangrove habitats. Mangrove 
representatives like Laternula truncata and Galuconome 
sculpta have remarkable adaptation to thrive close to the 
seaward fringe. 

Research reveals that the bioaccumulation of metals in 
organisms is metal, organ, and organism specific (Saha et 
al.2006). Intertidal bivalves are the major macrozoobenthos of 
the Sundarban estuary and are widely distributed along the 
eastern and western part of the Sundarbans. These species are 
tolerant to a wide range of temperatures and salinity and are 
readily distinguishable from other species. All these 
characteristics enhance their value as index species for 
biomonitoring. 

Saha et al. (2006) evaluated the status of metal conce -ntrations 
in the representative biota inhabiting the Sundarban wetland 
environment to assess their potential for biomonitoring of 
metal contamination. The high concentration of copper, 
cadmium, and zinc found in Saccostrea cucullata makes it a 
prime candidate for biological monitoring of pollutants in 
terms of bioaccumulation potential. 

Zuloaga et al. (2009) reported higher levels of polycyclic 
aromatic hydrocarbons (PAHs) in the visceral mass of 
Sanguilonaria acuminata. The carcinogenic compounds 
benzo (a) phenanthrene, benzo (k) fluoranthene, and benzo (a) 
anthracene seem to prevail in the visceral mass and gills of 
Sanguilonaria acuminata in Ganga Sagar, and this could be 
efficiently used as a bioindicator of PAH contamination. The 
prevalence of these PAHs draws immediate attention as they 

are hazardous to the health of many organisms feeding on them, 
especially shore birds. The year-round availability of this 
multicolored species, together with its easy handling, ample 
biomass for chemical testing, and unique bioaccumulation 
potential, also provides sound reasoning for its use as a 
bioindicator species.

STATUS AND THREATS

Habitat alteration and indiscriminate exploitation by man 
threaten the molluscs, like all other animal groups. Molluscs are 
characterized by low mobility, small populations, and patchy 
and isolated distributions. They are very sensitive to 
environmental changes. The majority of marine molluscs 
respond to external disturbances. Even the construction of a 
jetty in Port Blair adversely affected the pearl oyster (Pinctada 
fucata) population. Patterson Edward and Ayyakkanu (1992) 
report that the dredging operation in the lagoon of Minicoy 
affected the population of the giant clam (Tridcna maxima). 

The coastal environment of the Sundarbans also suffers from 
environmental degradation due to intensive boating, tourist 
activities, and agricultural and aqua-cultural practices. A 
significant ecological change has been taking place in the Hugli 
estuarine environment due to the huge discharge of domestic 
and industrial wastes (Sarkar et al. 2007). The delta is further 
vulnerable to chemical pollutants such as heavy metals, 
organochlorine pesticides, polychlorinated biphenyls (PCBs), 
and PAHs; all these have changed the geochemical nature of the 
estuary and have affected the local coastal environment (Sarkar 
et al. 2002, 2004, 2007; Guzzella et al. 2005; Binelli et al. 2007).

A major threat to molluscan diversity is the overexploitation 
and collection of undersized specimens. Earlier, in the 
Sundarbans, Cerithids shells (figure 6) and Anadara shells were 
used for poultry feed (figure 7). Now these molluscs are hardly 
available for this purpose. At present, Crassostrea shells are the 
major sources for preparation of poultry feed. More than 100 
tons of these shells are crushed for this purpose. If the 
exploitation of these shells continues at the current rate without 
assessing the impact on their population, this species will soon 
be wiped out from the natural habitats.

LEFT - Fig. 3:  A view of Meretrix shells deposited at Canning 
Shell factory, Canning

CENTRE - Fig. 4:  A view of shell factory from where powdered 
shells collected and used in Poultry feed

Right - Fig. 5: A view of Oyster shells deposited at Canning
Shell factory, Canning

Littoraria melanostoma
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Fig. 6: Cerithidea sp. crawling on the mud at Jharkhali. Fig. 7: Heap of Meretrix shells at Chandipur collected for 
making poultry feed

Commercialization of marine shells has been on the rise and 
has led to indiscriminate collection of shells. Since there is no 
regulation in collection of shells, molluscan resources are 
treated as open access resources and due to indiscriminate 
collection of shell population of many species, the species are 
on the decline. Amalda ampula, the ivory white olive once 
common on Digha beach, Bakhali, and Ganga Sagar, is rare 
nowadays. 

Recently, 14 species in India (9 under Schedule I and 15 under 
Schedule IV) of molluscs have been included in the Wildlife 
Protection Act, 1972. Window-pane oyster, Placuna placenta, 
which is also found in the Sundarbans is protected under 
Schedule IV of the amended Wildlife Protection Act, 1972.

The following measures are suggested to conserve the 
molluscan diversity in the Sundarbans: 

· Contamination control and monitoring 
program. High accumulation of several metals in 
species like S. cucullata and N. articulata (Saha et al. 
2006) and S. acuminata (Zuloaga et al. 2009) needs 
the implementation of suitable contamination 
control and a regular monitoring program to avoid 
any potential threat to humans. The coastal areas of 
West Bengal and especially the Sundarban estuary 
face an inherent toxic threat from the anthropogenic 
sources of pollution located upstream. These point 
sources may mobilize the metals in Ganges estuary 
and expose the biota to chronic contamination, 
affecting the marine environment as well as causing 
public health and economical hazards. Systematic 
mapping of sources of pollution and assessment of 
the heavy metal inputs into the Ganges estuary are 
recommended with a view to implement various 
pollution control measures by environmental 
managers, public health officials, and persons 
responsible for enforcing policy standards (Sarkar et 
al. 2004).

· Regulation of catches. Control exploitation of 

estuarine and marine shells through management of 
fishing and regulate collection of certain species by 
setting limits on the number, weight, and size of the 
species. Commercial collectors should be licensed 
and answerable to the Fisheries or Forest 
department.

· Establishment of protected areas. Prohibit 
collection of shells or restrict collection to certain 
zones. These areas act as reservoirs from which adult 
molluscs and larvae can spread to neighboring areas. 

· Improved collection method. The collectors 
should understand the importance of conserving 
stocks and using collecting methods which do not 
damage the habitat. The main ideas are as follows:

o Eggs, juvenile, and breeding groups should 
not be collected.

o Shells with defects (unsaleable)  
should not be collected.

o The habitat should not be disturbed.

· Control on export and imports. Introduce 
legislation to control exports of shells. Export may be 
controlled through permit systems and prohibition of 
the export of particular species and unworked shells. 
Many countries involved in shell trade have such 
legislations.

· Mariculture. To relieve the pressure on the stock of 
wild shells, appropriate mariculture may be 
introduced, with requisite training for capacity 
building. Considerable success has been achieved 
with several of these species, larvae, and juveniles 
being reared in hatcheries and the adults being kept 
in tanks for production of spawn and ultimately for 
harvesting. It is possible to use hatchery breed shells 
to reseed depleted areas. This management 
technique is being applied in the Philippines (Wood 
and Wells 1995). 
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POLYCHAETES Polychaetes are common marine animals. A 
majority of the species is 5–10 cm long with 
diameter ranging from 2 to 10 mm. Deep-
water forms are no longer than 1 mm whereas 
one species attains a length of 3 m. AMALES MISRA 

Polychaete Taxonomist

Tube nest of Dioptra cuprea

The majority of these worms are benthic; only a few are pelagic. 
Benthic polychaetes mostly prefer sandy or muddy substrata 
extending from the seashore to the greatest depths of the tidal 
zone; some are found to be comfortable in the crevices of rocks 
or coral reefs. Basically being inhabitants of marine 
environment, the polychaetes are also common in estuaries that 
enjoy an ever-changing brackish-water environment, and a few 
tolerant species may even extend up to the freshwater zone. 

Polychaetes, a class of ubiquitous, segmented bristle-bearing 
worms of class Polychaeta in phylum Annelida, are usually the 
most abundant animals living within the sand and mud on the 
seashore. Polychaete means 'many hairs', a reference to the 
chitinous hairs that protrude from either side of these animals' 
bodies, with an identical set of hairs per segment. Polychaetes 
can be divided into two groups, as errant (free-moving) forms 
and sedentary forms, although the distinction between the two 
groups is not always definitive. The errant polychaetes, or 
Errantia, include some species that are strictly pelagic, some 
that crawl about beneath rocks and shells, some that are active 
burrowers in sand and mud, and many species that construct 
and live in tubes. The sedentary polychaetes, or Sedentaria, are 
largely tube dwellers or inhabit permanent burrows. Usually 
only the head of the worm ever emerges from the opening of the 
tube or burrow. Many polychaetes are strikingly beautiful and 
are red, pink, or green or possess a combination of colors. Some 
are iridescent due to the presence of crossed layers of collagen 
fibers in the cuticle.

Polychaetes are mostly raptorial feeders. They include members 
of many families of surface-dwelling, pelagic groups and 

tubicolous groups. The prey consists of various small 
invertebrates, including other polychaetes, which are usually 
captured by means of an eversible pharynx (proboscis). A 
scavenger or omnivorous habit has evolved in many 
polychaetes. Apart from this, a few members are categorized 
under non-selective deposit feeders and selective feeders. The 
non-selective feeders consume sand or mud directly when the 
mouth is applied against the substratum. The selective feeders 
lack a proboscis. Special head structures extend out over the 
substratum. Deposit materials adhere to mucous secretions on 
the surface of the feeding structure which is then conveyed to the 

mouth. Gills are common among the polychaetes, but they vary 
greatly in both structure and location, indicating that they have 
arisen independently within the class a number of times. 

Most polychaetes reproduce only sexually, and the majority of 
species are diecious. There are some hermaphroditic 
polychaetes. The larval stage in the life history is the 
trochophore.

Polychaetes are one of the most important groups of soft bottom 
communities in terms of species, individuals, and biomass 
(Knox 1977). By exhibiting a short life-span with a high 
population growth, polychaetes are established as an important 
link in the food chain and are important as food for many fishes 
and invertebrates (Amaraal and Migotto 1980). It is a well-
documented fact that these benthic polychaetes are subjected to 
multiple predations, that is, they are preferred as food by snails, 
larger crustaceans, fishes, and birds (Mukherjee 1969; Reish 
and Ware 1976). 

As many of these worms are sedentary in nature and very 
specific regarding different environmental parameters, they are 
used as a bioindicator in environmental monitoring, 
particularly in estuaries. Most of the polychaete species are very 
small in size, are in the diets of many bottom-dwelling 
(demersal) fishes, and are considered as an important link in 
marine and estuarine food webs. As many of the polychaetes are 
sedentary in nature, changes in their abundance and diversity 
have been used in environmental monitoring, particularly in 
assessing the health of estuaries (Khan and Murugesan 2005; 
Khan et al. 2004). The variety and abundance of species that are 
present can often be used as indication of the cleanliness of the 
environment in which they live (Jones 1969; Moore 1972). Many 
polychaete species have shown a relatively high ability to 
regulate organic contaminants such as polycyclic aromatic 
hydrocarbons (PAHs) and pesticides.

Estuaries are highly productive habitats due to the continuous 
replenishment of nutrients from both the seaside and the 
landside brought to riverine waters in the form of silt, clay, and 
organic matter. They also serve as breeding and spawning 
ground for several commercially important fin fishes and 
shellfish and act as a nursery for several invertebrates of the 
adjoining sea (Rao 2004). Most of the major estuaries (Hugli-
Matla, Mahanadi, Rushikulya, Basishtha-Godavari, Krishna, 
and Vellar) on the east coast were investigated for the faunal 
diversity, but the intertidal fauna of estuarine environment 
were less explored. The Sundarbans falls under Hugli-Matla 
Estuarine System.

OVERVIEW OF THE 
GROUP

Polychaetes, an ancient 
group of Annelida that 
originated nearly 500 
million years ago, are 

common inhabitants of virtually all marine environments. 
Among the estimated 9,000–12,000 or more species (Glasby et 
al. 2009) worldwide, relatively few of the non-marine 
polychaetes have colonized freshwater habitats. Fauvel (1953) 
reviewed all the earlier works on polychaetes from India and its 
adjacent areas, where she recorded 450 species, of which 283 
belong to the Indian territory, including 47 brackish-water 
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forms. A careful review by Misra (1995) reveals that 167 species 
of polychaetes under 38 families are from brackish-water 
localities from India. 

Polychaetes are traditionally separ -ated into two large orders, 
Errantia and Sedentaria (Audouin and Milne Edwards 1834). 
Fauchald (1977) proposed a scheme of classification based on 
the phylogenetic concept and recognized 17 orders and 7 
suborders to include 71 families. Fauchald's Key (1977) helped 
alleviate much of the difficulties associated with the 
identification of the polychaetes.

The most important works on the taxonomy of polychaetes 
pertaining to Indian waters are those of Fauvel (1932 and 1953). 
However, Southern (1921) is the pioneer in providing a 
comprehensive account of the brackish-water polychaetes in 
India. Fauvel (1932) made the first extensive studies on the 
collection of the Zoological Survey of India and recorded 300 
species of polychaetes, including only 40 species from the 
brackish-water environments of India, out of which 30 were 
from West Bengal. A total of about 170 species of polychaetes are 
reported so far from the estuarine and brackish-water 
environments along the Indian coast out of 500 species of 
polychaetes reported from the Indian waters. A total number of 
143 species of polychaetes are recorded from the estuaries of the 
east coast. Information on species diversity of polychaetes is 
available only from 9 estuaries (table 1) of the 33 estuaries on the 
east coast of India. In contrast to the east coast, the west coast 
estuaries are less studied. 

SYNOPTIC VIEW

Diversity

Due to a lack of adequate information on the composition, 
density, diversity, and distribution of polychaetes inhabiting the 
intertidal and subtidal sediments of different blocks of the 
Sundarbans delta, it is difficult to make any definite comment 
on these features. An analysis of the known distribution of 
polychaete species of the estuarine complex shows that the area 
is dominated by the species restricted to the Indian Ocean 
habitats. Thirty-three species have this type of distribution, of 
which 27 species have been found to be endemic in Indian 
waters. In addition, 19 species are known from the Indo-west 
Pacific region and another two from the Indo-Pacific region. 
Further, one species has been observed to be widely distributed 
in the warm and tropical waters of the globe, another in warm 
and tropical Atlantic Ocean and Indian Ocean, and the 
remaining 13 species are found to be cosmopolitan in 
distribution. 

The most characteristic features observed by Misra (1999) is the 
high diversity of the polychaete species toward the mouth of the 
estuary. This may be explained by the prevalence of the 
extensive marine condition in the mouth region of the estuary 
except during floods. A total of 55 species has been recorded 
from the 19 blocks of the Sundarbans.

Table 1: Comparative account of Polychaetes species diversity 
of the estuaries along the coasts of India.

Western Coasts
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55 SPECIES HAS BEEN 
RECORDED FROM THE 
19 BLOCKS OF SUNDARBAN; 
ERRANTIATE FAMILIES  
WITH 38 SPECIES, WHILE 
SEDENTARIANS WITH
17 SPECIES

Ceratonereis burmensis

The species composition of the polychaete fauna in the 
Sundarban region belonging to different families (table 2 and 
annexure) shows that the errantiate polychaetes are more 
abundant than the sedentarians. The errantiate families are well 
represented with 38 species, while the sedentarians are 
comparatively less with 17 species. The family Nereididae 
includes the maximum number of species (13) while the families 
such as Amphinomidae, Hesionidae Talehsapidae, Onuphidae, 
Orbinidae, Maldanidae, Owenidae, Sternaspidae, Terebellidae, 
Ampharetidae, Sabellidae, and Serpulidae contain the 
minimum number of species, one species in each family.

Distribution Pattern

An analysis of the distributional 
pattern shows that a majority of 
the species is restricted to the 
areas located at the lower reaches, 
with the number of species 
gradually decreasing toward the 
upper reaches. Of the total 55 
species of polychaetes recorded so 
far, 53 species are observed to be restricted to the lower reaches. 
Of these, 18 species were recorded only from the mouth region 
of the estuarine complex. It is well-known that the fluctuations 
of salinity in the estuary compel the colonization of the species 
with such severe problems that a decrease in species number is 
almost a certainty with increased distance from the sea. 
Maximum species diversity (figure 1) was found at Sagar Island 
(32), Canning (15), Kakdwip (14), Bakkhali (13), Jingakhali (12), 
and Namkhana (10).

Gunter (1961) stated that the 
number of aquatic species 
increases from the freshwater 
sector of an estuary to the 
saltwater sector where marine 
organisms are able to invade 
and survive  and this  is  
particularly true with respect to 
the polychaete fauna of the 
estuarine complex in the Sundarban region. Therefore, salinity 
is the most ecological factor affecting the distributional pattern 
of estuarine organisms—the normal scenario when compared 
with the abnormal solution following the adverse effects of 
pollution, which often results in a decline in the number of 
species but an increase in the number of individuals of tolerant 
species (Perkins 1974). The situation in the concerned region is 
complicated as both the conditions of fluctuating salinity and 
pollution are prevalent. 

Polychaete fauna of the present estuarine complex is dominated 
by the brackish-water component. The most commonly 
occurring brackish-water species are T. annandelai, D. 
heteropoda, D. estuarine, G. sootai, N. fauveli, N. indica, N. 
chingrighatensis, N. meggiti, N. oligobranchia, N. 
polybranchia, G. aciculate, L. polydesma, and M. indicus. 
Among them, D. heteropoda, N. indica, N. fauveli, N. meggiti, 
N. oligobrnchia, and N. polybranchia have been found to be 
confined mostly to the upper and middle reaches of the estuary 

Dendronereis aestuarina

Fig 1: Distribution pattern of Polychaetes

Table  2: Family wise composition of the polychaete 
fauna of Sundarban

53 species are observed to 
be restricted to lower reaches 
of the estuary. Of these 
18 species were recorded 
only from the mouth region 
of the estuarine complex
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where freshwater conditions prevail almost throughout the 
year. It is not always easy to differentiate the brackish-water 
component from the marine euryhaline one. However, 
depending on the occurrence and nature of distribution, species 
like Gattyana fauveli, Gaudichaudius cimex, Diopatra cuprea, 
Owenia fussiformis, and Loimia medusa and most of the 
Glycerid and Goniadid species may be considered as marine 
euryhaline component. 

Ecological Importance and Need for Conservation

Among polychaetes, most of the species have a short life-span 
which involves secondary production and act as an important 
link for marine food webs and feed for many demersal fishes. In 
aquaculture practices, some species of polychaetes were used in 
the diet of shrimp's brood stock and in the treatment of organic 
wastes discharged from shrimp hatcheries. 

Reish and Bernard (1960) first used the polychaete species C. 
capitata in toxicological testing and many have continued this 
line of research using many other polychaete species as test 
organisms. Polychaetes being the most abundant taxon in 
benthic communities have been most often used as indicator 
species of environmental conditions (Dean 2008). The 
extensive use of polychaetous annelids as indicators of various 
degrees of marine pollution is known (Harkantra and Rodrigues 
2004). The polychaetes have long been an obvious choice to act 
as representative species in the analysis of the health of benthic 
communities as they are usually the most abundant taxon taken 
in benthic samples, both in the number of species and numerical 
abundance. Additionally, unlike nektonic organisms, the 
polychaetes usually live within the sediments or attached to 
hard surfaces, and while their larvae may be capable of long-
distance transport, the adults are relatively inert. This relative 
immobility ensures chronic exposure to any toxic materials in 
the environment rather than the periodic exposures of a more 
vagile organism. Any long-term changes in the well-being of the 
benthos should be reflected in the polychaete community. The 
variety and abundance of species present can often be used as 
indication of the cleanliness of the environment in which they 
live (Jones 1969; Moore 1972). Many polychaete species have 
shown a relatively high ability to regulate organic contaminants 
such as PAHs and pesticides. Therefore, the polychaetes can be 
of important use as indicators of community diversity, benthic 
species diversity, organic enrichment, heavy metal pollution, 
and organic contaminants. 

STATUS AND THREATS

Sarkar et al. (2005) studied the colonization and community 
structure of polychaetes in two ecologically distinct locations of 
the SBR on the northeast coast of India. Polychaete assemblages 
are characteristically different at the two sites in the extreme 
northern (Ghusighata) and southern (Ganga Sagar) portions of 
the biosphere reserve. Levels of heavy metals in polychaete body 
tissues also reveal interspecific and regional variations. The 
predominant polychaete fauna exhibited a distinct and unique 
assemblage of two types: (a) Mastobranchus indicus - 
Dendronereides heteropoda in the sewage-fed substratum at 
Ghusighata and (b) Lumbrinereis notocirrata - Ganganereis 
sootai - Glycera tesselata at Ganga Sagar at the mouth of the 
Hugli estuary, where chronic anthropogenic stress and 
contamination with agricultural and industrial effluents occur. 
Species found in moderately polluted parts include 
Lumbrinereis polybranchia and Perheteromastes tenuis. The 
local status of the polychaete diversity in the Sundarbans is 

represented in figure 2.

The faunistic composition of 
polychaetes and their potential for 
the accumulation of heavy metals 
from the ambient medium are 
distinctly different. The study 
d e m o n s t r a t e s  t h a t  t e x t u r a l  
composition of the sediments, 
together with hydrodynamic and 
geotechnical properties, seem to 
have the greatest control to quantify the differences of the 
polychaete community in the two study sites. 

With the initiation of various developmental plans for the 
Sundarban mangrove belt in recent years, increasing ecological 
investigations is imperative. Such investigations cannot be 
successfully carried out without comprehensive knowledge of 
the faunal resources. Hedgpeth (1957) recommended that the 
first procedure in any ecological research is the 'exercise in 
systematics'. It is, therefore, imperative that taxonomic studies 
of the organisms of the present estuarine complex, especially of 
the particular group of animals which constitutes one of the 
major components of macro-benthic fauna of the area, both 
numerically and qualitatively, shall ultimately be helpful to 
ecological works for the assessment of the benthic condition as 
well as the quality of the environment.  

Fig 2: Local Status of Polychaetes in Sundarbans

Indicators of 
community 
diversity, benthic 
species diversity, 
organic enrichment, 
heavy metal pollution 
and organic 
ontaminants

Dendronereides heteropoda
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REPRESENTED 
BY 4 EXTANT 
SPECIES

The horseshoe crab has descended from 
mud-dwelling primitive arthropods called 
Trilobites which lived in the Precambrian 
seas, nearly 600 million years ago. After 
the next 150 million years or so, the 
horseshoe crab evolved into its present 
shape, remaining unchanged all these 350 
million years (Chatterji and Abidi 1993). 

These strange xiphosurans are marine in origin, as evidenced by 
their long fossil history beginning in the early Paleozoic era 
(Barnes 1968; Shuster 1982). 

They should in no way be considered as King Crabs and they 
equal, if not exceed, in zoological interest, animals such as 
coelacanth, platypus, and nautilus (Barthel 1974). All the 
xiphosuran representatives of the present day bear an army 
helmet-shaped body and a swordtail. The body is composed of 
three distinct divisions (fused head and thorax, known as 
prosoma; segmented abdomen, called ophisthosoma; and a 
swordlike postanal tail, popularly known as telson) and 
resembles an armored tank rolling along on wheels as the 
horseshoe crab walks. The animal can tide over all kinds of 
situations arising in its estuarine and coastal shallow habitats. It 
can tolerate a wide range of salinity, temperature, desiccation, 
and submergence conditions.

OVERVIEW OF THE GROUP

The xiphosuran has extensive fossil 
r e c o r d s .  T h e  t w o  s u b o r d e r s  
Synxiphosurida and Limulidae of the 
order Xiphosura, span 500 million 
years of evolution. The xiphosuran 
includes three major ancient groups, 
Aglaspida, Synxiphosurida, and 

Limulina.

Horseshoe crabs in the world are now represented by four 
extant species: Limulus polyphemus (Linnaeus); Tachypleus 
tridentatus (Leach); Tachypleus gigas (Muller); and 
Carcinoscorpious rotundicauda (Latreille) (Sekiguchi and 
Nakamura 1979). The first one survives only along the western 
shores of the Atlantic coast of North America and the remaining 
three are endemic to the Indo-Pacific region (Shuster 1982). 

Tachypleus gigas (triangular-tailed moluccan) can be located 
along the shores of the Bay of Bengal from Indonesia to 
Northern Vietnam, including Bangladesh and India, while 
Carcinoscorpious rotundicauda (round tailed) extends its 
distribution along the western shores of the Bay of Bengal 
(Bangladesh and India) to the southern coast of the Philippines 
(Sekiguchi et al. 1976). Tachypleus tridentatus occurs along the 
western and southern shores of Japan, south along the coast of 
China to southern Vietnam, and along the western islands of the 
Philippines (Sekiguchi and Nakamura 1979).

Annandale (1909), Rama Rao and Surya Rao (1972), and 
Sekiguchi and Nakamura (1979) have stated that the species 
Carcinoscorpius rotundicauda is more adaptive to sweet water 
compared to Tachypleus gigas. Such an advanced adaptive 
feature was also demonstrated by the presence of a complicated 
broom-like structure on the entire body of Carcinoscorpius 
rotundicauda (Saha 1989). The characteristic feature was found 
to be simple in structure, which suggests that Carcinoscorpius 
rotundicauda is more primitive in nature compared to 
Tachypleus gigas (Saha 1989).

The entire coastal water of West Bengal, Orissa, and Andhra 
Pradesh is enriched with plenty of horseshoe crabs. In Orissa's 
coastal water (along the coastline of Balasore), the dominating 
species is Tachypleus gigas. Carcinoscorpius rotundicauda 
dominates in the muddy Sundarbans estuarine complex in West 

2Bengal (about 3,000 km  area and further upstream) (Saha 
1989). 

SYNOPTIC VIEW

Diversity

Occurrence of two of the four horseshoe 
crabs species,  Carcinoscorpius 
rotundicauda and Tachypleus gigas, 
are a unique feature of the Sundarban 
Mangrove Ecosystem. Thus, both the 
extant species of the Indian region are 
the key faunal components of ancient 
origin and are represented in the Indian 
Sundarbans (Saha 1989).

The very presence of these animals in a coastal zone indicates 
the health of the environment (Chen et al. 2004), that these 
conditions are suitable for their survival, reproduction, and 
development. 

Eco-biological Status

The horseshoe crab is a hardy 
animal and can thrive well in 
estuarine dilution or saturation of 
seawater by maintaining osmotic 
steady state. Salinity changes 
significantly influence the weight of 

the horseshoe crab and the volume of blood (haemolymph). The 
body weight displays distinct seasonal fluctuations, where 
maximum weight coincides with low salinity of the 
environment. At high salinity, the body weight of the horseshoe 
crab decreases considerably. Similarly, seasonal variations in 
the volume of the haemolymph also increase at low salinity. The 

XIPHOSURA Quite a few marine organisms suspected to 
be extinct from the ocean still flourish as 
living animals. The xiphosuran arthropods, 
popularly known as horseshoe crabs or 
horse-footed crabs, belong to the class 
Merostomata (sub-phylum Chelicerata) and 
are considered to be the oldest living fossils. 

DIPANKAR SAHA 
Senior Scientist with 

specialization on Xiphosurans

Horse Shoe Crab 
(Carcinoscropius rotundicauda)

Carcinoscorpius 
rotundicauda & 
Tachypleus gigas 
are represented in
Indian Sundarbans

2.9

Displays distinct 
seasonal fluctuations 
wherever maximum 
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differences in body weight and volume of haemolymph are more 
pronounced in females than males (Chatterji and Abidi 1993).

All the extant species of xiphosurans are bisexual, with distinct 
sexual dimorphism. Breeding starts during the warmer months 
(Roonwal 1944) in the coastal waters of both West Bengal and 
Orissa, which are tropico-temperate regions. 

The dominant breeding season for Carcinoscropius 
rotundicauda was noted to be March to July; however, the 
species was found to breed recessively throughout the year. 
Tachypleus gigas has a restricted breeding season from 
February to August (Saha 1989).

Saha et al. (1988) demonstrated that the breeding time is 
restricted only in dominant lunar phases, starting from two days 
of the preceding half lunar cycle (that is, before the new or full 
moon) to the fourth day of the subsequent half lunar cycle. 
Breeding takes place only at the highest tide on these days, that 
is, for a few minutes, twice a day, four days a fortnight, and eight 
days a month (Saha 1989), which was found to be adequate for 
maintaining the humidity level for natural incubation. 
Comparative data (Saha 1989; Mishra 2009) of the natural 
habitat, nesting pattern, and number of eggs of the two species 
found in the Sundarbans are given in table 1.

Table 1:  Nesting behavior of T. gigas and C. rotundicauda

Breeding behaviour of 
Tachypleus gigas

Carcinoscropius 
rotundicauda

Such unique breeding behavior can also be observed in the Olive 
Ridley marine turtle, one of the threatened marine fauna (which 
has retained a dinosaurian type of breeding behavior), which 
also breeds in the upper intertidal water of the Sundarbans 
(Saha 1987 a, b, c, and 1989). 

It may be mentioned that both animals (invertebrate Indian 
Xiphosurans and vertebrate Indian Olive Ridley) share the 
same breeding ground; however, the former is found to breed in 
the summer months, while the latter breeds in the winter 
months (Saha 1987b). Multiple effects of temperature, 
moisture, clutch sizes (number of eggs in a nest), and so on are 
the major controlling factors for natural incubation of eggs, 
while the other factors need to be investigated. 

Distribution

Carcinoscorpius rotundicauda has its distribution from the 
Sundarbans to the confluence of River Mahanadi in Orissa. 
Tachypleus gigas is distributed in the coastal waters of West 
Bengal, particularly from Kanak Island (bordering Sundarbans 
in the Bay of Bengal and to the Ganjam coast of the Bay of Bengal 
in Andhra Pradesh). The former has a preference for sweet 
water, while the latter prefers brackish water (Roonwal 1944). 
The author has confirmed that Kanak Island and Sagar Island 
(sand heads) are the common breeding areas for both horseshoe 
crabs and the Olive Ridley Marine turtle within the Sundarbans 
territory in India.
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Uses

Traditional and ethnic use

The body parts of horseshoe crabs are sold in the market by 
quack medical practitioners to cure body pain, arthritis, and so 
on. This practice has been observed in the coastal states of 
Andhra Pradesh, Orissa, and West Bengal. The blue blood of the 
animal is also sold as ointment for joint pains. Majumder and 
Dey (2007) reported a drug prepared from Carcinoscorpius 
rotundicauda for the remedy of various diseases by the tribes 
(Santhal, Oraon, and Munda) in the Sundarbans. Five 
medicinal applications have been reported from the 
Sundarbans. Most of these applications are applied externally 
for the cure of diseases such as wrist rheumatism, bronchitis, 
pneumonia, spondylosis, and intestinal colic.

Biomedical use 

Extensive research has been 
conducted on the eyes of horseshoe 
crabs, which has resulted in 
important findings pertaining to 
the manufacture of surgical sutures 
and development of dressings for 

burn patients. Hartline (1903–1983) was the pioneer in the field 
of vision research from smaller insects to man, through Limulus 
polyphemus. He performed extensive research on the visual 
system, which is common to many animals, including Limulus 
polyphemus (having compound eyes) and man (having simple 
eyes). In recognition of his work on the visual system, he was 
awarded the Nobel Prize for physiology and medicine in 1967 
with Ragnar Granit and George Wald. He discovered the retinal 
function, which is common in many animals, including man and 
Limulus polyphemus (Hartline 1969, 1972).

Since 1970, research revealed that the blood extract of Limulus 
polyphemus can be used for the detection of endotoxins (mostly 
available in bacterial cell walls) even in human beings. This 
investigation has been termed as the Limulus Amoebocyte 
Lysate (LAL) test (Watson et al. 1982). The Indian Institute of 
Chemical Biology (IICB), Calcutta had initiated this 
investigation in 1985 using both the Indian extant species; 
however, not much success could be achieved due to failure in 
captive rearing of the animals. Even a small amount of 
endotoxin is harmful for the human body and may sometimes 
cause death, thus necessitating investigation of the amount 
required for all body fluids. India being the largest source of 
horseshoe crabs, research on this subject needs to be carried out 
without any further delay. 

Biomedical companies now harvest blood from horseshoe crabs 
to produce LAL. NASA is now testing the use of LAL in space to 
assist in the diagnosis of astronauts (Sacred Heart University 
2010). The worldwide market for LAL is currently estimated to 
be approximately US$50 million per year. The biomedical 
industry pays approximately US$375,000 per year for 
horseshoe crabs based on an estimate of 250,000 horseshoe 
crabs harvested at an average price of US$1.50 per crab (ERDG 
2010).

Ecological Importance and Need for Conservation

Horseshoe crabs play a vital role in the ecology of estuarine and 
coastal communities. Most ecological studies involving adult 

Limulus polyphemus have been conducted at only a few 
locations while much less is known about the three Indo-Pacific 
species.

Adult horseshoe crabs are omnivorous, feeding on a wide 
variety of benthic invertebrates, including bivalves, 
polychaetes, crustaceans, and gastropods. Bivalves are the most 
important macrobenthic prey found in the stomachs of adult T. 
gigas. (Debnath et al. 1989). The horseshoe crab's digestive 
system contains the enzyme cellulase (Debnath et al. 1989), 
demonstrating that the plant detritus may be nutritionally 
useful. Botton (1984) found that the exclusion of predators led 
to significant increases in total invertebrate abundance, 
biomass, and species diversity (average number of species per 
core) than unprotected sediments. The potential impacts of 
horseshoe crabs as predators are intertwined with their effects 
as sediment disturbers. A significant amount of sediment 
disturbance by horseshoe crabs also occurs during egg 
deposition (Jackson et al. 2005; Nordstrom et al. 2006; Smith 
2007), and this may be an extremely important mechanism by 
which eggs in deep sediments are moved to the sediment surface 
where they are accessible to foraging shorebirds.

Chatterji et al. (1992) reported that diets of trilobite larvae of T. 
gigas include mollusks, insects, crustaceans, and polychaetes. 
Decayed organic material, sand, and plant detritus were highest 
from July to October, coinciding with the period when preferred 
molluscan species were lowest.

Horseshoe crabs' carapaces frequently serve as a substrate for 
encrusting invertebrates and algae. These associations are 
neither parasitic nor commensal and are better described by the 
term epibiosis (Wahl 1989): a non-symbiotic, facultative 
association between the substrate organism and sessile animals 
(epizoans) or algae (epiphytes). Bryozoans, barnacles, tube-
building polychaetes, and sessile mollusks such as mussels, 
oysters, and slipper limpets are among the more conspicuous 
epibionts on the three species of horseshoe crabs that have been 
studied, namely T. gigas (Key et al. 1996; Patil and Anil 2000) 
and C. rotundicauda (Key et al. 1996). Horseshoe crabs are 
dietary generalists, and adult crabs are ecologically important 
bivalve predators in some locations. 

The considerable economic value of horseshoe crabs for lysate, 
bait, and ecotourism makes a very forceful case for the need for 
sustainable horseshoe crab populations (Berkson and Shuster 
1999; Manion et al. 2000). Limited knowledge exists about 
predation and other ecological factors affecting horseshoe 
crabs. We are also unaware whether the increase in salinity or 
any shift in environmental parameters has any impact on the 
survivability of these species (Saha 1989).

STATUS AND THREATS 

The greatest threat to horseshoe crab populations in India is the 
destruction of beaches where the adults spawn. Less 
information exists on the impact or threats of biomedical 
industry or from large-scale fisheries to the populations of 
horseshoe crabs at the Sundarbans. 

Both the habitat destruction and the removal of spawning 
animals are localized problems which can be managed by 
increasing the awareness and involvement of the people who are 
directly or indirectly involved with the coastal environment. In 
recent times, global climate change may also be playing a major 
role in the form of an increasing number and/or intensity of 

The potential impacts 
of horseshoe crabs as 
predators are 
intertwined with their 
effects as sediment 
disturbers

1ERDG (The Ecological Research and Development Group). 2010. “Ecological Importance of Horseshoe Crabs” (accessed September 18, 2010). 
http://www.horseshoecrab.org/con/con.html#bio.
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natural calamities in the form of super cyclones and tsunamis, 
which destroy the coastal environment and breeding beaches.

The Ministry of Environment, Forests, and Wildlife 
(Government of India) through its Man and Biosphere 
Committee (MAB-India) and the Zoological Survey of India 
(ZSI), launched 'Bio-ecological studies of Horseshoe Crabs in 
Indian Coastal Region' to gather more information on these two 
animal species found in the Sundarbans. In the same year, the 

STR in India realized the need for protection of these animals 
and appealed and launched an awareness campaign for deep 
sea, estuarine, and coastal fishermen not to slaughter the 
harmless and priceless animals available in its territory. Captive 
rearing of these animals at the Sajnekhali Bird Sanctuary area 
and at Gosaba (across Sajnekhali Bird Sanctuary) were started. 
Protection measures were also initiated while issuing fishing 
permits within the biosphere area (Sanyal 1987; Saha 1989).

Distribution of Horse Shoe Crabs
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Crustacea belong to the phylum 
Arthropoda and include familiar 
groups such as barnacles, crabs, 
shrimps, crayfishes, lobsters, and 
wood-lice, as well as a myriad of small 
animals that mostly go unnoticed. 
They are the third largest group of the 
phylum. Although they contain a 
lesser number of species than either 
insects or arachnids, in terms of 

diversity of form they exceed both the groups taken together. 
Crustaceans are essentially aquatic (freshwater, marine, and 
brackish) although some have adapted successfully on land also. 
As a group, the subphylum is of great importance. They, 
especially the small, inconspicuous ones play a vital role in 
global ecology as the major trophic link between primary 
producers (phytoplankton) and higher-level consumers (fishes) 
in marine and freshwater food webs. Apart from this role in food 
webs, some of the largest species of crustaceans are of 
considerable economic importance. Lobster, shrimp, crab, and 
even freshwater crayfish support important fishing industries. 
Crustaceans are also becoming increasingly 
important in aquaculture. The value of 
crustaceans produced in aquaculture has been 
estimated to be as great as that of fish.

The enormous morphological and ecological 
heterogeneity exhibited by crustacea rivals that 
of any other animal taxon. It includes tiny 
forms ranging in size from less than a 
millimeter in length to giant spider crabs with a 
leg span of 4 m. There are nearly 60,000 
described species of crustaceans; about 10 
percent of these occur in freshwater. Unlike 
other groups of arthropods, crustaceans 
capitalize on the widely varied habitat 
possibilities offered by specialization of a large 
number of appendages. 

Crustacea represents one of the oldest 
arthropod groups. It is one of the largest, most 
diverse, and most successful groups of 
invertebrates. The taxonomic status of 
crustaceans has been a subject of much debate 
among carcinologists. In the classical system, 
the group has been considered to consist of 
several taxa which were traditionally 
recognized as classes although they do not have 
the same rank in the cladistic analysis. Some 
authors (Bowman and Abele 1982) have 
assigned the group as one of the phylum, 
subphylum, or superclass levels with 5, 6, or 
even 10 classes. However, most of the recent 
authors consider crustacea as subphylum 
under the phylum Arthropoda and for this 
study, this system has been followed.

OVERVIEW OF THE GROUP

The crustacean fauna of the Sundarban region 
is rich and varied. Of the total 547 species of 
crustaceans recorded so far from the state of 
West Bengal, 329 species are known from the 

Sundarbans (tables 1 and 2). In terms of species diversity, 
crustaceans represent 61.1 percent of the species hitherto 
known from West Bengal. However, the first comprehensive 
work on Sundarban fauna was by Mandal and Nandi (1989) 
while the first consolidated work on crustacean diversity of the 
Sundarban mangroves was published by Dev Roy and Nandi 
(2001).

SYNOPTIC VIEW

Crustacea are of great ecological, economic, and medical 
importance. They are the major sources of protein next only to 
fish. A few species are also indicators of pollution. 

Diversity

At the global level, there are about 60,000 described species of 
crustacea known so far, belonging to 860 families under 8,030 
genera. In India, approximately 3,549 species belonging to 315 
families and 1,297 genera have been recorded, which is roughly 
5.91 percent of the total global crustacean species (table 1). The 

CRUSTACEA The name crustacea is derived from the 
Latin word crusta which means 'hard shell'. 
It was used originally to designate an animal 
with a hard but flexible crust in contrast to a 
brittle shell like that of oysters or clams. M. K. DEV ROY  

Carcinologist 

Table 1. Estimated number of crustacean genera, family and species reported so far 
from the world, India and Sundarban

OF THE TOTAL
 547 SPECIES OF 
CRUSTACEANS 
RECORDED SO FAR
 FROM THE STATE 
OF WEST BENGAL, 
329 SPECIES ARE 
KNOWN FROM 
SUNDARBAN

2.10
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5.91% OF 

THE TOTAL 
GLOBAL SPECIES 
ARE IN INDIA

diversity is contributed mainly by the marine groups. Decapoda 
contain the maximum number of species (1,550) and among the 
decapods, brachyurans represent the highest number of species 
(916). Out of 1,297 genera recorded from India, 183 genera 
occur in the Indian Sundarbans (table 2). The familial and 
generic diversity of crustaceans from the Sundarban 
mangrove ecosystem indicates higher taxic diversity than 
other mangrove ecosystems in India (table 3).

Species Richness and Functional Groups

The list of crustacean species recorded 
so far from India is provided in 
annexure. Out of six classes recognized 
by Bowman and Abele (1982), two 
classes, namely Cephalocarida and 
Remipedia, do not occur in the Indian 
Sundarbans. Of 3,549 species of 

crustaceans recorded from India, 329 species have been found 
to occur in the Indian Sundarbans. This accounts for 9.3 percent 
of the species recorded from India. Species richness and their 
functional guilds of the Sundarbans are presented in table 4 and 
figure 1 and listed in the annexure.

Table 2: Number of family, genera and species in West Bengal and Sundarban

Blue Fiddler  (Uca triangularis)
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Table 3. Familial and generic diversity of crustaceans from mangrove ecosystems in India

Table 4. Species richness and ecological groups of crustacean fauna of Sundarbans
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Table 5. Species diversity in Indian mangroves and other mangroves in the world

Distribution 

Distribution pattern of crustacean diversity from the world, 
including India, is shown in table 5. A comparison of species 
biodiversity in Indian mangroves and other mangroves in the 
world shows that the species richness is highest in the 

Sundarbans. However, distribution of crustaceans by 
development or forest block in the Sundarbans is fragmentary 
(see annexure) due to lack of such survey conducted specially for 
the purpose.

Fig 1: Functional Guild strucure of crustacean fauna
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Community Dependencies and 
Traditional Usage

The estuaries, creeks, and mudflats 
of the Sundarbans support a good 
number of commercially important 
crustacean species such as prawns 
(21 species), crabs (15 species), and lobsters (2 species). The 
commercial ly  important  prawns belong to  three 
families—Penaeidae, Palaemonidae, and Sergestidae—and 
c r a b s  t o  f o u r  f a m i l i e s — P o r t u n i d a e ,  G r a p s i d a e ,  
Parathelphusidae, and Calappidae. Out of the 21 species of 
prawns recorded (table 6), 19 species are widely used for human 
consumption and the remaining two are used mainly in the fish 
meal industry. Among these most important species are 
Penaeus monodon, P. indicus, Metapenaeus monoceros, M. 
brevicornis, and Macrobrachium rosenbergii. Penaeus 
monodon is often referred to as the 'Living dollar' of the 
Sundarbans. The collection of prawn seed of Penaeus monodon 
has become a part of the economy in the Sundarbans. Large 
numbers of men, women, and children are engaged in seed 
collection from dawn to dusk. 

The average landing of prawns was 18,840 metric tons in 2002 
(Dev Roy and Nandi 2004). However, the total crustacean 

landing from the State of West Bengal during 2007 was 
recorded as 28,135 tons. All the species of prawns are available 
almost throughout the year. Their market price is highly 
variable, from INR 200–1,000 per kg depending upon the size. 
The giant freshwater prawn, Macrobrachium rosenbergii, is 
widely cultured and is an important export item from West 
Bengal.

Economically 
important: 

21 species of prawns 
15 species of crabs 

2 species of lobsters

Giant freshwater prawn, 
(Macrobrachium rosenbergii)

Table  6. Economically important species of crustaceans of West Bengal
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Among the brachyurans, the two species of mud crabs, namely 
Scylla serrata and S. tranquebarica, are considered a delicacy 
and highly priced for their large size, high-quality meat content. 
About 1,000–1,400 tons of mud crabs are landed annually from 
the Sundarbans. This crab species is exported live to countries 
like Japan; Hong Kong SAR, China; and Singapore. As many as 
10,000 families are dependent on crab fishing (either full-time 
or part-time) for their livelihood in the Sundarbans. Besides, the 
varunid crab, Varuna litterata, commonly known as 'Chiti 
Kankra', has appreciable commercial value in the local markets 
of the Sundarbans. 

Among the portunid crabs, Scylla serrata and S. tranquebarica 
are harvested throughout the year; the remaining species are 
landed during winter fishing. The Matutid and calappid crabs 
are, however, not consumed by the local people but these are 
sun dried, powdered, and used as poultry feed. The 
parathelphusid crabs,  Sartoriana spinigera  and 
Spiralothelphusa hydro-dromus, are available in appreciable 
quantities and mostly marketed in the suburban and rural areas 
of the state, including the Sundarbans. Their fishing period is, 
however, restricted to only certain months of the year. V. 

Mud crab (Scylla seratta)
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litterata is landed from April to June while S. spinigera and S. 
hydrodromous are mainly available during the monsoon. 

Ecological Importance and Need for Conservation

The crustacea are directly important to man mostly as food. 
Dried isopods and several species of crabs are used as 
traditional medicines in many parts of the world. Aquaculture 
and fisheries are dependent upon the smaller species of 
crustacean or micro crustaceans. It is believed that the presence 
of isopods in Caribbean fishes indicates that the fish is free from 

ciguatera (fish poisoning) toxins (not tested). Crustacea are also 
used as fish bait. Some crustaceans such as crayfish, ghost crab, 
and land crab are beneficial as they play an important role as 
scavengers and help keep the beaches clean by way of feeding on 
decaying animal matter.

The ecological role of crabs in the degradation of plant matters 
to detritus is now well established. The repeated burrowing and 
reburrowing activities of the burrowing decapod crustaceans 
cause an increase in aeration of soil, mixing of soil, and even 
decrease in salinity. The decapods also play a vital role in the 

Ghost crab (Ocypode macrocera)Varunid crab  (Varuna litterata)

recycling of minerals and organic matters. Such activities of 
decapods create suitable microhabitats for the sustenance of 
other animal species. The construction of a wide variety of 
bioturbation structures by crabs are also of much significance 
for they trap sediments and mangrove seeds. 

However, several crustaceans become pests when they occur in 
large numbers. Crabs cause much damage to cultivated crops by 
eating the tender parts of plants and by digging tunnels on the 
earthen bunds (kazins/aal) of paddy fields so that water leaks 
and the rice plant is killed due to drying action of the sun. Others 
such as isopods which also feed on vegetation may become pests 
in greenhouses and fields when sufficiently numerous. Some of 
the sesarmine and fiddler crabs are considered as forest pests 
and in some parts of South Asian countries such as Peninsular 

Malaysia, the severity of their attack is of such magnitude that 
forest plantation often becomes almost impossible. These crabs 
usually girdle the root collar and consume the fleshy cambium 
of the propagules. Crustaceans also bore into marine timber 
structures (such as wooden jetties, piles, poles, and country 
boats). Bopyrid isopods pose threats to the prawn industry, as 
also reported in Australia, by infecting about US$1.5–2.0 
million dollar worth of prawns annually. Fouling crustaceans, 
such as barnacles, can cause serious damage by attaching 
themselves to the hulls of ships, lowering the speed by about 50 
percent, and resulting in more fuel consumption. Millions of 
rupees are involved annually in the removal of fouling 
organisms by docking, scraping, and repainting of ships. 

Acorn BarnacleRed fiddler (Uca rosea)
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STATUS AND THREATS

While many crustacean species 
occur in large numbers, however, 
there are species which are much 
rarer. Hilton-Taylor (2000) 
enlisted 479 species of crustaceans 
as extinct, 57 as critically endan-
gered, and 77 as endangered. In 
the Red List published by IUCN in 
2008, 89 species of crabs and 
copepods are included from India 

as nearly threatened, vulnerable, least concerned, and data 
deficient. Of these, two species, Sartoriana spinigera (Wood-
Mason 1871) and Spiralothelphusa hydrodromus (Herbst 
1794), are known to occur in the Indian Sundarbans. Both the 
species are however very common in this part of the country.

Main threats to crustacean components are destruction of 
habitat and pollution. Destruction and alteration of habitats for 
human settlement, agriculture, and intensive aquacultural 
practices without appropriate planning have resulted in the loss 
of faunal diversity in the recent past. Encroachment of 
mangrove areas for setting up industries and construction of 
jetties have resulted in large-scale destruction of mangrove 
forests. The other threats to crustacean diversity are from over-
exploitation and collection of undersized specimens as well as 
large-scale exploitation of prawn seeds. Over-exploitation is 
also likely to have an adverse effect on the population of 
commercially important species. Improper planning in setting 
up tourist resorts in coastal areas may lead to a 'threat' to the 
mangroves and other estuarine ecosystems. Poor management 
and sewage disposal can bring about irreparable damage to the 
mangroves, which may even lead to the disappearance of 
mangrove biota.

In the Sundarbans, natural mangrove habitats have reportedly 
declined considerably due to reclamation for various 
developmental purposes like aquaculture and agriculture. The 

semi-intensive and modified 
intensive shrimp culture in the 
brackish-water bheries of the 
Sundarbans is leading to large 
inflow of organic and inorganic 
pollutants. Besides, there are also 
natural threats like soil erosion, 
recurrence of floods and storms, and 
changes in salinity in the estuarine 
ecosystem that pose a threat to 
faunal diversity.

The unabated pollution of rivers, creeks, and ponds coupled 
with large-scale reclamation of land for human settlement and 
industrial development and also use of insecticides in 
agricultural fields are especially posing serious threats to 
aquatic crustacean fauna. In addition, large-scale removal of 
juveniles and berried females by fishing trawlers and use of fine-
mesh nets during 'Bagda' seed collections also affect the 
crustacean population, leading to the loss of biodiversity. 
According to a report, to catch 1 tiger prawn seed in the 
Sundarbans, collectors destroyed juveniles of 161 other prawns, 
7 fishes, 30 crabs, 1 mollusc, and 8 unidentified meroplanktons 
(Das and Nandi 1999). Often many species are harvested 
indiscriminately without knowing the effects of over-
exploitation on the species and the ecosystem. 

Due to continuous growth of coastal population, pressures of 
the environment from land-based to marine-based human 
activities have increased manifold. As a result, coastal and 
marine living resources and their habitats are being lost or 
damaged in ways that are diminishing biodiversity, including 
crustacean biodiversity. The dependency on the ecosystem, 
however, can be brought down substantially by way of 
encouragement to alternate means of livelihood such as paddy-
cum-fish culture, paddy-cum-prawn culture, apiary, duckery, 
mussel culture, and so on. 

To catch each 
Tiger Prawn seed, 
collectors destroy  
161 juveniles of other 
prawns, 7 fishes, 
30 crabs, 1 mollusc &
8 unidentified 
meroplanktons

Reclamation, 
pollution from 

semi-intensive and 
modified intensive 

shrimp culture as 
well as changes in 

salinity in the 
estuarine ecosystem 

poses threat.
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